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Abstract
This study investigates how permission inheritance and machine-speed execution influence cybersecurity risk escalation in agentic artificial intelligence–driven cloud environments. A quantitative empirical design was adopted using a network-based privilege propagation model and survival analysis. Identity and access relationships were represented as a directed authorization graph G=(V,E)G=(V,E)G=(V,E), while privilege expansion was evaluated using the Privilege Amplification Factor and Privilege Propagation Score derived from simulated cloud IAM datasets. Machine-speed escalation dynamics were examined through time-to-event modeling using survival probability and hazard ratio estimation. The findings reveal substantial privilege amplification, with administrative agents demonstrating an average Privilege Amplification Factor of 6.07 and access to 71% of reachable cloud resources. In addition, increasing execution speed from 5 to 200 operations per second reduced mean escalation time from 842 seconds to 68 seconds while raising the hazard ratio to 6.15. Based on these findings, the study proposes the Agentic Cloud Security Governance Model and recommends agent-specific identity isolation, dynamic least-privilege enforcement, real-time behavioral monitoring, and policy frameworks for governing autonomous agents in cloud infrastructures.
[bookmark: _heading=h.m1ammdi4pgdg]Keywords: Agentic Artificial Intelligence Security; Permission Inheritance; Machine-Speed Cyber Risk; Cloud Identity Governance; Autonomous Agent Access Control.
1. Introduction
In early 2026, a significant operational disruption occurred within a cloud computing environment when an artificial intelligence coding assistant known as Kiro triggered a prolonged service outage after executing automated changes in a production system (Reuters , 2026). The incident occurred within the cloud infrastructure of Amazon Web Services, where the AI powered development tool autonomously deleted and recreated components of an operational environment while attempting to resolve a configuration issue (Down, 2026; Hart, 2026). Haranas (2026) reports that the artificial intelligence agent had access to the permissions associated with the human operator who deployed it, which allowed the system to perform infrastructure level actions across the cloud environment. The disruption lasted for several hours and affected services that depended on the affected infrastructure, prompting widespread discussion about the governance of autonomous artificial intelligence tools operating within enterprise cloud environments (Down, 2026; Haranas, 2026; Hart, 2026). The event illustrated how artificial intelligence agents operating with inherited privileges can initiate operational changes at computational speed, raising concerns about the extent to which existing security frameworks can regulate the behavior of autonomous systems within complex digital infrastructures.
This Kiro/AWS incident represents one of the many cases of the rapidly expanding landscape of artificial intelligence related cybersecurity threats. Recent global monitoring indicates that confirmed artificial intelligence related security breaches reached 16,200 incidents in 2025, representing a 49 percent increase compared with the previous year (Ramirez, 2025). In addition, a major cloud security report published by Palo Alto Networks found that 99 percent of organizations operating artificial intelligence systems in production experienced at least one security attack targeting their AI infrastructure during the same year (Cody, 2025; Geller, 2026). 
Beyond the immediate growth in cyber incidents, the broader digital transformation of organizations has accelerated the adoption of artificial intelligence within cloud computing environments (Wang et al., 2024; Yao et al., 2025). Enterprises increasingly deploy artificial intelligence systems to support infrastructure management, service orchestration, automated monitoring, and large scale data processing (Selvarajan, 2025). The evolution of artificial intelligence toward agentic systems capable of initiating tasks, interacting with multiple services, and making operational decisions has further expanded these capabilities. Agentic artificial intelligence systems are designed to function as autonomous digital agents that can retrieve information, coordinate workflows, and perform actions across distributed infrastructures with minimal human supervision. Unlike traditional software applications that operate within predefined instructions, these agents may generate tasks dynamically and interact with multiple services during the execution of a single operational workflow (Dodig-Crnkovic & Burgin, 2024). As noted by Chan et al. (2025), such systems possess the ability to plan actions, interact with external tools, and execute sequences of commands across digital environments, thereby enabling complex operations across cloud infrastructures through application programming interfaces and service permissions (Yang et al., 2025). However, the autonomy and speed associated with these systems introduce significant challenges for cybersecurity governance, particularly in environments where artificial intelligence agents operate across interconnected services.
