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"rebuild cascade" scenario, where the system post-recovery or containment steps further
deteriorate the state of the system. Five major issues: very tightly connected dependencies,
differently aligned thresholds, over-automation, delayed human engagement, and unclear control
logics have been identified as the most significant risk concerns. The article suggests that safety
devices might destabilize the system if they are: providing the fastest solution without
consideration of the whole system/prioritizing rapid response without holistic system awareness,
working in isolation without adaptive coordination, or strengthening rigid and inflexible
dependencies. The author disagrees, and proves his point through research, that while in highly
specialized and interdependent environments at high pace, resilience layers do not necessarily
reduce risk; overprotection makes a system more fragile. Transparency, adaptability, and cross-
system scaling, according to a novel model that connects protective measures with failure causes,
are the most critical concepts in designing robust systems that are truly resilient.
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1. Introduction

The explosive implementation of digital technology, the architecture of interconnectedness, and a considerably higher
dependence on automation have essentially changed all the sectors, ranging from cybersecurity to cloud computing, healthcare,
finance, and industrial automation. As systems become larger and more integrated, their complexity also soars exponentially. To keep
the enemy away from cyberattacks, operational disruptions, and system failures, organizations have adopted multi-layered protection
strategies. They have been implemented at different levels and consist of, for example, redundancy patterns, automated failover
systems, intrusion detection and prevention mechanisms, compliance enforcement controls, backup recovery pipelines, and resilience
engineering methodologies. The main aim of these SoE measures is to guarantee that the operation runs smoothly, safely, and
continuously even in the face of extreme situations.
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On the one hand, protective measures like other things get more and more sophisticated. On the other hand, they also become a
part of the core system architectures, thus resulting in tighter coupling and the formation of dependencies. Automated controls, shared
decision logic, and real-time remediation tools might inadvertently become sources of risk. Protective shields in complex highly-
connected environments can behave unpredictably and non-linearly. In addition, the use of recovery or failover mechanisms aimed at
fault correction may, in fact, cause disruptions to be amplified, re-stabilization to be delayed, and chain reactions to be triggered
among the dependent components.

The term Rebuild Cascades is used to explain such a failure situation where systems for recovery and protection cause or
worsen the spreading of failures. In highly complicated and automated setups, knowing how defensive mechanisms may get turned
into attack vectors at the system level can help one create systems that are truly resilient and secure.

1.1. Challenges

Nowadays, layered protection strategies that integrate monitoring, redundancy, automated rollback, compliance enforcement,
and real-time anomaly detection have become the norm in digital systems. Although this multi-layered defense increases the level of
fault tolerance, it also brings about overlapping safeguards that may be at odds with one another. When several control mechanisms
react simultaneously to the same trigger, their interactions can lead to unexpected and sometimes destabilizing outcomes.

Adding more layers of defense makes the complexity of the system grow. A new layer means a new set of dependencies,
configuration parameters, and feedback loops. Eventually, system architectures become very tightly coupled so that even insignificant
faults or misconfigurations can quickly propagate. This defensive complexity also means that engineers and operators may find it
difficult to maintain a clear, holistic understanding of system behavior and they will be more likely to see cascading failures that do not
have an apparent recovery path.

Moreover, it is becoming less and less possible to predict failures. Most conventional risk models are built on the assumption of
linear cause-and-effect relationships; however, modern infrastructures demonstrate emergent behavior that results from automation
and nonlinear feedback. Human interventions may come too late after a rapid escalation chain, most likely a machine-speed protective
mechanism that, unintentionally, triggers a consequent quick reaction chain.

Besides that, it is quite natural that the trade-offs between safety, reliability, performance, and user experience are somewhat
unavoidable. On the one hand, excessively strict safeguards may cause latency or unnecessary shutdowns, and, on the other hand,
lenient settings can result in overloads or security risks of the systems. Finding the perfect balance is still one of the major engineering
puzzles.

Several incidents reported in the media illustrate how safeguards can turn out to be counterproductive: automated failover
mechanisms have led to the spreading of outages across the whole regions, financial circuit breakers have brought about more
volatility, and security lockdowns caused essential service disruptions due to false positives. At the same time, the scaling up of systems
accompanied by insufficient visibility into cross-layer interactions further diminishes situational awareness, thus, it gets more difficult
to find out the root causes, as well as to anticipate cascading effects during the crises.

