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Abstract— This paper explores the role of Intrusion 

Detection Systems (IDS) in the context of High-Frequency 

Trading (HFT). Given the rapid, automated nature of HFT, it's 

crucial to have robust security measures to promptly detect and 

address any malicious activities. IDS presents a compelling 

solution by monitoring network traffic and detecting any 

suspicious activities based on predefined rules. By considering 

various types of IDS and their appropriateness for HFT 

environments, this paper discusses effective implementation 

strategies and the impact of these systems on HFT operations. 

We demonstrate through this discussion that while 

incorporating IDS within HFT may present specific challenges, 

it is a crucial component for the secure and efficient functioning 

of HFT platforms. 
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I. INTRODUCTION  

Intrusion Detection Systems (IDS) are crucial 
cybersecurity tools designed to identify and alert of potential 
harmful activities within a network. These systems function 
by monitoring network traffic continuously and matching it 
against predefined intrusion signatures, essentially patterns 
that indicate malicious activities. IDS can have different forms 
based on their operation. Network Intrusion Detection 
Systems (NIDS) examine the entire network's traffic, while 
Host-based Intrusion Detection Systems (HIDS) focus on a 
single host within the network. While maintaining a subtle 
balance between detecting genuine threats and limiting false 
alarms, IDS serves as a critical line of defense in ensuring 
network security, making a significant contribution to an 
organization’s cybersecurity framework. 

 The complexities of High-Frequency Trading (HFT) make 
it a fitting case for applying IDS, given the security challenges 
that come with the fast and automated nature of HFT. This 
paper will delve further into the use and impact of IDS in HFT 
environments.. 

II. SIGNIFICANCE OF INTRUSION DETECTION SYSTEMS IN 

HIGH-FREQUENCY TRADING 

 High-Frequency Trading (HFT) is a unique area in the 
financial sector that carries out a tremendous number of 
transactions at exceedingly rapid speeds using sophisticated 
algorithms. Capacitated to execute millions of orders within 
fractions of a second and no human intervention, HFT sits at 
the cutting-edge of financial trading technology. Yet, this 

dynamic, fast-tracking computational power makes HFT 
landscapes vulnerable to various security breaches, increasing 
the urgency to continually protect its cyber-physical systems. 
This is where Intrusion Detection Systems (IDS) play a critical 
role. 

 

An IDS effectively underpins the pivotal process of 
monitoring network traffic in real-time. Given the swift nature 
of HFT, even infinitesimal delays brought on by cyber threats 
such as Distributed Denial-of-Service (DDoS) attacks or 
unauthorized access attempts can disrupt trading actions, 
culminating in millions of dollars in losses within seconds. By 
identifying suspicious activities, IDS can keep a tight leash on 
network behavior patterns, anomalistic actions, and irregular 
data packets. This reliable surveillance helps initiate quick and 
appropriate responses to neutralize threats, safeguarding HFT 
environments from potential downtime or manipulation of 
trade operations. 

Furthermore, the sheer volume of data processed in HFT 
is colossal, extending into gigabytes per second. The IDS's 
robust functionalities extend further into efficiently tracking 
and monitoring the procession of this data. This data 
procession is of vital concern in maintaining operational 
integrity and meeting regulatory compliances. Any deviation 
from standard data patterns could indicate data theft, breach, 
or loss, which can trigger significant economic and 
reputational damage. Thus, real-time inspection, immediate 
alerts on data deviation and keeping an issue escalation matrix 
are invaluable for preventing data compromises and 
maintaining regulatory compliance. 

IDS aligns with the regulatory obligations of HFT operations. 
As HFT engages complex algorithms and entails substantial 
financial liabilities, the framework is bound by stringent risk 
mitigation and security reinforcements dictated by regulators 
globally. IDS forms an integral part of these risk governance 
protocols. Moreover, a meticulously implemented IDS can 
lend transparency to the HFT operations and could be decisive 
during forensic analysis post any security breaches. 

