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Abstract: In July 2024, a failed update in the CrowdStrike Falcon security software disrupted

critical services across the United States and several other countries, affecting sectors such as

aviation, healthcare, and finance. Despite advancements in automated testing, an error introduced

during development was rapidly propagated, exposing vulnerabilities in digital infrastructure and

underscoring the risks of technological interdependence. This study examines the incident through

an integrative, multivocal literature review that combines academic and gray literature to address

three core research questions: the impacts of the outage (RQ1), the technical causes of its severity

(RQ2), and the lessons learned for software engineering and cybersecurity (RQ3). The analysis

reveals critical failures in validation processes, integration mechanisms, and organizational prac-

tices, highlighting the need for robust quality assurance and software governance. The findings

contribute to both research and practice by informing more effective strategies for preventing and

responding to large-scale cybersecurity incidents.
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1 Introduction

On July 19th, 2024, critical services across the United States and several other countries
were abruptly disrupted following a faulty update in CrowdStrike Falcon, one of the most
widely deployed cybersecurity and endpoint protection platforms. Despite sustained
advances in automated testing, continuous integration, and deployment pipelines, failures
of this magnitude still occur. In this case, an error introduced during configuration file
creation went undetected during validation and was rapidly propagated through an
automated update mechanism. The incident exposed the fragility and tight coupling of
contemporary digital infrastructures, in which faults introduced at a single point can
rapidly escalate into large-scale systemic disruptions. As discussed by Khern-am-nuai
[Khern-am nuai, 2024], accelerated release cycles driven by intense competition in the
cybersecurity market may contribute to the erosion or marginalization of rigorous testing
and validation practices in development pipelines.

The flawed update was delivered synchronously to Falcon clients and caused wide-
spread Blue Screen of Death (BSOD) occurrences on affected systems. This mechanism,
intrinsic to the Windows operating system, is triggered by severe kernel-level failures
and halts system execution to prevent further corruption or hardware damage, as noted
by [Harrison, 2024]. While effective as a safeguard, such failures result in immediate
system unavailability and, when triggered at scale, cause severe operational disruption.

As a consequence, client systems across multiple sectors became unavailable, disrupt-
ing essential services such as aviation [Ivashchuk and Ostroumov, 2024] and healthcare
[Delaney, 2024]. For example, Ivashchuk and Ostroumov [Ivashchuk and Ostroumov,
2024] report a significant increase in flight delays across five international airports on the
day of the incident. These events illustrate how tightly coupled systems may experience
cascading failures when a central component, such as an operating system or a widely
adopted security tool, becomes unavailable, a phenomenon discussed by Morris and
Mayer [Morris and Mayer, 2024]. The impact is further amplified when disruptions
affecting large organizations propagate to smaller dependent entities, producing what
has been characterized as a domino effect [Mugu et al., 2024].

Recent studies have begun to investigate the CrowdStrike blackout from comple-
mentary but distinct perspectives. Morris and Mayer [Morris and Mayer, 2024] analyze
the incident through the lens of critical infrastructure theory and the concept of “normal
accidents,” emphasizing systemic properties such as tight coupling, single points of
failure, limited redundancy, and the implications for infrastructure resilience and public
policy. Their contribution is primarily conceptual and normative, framing the outage
as an illustrative case to motivate broader discussions on infrastructure governance and
resilience, rather than providing a detailed technical or empirical synthesis of the incident
itself.

In contrast, Mugu et al. [Mugu et al., 2024] examine the CrowdStrike incident from a
cybersecurity and endpoint protection standpoint, describing the failure, summarizing its
immediate operational consequences, and discussing secure IT practices and alternative
endpoint security solutions. Their study adopts a predominantly descriptive, practitioner-
oriented perspective, focusing on short-term impacts, remediation actions, and security
considerations. Yet, it does not systematically integrate the organizational, societal, legal,
and technical dimensions into a unified analytical framework.

