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EXECUTIVE SUMMARY 

On July 19, 2024, a faulty update to CrowdStrike’s Falcon endpoint protection platform 
triggered one of the largest IT outages in history. The incident highlighted the risks of kernel-
level security architectures, where even minor flaws can cascade into catastrophic global 
disruptions. Airlines, hospitals, financial services, broadcasters, and emergency systems all 
experienced downtime, with damages projected to reach $10 billion worldwide.  

While the outage reinforced the dangers of highly privileged software, it also underscored 
why kernel-level access remains critical for modern cybersecurity, providing unmatched 
visibility, enforcement, and resilience against advanced threats. The challenge lies in 
reconciling these strengths with the operational risks they introduce.  

The white paper explores the CrowdStrike outage, the broader debate around kernel-level 
security, and how LMNTRIX addresses this tension through a hybrid architecture. By 
combining user-space safety with selective kernel-level enforcement, LMNTRIX delivers 
visibility and real-time protection without exposing enterprises to the elevated risk of 
widespread failures.  



 

 

CONTENTS 

EXECUTIVE SUMMARY .................................................................................................................................. 2 

INTRODUCTION ......................................................................................................................................... 4 

KEY TAKEAWAYS ........................................................................................................................................... 5 

CROWDSTRIKE OUTAGE EXPLAINED: CAUSES, IMPACT, AND THE BROADER DEBATE .......................... 6 

SCOPE AND INITIAL IMPACT ..................................................................................................................... 7 

ECONOMIC AND STRATEGIC CONSEQUENCES ........................................................................................ 8 

INCIDENT RESPONSE AND RECOVERY .................................................................................................... 8 

BROADER LESSONS LEARNED ................................................................................................................. 9 

THE BROADER DEBATE IN CYBERSECURITY ........................................................................................... 9 

THE KERNEL AS ALLY AND ACHILLES HEEL ......................................................................................... 10 

ADVANTAGES OF KERNEL-LEVEL SECURITY SOFTWARE .................................................................... 10 

DEEP, REAL-TIME VISIBILITY .................................................................................................................. 11 

IMMEDIATE INTERVENTION AND ROBUST ENFORCEMENT ................................................................ 11 

ENTERPRISE-GRADE PERFORMANCE AND TAMPER-RESISTANCE ................................................... 12 

STRATEGIC AND COMPETITIVE ADVANTAGES ...................................................................................... 12 

RISKS AND HIGH-STAKES OPERATIONAL CONSEQUENCES ................................................................ 12 

SUBSEQUENT KERNEL-LEVEL CONTROLS AND SAFEGUARDS ........................................................... 13 

A DOUBLE-EDGED SWORD ..................................................................................................................... 13 

CONTEXTUALIZING KERNEL-LEVEL TOOLS WITHIN MULTI-LAYERED DEFENSE ............................... 14 

IN SUMMARY ........................................................................................................................................... 14 

LMNTRIX’S HYBRID APPROACH .............................................................................................................. 16 

HYBRID ARCHITECTURE APPROACH ..................................................................................................... 16 

LOWER RISK, GREATER REWARD .......................................................................................................... 17 

 

  



INTRODUCTION 

 
The 2024 CrowdStrike outage marked a watershed moment in cybersecurity. A single flawed 
configuration file within Falcon’s kernel-level agent triggered a chain reaction of system 
crashes across 8.5 million Windows devices worldwide. Airlines grounded flights, hospitals 
delayed procedures, banks suspended online operations, and emergency services faltered. 
The sheer scale of disruption exposed the fragility of hyper-connected infrastructures and 
raised urgent questions about the balance between security depth and operational safety. 

For cybersecurity professionals, the incident reinvigorated a long-running debate: should 
endpoint protection reside at the kernel level, where it enjoys superior visibility and control, or 
should it operate in safer user space, with fewer risks but diminished defensive power? The 
answer is not binary. Kernel-level access remains indispensable for certain defensive 
functions, yet it must be coupled with safeguards to prevent systemic collapse. 

This paper examines the CrowdStrike incident, the broader implications of kernel-level 
architectures, and the strategic direction of the industry. It concludes by presenting 
LMNTRIX’s hybrid approach, which strategically blends user-space stability with selective 
kernel-level insight to deliver enterprise-grade resilience without repeating the failures of the 
past. 