 The significance of IDS is multidimensional in the realm 
of HFT. It serves as the guardian against cyber threats, the 
auditor monitoring regularities and irregularities alike, and the 
compliance partner satisfying regulatory requirements. By 
implementing robust IDS, HFT operations can better navigate 
the digital landscape, thus ensuring smooth operations while 
safeguarding both their financial assets and reputation in a 
hyper-connected world.. 
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III. CLASSIFICATION OF INTRUSION DETECTION SYSTEMS 

 Network Intrusion Detection Systems 

Network Intrusion Detection Systems (NIDS), in a High-
Frequency Trading (HFT) context, are strategically positioned 
within the trading network infrastructure to monitor and 
analyze traffic from all associated devices. NIDS scrutinizes 
the real-time traffic throughout the entire subsystem, 
comparing traversing packets with a predefined database of 
recognized attack patterns typical in financial and trading 
environments [1]. In the event of detecting any known threats 
or observing abnormal behavior, indicative of potential 
market manipulation or unauthorized trades, the system 
promptly alerts the network administrators or security 
operations center. For instance, an NIDS might be 
implemented on the same subnet as firewalls, serving as an 
added layer of defense. This placement aids in the early 
detection of attempts to breach the firewall, which is vital in 
securing HFT platforms, given the massive volumes of trades 
and the speed at which transactions are processed. 

 

 Host Intrusion Detection Systems 

 Host Intrusion Detection Systems (HIDS) operate 
within individual servers or devices within a High-
Frequency Trading (HFT) firm's network. The HIDS 
focuses solely on the traffic to and from its specific 
host, effectively identifying and alerting the system 
administrator of any suspicious or potentially harmful 
activity. 

 HIDS essentially takes a snapshot of the existing state 
of critical trading system files and continuously 
compares this with subsequent states. Suppose there is 
a modification or deletion in these baseline system 
files, a condition which might arise due to an intrusion 
with potential malicious intent [2]. In that case, HIDS 
triggers an alert, prompting the system administrator or 
the security team to initiate investigation or 
remediation actions. 

 This is particularly crucial in mission-critical HFT 
servers, such as those handling the execution of trading 
algorithms, order routing, or market data feeds. In 
these systems, there are stringent expectations of 
stability and conformity in system configuration, given 
the sensitivity and high-stakes nature of HFT 
operations. By providing real-time monitoring and 
swift alerts, HIDS plays a critical role in maintaining 
the integrity, availability, and reliability of HFT 
operations, thereby helping safeguard the firm's 
financial assets. 

 Protocol-based Intrusuion Detection Systems 

A Protocol-based Intrusion Detection System (PIDS) 
functions as an intermediary entity positioned at the server's 
forefront. It controls and interprets the user or device's 
interaction protocol with the server. The PIDS is tasked with 
bolstering the web server's security by continuously 

supervising the HTTPS protocol flow and supporting its 
progenitor protocol, HTTP. Given that HTTPS is unencrypted 
before it directly interfaces with its web presentation layer, the 
PIDS is expected to dwell at this juncture to efficiently utilize 
the HTTPS. Ensuring this placement optimizes the PIDS' 
capacity to monitor and detect possible intrusion attempts or 
anomalous activities within the protocol communication flow. 

HFTs often communicate externally with various 
exchanges using standard financial protocols such as FIX, 
ITCH, and OUCH, a PIDS can be set up to scrutinize the 
protocol communication to detect any anomalies or potential 
threats. 

 Application-based Intrusion Detection system 

An Application Protocol-based Intrusion Detection System 

(APIDS) is a system that operates within specified server 

groups. It detects intrusions by examining and interpreting 

communications based on application-specific protocols. 

For example, in a High-Frequency Trading (HFT) firm, it 

could monitor FIX protocol communication between the 

trading algorithm server and the exchange server to identify 

any intrusions or anomalies in real-time trading actions. 

 Hybrid Intrusion Detection system 

A Hybrid Intrusion Detection System represents the 

integration of multiple IDS approaches into a single system. 

This combination synchronizes the data from host agents and 

network information, offering a comprehensive perspective 

of the network system. This encompasses a complete view 

that takes into account both network-wide activities and 

individual host activities. In the context of a High-Frequency 

Trading (HFT) firm, a Hybrid IDS could combine the benefits 

of HIDS, NIDS, and PIDS to continuously monitor and 

protect the firm's network, trading terminals, and trading 

protocols. As a result, Hybrid IDS tends to be more efficient 

compared to the standalone IDS methods. An example of a 

Hybrid IDS is Prelude, a universal "Security Information 

Management" (SIM) system that collects, normalizes, sorts, 

aggregates, correlates and reports all security-related events. 