While both studies offer valuable insights, they address specific facets of the event in
isolation. Neither work provides a systematic, multivocal synthesis that jointly examines
the technical root causes, the breadth of cross-sector impacts, and the broader organiza-
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tional and societal implications of the blackout, drawing on heterogeneous sources of
evidence.

This paper addresses this gap by investigating the CrowdStrike blackout through a
multivocal data triangulation approach that integrates scientific publications, technical
reports, legal documents, and curated gray literature, including news articles and expert
analyses. The objective is to provide a comprehensive and timely understanding of the
event by addressing the following research questions:

– RQ1: What were the impacts of the CrowdStrike blackout?

– RQ2: What was the error, and why was it so severe?

– RQ3: Which lessons can be learned from the incident?

The inclusion of multivocal sources is particularly relevant in this context. Fewer
than 4,000 of the world’s approximately 23 million IT professionals regularly publish
peer-reviewed research [Garousi and Rainer, 2021], and the recency of large-scale
technological failures further limits the availability of academic studies. Consequently,
gray literature often serves as the primary source of detailed and timely information in
the early stages of such events. When systematically selected and critically analyzed
alongside academic literature, this body of work enables a deeper, more up-to-date
understanding of such incidents, as recommended by Zhang et al. [Zhang et al., 2021].

Accordingly, this study adopts an integrative review methodology that combines
white literature (peer-reviewed papers and specialized books) with gray literature (techni-
cal reports, news coverage, and expert commentaries). This multivocal analysis supports
evidence triangulation and enables the investigation of recent, high-impact incidents that
have not yet been extensively addressed in the academic literature.

In summary, this paper contributes by (i) systematically documenting the technical,
organizational, and societal impacts of the CrowdStrike blackout, (ii) analyzing the under-
lying error and the factors that amplified its severity across tightly coupled systems, and
(iii) synthesizing actionable lessons for improving software update practices, validation
strategies, and resilience in critical digital infrastructures.

This paper is organized as follows. Section 2 presents the fundamental concepts
required to understand the case study. Section 3 describes the adopted methodology.
Section 4 reports the impacts of the CrowdStrike blackout (RQ1). Section 5 details the
architecture of the Falcon platform and analyzes the technical mechanisms that led to
the incident and its severity (RQ2). Section 6 discusses the lessons learned from the
incident (RQ3). Section 7 outlines the threats to validity, and Section 8 highlights the
main findings and directions for future research.

2 Background

This section presents the essential concepts for understanding the analyzed incident,
addressing software quality practices and the Windows privilege architecture, which are
fundamental to understanding the causes and consequences of the failure.

2.1 Software Quality

Software quality is crucial for ensuring that systems and applications meet user and
organizational expectations by adhering to key reliability, efficiency, and usability re-
quirements. Quality may be understood as the degree to which a software product satisfies
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the needs and expectations of users and stakeholders, minimizing failure risks and op-
erational problems, according to Sommerville [Sommerville, 2010]. There are many
practices that help ensure software quality, such as rigorous testing, version control, path
and dependency management, and the adoption of agile and DevOps methodologies.

Software testing is crucial for identifying and preventing errors before they reach
production environments. As highlighted by Zolkifli and Ngah [Zolkifli et al., 2018], the
use of version control systems, such as Git, enables development teams tomanage changes
in the source code efficiently, facilitates the reversion of troublesome updates, and
maintains system stability. The lack of proper version control may also lead to cascading
errors, especially in distributed systems. Furthermore, the use of branches dedicated
to critical functionalities and the implementation of rigorous code review policies are
recommended to minimize fault insertion. Continuous integration (CI) and automated
test execution across various scenarios, coupled with effective version management,
significantly reduce critical errors and ensure software quality.