1.2. Problem Statement

Certainly,the first and foremost function of protection mechanisms is to ensure the stability of the system, however, new studies
seem to suggest that these protective measures may inadvertently catalyze cascading failures within the system. Examples of such
scenarios are recovery protocols, failover automation, redundancy, and security measures, which, if not managed properly, could
result in a larger scale of failure rather than its containment. Self-operating protective layers without the intervention of a coordinated
control system may, quite unintentionally, cause self-reinforcing failure sequences, incorrectly deploy resources, or even hamper
crucial operational flows.

There are still no established frameworks to help identify and measure the extent of “protective risk vectors” situations where
defense mechanisms are the major agents of system failures - even though this problem is becoming more and more recognized. Thus,
the literature on resilience engineering and fault tolerance is mostly concentrated on how to avoid external threats or component
failures, yet it scarcely addresses the issue of failures that result from protection, recovery, and rebuilding processes.
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Also, there is very little empirical or theoretical research on failure cascades triggered by automated remediation, self-healing
systems, or compliance-driven controls. Most system design approaches operate on the assumption that adding more layers of
protection naturally leads to higher resilience and therefore, they do not pay adequate attention to the systemic risks that emerge due
to complex interdependencies.

1.3. Motivation

The growth of autonomous digital systems has led to a massive worldwide increase in the use of automated recovery, resilience,
and self-healing architectures. In cloud-native environments with Al-driven monitoring and remediation, safeguards have evolved
from being mere passive protections to becoming decision-making agents. This certainly improves efficiency and uptime, but it also
increases the possibility that safeguards will cause a chain of failures. A single wrong decision in an automated pipeline can easily
infect the whole system of interconnected networks and result in a widespread blackout affecting millions of users, and giving rise to
huge financial and reputational damages.

In addition to technical downtimes, the cascading failures caused by the breakdown of safeguards in critical sectors such as
healthcare, energy, transportation, and finance may result in jeopardizing the safety of patients, the power grid becoming unstable,
interruptions in services, and an erosion of public trust. Thus, recognizing and managing risks are no longer just matters of
engineering but also of society.

One of the ways in which this problem can be tackled is by system architects designing safer, human-aware architectures that
would appropriately automate but still keep the transparency, adaptability, and human oversight intact. This paper is a resilience
engineering and risk science journal article that advances failure propagation models and presents a framework for analyzing crisis-
escalating safety barrier breakdowns. Its findings are versatile and can be exploited in various fields, such as cybersecurity, cloud
computing, telecommunications, and power systems, and can guide governance, regulatory strategy, and policy-making in highly
automated environments.

2. Literature Review
Prior works on cascading failures, protection mechanisms, failure amplification, and resilience engineering are examined in this
section in order to find conceptual and methodological gaps that stimulate the current research on Rebuild Cascades.

2.1. Risk Cascades in Complex Systems

Cascadingfailures are a main feature of complex systems theory. As the failure of one component leads to the failure of another,
the failure chain spreads throughout the system components that depend on each other. Shared resources or feedback mechanisms
provide additional avenues for this propagation. Power grids, financial networks, and communication systems are some of the
examples of the early research that has been done. These studies explain how small, local disruptions escalate to system-wide failures.
This happens very much due to the interdependencies and the tight coupling of the subsystems. It has been demonstrated that complex
networks are capable of non-linear failure dynamics. In other words, they can react in such a way that even small disturbances lead to
large consequences.

Failure propagation models fall into one of these categories: graph-based dependency networks, probabilistic risk models,
agent-based simulations, and percolation theory. The goal of such methods is to measure how failures spread across the network
nodes, detect the most vulnerable nodes, and figure out when the system will finally collapse. Despite this, a considerable part of the
study focuses on external shocks, hardware failures, or deliberate attacks being the main reasons for cascades rather than failures
coming from the mechanisms of protection or recovery themselves.

2.2. Protection Mechanisms in Modern Systems

Protection mechanisms form a core part of today's system designs, which is a major factor in how they can be made to be not
only reliable but also highly available and secure through mechanisms such as redundancy, failover, intrusion detection and automated
recovery. On one hand, redundancy helps to increase the fault tolerance level, however, it might lead to the emergence of hidden
dependencies as well as issues of synchronization. On one hand, failover systems help to ensure service continuity, however, if the
responses are not coordinated, backups may be overloaded and disruptions increased. Intrusion detection tools help to improve
security; however, their false positives and hard thresholds can unintentionally prevent the operations of legitimate users. Automated,
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Al-driven recovery can significantly speed up the mitigation of incidents, however, if it is implemented without human oversight, it
may lead to the creation of opaque and complex decision loops. Although the protective mechanisms can pose those threats, the
majority of studies still are based on the assumption that it is always beneficial to have checks in place; thus, they fail to recognize that
in certain instances, the very mechanisms which are designed to protect the system can end up being the cause of a chain of failures.