IV. THE IMPACT OF IDS ON HFT OPERATIONS 

The incorporation of Intrusion Detection Systems (IDS) 
into High-frequency Trading (HFT) operations plays a 
significant role in influencing the performance and security of 
the trading setup. The impact of IDS deployment can be 
evaluated from multiple facets, encompassing the advantages 
it confers and the challenges it might present. 

On the positive side, the surgical placement of IDS within 
an HFT system reaffirms security robustness. By continual 
scrutiny of network traffic and instantaneous signaling of 
intrusion attempts or abnormal activities, IDS safeguards core 
trading operations from potential security threats. Further, the 
characteristics of HFT such as high speed and volume of 
trades, integration with various exchanges, and reliance on 
automated algorithms significantly increase the complexity of 
defining 'normal' behavior. IDS with its anomaly detection 
capabilities becomes crucial in such scenarios by learning 
these intricate patterns, and promptly detecting any deviations, 
providing an additional layer of protection and assurance. 

However, the implementation of IDS isn't without its 
challenges. A significant concern is system latency. In the 
high-stakes environment of HFT, even milliseconds matter. 
There is an inherent need to ensure that the IDS isn't a 
bottleneck and doesn't impede decision-making or order 
execution time [3]. Hence, care must be taken to optimize IDS 
for minimal resource usage and latency while preserving its 
detection capabilities. 
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Given the complexity of HFT patterns, the IDS should be 
accurately calibrated to distinguish between genuine threats 
and harmless anomalies to prevent the hindrance of legitimate 
trades due to false positives. IDS configuration, therefore, 
needs a deep understanding of both the IDS technology and 
the unique trading patterns of the HFT setup. 

While integrating IDS into HFT operations is crucial for 
enhancing security, its impact on system performance must be 
delicately managed. This necessitates careful selection, 
meticulous configuration, and continuous tuning of the IDS 
parameters to suit the specific needs of the HFT environment.. 

V. CASE STUDY : "INTRUSION DETECTION PAYS OFF FOR 

HIGH-FREQUENCY TRADERS" (2013) 

The case study profiles a large U.S.-based HFT firm that 
implemented an intrusion detection and prevention system 
(IDS/IPS) from Cisco. The firm operated numerous collocated 
servers performing high-speed algorithmic trades across 
several US markets and exchanges. Precisely detecting any 
anomalies or suspicious behavior in this complex distributed 
trading infrastructure was mission critical. 

In one instance, the IDS deployed by the firm detected 
abnormal user activity originating from a trading analyst's 
workstation. Upon further investigation, it was revealed the 
employee had attempted to illicitly modify some of the 
algorithms to place trades that would benefit from short-term 
price movements. The firm estimated the rogue activity, if 
undetected, could have resulted in losses upwards of $5 
million. 

Luckily, the IDS deployed at the network and host level 
was properly configured to understand the firm's normal 
trading patterns and traffic flows. It immediately flagged the 
analyst's illicit database queries and algorithm changes as 
serious deviations from his typical duties. This allowed the 
security team to step in before any unauthorized trades were 
executed, preventing significant financial damages. 

The case demonstrated how an IDS, when integrated 
intelligently, can pay off in protecting not only from external 
threats but also well-placed insiders seeking to manipulate 
low-latency trading platforms for personal gain amidst the 
chaos of rapid market movements. Early detection is key in 
such a fast-paced environment.). 

What the company did correctly: 

 Implemented an IDS/IPS solution from a reputable 
vendor to actively monitor network traffic flows at 
high speed. 

 The IDS was properly configured to detect 
anomalous behavior indicative of insider threats or 
hacking attempts. This allowed it to flag the 
employee's suspicious activity. 

 By detecting the attack in real-time, the IDS 
prevented the employee from executing their plans, 
thereby protecting the firm from potentially millions 
of dollars in trading losses. 