Furthermore, dependency and execution path management also play a critical role
in software quality. Errors related to these two concepts are common causes of critical
failures in complex systems. As discussed by Shahin et al. [Shahin et al., 2017], the
use of containerization techniques (e.g., Docker) and virtualization helps mitigate risks
by isolating critical components and ensuring consistency between development and
production environments. Additionally, the implementation of dependency management
tools (e.g., Maven, npm) and the practice of code static analysis are crucial for identify-
ing vulnerabilities and structural errors before execution. These practices increase the
reliability of updates before distribution.

The adoption of agile and DevOps practices significantly improves software quality
by integrating development, testing, and operations into a continuous cycle. As shown
by Erich et al. [Erich et al., 2014], continuous integration and development (CI/CD)
allows teams to quickly identify and correct mistakes, reducing the time between problem
detection and resolution. Additionally, continuous monitoring practices in production
environments enable the detection of critical failures in real-time, allowing for faster and
more effective responses. These practices, when applied together, are fundamental to
preventing large-scale incidents, such as the one analyzed in this paper.

2.2 Privilege levels in Windows

Complementary to software quality practice, it is also essential to understand privilege
levels in operating systems, as the incident directly involves kernel-level operations and
their technical implications.

The security architecture of a modern operating system, such as the Windows Op-
erating System (WOS), is fundamentally based on the separation of privilege levels
provided by the hardware. This architecture establishes two primary modes of oper-
ation: a restricted user mode for applications and a fully privileged kernel mode for
the operating system kernel and its trusted components. This division is a foundational
security mechanism that ensures system stability by isolating user applications from the
core operating system, thereby preventing errant or malicious programs from causing a
system-wide failure [Tanenbaum and Bos, 2015].

For cybersecurity software (antivirus, firewalls, and endpoint detection and response
(EDR) agents like CrowdStrike Falcon) operation within kernel mode is an essential
requirement. This privileged position grants the software complete system-wide visibility,
allowing it to monitor all hardware and memory activity, including process creation,



1020 Ferreira V.E., Cesaro J.P.V., Rosa G., OliveiraJr E., Leal G.C.L., Balancieri R. ...

file access, and network communications, which is impossible from the sandboxed user
mode.

This deep access enables real-time interception and prevention, allowing a security
agent to intercept system calls to block malicious operations before they can cause
damage, such as encrypting files or exfiltrating data. A standard user-mode application
lacks the authority to exert this level of control.

If security software ran in user mode, it would be vulnerable to being disabled or
tampered with by malware. The kernel-level access shields the security agent itself,
ensuring it cannot be compromised by the threats it is designed to stop. Furthermore,
device drivers, virtualization solutions, and application optimization tools frequently
operate at this level [Harrison, 2024].

Errors in kernel mode can cause critical system halts by triggering a safety measure (a
bug check), colloquially known as the blue screen of death (BSOD). This halt is activated
when the system finds conditions that compromise its safe operation. In these cases, the
WOS interrupts its operation to avoid further damage to the system and hardware. The
system creates a log file (minidump) containing diagnostic information [Sharma and
Chitra, 2018].

There are more than three hundred halt codes. However, 20 of these are responsible
for 91% of occurrences [Russinovich et al., 2012]. Some examples are:

– Access violation: When a device driver or a system operation function attempts to
access memory areas improperly while operating in kernel mode (e.g., accessing a
read-only page or an invalid address).

• 0x50 - PAGE_FAULT_IN_NONPAGED_AREA

• 0x8E - KERNEL_MODE_EXCEPTION_NOT_HANDLED
with P1 = 0xC0000005 STATUS_ACCESS_VIOLATION

– Memory Management: happens when the kernel-level memory manager detects
corrupted data structures or improper management calls.

• 0x1A - MEMORY_MANAGEMENT

• 0x4E - PFN_LIST_CORRUPT

Despite the advantages of high-level access, errors introduced during the development
and updating of these components can have disastrous consequences, as evidenced
by the CrowdStrike blackout. Thus, although kernel-level operations are essential to
guarantee that security solutions are effective, eventual failures at this level may severely
compromise system stability and lead to catastrophic failures.