2.3. Failure Amplification and Feedback Loops

Failure amplification is basically the scenario in which the measures taken to correct the system disruptions actually end up
making the problem worse instead of better. The main factor that contributes to the amplification is the occurrence of positive
feedback loops, where the reactions of the system to failures lead to the further deepening of the same failure conditions. To illustrate,
an auto-throttling mechanism might worsen the performance first thus causing a throttling of it again and an overall escalated
degradation in the service.

A study on the risk of over-correction demonstrates that defensive reactions, e.g., drastic reallocation of resources, putting
security on lockdown, or even load shedding, can have a destabilizing effect when the change is very fast and/or at the same time
without an understanding of the context. With reference to the financial markets, the safeguards that are in place for algorithmic
trading have been seen to contribute to the increase of volatility during stress events through the induction of synchronized reactions
of the market participants.

The recovery process that is accompanied by instability is yet another potential threat. Research into infrastructures has
revealed that the steps taken to bring back the power, like energizing the power grid, or rebalancing workloads in the cloud, have the
potential to cause temporary disturbances that subsequently lead to failure of other components. In a way, it can be interpreted that
the stage of recovery is equally dangerous as the original failure events.

Nevertheless, although failure amplification effects have been acknowledged, it is typical for current literature to discuss this
mainly as a secondary consequence and therefore not to consider protection and recovery mechanisms as the primary source of risk.

2.4. Related Work in Resilience Engineering

Resilience engineering is the discipline of designing systems that are capable of foreseeing, enduring, adapting to, and
recovering from changes. It primarily depends on four main facets: fault tolerance, chaos engineering, safety engineering, and holistic
resilience frameworks. Fault tolerance basically refers to the use of techniques such as redundancy, graceful degradation, and error
containment for the purpose of limiting the severity of a failure at a local area. In fact, this approach is very effective when applied at
the level of individual components but it rarely takes into account the intricate interactions across the entire system.

Chaos engineering is a practice that deliberately causes failures in order to expose hidden dependencies and thus make a system
more robust in the real world. However, this practice mainly deals with external disruptions and not failure of protective mechanisms.
Safety engineering is concerned with hazards, risk mitigation, and the interaction between humans and machines especially in the
domains of high risk. However, it hardly acknowledges situations where cascades occur due to automated recovery controls.

Most of the resilience frameworks take for granted that safeguards will always stabilize systems and thus downplay the risks coming
from over-automation, misaligned controls, and recovery-induced instability.

Table 1. Literature Review Summary

Authors & Domain Key Contribution Methodology | Relevance to Rebuild Identified Gap
Year Cascades
Pescaroli & Disaster Risk Defined cascading Conceptual Establishes cascading Does not analyze
Alexander disasters beyond framework effect theory protection-induced
(2015) domino metaphor cascades
Zuccaro et al. | Disaster Risk | Theoretical model for Analytical Provides structured | Focuses on external
(2018) Reduction cascading effects modeling cascade modeling triggers
Little (2002) Urban Interconnected Infrastructure Highlights Limited discussion
Infrastructure infrastructure risk analysis interdependency risks of automated
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vulnerability controls
Alexander Disaster Multi-risk resilience Framework Connects resilience & Does not address
(2021) Resilience strategies analysis cascade dynamics automation risks
Pescaroliet | Safety Science Scenario-based Scenario Emphasizes systemic Lacks focus on
al. (2018) cascading resilience modeling risk interactions recovery-phase
failures
Korkali etal. | Infrastructure | Interdependence in Network Shows nonlinear Protective layers
(2017) Networks reducing cascade risk simulations cascade behavior not analyzed as risk
vectors
Sun et al. Power Systems Cascading failure System control Explores restoration Recovery phase
(2019) control & restoration modeling instability treated as
stabilizing
Marchettiet | Neuroscience | Signaling cascade in Biological Analogy to protection- Not systemic
al. (2013) neuroprotection pathway study repair paradox engineering-
focused
Candelario- Medical Injury-repair Biomedical Ilustrates repair- No cross-system
Jalil (2009) Research mechanisms analysis induced instability modeling relevance
Xing (2020) [oT Systems Cascading failures in Reliability Explores cyber- Limited focus on
IoT networks modeling physical cascade risks | automated recovery
loops
Moreno et al. Biomedical Defense mechanisms | Biological risk | Conceptual parallel to Not system-
(2012) Systems paradox study overprotection engineering
oriented
Mousavi et al. | Power Systems | Monte Carlo blackout Probabilistic Supports simulation- Does not isolate
(2012) risk evaluation simulation based cascade protection as cause
modeling
Doty (2008) Neurology Disease spread Theoretical Conceptual insight on | Outside engineered
hypothesis biological hidden propagation systems
modeling vectors
Song et al. Power Systems Dynamic cascade Dynamic Useful for modeling Recovery-induced
(2015) modeling system feedback loops cascades
simulation underexplored
Wilson & Di Biomedical Neuroprotection in Clinical Shows protection Does not study
Polo (2012) Systems glaucoma using gene research mechanisms concept cascading failures
therapy similar to defense in engineered
systems systems
3. Proposed Methodology

