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Delivering the Al Edge for High-Frequency Trading

In recent years, the financial sector has witnessed a significant surge in the adoption
of artificial intelligence (Al), with high-frequency trading (HFT) firms leading the
charge. As of 2024, 72% of global organizations have integrated Al into at least one
business function, a sharp rise from 55% the previous year (McKinsey Report). Firms
like Citadel, Virtu, DRW, and Jump Trading are heavily investing in Al-driven models to
optimize their trading strategies.

To maximize return on investment (ROI), it is critical to ensure efficient utilization of

Al and computing resources. The highest cost in this equation is GPU efficiency—
with traditional Al deployments achieving only 70% efficiency due to inefficient data
pipelines. This paper explores the architecture of an Al-driven intelligence platform for
HFT and its design considerations for high-performance Al workflows.

Key Areas of Al Integration in HFT
Al is revolutionizing HFT across several critical domains:
Strategy Discovery and Backtesting

» Deep learning models predict order flow, enabling traders to develop and refine high-
frequency trading strategies with greater precision.

Market Anomaly Detection

* Reinforcement learning and pattern recognition algorithms identify market
irregularities, allowing for real-time decision-making.

Order Execution Optimization

» Al-driven execution algorithms reduce slippage and trading costs, improving overall
efficiency.
Alternative Data Processing

e Firms analyze real-time datasets—including social media, news outlets, and satellite
imagery—to gain a unique market edge.

Some Al workloads are more data-intensive than others, impacting Al pipelines
differently. The next sections quantify potential bottlenecks and propose architecture
improvements.
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The Role of Data Intelligence in HFT

The need for a high-performance, protocol-agnostic data intelligence platform is
paramount for ensuring seamless Al model execution. This entails:

» Storage Abstraction

o Decoupling applications from specific storage protocols (e.g., POSIX, S3, or NFS)
allows firms to avoid costly refactoring when migrating between on-prem, hybrid,
and cloud-based environments.

o Universal Data Lake Accessibility

o Al-driven trading models thrive on high-throughput data processing, which
requires a unified data access layer capable of handling exabyte-scale, structured
and unstructured datasets across multiple locations.

o Low-Latency Data Pipelines
o The ability to fetch, clean, and process market data in sub-millisecond timeframes.
o Security and Compliance

o Given increasing regulatory scrutiny, an intelligent data platform must embed
real-time compliance monitoring, encryption, and access control mechanisms to
prevent unauthorized trading activities.

Relevance in an Ocean of Data

High-frequency trading (HFT) strategies are built on speed and information
asymmetry—the ability to act on market-moving intelligence faster than competitors.
However, speed alone is insufficient. Relevance is the key differentiator. Not every data
point or news event translates into a meaningful trading signal, making signal filtering
from noise one of the most significant challenges in event-driven HFT.

Leading financial exchanges have taken extraordinary measures to standardize market
access and ensure fairness among participants. In some cases, co-located servers are
connected to data feeds using identical Ethernet cable lengths, as even an additional
18 inches of cable can introduce a nanosecond of latency, impacting execution speed.
This level of precision is critical for firms competing in ultra-low-latency environments
where every microsecond counts.

Despite these efforts to equalize access to exchange-generated data, a significant
portion of market-moving information first emerges outside of traditional financial
media—in local press, regulatory updates, and global social platforms. Identifying
relevant intelligence and integrating it into Al-driven trading pipelines is crucial for firms
seeking a competitive advantage. Alternative data sources, including social media
activity in emerging markets, regional regulatory filings, and satellite-based economic
indicators, provide traders with early insights into market shifts.
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While platforms like SentimentTrader offer aggregated sentiment analysis, multilingual
Al services such as EMAIpha have demonstrated exceptional value in financial
intelligence. EMAIpha’s Al models scrape and analyze real-time local news and social
media activity, identifying market-relevant information before it reaches mainstream
Western financial media.

For an Al-driven trading strategy to be effective, a data intelligence platform must
ensure that the right data is processed at the right time. One news event might
have material implications for regulatory compliance, while another may be critical
for predicting earnings movements. Trading models must continuously integrate
these real-time signals into predictive algorithms, refining execution timing and risk
management strategies to remain competitive.