  

 



KEY TAKEAWAYS  

 The CrowdStrike outage exposed systemic fragility. A single misconfigured update 
cascaded into a global IT shutdown, underscoring the risks of privileged code at scale. 

 Critical industries were paralyzed. Airlines, healthcare, finance, media, and emergency 
services all suffered operational breakdowns, with billions in economic damages. 

 Kernel-level access remains both powerful and dangerous. It enables unparalleled 
visibility, real-time threat prevention, and tamper resistance—but even minor flaws 
can destabilize entire ecosystems. 

 Industry safeguards are evolving. Microsoft and major vendors are pursuing hybrid and 
kernel-adjacent models, emphasizing resiliency, rollback capability, and OS-native 
frameworks. 

 LMNTRIX’s hybrid architecture offers balance. By prioritizing user-space operations 
and reserving kernel-level engagement for indispensable functions, LMNTRIX reduces 
crash risks while maintaining competitive detection and prevention capabilities. 

 Resilience is now as critical as detection. Future endpoint strategies must integrate 
rigorous validation, layered defenses, and enterprise-level risk alignment to avoid 
repeats of “digital pandemics” like the CrowdStrike outage. 

 

  

 



CROWDSTRIKE OUTAGE EXPLAINED: CAUSES, 
IMPACT, AND THE BROADER DEBATE 

 
On July 19, 2024, a widely deployed update for CrowdStrike’s Falcon endpoint protection 
platform triggered one of the largest IT outages ever recorded1. A faulty configuration file, 
discovered to be Channel File 291, introduced a logic error that caused affected Windows 
systems to crash, displaying the dreaded blue screen of death (BSOD) and descending into 
what felt like infinite bootloops for panicked IT staff2. 

At a fundamental level the Falcon software operates at the kernel level, the defect struck 
deep. Devices could not bypass the error to access the internet, preventing automatic 
patching. Many systems remained unusable until IT teams intervened. 

 

  

                                                           
1 Sean Lyngaas, “What is CrowdStrike, the company linked to the global outage?”, CNN, 19 July 2024, 
https://edition.cnn.com/2024/07/19/tech/crowdstrike-update-global-outage-explainer  

2 Brian Fung, “We finally know what caused the global tech outage - and how much it cost”, CNN, 24 July 2024, 
https://edition.cnn.com/2024/07/24/tech/crowdstrike-outage-cost-cause  

 

https://edition.cnn.com/2024/07/19/tech/crowdstrike-update-global-outage-explainer
https://edition.cnn.com/2024/07/24/tech/crowdstrike-outage-cost-cause


SCOPE AND INITIAL IMPACT 

 
Approximately 8.5 million Windows machines crashed globally. The outage rippled across 
numerous critical sectors: 

 Airlines and airports faced extensive disruption. Major carriers, including Delta, United, 
and American Airlines, halted operations, leading to widespread flight cancellations 
and delays. Delta alone suffered over 5,000 cancellations, marking about 4.6% of global 
daily flights and an approximate damages costs of $500 million3. 

 Healthcare systems, including hospitals and emergency services, experienced 
breakdowns in appointment scheduling and elective procedures. 

 Financial services shut down online access, crippling banking operations in multiple 
countries. 

 Media outlets and broadcasters, such as Sky News, went offline. 
 Emergency and public services, including 911 lines, incurred delays or outages. 

 
Additional sectors, including manufacturing, retail, government services, hotels, and stock 
markets, experienced operational paralysis. 
 

  

                                                           
3 Leslie Josephs and Ece Yildirim, “Delta CEO says CrowdStrike-Microsoft outage cost the airline $500 million”, CNBC, 31 July 
2024, https://www.cnbc.com/2024/07/31/delta-ceo-crowdstrike-microsoft-outage-cost-the-airline-500-million.html 
 

https://www.lemonde.fr/en/pixels/article/2024/07/19/airports-banks-and-hospitals-disrupted-by-biggest-it-outage-in-history_6690699_13.html?utm_source=chatgpt.com
https://www.lemonde.fr/en/pixels/article/2024/07/19/airports-banks-and-hospitals-disrupted-by-biggest-it-outage-in-history_6690699_13.html?utm_source=chatgpt.com
https://www.cnbc.com/2024/07/31/delta-ceo-crowdstrike-microsoft-outage-cost-the-airline-500-million.html


ECONOMIC AND STRATEGIC CONSEQUENCES 

 
Insurers project that Fortune 500 companies in the U.S. may endure $5.4 billion in damages4. 
Some estimates place total global losses even higher, up to $10 billion, factoring in prolonged 
recovery costs. 