3 Research Method

This section presents the methodological approach adopted to answer the study’s three
research questions. It outlines the general research design, including the adoption of
an integrative review and source classification, followed by the procedures for selecting
white literature and gray literature. The process of data analysis is then described,
and the structuring of results is finally discussed to ensure the traceability of evidence.
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3.1 Research Design

This paper adopts an integrative review approach [Whittemore and Knafl, 2005] to ensure
a comprehensive understanding of the case study and its relationship to software quality.
This method is recognized for its flexibility in integrating various source types and for
enabling a blend of academic studies and recent specialized literature. White and gray
literature were considered; the latter was subdivided into primary (e.g., technical reports
and specialist opinions) and secondary (e.g., journalistic news) sources. In the context of
gray literature, they are classified as primary sources when new information or analyses
about the case study are presented. In contrast, secondary sources are those that merely
replicate or disseminate information that has already been published.

3.2 Selection of White Literature

The IEEE Xplore database was selected for the white literature search because it is widely
recognized in software engineering and critical systems. Its use ensures the robustness
and relevance of the academic references. Additionally, specialized books available in
digital libraries were consulted for the foundation, particularly on quality practices and
resilience engineering.

For RQ2, which relates to the technical factors of the blackout, the search prioritized
technical studies on failures in kernel-level and primary memory mechanisms in the
WOS. The following strings were used:

– String 1 - IEEE Xplore: “All Metadata”:BSOD

– String 2 - IEEE Xplore: ((“All Metadata”:Analyzing) OR (“All Metadata”:Under-
standing) OR (“All Metadata”:Exploring)) AND (“All Metadata”:Memory) AND
((“AllMetadata”:Volatile) OR (“AllMetadata”:Primary)) AND (“AllMetadata”:Win-
dows)

In total, 228 papers were found in IEEE Xplore. Initially, a title and abstract screening
was performed, and studies unrelated to the WOS or to logical aspects of memory were
discarded. Subsequently, selected papers were read to assess their relevance to this study.
After the screening, 14 papers were considered relevant: 1 for String 1 and 11 for String
2.

For RQ3, which investigates lessons learned, the search covered academic studies
and books on software quality practices, testing, and critical systems failure manage-
ment. Keywords such as “software quality”, “critical systems failure management”, and
“software testing” were used.

3.3 Gray Literature Selection

For the gray literature, an initial search was conducted in Google News, using both
Portuguese and English, with the terms “apagão cibernético 19/07/2024” and “blackout
19/07/2024”. One hundred headlines were analyzed to quantify mentions of CrowdStrike
and Microsoft during the initial reporting of the incident.

After that, a new searchwith the term “CrowdStrike blackout” was conducted, without
the date restriction. The texts were read thoroughly and, from the citations contained
in them, relevant primary new sources were identified. This approach enabled a rapid
mapping of primary sources, which is essential for analyzing such a recent event.



1022 Ferreira V.E., Cesaro J.P.V., Rosa G., OliveiraJr E., Leal G.C.L., Balancieri R. ...

3.4 Data Analysis and Results Structuring

The sources were qualitatively analyzed using thematic analysis to identify patterns
and relevant categories related to the research questions. This process involved cross-
comparison between empirical evidence (gray literature) and theoretical references (white
literature), enabling triangulation of data and strengthening the reliability of the presented
interpretations and conclusions.

The results section was organized into three parts, each corresponding to one of
the research questions: the incident impacts (RQ1), its technical causes (RQ2), and the
lessons learned (RQ3). Table 1 summarizes the relationship between literature types and
each research question, ensuring the methodological traceability of the evidence that is
foundational to the analyses presented in this study.

Research Question Literature

Type

Sources Used

RQ1: What were the impacts

of the CrowdStrike blackout?

White and

gray

Google News, technical re-

ports, books, and academic

papers on the impacts of crit-

ical failures in essential ser-

vices.

RQ2:What was the error, and

why was it so severe?