This section describes the theoretical and analytical methods that are being proposed to study Rebuild Cascades, with an
emphasis on protection mechanisms that end up being the main reason for the cascades of failures in complex systems. The
methodology combines conceptual modeling, system dependency analysis, risk vector identification, and simulation-based evaluation
to carry out a systematic analysis of failure amplification due to the defensive and recovery mechanisms.

3.1. Conceptual Framework for Rebuild Cascades

This paper characterizes Rebuild Cascades as chains of events where the failure occurs as a result of the protective, recovery, or
resilience mechanisms that unintentionally lead to, accelerate, or increase the scale of the disruption of the whole system. According to
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the article, in the past, cascading failures were mostly a consequence of component failure or external effects, while Rebuild Cascades
result from defensive controls such as automated failover, redundancy switching, intrusion response systems, or recovery
orchestration pipelines.

System Components

(Cloud, Services, Infrastructure)

Monitoring & Detection Layer
(Health Checks, Alerts, Sensors)

|

‘ Protection Layer

(Fallover, IDS, Throfiling, Scaling)

l

Recovery Layer
(Auto Rebuild, Restore, Orchestration)

Risk Amplification Analysis Module

(RAF, Dependency Mapping, Feeaback)

Control & Mitigation Layer
(Human Override, Adaptive Control)

Figure 1. Multi-Layered System Resilience and Risk Mitigation Architecture

The main four phases of a Rebuild Cascades model are described as a lifecycle with various stages, these being:

>

>

Detection Phase: Through monitoring, receiving alerts, or automated diagnostics, the system detects a fault, anomaly, or
threat.

Protection Phase: Defensive mechanisms such as failover, containment, throttling, or shutdown protocols are activated to
isolate risk.

Recovery Phase: The system either fully or partially automatically executes the rebuild process of restoring the system
functionalities, rebalancing the resources, or recovering the failed components.

Escalation Phase: Recovery stages lead to the new failure of the second (or further) cavity because of the situation when the
thresholds are not coordinated, there is a conflicting timing, dependency coupling, or iterative feedback. Thus the failure
spreads over the interconnected subsystems.

The paper additionally relates the failure amplification factor to positive feedback, over-correction, contention for resources,
synchronized control responses and latent dependence activation. These principals illuminate the paradox of how protections,
although intended to strengthen the system, may on the contrary serve to destabilize it.

3.2. System Modeling Approach

To figure out how Rebuild Cascades are getting around complex systems, the study approach utilized a multi-layer system

modeling that captured the structural dependencies, risk propagation pathways, and control logic interactions relations.

>

Graph-Based Dependency Modeling: In a directed dependency graph several system elements like services, infrastructure
nodes, security controls, and recovery mechanisms, are shown as nodes. The arrows represent functional, logical, or control
dependencies and thus expose how the failure or recovery actions of the spread through the connected components.

Risk Propagation Mapping: By assigning weights to the edges on the basis of properties such as probability, severity, and
speed of failure transmission, the risk propagation pathways are delineated. This process aids in identifying the major hubs
where the failures can escalate very fast and the protective responses that may lead to more harm.

Control Loop Modeling: Protection methods are, in most cases, elements of automated feedback control loops. Such loops are
modeled in detail to capture timing of responses, threshold conditions, escalation policies, and coordination
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dependencies.Through control loop modeling one can figure out how cascades can be triggered by delayed feedback, overly
aggressive corrective actions, or uncoordinated automation.