One important dimension of this challenge concerns the way artificial intelligence agents obtain and utilize access privileges within cloud environments. In many enterprise infrastructures, artificial intelligence tools operate using credentials associated with administrators, applications, or service accounts that authorize their deployment (Google Cloud, 2026). Through this arrangement, autonomous systems may inherit permissions that allow them to access data repositories, modify system configurations, or interact with multiple services within the cloud ecosystem (Shi et al., 2025a; Shi et al., 2025b). Udinmwen (2025) indicates that a majority of cybersecurity professionals consider the access of artificial intelligence agents to privileged organizational resources to be one of the most significant emerging security concerns associated with autonomous systems. When artificial intelligence agents inherit elevated permissions, their ability to execute commands at machine speed may allow operational errors or malicious actions to propagate rapidly across interconnected infrastructures (Hancock & Botts, 2026).
The operational characteristics of cloud computing environments further amplify these concerns. Cloud infrastructures are designed to support highly interconnected services in which applications, storage systems, databases, and analytics platforms interact continuously through digital interfaces (Saboor et al., 2022; Sigala, 2025). Within such environments, autonomous artificial intelligence agents may initiate actions across multiple services within seconds. If an artificial intelligence system performs unintended actions or becomes compromised, the resulting effects may spread across interconnected systems before conventional monitoring mechanisms can detect abnormal behavior (Li et al., 2025; Salkenov & Bagchi, 2019; Solomon et al., 2025). Recent research on artificial intelligence governance therefore suggests that existing identity and access management frameworks may not be fully equipped to regulate the dynamic interactions between autonomous agents and distributed infrastructures (Huang et al., 2025). 
The persistence of these challenges suggests the existence of a significant governance gap in the management of artificial intelligence driven cloud operations. Without effective governance mechanisms, the combination of inherited privileges and machine speed execution may create conditions in which security risks escalate rapidly across interconnected infrastructures. This situation raises important questions regarding how permissions assigned to artificial intelligence agents should be structured, how abnormal agent behavior can be detected in real time, and how security incidents triggered by autonomous systems can be contained before they disrupt cloud operations.
In response to these concerns, this study examines the relationship between permission inheritance and machine speed risk escalation in agentic artificial intelligence driven cloud operations. The study aims to investigate how autonomous artificial intelligence agents inherit and exercise access permissions when performing tasks within cloud infrastructures and to develop governance mechanisms that regulate agent privileges and contain machine speed security incidents. The study pursues the following objectives:         
1. To analyze how autonomous artificial intelligence agents inherit and exercise access permissions when performing operational tasks within cloud computing environments.

2. To examine how machine speed execution of agent driven tasks contributes to the rapid escalation of cybersecurity risks across interconnected cloud services.

3. To develop an agent specific access control model that regulates the assignment, monitoring, and limitation of permissions granted to autonomous artificial intelligence agents in cloud operations.

4. To design a machine speed incident containment mechanism capable of detecting abnormal agent behavior and automatically restricting high risk activities in cloud environments.
2. Literature Review 
Identity and access governance constitutes a foundational component of cybersecurity in modern cloud computing environments. As organizations migrate critical infrastructure and services to distributed cloud platforms, the ability to regulate access to digital resources has become central to maintaining data confidentiality, operational integrity, and system resilience (Ogunmolu et al., 2026a; Olisa et al., 2026). Identity and Access Management (IAM) frameworks are designed to authenticate digital identities and regulate the privileges assigned to users, applications, and services interacting with cloud infrastructures. Scholars widely agree that IAM systems play a crucial role in preventing unauthorized access by enforcing authentication, authorization, and auditing mechanisms that regulate interactions with cloud resources (Jena, 2024; Jain, 2025). 