White and

gray

IEEE Xplore, and special-

ized books on the operation

of WOS, kernel-level fail-

ures, memory analysis, and

CrowdStrike’s Root Cause

Analysis (RCA).

RQ3: Which lessons can be

learned from the incident?

White and

gray

Academic papers on soft-

ware quality, failure manage-

ment, specialized gray litera-

ture, post-incident technical

reports, and specialist opin-

ions.

Table 1: Types of literature employed to answer the research questions

4 Impacts of the Blackout

The blackout resulted in significant financial and reputational damage to CrowdStrike.
According to a report by the Parametrix Solutions Inc. [Parametrix Solutions Inc., 2024],
the aviation, banking, and healthcare sectors were the most affected. This subsection
presents the extent of the damages caused by the incident.

The headline analysis made it apparent that both CrowdStrike and Microsoft were
initially associated with the incident. Of 100 results, 5 headlines in Portuguese contained
the word “Microsoft”, while 7 mentioned “CrowdStrike”. From these, two mentioned
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both companies, and onementioned a social media post. Among the 100 English-language
headlines analyzed, 18 cited Microsoft, while 23 mentioned CrowdStrike. Among those
that had Microsoft, most contained the term “Microsoft Outage”. This reveals that
although only CrowdStrike clients were affected, the event was widely associated with the
WOS. Additionally, an estimate of 8.5 million computers were affected. This corresponds
to less than 1% of total devices using the WOS [Microsoft, 2024].

Although both companies were initially associated with the blackout in headlines,
the short-term financial consequences, as measured by stock values, were significantly
more severe for CrowdStrike. On the day following the incident, CrowdStrike’s stock
fell 11.1%, while Microsoft’s only fell 0.74%. This difference could be explained by
Microsoft’s extensive product portfolio and the fact that only a small fraction of its clients
were affected. Figures 1 and 2 show the stock prices for Microsoft and CrowdStrike
between 01/01/24 and 23/10/2024, respectively.

Figure 1:Microsoft stock prices between 01/01/2024 and 23/10/2024 on the NASDAQ
[Google, 2024].

As shown in Figure 2, CrowdStrike’s action fell due to the blackout. However, a
progressive recovery is seen over time. By the end of the period analyzed, stock prices
surpassed their levels at the beginning of 2024. It is possible to infer that the market’s
trust in the company was affected only in the short term. CrowdStrike’s revenue for
the third trimester of 2024 was US$786.0 million, representing a 35% increase over the
previous year and a 7.4% increase over the previous trimester [CrowdStrike, 2024a].
Nevertheless, many consequences, such as pending lawsuits and potential long-term
client loss, remain uncertain due to the case’s contemporaneity.

Many of the financial consequences have yet to materialize. For instance, Crowd-
Strike is facing potential legal and financial repercussions, with investors and clients
raising concerns about the reliability of its update and validation processes, as evidenced
by lawsuits in the Plymouth County Retirement Association [Plymouth County Retire-
ment Association, 2024] and the Delta Air Lines, Inc. [Delta Air Lines, Inc., 2024].
Additionally, Delta Air Lines, which was severely affected by the outage, publicly esti-
mated losses of around US$ 500 million, further highlighting the scale of the event’s
impact.



1024 Ferreira V.E., Cesaro J.P.V., Rosa G., OliveiraJr E., Leal G.C.L., Balancieri R. ...

Figure 2: CrowdStrike stock prices between 01/01/24 and 23/10/2024 on the NASDAQ
[Google, 2024].

In response, CrowdStrike filed a countersuit against Delta Air Lines, arguing that the
airline’s IT infrastructure contributed to the prolonged disruption and disputing the scale
of damages claimed [CrowdStrike, Inc., 2024]. At the same time, Delta itself became the
subject of collective lawsuits due to the extended service interruption and the difficulties
faced by its clients.