Metrics for Cascade Likelihood: Dependency centrality scores, control-loop sensitivity indices, propagation velocity, and
failure amplification ratios are also some of the quantifiable measures that have been set for calculating the probability of
Rebuild Cascades. The use of these metrics no doubt allows the comparison of the systems' stability regarding various
protective measures.

3.3. Risk Vector Identification Model

A major aim of this approach is to identify 'risk vectors' implementation of protective measures in the system or in particular

security layers that, unintentionally, protection mechanisms generate more risk or intensify the existing risk.

>

>

Identification of Protection-Induced Risk Components: The framework systematically goes through the different protection
layers, such as failover controllers, intrusion response engines, automated scaling services, and recovery orchestration tools,
to find any scenarios where a defensive action could, unintentionally, lead to a failure.

Vulnerability Scoring for Defensive Layers: Rating a defense against the chance of a failure, considering how much is
automated, dependencies coupling, how fast it can respond, how complicated the configuration is, and how transparent the
control logic is. A higher score means the component could be the starting point of a cascading failure in the system.

Failure Trigger Classification: The failure triggers are broken down into categories such as threshold misalignment,
synchronization conflicts, feedback amplification, resource exhaustion, false-positive activation, and delayed stabilization.
Such categorization not only facilitates root-cause analysis but also helps in differentiating failures due to safeguards from the
ones caused externally.

Integrating structural dependency analysis with the aforementioned trigger classification allows the framework to develop a list

of protective measures posing the highest risk and therefore, needing redesign or intensified supervision, sorted by priority.

Table 2. Protection Mechanisms and Cascade Risk Summary

Protection Intended Function Cascade Risk Mitigation

Mechanism

Automated Failover Maintain availability Overloads backup systems Staggered failover

Auto-Scaling Adjust resources | Resource instability Rate-limited scaling

automatically

Health Monitoring Detect failures False triggers rebuild loops Adaptive thresholds

Recovery Automation Restore failed components Simultaneous rebuild | Controlled recovery
overload sequencing

3.4. Analytical Techniques

Combination of analytical tools and different simulation-based techniques inspects the system's functioning under stress and

also tests the conceptual framework.

»  Scenario Simulation: Scenario simulations essentially mimic the real-life operations of a system by factoring in situations
like failure of components, cyber-attacks, workload surges, and recovery events. During the scenarios, the response of the
protective measures is recorded. Moreover, the influence of recovery actions on the system's behavior is also noted,
whether they are stabilizing or destabilizing.

»  Stress Testing: A stress test deliberately overloads the components of the system fault injections are also introduced and
response triggers are accelerated in order to investigate the behavior of defensive mechanisms under very challenging
situations. This method provides the chance to pinpoint the exact point at which the protective measures are mistaken
for risk.

» Sensitivity Analysis: Sensitivity analysis measures the influence of variation in significant parameters (e.g., response
timing, failover thresholds, redundancy depth, or automation aggressiveness) on the probability of cascades. Therefore, it
is possible to single out those parameters which have a disproportionate effect on stability.

» Monte Carlo Modeling (If Applicable): In cases where probabilistic data is accessible, Monte Carlo simulations are utilized
to determine the statistical distribution of cascade scenarios when the trials are randomized thousands of times. With the
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help of this approach, it is possible to quantify the extent of uncertainty, the probability of failure escalation, as well as
the expected system resilience under different conditions.

3.5. Evaluation Criteria
Protection mechanisms' effectiveness and safety are essentially measured through the use of a specific set of performance and
risk metrics. These metrics are designed to capture both the system's stability and resilience features.
»  Stability: It refers to how well a system can operate continuously without causing oscillations, runaway automation loops or
escalating control responses.
» Resilience: It refers to how well a system can take in disruptions, adapt to the situation, and return to normal without
spreading the failure to other dependent components.
»  Risk Amplification Factor: Measures how much protective actions increase or decrease the severity of failure. Thus if the risk
amplification factor is high, safeguards are disrupting the situation more that they are resolving it.
» Recovery Safety Index: This index looks at how safe the breakdown and recovery are based on the four factors: failure
containment effectiveness, dependency isolation, transparency of control actions and the likelihood of triggering secondary
failures.