Effectively classifying, structuring, and prioritizing data—whether it is low-latency
market feeds or geopolitical events unfolding in real time—defines the difference
between Al-driven market leaders and firms that struggle to compete in an increasingly
data-driven trading environment.

Architecture of an HFT Workflow:

A high-frequency trading firm’'s data and Al workflow is a tightly orchestrated process
spanning real-time ingestion, low-latency signal generation, robust model development,
backtesting, and continuous performance and compliance monitoring. The interplay

of predictive, generative, and even agentic Al is increasingly important for maintaining
competitive advantage. Data intelligence platforms thread through nearly every stage

- ensuring data quality, surfacing insights about trading strategy performance, and
highlighting infrastructure bottlenecks.

A typical firm begins by entering queries into the system and aggregating data within
their data lakes. This process serves as the foundation for advanced analytics, model
training, and real-time decision-making. The following figure provides an overview of
these key steps, which we will explore in detail in the subsequent sections.
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Internal Analytical Queries
Spark or Trino Queries

A quantitative analyst or data scientist may initiate an ad-hoc or scheduled query

using Apache Spark on a data lake or Trino on a collection of structured/unstructured
data sources. These queries support market pattern exploration, model development,
backtesting, and anomaly detection. Some queries are manually triggered, while others
are automatically initiated based on predefined market rules (e.g., volume spikes,
unusual price behavior).

Real-Time Market Data Feeds

Direct feeds from leading exchanges such as NASDAQ, NYSE, and aggregator services
like Bloomberg and Refinitiv must be integrated into a globally accessible data lake.
This is where high-performance data intelligence platforms like DDN Infinia provide
low-latency access to relevant trading information.

Market data feeds run 24/7 for global markets, delivering:

o Tick-by-tick quotes
¢ Trade execution details
e Order book depth

In addition to traditional market data, correlated alternative data sources—such as
social media sentiment from Twitter, financial news from Reuters and Dow Jones,
satellite imagery, and weather data—are increasingly used for predictive insights. Al-
powered platforms like EMAIpha are revolutionizing real-time intelligence gathering by
capturing localized financial trends before they reach mainstream media.

All these diverse data entry points feed into a unified or semi-unified pipeline, enabling
both manual (via Spark jobs) and automated (via live data triggers) query execution.
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Data Ingestion & Storage

Real-time data is ingested and distributed using high-speed messaging solutions such
as Apache Kafka and ZeroMQ, ensuring efficient routing to multiple consumers (Al
models, analytics dashboards, trade execution engines).

HFT workflows differentiate between:

» Ultra-low-latency paths (nanosecond-to-microsecond processing for live trading
execution)

« Less time-critical analytics paths (for post-trade analysis, compliance, and
performance benchmarking)

The data intelligence platform must match the speed of ingestion, as losing critical
financial data can mean missing high-value trading opportunities.

For persistent storage, object-based platforms such as Amazon S3, MinlO, and DDN
Infinia play a critical role in:

* Managing real-time data pipelines
» Ensuring seamless multi-protocol access

* Avoiding unpredictable egress costs—a major concern in HFT environments where
every microsecond matters

Data Processing & Enrichment
Once ingested, raw market data must be cleaned and normalized before Al models can

process it. The phrase “garbage in, garbage out” holds true—poor-quality data leads to
unreliable Al-driven trading signals.

This phase typically involves:

» Tagging data with economic events (e.g., earnings reports, interest rate changes)
o Sentiment analysis on financial news

o Pattern recognition and anomaly detection

Advanced tools such as Databricks, Palantir Foundry, and in-house Al frameworks
streamline this process by:

o Unifying structured and unstructured datasets

o Tracking data lineage and enforcing governance policies

 Providing transformation workflows for quants and data scientists

+1.800.837.2298 SALES@DDN.COM DDN.COM |8


https://kafka.apache.org/
https://zeromq.org/
https://aws.amazon.com/s3/
https://min.io/
https://www.databricks.com/

0O don

GBps

90

DELIVERING THE Al EDGE FOR HIGH-FREQUENCY TRADING

Model Development & Training

While Generative Al is capturing headlines, Predictive Al and Agentic Al remain core to
HFT. These models power:

o Time-series forecasting using LSTMs and Transformers

» Reinforcement learning-based trading strategies that optimize execution policies in
simulated environments

Optimizing GPU pipeline efficiency is a major bottleneck in Al-driven trading. DDN
Infinia accelerates Al model throughput by:

¢ Boosting data retrieval speeds by 2x to 50x
» Improving predictive accuracy while reducing infrastructure costs

Decisions must be executed in real-time, and Agentic Al models ensure autonomous
responses to evolving market conditions. These Al agents require real-time, high-
frequency data intelligence to operate effectively.