According to a report by Parametrix Insurance, the financial losses from the blackout
are estimated at US$ 5.41 billion, based on companies listed in the Fortune 500 (except
Microsoft, given its participation in the incident). The report shows that 100% of airlines,
76% of banks, and 75% of healthcare companies in the Fortune 500 were impacted. An
estimated loss of approximately $ 3.95 billion, or 73% of total losses, was incurred by
these segments. Additionally, only 10-20% of losses were covered by insurance, resulting
in significant losses for the companies [Parametrix Solutions Inc., 2024]. This scenario
supports the possibility that, as outlined in the collective lawsuit against CrowdStrike,
the company may face additional lawsuits.

Although the financial and reputational impacts of the blackout are evident, under-
standing the technical roots of the problem is fundamental to evaluating the gravity and
breadth of its consequences. In sequence, the architecture of the Falcon software and the
mechanism that led to the critical failure are discussed, offering a detailed view of the
factors that contributed to the accelerated propagation of the problem.

5 Falcon’s Architecture and the Incident

This subsection aims to clarify technical details of the incident and the inner workings of
the endpoint protection software Falcon. The section is based on the publicly available
Root Cause Analysis Report (RCA) and the inferences derived from it [CrowdStrike,
2024b].

Falcon is the cybersecurity ecosystem from CrowdStrike [CrowdStrike, 2025], com-
posed of multiple integrated solutions. The incident specifically occurred in the endpoint
security solution, denoted as the “agent”, installed on the Windows operating system.

The delivery process is subdivided into two main domains: CrowdStrike’s platform
(cloud) and the endpoint, where the agent is installed. CrowdStrike detection engineers
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use the content configuration system to create model instances [CrowdStrike, 2024b, p.
7], which essentially consist of regular expression (RegEx) based rules. These instances
describe indicators of attack (IOA) for identifying malicious behavior [CrowdStrike,
2024b, pp. 1-7]. After its creation, the model instance is sent to a content validator that
verifies its structure against a file named ”Template Type Definition” [CrowdStrike,
2024b, pp. 5 and 7].

Once validated, the model instance (RegEx rule) is grouped in the Rapid Response
Content (RRC) [CrowdStrike, 2024b, p. 7], which, in turn, is incorporated into a “file
channel”, such as “File Channel 291”. This file is then distributed over the internet to
devices with the Falcon agent installed [CrowdStrike, 2024b, p.1]. This process updates
sensor definitions, and the file is stored in the endpoint’s secondary memory (e.g., hard
drive).

At the endpoint, the Falcon sensormonitors the system via its kernel driver, csagent.sys
[CrowdStrike, 2024b, p.7], which collects heuristic behavioral and process data and
stores them in a local graph [CrowdStrike, 2024b, p.1]. When a relevant event occurs,
such as inter-process communications (IPC), the integration code is activated, receives
graph data, and prepares it through a structured array defined by the template type
[CrowdStrike, 2024b, pp. 2 and 11]. Although no direct mention was made in the RCA,
it is likely that the integration code also uses data stemming from artificial intelligence
and machine learning during this step.

The integration code delivers the structured array to the content interpreter [Crowd-
Strike, 2024b, p.2], which then consults the channel file to obtain the model instances
(RegEx rules) and executes a comparison between the data received and the detection
rules contained in the file [CrowdStrike, 2024b, p.7]. Suppose the content interpreter
identifies a malicious behavior. In that case, the Falcon sensor (via the kernel driver) can
perform actions such as blocking suspicious processes or preventing the recording of
malicious files to secondary memory [CrowdStrike, 2024b, pp. 1 and 8].

However, during this step, while processing the template instance contained in
channel file 291, which was expected to include a 21-parameter array, the integration code
provided a 20-parameter array [CrowdStrike, 2024b, p. 2].When the interpreter attempted
to access parameter 21, an out-of-bounds read error occurred [CrowdStrike, 2024b, p.
3]. This error culminated in the failure “PAGE_FAULT_IN_NONPAGED_AREA”
[CrowdStrike, 2024b, pp. 9 and 11], resulting in a system halt through a bug check
(BSOD).