These criteria are the basis for a logical and structured comparison of different protection scenarios and, at the same time, they
locate the design features that minimize the danger of Rebuild Cascades.

4. Case Study
The case study here is a real-life version of a story where Rebuild Cascades happen due to the protection and recovery measures
unintentionally turning into the main causes of the whole system failure. The case is a cloud infrastructure failure due to the
automation of failover and recovery orchestration, pointing out the dangers of very tightly coupled defensive systems in big
environments.

4.1. Case Study Selection Criteria

The main reason for picking this case study was that it met the three criteria mainly. First, the occurrence was supported by a
highly automated protection and recovery architecture which made the setting for analyzing risk vectors caused by protection. Second,
the affected system was a large-scale one that served millions of users and numerous dependent services, so the impact of cascading
failures got amplified. Third, the incident showed conclusive evidence of the failure of escalation by defensive mechanisms which is
quite consistent with the Rebuild Cascade model.

The scale of the system and its impact that was critical, from the service being down, to financial losses, and damage to the
company's image, give a very realistic and significant context for the risk assessment of the automated resilience mechanisms.

4.2. Case Study Context

It was a case revolving around a cloud infrastructure platform that serves as a host for distributed applications, storage services,
and compute workloads. The platform was protected by various layers of security, such as automated health monitoring, region-level
failover, load balancing, self-healing orchestration, and auto-scaling mechanisms. The functionalities of these systems were to
recognize the lowering of service quality, reroute the traffic to the healthy service nodes, and even to automatically reconstruct the
failed components without the need of a human intervention.

The platform's architecture stressed both high availability and fast recovery, but it also had a tightly integrated monitoring,
failover, and resource allocation controllers, which in fact, was one of the factors for the risk of cascades in abnormal conditions.

4.3. Incident Description
» Timeline of Events: The issue originated from a network configuration error that caused several compute nodes to
intermittently experience high latency. Health monitoring systems detected the downgrading of nodes performance and thus
failing them as unstable.
»  Protective System Activation: The automated failover system responded by rerouting the traffic thus it was diverted from the
affected nodes to backup regions. At the same time, the auto-scaling controllers were making efforts to provision additional
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capacity to meet the demand they perceived to be increasing. Unfortunately, the rerouted traffic caused the overloading of the
secondary regions which were not set up for constant peak load.

» Cascade Expansion: When the use of the resources increased, the rate-limiting and throttling mechanisms came into action to
safeguard the backend services. These measures caused the services to become less responsive, and the health check failures
thus increased. The orchestration system saw the failures as a sign of total outages and therefore it undertook instance
termination and rebuild on a large scale.

Rather than bringing stability to the platform, the rebuild efforts resulted in more infrastructure churn, depletion of compute
capacity, and service discovery mechanisms being disrupted. This all happened within a few minutes as the system went into a failure
loop that was self-reinforcing whereby automated protection actions continued to destabilize components that were newly restored.

4.4. Analysis Using the Proposed Framework

Protection-Induced Risk Points: Applying the Rebuild Cascade schematic unearths a few protection risk vectors such as health-check
scripts going to-great-lengths on the threshold, synchronized failover responses from different regions, and rebuild mechanisms co-
ordinations globally.

Failure Escalation Path:

The failure escalation conformed the lifecycle of the failure model that was presented:

Detection: Monitoring systems directly detected latency anomalies.

Protection: Failover and throttling mechanisms responded to the needs of workers.

Recovery: Automated rebuild and scaling helped to return the system to its desired state.

Escalation: Resource contention, control-loop conflicts, and over-correction worsened system instability.

VVVVYVY

System Rebuild Behavior: Capacity-rebuilding procedures not only increased the complexity of load fluctuation but had the effect of
triggering more breakdowns. Run-away cascades were the result of the absence of dependency-aware and staggered recovery
orchestration.

Root Cause Mapping: Root cause analysis drums up a scenario where automated safety protective measures rather than initially
isolated network fault with ineffective cross-control loop coordination, opacity of cross-regional dependency, and an aggressive
response preventing a gradual stabilization being the major contributing factors.

4.5. Lessons Learned

» What Failed: The failure arose because they went too far with automation without having systemic oversight, the protection
thresholds were not aligned, and there was too much coupling between detection, failover, and recovery controllers.

» Why Safeguards Backfired: The safeguards backfired in that case because they were faster in reaction than the system
stabilization mechanisms that were able to respond at, they reinforced positive feedback loops and prioritized the rapid
containment of the problem over the stability of the whole system. Defensive mechanisms were effectively transformed into
cascade accelerators.