Industry leaders characterized the event as a “digital pandemic” or “Y2K come true.” 
Cybersecurity specialist Troy Hunt remarked, “This is basically what we were all worried about 
with Y2K, except it’s actually happened this time.”5 Media commentators further noted the 
fragility of today's hyper-connected infrastructure. 

. 

INCIDENT RESPONSE AND RECOVERY 

 
CrowdStrike rapidly identified the configuration error and issued a corrective patch. However, 
systems stuck in a bootloop could not download it, due to their own failure cycles, 
necessitating manual remediation. 

Microsoft assisted with recovery efforts, highlighting the incident as a stark reminder of the 
importance of rigorous update testing. Delta Airlines reported particularly prolonged service 
disruptions due to downtime in its crew-tracking systems, a critical point of failure. 

Experts emphasized a disconnect between enterprise risk management and IT-focused 
resilience frameworks. Charles Betz of Forrester noted that IT risks often fail to receive 
sufficient weight in broader business continuity strategies. 

 

  

                                                           
4
 Reuters, “Fortune 500 firms to see $5.4 bln in CrowdStrike losses, says insurer Parametrix”, Reuters, 24 July 2024, 

https://www.reuters.com/technology/fortune-500-firms-see-54-bln-crowdstrike-losses-says-insurer-parametrix-
2024-07-24/  

5
 Troy Hunt, “This is basically what we were all worried about with Y2K, except it’s actually happened this 

time”, X, 19 July 2024, https://x.com/troyhunt/status/1814205754880242032?lang=en  

https://www.reuters.com/technology/fortune-500-firms-see-54-bln-crowdstrike-losses-says-insurer-parametrix-2024-07-24/
https://www.reuters.com/technology/fortune-500-firms-see-54-bln-crowdstrike-losses-says-insurer-parametrix-2024-07-24/
https://x.com/troyhunt/status/1814205754880242032?lang=en


BROADER LESSONS LEARNED 

 
The outage illuminated multiple vulnerabilities, motivating a recalibration of resilience 
practices, including the re-examination of automation and patch deployment strategies.Key 
insights include: 

 Implement multi-stage validation for critical software updates, especially those with 
system-wide reach. 
 

 Incorporate manual bypass options where necessary, ensuring devices can be 
recovered even during failures. 

 Embedding IT in enterprise-level risk registers can enhance visibility and 
preparedness 

 Train for mass-remediation scenarios through tabletop exercises and incident 
simulations that account for IT automation failures. 

 Maintain human oversight in key incident response workflows to avoid blind trust in 
automation. 
 

THE BROADER DEBATE IN CYBERSECURITY 

 
The July 2024 CrowdStrike outage emerged as a wake-up call for cybersecurity professionals. A 

misconfigured update to core security software cascaded into global infrastructure collapse, 

grounding airlines, shutting down hospitals, halting broadcasts, and freezing financial services. 

The incident reveals how deeply interwoven modern technologies are, the perils of unchecked 

automation, and the consequences of disjointed continuity strategies. Cybersecurity teams must 

integrate rigorous update validation, resilience testing, and strategic IT-risk alignment into their 

toolkits. 

For the cybersecurity sector as a whole, the CrowdStrike Incident reinvigorated the debate on 

whether security products should be a separate agent on top of the operating system, or have 

direct access to the kernel as Falcon has, which when things do fail a BSOD is a distinct 

possibility.  

 

 



THE KERNEL AS ALLY AND ACHILLES HEEL 
 
As with any debate, we need to take a measured approach. By presenting the CrowdStrike 
Incident first this may have colored a readers view that any cybersecurity offering with kernel 
level access is going to cause a BSOD. That is not the impression that should be taken, the 
reality is Kernel-level access can grant those defending IT infrastructure several critical 
advantages. It is worth exploring the concept of Kernel-level access and the advantages it 
gives in more detail. 