6 Lessons Learned and Implications

More than an isolated incident, the CrowdStrike blackout exposes recurring patterns of
vulnerability in complex digital environments. This section synthesizes the main lessons
learned and implications from the case study, offering practical reflections for critical
software projects and contemporary technological governance.

The CrowdStrike Falcon incident serves as a case study emblematic of the inherent
risks of developing and implementing critical software in production environments. This
section analyzes the key lessons learned by examining software engineering practices
and systemic issues related to technological interdependence.

The CrowdStrike PIR (Preliminary Post-Incident Review) report highlights funda-
mental failures in essential software engineering processes. The mention in the Crowd-
Strike [CrowdStrike, 2024b] PIR report of “improve RRC tests by using test types such
as…” suggests that the update system did not incorporate fundamental testing practices



1026 Ferreira V.E., Cesaro J.P.V., Rosa G., OliveiraJr E., Leal G.C.L., Balancieri R. ...

prior to the incident. This omission is especially dire when considering the following
points:

– Local developer tests: The absence of this basic test type indicates deficiencies
in practices such as test-driven development (TDD) and continuous integration.
Sommerville [Sommerville, 2010] suggests that every piece of code should be
validated in a local environment before it is integrated into the CI/CD pipeline;

– Rollback tests: The inability to quickly reverse the troublesome update indicates a
lack of planning for failure scenarios. Shahin et al. [Shahin et al., 2017] note that
critical systems must incorporate mechanisms such as feature flags and automatic
reversion when error metrics surpass predefined limits;

– Stress and fuzzing tests: The absence of these tests, especially in kernel-level
software, constitutes a serious failure. Kernel drivers and components must undergo
rigorous memory corruption testing and extreme conditions, given their capacity to
cause critical failure [Russinovich et al., 2012];

– Stability tests: The apparent inexistence of soak testing allowed a latent error to
be pushed to production. Critical components must be submitted to continuous and
prolonged tests for the detection of memory leaks or the progressive degradation of
the system’s state;

– Content interface tests: The failure suggests deficiencies in the validation of in-
terfaces between the update mechanism and the operational system. In complex
architectures, interface tests are fundamental to guarantee compatibility between
versions [Zolkifli et al., 2018].

6.1 The paradox of digital interdependency

The modern technological architecture operates on a delicate equilibrium of mutual
dependencies. The Falcon software, as a critical component to thousands of organizations
in strategic sectors, could be classified as a critical mission software. This kind of solution
or infrastructure that sustains the digital environment is subject to cascade failures,
amplifying the damages through multiplying effects:

– A failure in a single basic component may compromise entire systems;

– Automatic update mechanisms transform localized errors into global-scale incidents;

– The nature of digital systems allows problem propagation without barriers.

This interdependency does not, by itself, constitute a problem, but rather an intrinsic
characteristic of contemporary digital infrastructure. This interdependency should be
considered strategically during the development and operation of critical mission systems.

6.2 Quality in software development

The technology industry faces a worrisome erosion of fundamental testing and quality
practices in software development, frequently associated with short deadlines and aggres-
sive targets [Shah et al., 2014]. Developer well-being is affected by demotivating KPIs,
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a lack of human resources, communication deficiencies, and management issues. This
results in low productivity, delays, and deviations from established processes [Graziotin
et al., 2017]. This factor compromises software quality overall.

Furthermore, Pinto et al. [Pinto et al., 2017] point out that the lack of automated testing
tools, inadequate configurations, or excessive confidence in their efficacy may allow
errors to reach the final implementation stages, a finding evidenced by the [CrowdStrike,
2024b] RCA report. In a final assessment, the problem may be cultural: the incessant
search for new features and the pressure to meet tight deadlines can lead to the neglect
of good practices, fostering a false perception of nimbleness. However, maintenance
costs and subsequent repairs could significantly exceed the initial investment required
for adequate preventive tests and documentation.