» What Could Have Prevented It: Potential methods of prevention might involve a rate-limited failover, staggered recovery
schedules, policies for cross-layer coordination, better dependency-aware orchestration, and human-in-the-loop override
controls. Also, the use of the Risk Amplification Factor and Recovery Safety Index metrics in the design and testing phases
would have revealed the dangerous control behaviors that had not been anticipated before the deployment.

5. Results and Discussion
In this part of the paper, the authors present the results from their analysis of the Rebuild Cascade study and explain the main
findings from the development of the conceptual framework, system modeling, and case study. The paper develops the argument that
protective mechanisms might be transformed into chief risk vectors, identifies contributing factors, and offers practical suggestions for
the design of safer systems.

31



* Mallikarjun Vppalapati [2021] Rebuild Cascades: When Protection Mechanisms Become the Primary Risk Vector

5.1. Key Findings

The study unambiguously shows that protective measures are capable of overpowering risk spread in complex systems. In both
the cloud infrastructure example and the artificially generated scenarios, troubles were hardly ever caused directly by the original fault
but were rather due to defensive and recovery actions. The automated failover, redundancy switching, and recovery orchestration
procedures were the main reasons for the chains of disruptions that resulted in an expansion of the fault scope.

Numerical data such as the Risk Amplification Factor (RAF) reflect the fact that failures caused by safeguards can lead to an
increase in the level of disruption of the entire system by 30-60% when compared to the impact of the original fault. More specifically,
the combination of tightly coupled control loops and concurrently synchronized automated responses always resulted in higher
amplification ratings. Hence, it was demonstrated that the interaction of protective layers is largely responsible for the extent of the
cascade.

Several major failure occurrences revealed similar trends, which continued to be our observations:
»  Accelerated cascade propagation is very likely to happen due to uncoordinated rapid automation.
»  Monitoring and health checks' threshold misalignments cause false-positive triggers.
» Despite their intention of bringing stability, the rebuild and recovery measures frequently lead to greater resource
competition, feedback loops, and dependency failures.

The findings serve as evidence that Rebuild Cascades are indeed a manifestation of the system as a whole and not just
reoccurring anomalies. Thus, the assessment of safeguards’ effectiveness has to be done with regard to their capacity to become risk

vectors, rather than being purely viewed as stabilizing elements.

Observed Risk Amplification Due to Protective Mechanisms
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Figure 2. Risk Amplification in Systems with Protective Measures

5.2. Interpretation of Results

Accelerated failures of the protective systems are primarily due to automation, complexity, and operational speed. Automated
systems instantly react at machine-level speed; that means oftentimes human operators cannot even monitor or control the process at
the machine-level speed, which leads to the situation that the safeguards which should prevent the faults, instead multiply them.
Besides, large complicated architectures with several layers of interdependent protective systems localize the risk, as small differences
escalate quickly in tightly coupled systems.

Besides, lack of human intervention further escalates the problems. Operators are generally responsible for strategic risk
management; however, automated responses are still considered to be a black box, and dependency maps are nowhere close to being
complete. The case study proves that a slight change in protection logic can result in a huge change in the system, especially when a
human being cannot or is not willing to intervene because of automated protocols.
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It is well known that redundancy, failover, and recovery automation are mechanisms intended to increase resilience, however,
the study reveals that in certain circumstances they could lead to increased systemic instability. Such a finding is suggestive of the fact
that there is a necessity for a shift in the way resilience engineering is perceived: not only systems' outward behaviors should be
considered during setbacks, but also the effect that internal protective mechanisms have on the further spreading of risks.

5.3. Implications for System Design
Architects of complex systems should be aware that the findings provide useful hints as to how they may reduce the risk of a Rebuild
Cascade:

» More resilient recovery designs: One of the ways by which a recovery system can improve its resilience is by integrating
multi-stage or staggered rebuild sequences, thus the capacity can be restored slowly during the rebuilding phases rather than
fast but aggressive, simultaneously, rebuilding ones.

»  Controlled rollback versus automated rebuild: It might be the case that a less risky amplification scenario can be achieved by
rolling back in a controlled manner to a known stable state instead of initiating a fully automated process of recovery.
Limiting the extent of protection authority: Such protective mechanisms should only be exercised within the scope of their
defined limits, and the possibility of configuring the hard limit to prevent escalation and thus feedback-induced instability
should be always considered.