Additionally, next-generation Al models require massive datasets for:

 Rigorous historical backtesting
» Forward-testing (paper trading) to verify both performance and compliance

Without optimized data pipelines, GPU efficiency drops, increasing latency and wasted
compute cycles—a costly inefficiency in HFT.

Nvidia GPU Direct Sequential Bandwidth

67.5

45

225

Write Bandwidth per Storage Node (GBps)
B Read Bandwidth per Storage Node (GBps)

Dell PowerScale F600 DDN Al400X2 IBM ESS3200 NetApp A800 ONTAP NetApp  EF600 BeeGFS Pure FlashArray//C VAST Data Ceres

Node Size (RU):

1

2 2 4 2 6 1

The overall read bandwidth per node results showed DDN in first place, VAST in
second place, IBM ESS3200 third, NetApp E series in fourth place, ONTAP in fifth
place and Dell in last place.
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Pre-Trade Analysis & Signal Generation

Once Al models process market data, they generate buy/sell recommendations and
predict short-term price movements. Before execution, these trade signals must pass
through:

e Risk management filters

» Capital allocation rules

 Position-sizing constraints

These controls prevent excessive exposure and align trades with broader risk-adjusted
return strategies. A centralized data intelligence platform ensures these checks operate
at ultra-low latency.

Trade Execution & Order Routing

After validating a trade signal, the Order Management System (OMS) executes the trade
by:

» Managing order creation, modification, and cancellation

o Enforcing real-time risk controls

» Routing trades to multiple exchanges and brokers for optimal execution

Efficient OMS infrastructure ensures that trades execute at the best possible price with
minimal slippage.

Post-Trade Analysis & Compliance

Once executed, all trades undergo reconciliation, comparing completed orders against
internal records to:

o Generate real-time profit and loss (PnL) reports
o Update firm-wide risk metrics
» Detect suspicious activities (e.g., layering, spoofing, regulatory violations)

Automated Al-driven anomaly detection provides early warnings to compliance teams.
To maintain peak efficiency, data intelligence platforms like DDN Infinia integrate:

e Intraday and end-of-day trade data
o Market performance metrics
 Latency bottlenecks and execution inefficiencies

By optimizing data flow and Al model performance, firms can react faster, reduce risk,
and continuously refine their trading strategies.
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Iterative Improvements & Model Lifecycle

Continuous monitoring of data intelligence and system bottlenecks is essential for
maintaining peak trading performance.

Key system health metrics—such as latency fluctuations, packet loss and compute
utilization inefficiencies help firms identify Al model drift and trading inefficiencies.

Quant teams operate in an experimental sandbox, testing next-generation architectures
such as:

» Reinforcement learning
e Transformer-based Al models
e Generative models for simulated market scenarios

This iterative approach ensures firms maintain an adaptive trading edge in increasingly
data-driven financial markets.

Conclusion

Success in high-frequency trading (HFT) hinges on an ultra-low-latency infrastructure,
Al-driven decision-making, and seamless data orchestration. Every stage—from real-
time market data ingestion and signal generation to split-second trade execution and
post-trade analytics—demands precision, intelligent risk controls, and instantaneous
access to massive data streams.

Al is no longer optional in HFT; it powers predictive, generative, and autonomous
trading strategies that require continuous retraining, monitoring, and drift detection
to maintain an edge. As data complexity escalates, the ability to unify real-time and
historical datasets in a high-speed, intelligent platform is the defining factor between
market leaders and those left behind. In this landscape, staying ahead isn't just about
speed—it's about intelligence, adaptability, and execution at scale.

Learn how DDN's data intelligence platform accelerates high-frequency trading—visit
our website to explore solutions.
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