In addition to maintenance costs, errors in critical systems may lead to irreparable
damage, such as fatal accidents and cascade failures, thereby incurring high judicial and
contractual costs, as observed in Section 4 and documented in lawsuits [CrowdStrike,
Inc., 2024].

In summary, the CrowdStrike incident not only exposes one-off engineering failures
but also the structural frailty in how critical software is developed, validated, and imple-
mented within tightly coupled digital ecosystems. This case underscores the pressing
need to reassess quality governance in agile development cycles, recalibrating the pursuit
of speed with the indispensable robustness of validation processes. In the current scenario,
in which interconnected systems amplify the effects of isolated mistakes, operational
excellence in software engineering ceases to be only a competitive advantage to becomes
an indispensable requirement for digital resilience.

7 Threats to Validity

Some threats to validity were identified in this study. Gray literature, while essential
for timely insights, may contain biases; these were mitigated through triangulation
and prioritization of credible sources. Secondly, Section 5 was carefully made based
on the publicly available information (RCA) from the official source; however, the
complete architectural details of the system are private. Lastly, as the case study is a
recent event, many of the financial consequences for CrowdStrike have not yet fully
materialized. Consequently, Section 4 does not contemplate all ramifications of the
incident. Nonetheless, the available information is sufficient to support the conclusions
and highlight the incident’s relevance for future research in cybersecurity and software
engineering.

This study was conducted with strict adherence to ethical research practices. The
analysis presented herein is based exclusively on publicly available information, including
corporate communications, technical reports, official statements, and news coverage. No
confidential data or insider sources were used in the preparation of this work.

The authors declare no conflicts of interest with any of the companies, institutions,
or stakeholders mentioned in this article. The purpose of the study is solely academic,
to document, contextualize, and analyze the incident from software engineering and
technological governance perspectives.

In presenting the facts, special care was taken to maintain the integrity of the infor-
mation and avoid language that could be interpreted as defamatory or biased against
any of the organizations involved. The intent is not to assign blame, but to contribute
to the broader understanding of the technical, organizational, and systemic challenges
highlighted by the event.
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By ensuring transparency, neutrality, and reliance on verifiable sources, this study
aligns with the principles of research integrity and aims to promote constructive reflection
on practices of quality assurance, resilience, and accountability in critical software
systems.

8 Conclusions and Perspectives

The cybernetic blackout caused by a failure in the CrowdStrike Falcon software offers
important lessons for the software development sector and for cybersecurity in general.
This episode underscores the imperative need for robust recovery and contingency
protocols, particularly in organizations operating in critical sectors, where downtime can
lead to severe financial impacts and irreparable damage to institutional reputation.

Through the systematic integration of white and gray literature, this paper presents a
comprehensive analysis that quantifies the financial and reputational impacts of the inci-
dent (RQ1) and provides an in-depth examination of the technical factors that amplified
its severity (RQ2). The application of a multivocal approach permitted not only mapping
the immediate consequences of the incident, but also extracting structural lessons about
failures in software engineering and the systemic vulnerabilities associated with modern
technological interdependency (RQ3).

This work also opens space for future research. Longitudinal research will deepen
our understanding of the incident’s long-term impacts on CrowdStrike’s reputational
and financial sustainability. Additional investigation may explore governance frame-
works for securely updating critical software, as well as the development of automated
validation strategies in CI/CD pipelines. Lastly, there is valuable space to examine how
organizational culture and market pressures influence software security in tightly coupled
digital ecosystems.

Ultimately, the lessons drawn from this case extend beyond CrowdStrike’s episode.
They serve as an alert to the global technological ecosystem, demonstrating that op-
erational excellence and maturity in software engineering are no longer a competitive
advantage but a fundamental requirement for ensuring digital resilience in a scenario
increasingly likely to face catastrophic failures.
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