» Separating layers of defense: Defensive layers should be uncoupled and/or loosely coordinated via a central risk-aware
orchestration layer such that different defensive systems do not typically interact with one another or synchronize each
other's failure and thus amplify the risk.

If system designers embrace these concepts, they will make sure that the protection measures do not become destabilizing
elements and thus you will have a more resilient system in highly automated and interconnected environments.

5.4. Limitations of the Study

There are several limitations to this research. Firstly, the number of incidents examined in the study is small and mainly
focused on the cloud infrastructure and scenarios, which are typical examples; hence, one should be very careful when generalizing to
all sectors.

Secondly, the model assumptions, such as very simplified dependency graphs, somewhat arbitrarily failure probabilities, and
general control loops, might not be able to capture the heterogeneity of the actual systems or the complexity of human decisions to the
full extent.

Thirdly, there are also generalizability limitations coming from different system architectures, regulatory environments, and
operational norms across industries. Although the Rebuild Cascade framework is a proper conceptual perspective, further validation
will be needed in different fields such as power grids, financial networks, and healthcare IT to confirm its use.

5.5. Practical Recommendations
From the results, a few practical points of advice can be put forward:

» Design Guideline: Dependency-aware orchestration, dependency-aware staggered recovery, and explicit threshold
management must be part of the implementation to reduce the likelihood of an uncontrolled cascade.

» Risk Auditing of Protection Mechanisms: It should become a habit of the organisation to regularly check existing standing
automated safeguards by studying RAF, recovery safety index, and the potential interactions between control loops.

»  Monitoring Early Warning Signals: Installation of real-time monitoring and anomaly detection for protection-induced stress is
necessary, such features should detect feedback loop oscillations, resource contention spikes, and repeated failover
activations.

» Governance and Policy Suggestions: Clear operational policies should be developed together with the limiting of automation
authority, the introduction of human-in-the-loop decision checkpoints for high-impact recovery actions, and the requirement
of post-incident analysis for all significant automated failures.

All these initiatives try, in essence, to debate the issue of automating tasks against the need for human oversight and, at the
same time, they strive to minimize the risks of runaway over-corrections as well as to make it impossible for protective mechanisms to
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amplify failures unintentionally. The findings highlight the need to consider safeguards not just as risk reducers but also as potential
risk vectors, thus making it possible to craft the design and management of such systems in a way that they become more robust even
if they are complex.

6. Conclusion and Future Scope
This study provides evidence that protective mechanisms, which are generally seen as stabilizing elements, can actually be the
main factors causing cascading failures in complicated systems. Using conceptual modeling, system dependency analysis, and an in-
depth case study of a cloud infrastructure outage, the paper introduces the idea of Rebuild Cascades where phases of detection,
protection, recovery, and escalation mutually interact to increase the level of disturbance.

The investigation indicates that methods such as automated failover, redundancy switching, and recovery orchestration, can, in
a number of situations, set off feedback loops, lead to competition for resources, and result in inappropriate behaviors that intensify
the troubles instead of solving them, as was implied by the case study and dependency network analysis. Risk Amplification Factor and
Recovery Safety Index and other quantitative measures provide evidence of the extent to which safeguard-induced failures can increase
both the intensity and the geographic diffusion of system dismantling.

Those who study complex systems and the behavior of cascades should take into account the enigmatic characteristics of
Rebuild Cascades, which are local and global nature of the problem, structure and rule changes, and parameter changes through multi-
level timescale dynamics of complex systems. The present analysis points to the need for a paradigm shift in resilience strategies away
from an emphasis on sheer aggression or pure automation towards the use of controlled recovery, decoupling of protection layers, and
the coordination of orchestration.

Besides that, academic work in the future is to further develop the Rebuild Cascade theory to more areas such as energy grids,
financial trading systems, healthcare IT, and industrial automation and thus verify the framework's generalizability. It is possible to
create predictive tools that are simulation-based, adaptive threshold algorithms, and risk-aware orchestration frameworks that will
reduce the potential for safeguard-induced cascades. Additionally, integrating human-in-the-loop decision models could become a
matter of further studies to find the optimal balance between automation and situational awareness which would be conducive to
recovery safety. This study is taking a risk-oriented view of protection mechanisms and, thus, presenting a theoretical and practical
framework for the design of safer, more resilient, and adaptive systems that are capable of mitigating the unintended consequences of
over-engineered safeguards.
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