While the IDS deployment was ultimately successful in 
detecting and preventing the insider attack in this case, there 
are still lessons that can be taken to strengthen the company's 
overall security posture going forward. 

 

1. One area of improvement is augmenting the existing 
IDS with a SIEM system. Correlating logs and events 
from the IDS with other critical systems like 
databases, servers, and user activity monitoring tools 
could have provided richer context around the insider 
threat. This may have allowed earlier detection. 

2. Performing regular vulnerability scanning and 
penetration testing is also important to identify and 
remediate weaknesses before a motivated attacker 
can exploit them [2]. Limiting employee access to 
only what is necessary for their roles through role-
based access controls (RBAC) may have limited the 
scope of the insider's planned attack in this case. 

3. Multi-factor authentication should be enforced for all 
privileged accounts as an additional line of defense 
against stolen or guessed credentials. Ongoing 
security awareness training can help employees 
recognize and report suspicious behavior that could 
indicate an emerging threat 

4. A review of network architecture configurations like 
firewall rules, DMZ settings, and encryption 
standards is prudent to close any gaps an adversary 
may leverage. Finally, validation of disaster recovery 
and incident response procedures through testing is 
critical for the HFT environment due to its high-risk 
nature. 

5. Applying lessons learned by augmenting people, 
process, and technical controls in an integrated 
manner promises to strengthen overall security and 
minimize potential damage from future known or 
unknown threats. 

VI. CLAROTY REPORT ON CYBERATTACKS DURING THE 

PANDEMIC IN 2021 – CASE STUDY ANALYSIS 

 What Happened 

In 2021, cybersecurity vendor Claroty analyzed data from 
intrusion detection systems deployed at major financial 
organizations during the pandemic. They observed a 
significant rise in suspicious login attempts, DDoS attacks on 
trading platforms, and malware infections on remote 
employee endpoints. 

 What Went Wrong 

Threat actors appeared to be taking advantage of the shift 
to remote work during the pandemic. Over 10,000 blocked 
login attempts in a single day targeted one bank's public APIs 
and trading servers. The analysis concluded many attempts 
originated from known botnets and hacking groups actively 
scanning for vulnerable access points. 

 What Went Correctly 

The Claroty IDS deployments were crucial in detection 
and blocking the increased cyber activity before any actual 
comprising of assets could occur [4]. 24/7 monitoring 
provided visibility that attempts were linked to cybercriminal 
groups. One bank saw its IDS block all 10,000+ suspicious 
login attempts in one day. 

 Opportunities for Improvement 

While IDS performed well, focusing defensive resources 
on securing remote workers could help address evolving 
attack patterns. For example, financial institutions could: 

1. Strengthen multi-factor authentication for remote 
access 

2. Require updated antivirus definitions for home 
networks 

3. Provide Security Awareness Training on common 
remote threats 

4. Monitor user activities and endpoints more closely 
when off corporate networks Maintaining robust 
prevention measures, even during disruptive times, 
will be important as threats persist. 
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VII. INTRUSION DETECTION BEST PRACTICES FOR HFT 

ENVIRONMENTS 

This section outlines the main principles that emerge from 
analyzing case studies and lessons learned regarding effective 
implementation of intrusion detection systems (IDS) in high-
frequency trading (HFT) environments. 

 Real-Time Detection 

 Due to the ultra-low latency nature of HFT, any anomalous 
or malicious traffic must be detected and blocked immediately 
by the IDS. Systems deployed must be capable of monitoring 
networks and systems at line speeds or faster to avoid 
incidents escalating [5]. 

 Comprehensive Monitoring 

 Both external threats like the increased pandemic-era 
attacks, as well as insider threats illustrated by the rogue 
employee case study, emphasize the need for IDS to 
comprehensively monitor both incoming and outgoing traffic. 

 Correlated Log Analysis 

 A security information and event management (SIEM) 
system should integrate IDS logs with other critical security 
tools to provide richer context around detected events through 
cross-platform correlation. This helps separate true positives 
from false alarms. 

 Limited Access Controls 

Applying strong authentication, authorization, and 
principle of least privilege helps reduce the impact of 
compromised credentials or manipulated insiders. 
Segregation of sensitive trading functions is also important. 