 

ADVANTAGES OF KERNEL-LEVEL SECURITY SOFTWARE 

 
Kernel-level security software continues to assume a vital role in modern cybersecurity, 
granting defensive tools deep insight and timely control over system operations. Unlike user-
mode approaches, kernel-level agents reside at the most privileged layer of the operating 
system, enabling superior visibility, enforcement, and resistance to tampering. 

One reputable provider, CrowdStrike, highlighted that its Falcon sensor architecture embraces 
kernel-level access to deliver comprehensive protection, consistent performance, and 
adaptability to new threat vectors. After its founding in 2011, CrowdStrike built Falcon with 
full compatibility for Windows 7 and later, adhering to Microsoft’s Kernel Patch Protection 
(PatchGuard), in an attempt to prevent BSOD scenarios from being the norm, thereby 
demonstrating a long-standing commitment to combining privileged access with system 
integrity, according to the company6.  

                                                           
6
 Alex Ionescu, Milos Petrbok, Martin O’Brien, and Johnny Shaw, “Tech Analysis: CrowdStrike's Kernel Access and 

Security Architecture”, CrowdStrike, 9 August 2024, https://www.crowdstrike.com/en-us/blog/tech-analysis-kernel-
access-security-architecture/ 

 

https://www.crowdstrike.com/en-us/blog/tech-analysis-kernel-access-security-architecture/
https://www.crowdstrike.com/en-us/blog/tech-analysis-kernel-access-security-architecture/


DEEP, REAL-TIME VISIBILITY 
 

One major advantage to such Kernel-level security is that it delivers deep visibility far beyond 
what user-space tools can achieve. This is because kernel drivers operate below the OS API 
layer, granting privileged insight into core system activities like process execution, file I/O, 
memory operations, and network traffic. This comprehensive vantage enables security 
software to detect advanced persistent threats (APTs), rootkits, and stealthy malware very 
early, sometimes even before they reach user mode. 

Such real-time intelligence is essential in an era where adversaries increasingly rely on subtle, 
hard-to-detect mechanisms. Kernel-level integration empowers tools to monitor behavioral 
patterns instantly and to intercept malicious activity at its inception. 

 

IMMEDIATE INTERVENTION AND ROBUST ENFORCEMENT 
 

Beyond observation, kernel-level modules allow active intervention. Researhcers have noted 
that kernel execution enables immediate actions, like terminating malicious processes, 
disconnecting rogue peripherals (e.g., USB devices), or blocking data exfiltration, with greater 
speed and reliability than user-mode hooks as employed by user level security agents7. 

This capacity empowers cybersecurity products to enforce policies with minimal latency, 
reducing exploitable threat vectors for sophisticated malware, or advanced APT tactics, that 
may attempt to evade or delay user-space enforcement.  

                                                           
7
 Gaoshou Zhai, “Analysis and Study of Security Mechanisms inside Linux Kernel”, Beijing Jiaotong University, 

January 2009, 
https://www.researchgate.net/publication/224362954_Analysis_and_Study_of_Security_Mechanisms_inside_Linux
_Kernel  

 

 

 

https://www.researchgate.net/publication/224362954_Analysis_and_Study_of_Security_Mechanisms_inside_Linux_Kernel
https://www.researchgate.net/publication/224362954_Analysis_and_Study_of_Security_Mechanisms_inside_Linux_Kernel


 

ENTERPRISE-GRADE PERFORMANCE AND TAMPER-
RESISTANCE 
 

Another advantage to kernel-level security is inherent resilience and efficiency for enterprise 
environments. Kernel mode offers strong tamper protection and high-performance 
operations within tight resource constraints, meeting demanding performance requirements. 

As kernel drivers can execute with fewer context switches and deeper privileges, they often 
deliver lower latency and maintain consistent throughput even under heavy load. Such 
reliability underwrites enterprise trust in endpoint protection technologies. 

 

STRATEGIC AND COMPETITIVE ADVANTAGES 
 

Kernel-level capabilities frequently translate into strategic differentiation. This stems from 
real-time detection and enforcement giving cybersecurity vendors a competitive edge in 
speed, depth, and innovation. Vendors often use this reality to justify premium pricing for 
advanced capabilities underpinned by kernel-level enforcement and real-time 
responsiveness.  