 Preparedness for Disruption 

Even during disruptive times, financial organizations must 
maintain preventative defenses as threat actors may target 
perceived weaknesses like remote work. Testing incident 
response plans ensures preparedness. 

 Evolution for New Risks 

As online trading tools progress rapidly, exploitation 
methods will too. Frequent security reviews and assessments 
address emerging weaknesses proactively [5]. 

 Defense-in-Depth Strategy 

Adopting these principles through defense-in-depth 
integration of people, processes, and technologies strengthens 
protection against current and future threats. 

 

VIII. FUTURE TRENDS 

 Increased Automation 

As algorithms become more nuanced, manual detection 
of issues will not scale. Machine learning techniques like 
anomaly detection can profile normal behavior patterns from 
vast log and traffic datasets, automatically detecting 

deviations. Neural networks may even recognize subtle tactic 
changes in attacker behavior. Natural language processing of 
unstructured data sources like emails, chat logs and forum 
posts may provide attack insights too. Automated 
rchestration of response through security automation and 
response (SOAR) tools also relieves human burden. 
However, inherent risks in opaque algorithms must be 
carefully governed to prevent accidental trading outages. 

 Expanded Network Perimeters 

Migrating infrastructure to cloud providers and SaaS 
platforms decouples systems and complicates centralized 
monitoring. New IDS strategies are needed to detect threats 
across virtual private networks, web application firewalls, 
and multi-cloud / hybrid environments with encrypted east-
west traffic. Behavioral analytics of user entities and resource 
access across diverse platforms may be more effective than 
firewall-based perimeters alone. Intelligent routing of traffic 
logs from edge locations back to centralized SIEMs could 
also enhance visibility. 

 Higher Traffic Volumes 

A single trading strategy may generate millions or billions 
of time-series data points daily on market conditions and 
positions. Streaming analytics that inspect packet payloads, 
protocols, and system call patterns at wire speed with 
minimal overhead will be essential. Distributed sensor 
models place detection logic nearer data sources for faster 
response times too. Long-term metadata trend analysis of 
trading patterns may also expose manipulated traffic amid 
voluminous normal activity more readily than breakpoint 
inspection. 

 Integration with Business Tools 

Instead of isolated security monitoring, the two 
disciplines increasingly converge through application 
programming interfaces (APIs). For example, anomaly 
scores from machine learning models could automatically 
update market surveillance rules or trigger account 
lockdowns to stop attacks in progress. Backtesting platforms 
may also detect algorithm flaws exploited by threat actors if 
integrated with vulnerability assessment results. Such closed-
loop processes more autonomously safeguard trading 
technologies end-to-end. 

ACKNOWLEDGMENT  

The author would like to extend sincere thanks to New 
York University for graciously providing case study 
components. Fellow peer discussions and insights were also 
greatly appreciated. The contributions of fellow cybersecurity 
researchers, as referred in this paper, are deeply recognized 
and valued. 

REFERENCES 

[1] Singh, A.P. and Singh, M.D., 2014. Analysis of host-based and 
network-based intrusion detection system. International Journal of 
Computer Network and Information Security, 6(8), pp.41-47. 

[2] Liu, M., Xue, Z., Xu, X., Zhong, C. and Chen, J., 2018. Host-based 
intrusion detection system with system calls: Review and future trends. 
ACM Computing Surveys (CSUR), 51(5), pp.1-36. 

[3] Kumar, D.A. and Venugopalan, S.R., 2017. Intrusion detection 
systems: a review. International Journal of Advanced Research in 
Computer Science, 8(8), pp.356-370.. 

[4] Ocaka, A., Briain, D.Ó., Davy, S. and Barrett, K., 2022, April. 
Cybersecurity Threats, Vulnerabilities, Mitigation Measures in 
Industrial Control and Automation Systems: A Technical Review. In 
2022 Cyber Research Conference-Ireland (Cyber-RCI) (pp. 1-8). 
IEEE.]. 

[5] Ozkan-Okay, M., Samet, R., Aslan, Ö. and Gupta, D., 2021. A 
comprehensive systematic literature review on intrusion detection 
systems. IEEE Access, 9, pp.157727-157760

 

http://www.jetir.org/