 

RISKS AND HIGH-STAKES OPERATIONAL CONSEQUENCES 
 

Kernel-level architecture offers powerful advantages, but it does come with elevated risks. 
History underscores that even minor flaws at this privilege level can ripple catastrophically. 
See above in regard to what the fallout was when a poorly managed update in Falcon’s 
ecosystem caused the BSOD CrowdStrike drama.  

This episode prompted Microsoft to take action, launching a Windows Resiliency Initiative 
with enhanced controls on driver execution, antivirus processing outside the kernel, and 
remote recovery capabilities via Quick Machine Recovery. Microsoft advanced further in June 



2025 by previewing an endpoint security architecture that gradually moves antivirus and EDR 
software out of the kernel, developed in collaboration with major vendors like CrowdStrike, 
Bitdefender, ESET, and Trend Micro8. 

These shifts reflect a growing consensus that while kernel-level access enables powerful 
defenses, security and reliability demands must reconcile with risk and stability. This had 
driven other vendors to look to adopt more of a hybrid approach, to better combine the 
advantages of agents operating above the OS with the visibility offered by agents operating at 
the Kernel level. 

 

SUBSEQUENT KERNEL-LEVEL CONTROLS AND 
SAFEGUARDS 
 

Recognizing both strength and hazard, modern systems increasingly deploy safeguards. 
Microsoft’s Kernel Patch Protection monitors and prevents unauthorized modifications to 
critical kernel structures, it triggers a bug check (BSOD) if tampering occurs. Other mitigations 
include driver signature enforcement, early launch anti-malware (ELAM), and hypervisor-
protected code integrity (HVCI). Such controls help ensure that kernel modules remain 
trustworthy and don't undermine system stability. 

 

A DOUBLE-EDGED SWORD 
 

Security researchers note the inherently dual nature of kernel-level access. One cybersecurity 
primer explains that while this level of protection empowers advanced threat detection and 
prevention, any compromise here can yield catastrophic damage, including total control or 
data compromise9.  

                                                           
8
 Tom Warren, “Microsoft is moving antivirus providers out of the Windows kernel”, The Verge, 26 June 2025, 

https://www.theverge.com/news/692637/microsoft-windows-kernel-antivirus-changes  

9
 Reason Labs, “What is Kernel-level? Kernel-Level Security Features: Protecting Your Computer from Cybersecurity 

Threats through Holistic System Resources and Privileged Modes”, Cyberpedia, 11 September 2025, 
https://cyberpedia.reasonlabs.com/EN/kernel-level  

https://www.theverge.com/news/692637/microsoft-windows-kernel-antivirus-changes
https://cyberpedia.reasonlabs.com/EN/kernel-level


The trade-off remains clear: defenders gain unmatched oversight and control, but must pair 
that power with rigorous design, signing, testing, and rapid rollback capability to prevent 
large-scale failures. 

 

CONTEXTUALIZING KERNEL-LEVEL TOOLS WITHIN 
MULTI-LAYERED DEFENSE 
 

Kernel-level security functions most effectively as part of a layered defense. For instance, 
complementing signature-based detection with behavior and heuristic analysis can cover 
novel threats like ransomware. Defenders should also adopt system hardening, timely 
patching, strong network security, and user education as part of a comprehensive posture. 

Meanwhile, academic research by Salessawi Ferede Yitbarek and Todd Austin emphasizes 
hardware-assisted integrity mechanisms that restrict kernel overwrite and safeguard against 
rootkits, reducing reliance on purely software-based integrity solutions10. 

 

IN SUMMARY 
 

Kernel-level security software offers unparalleled protection capabilities: deep system 
visibility, real-time enforcement, tamper resilience, and enterprise performance. These 
advantages give cybersecurity solutions powerful detection and response functionalities that 
set them apart competitively. 

Yet, that power carries commensurate risks. Kernel bugs can wreak havoc at scale, as 
evidenced by the 2024 CrowdStrike incident, and highlight the importance of strong safety 
measures. The industry’s direction, toward kernel-adjacent models like Microsoft’s new 
endpoint platform and Windows Resiliency Initiative, reflects this balance. 

                                                           
10

 Salessawi Ferede Yitbarek, Todd Austin, “Neverland: Lightweight Hardware Extensions for Enforcing Operating 

System Integrity”, Cornell University, 15 May 2019, https://arxiv.org/abs/1905.05975  

https://arxiv.org/abs/1905.05975


Ultimately, kernel-level security remains both a potent ally and a potential Achilles’ heel. 
When implemented with cautious engineering, rigorous testing, and robust safeguards, it 
remains a strategic cornerstone in the modern cybersecurity landscape. 

  



LMNTRIX’S HYBRID APPROACH 
 
At the risk of repeating what has been said previously, but is certainly central to LMNTRIX’s 
current development philosophy underpinning our XDR offering, the debate between kernel-
level and user-space monitoring has become central to endpoint security design. Kernel-level 
drivers operate within the operating system’s most privileged layer, offering unparalleled 
visibility into critical activities such as system calls, process creation, memory access, and file 
operations. This depth of insight is invaluable for detecting and preventing sophisticated 
attacks, but it comes with significant operational risk. A single flaw in a kernel driver can 
destabilize the entire operating system, leading to catastrophic failures like the CrowdStrike 
outage that triggered widespread BSOD crashes. In contrast, user-space agents run outside 
the kernel as services or daemons. They are generally safer and easier to update, but they 
face limitations in visibility and speed, as certain telemetry sources are only accessible at the 
kernel level. The challenge for security vendors lies in balancing the safety of user-space 
designs with the depth of telemetry that kernel hooks provide. 

 

 

HYBRID ARCHITECTURE APPROACH  

 
The LMNTRIX XDR Agent approaches this challenge with a hybrid architecture that 
emphasizes safety without sacrificing effectiveness. At its core, it runs as a unified user-space 
service that consolidates log collection, metrics management, and endpoint telemetry into 
one agent. This design makes it easier to deploy, update, and manage while reducing the 
operational risks of kernel-resident code. However, LMNTRIX recognizes that some endpoint 
security functions require deeper visibility than user space alone can provide. For this reason, 
the agent leverages kernel-level components only where they are indispensable. On Windows 
systems, it incorporates a lightweight driver to capture essential events related to processes, 
files, and network traffic. On macOS and Linux, rather than inserting risky proprietary drivers, 
it relies on stable, OS-native frameworks such as Apple’s Endpoint Security API, Linux Audit, 
and eBPF. This balance allows the agent to maintain a consistent, cross-platform capability 
set while minimizing instability. 

 



The strategic use of kernel access underscores a critical difference between LMNTRIX and 
vendors that rely heavily on custom drivers. Unlike CrowdStrike or SentinelOne, whose 
detection and prevention models are deeply tied to kernel hooking, LMNTRIX prioritizes 
stability by leaning on trusted, well-tested operating system frameworks whenever possible. 
This reduces the likelihood of vendor-induced crashes while maintaining reliable visibility into 
endpoint activity. Nonetheless, LMNTRIX acknowledges that kernel-level enforcement is 
sometimes unavoidable, particularly for prevention features such as blocking malicious file 
execution or halting suspicious process activity. In these cases, the LMNTRIX XDR Agent 
selectively engages kernel-level mechanisms, but it does so with surgical precision rather 
than blanket dependence. The result is an architecture that emphasizes operational resilience 
without diminishing security effectiveness. 

 

LOWER RISK, GREATER REWARD 

 
Ultimately, the LMNTRIX XDR Agent occupies a middle ground that is both pragmatic and 
powerful. It is neither a traditional kernel-first driver model, which exposes organizations to 
elevated operational risk, nor a user-space-only logging agent that lacks real-time 
enforcement capabilities. Instead, it represents a thoughtful hybrid approach: a unified user-
space framework for management and telemetry, paired with selective kernel-level 
integration to provide critical visibility and prevention. For enterprises, this design translates 
into lower risk of system crashes, reduced management complexity, and robust EDR/XDR 
capabilities that remain competitive with the most advanced solutions on the market. In a 
landscape where both visibility and reliability are non-negotiable, LMNTRIX positions itself as 
a solution that delivers security strength without compromising system stability. 

 