Within cloud environments, access control mechanisms typically operate through structured governance models such as Role Based Access Control and Attribute Based Access Control. These models allocate permissions according to predefined roles or contextual attributes associated with a digital identity. According to Jain (2025), IAM architectures integrate authentication mechanisms such as federated identity management, single sign on, and multi factor authentication to ensure that only authorized entities interact with cloud services. Similarly, Jena (2024) emphasizes that structured access policies remain essential for safeguarding sensitive data and preventing unauthorized interactions within distributed infrastructures. 
Recent studies have therefore examined how identity governance must evolve to address the proliferation of digital identities within enterprise infrastructures. Modern cloud environments increasingly rely on machine identities associated with automated services, microservices architectures, and infrastructure orchestration tools. As a result, the number of non-human identities interacting with enterprise systems now exceeds that of human users in many organizations. Ganapathi (2025) argues that the rapid growth of cloud native identity systems has transformed digital identity management into a critical component of organizational trust and privacy protection. In contrast, Hariharan (2025) emphasizes that the primary challenge lies not simply in managing identities but in governing the lifecycle of permissions associated with those identities, particularly in large scale enterprise environments where automated processes continuously interact with cloud services. 
In response to these challenges, researchers are exploring the integration of artificial intelligence into identity governance frameworks. AI driven IAM systems leverage machine learning and behavioral analytics to monitor access patterns, detect anomalous activities, and automate policy enforcement across distributed infrastructures (Abba et al., 2025). Hariharan (2025) argues that artificial intelligence enables IAM systems to evolve from static rule based frameworks toward adaptive security architectures capable of evaluating contextual risk in real time. Similarly, Suram (2025) highlights how AI enhanced access management systems can automate threat detection and improve response times by analyzing identity related telemetry across cloud environments. 
Despite these technological advancements, a growing body of research suggests that traditional IAM architectures remain insufficient for managing emerging forms of autonomous digital activity. Conventional identity governance models were originally designed to regulate predictable interactions between human users and static applications. However, recent studies argue that such models struggle to accommodate the dynamic behavior of autonomous artificial intelligence systems interacting across distributed infrastructures. Huang et al. (2025) observe that traditional IAM protocols, including widely used authentication standards such as OAuth and OpenID Connect, were developed for single entity authentication scenarios and therefore provide only coarse grained access controls when applied to complex multi agent environments. Rossi (2025) also contends that the emergence of agentic artificial intelligence introduces new identity and trust challenges because autonomous agents may initiate actions on behalf of users while interacting with multiple services across hybrid cloud environments. Similarly, Palavali (2025) suggests that decentralized identity frameworks based on verifiable credentials and contextual authorization can enable more scalable governance of agent driven microservices interactions. These assertions reflect an emerging recognition that future identity governance frameworks must move beyond static identity models to accommodate dynamic machine driven interactions.
Permission Propagation and Privilege Inheritance in Automated Systems
The increasing automation of cloud infrastructures has drawn significant scholarly attention to how permissions propagate across interconnected services and systems. In contemporary cloud environments, automated workflows frequently rely on delegated credentials that allow applications, microservices, and service accounts to interact with resources through application programming interfaces. While such architectures enable scalability and operational efficiency, they also create complex authorization chains in which permissions assigned to one identity may indirectly grant access to additional resources (Mayeke, 2025; Olaniyi et al., 2026a). Studies examining automated software ecosystems demonstrate that privilege escalation often emerges from the interaction of multiple permissions rather than from a single misconfigured authorization rule. For instance, El-Zawawy and Hamdy (2025) show that seemingly benign permissions can combine across system interactions to produce higher order escalation paths that are difficult to detect using traditional security analysis techniques. This complexity is further intensified by the rapid expansion of machine identities in modern cloud environments, where automated workloads, microservices, and containerized applications operate through non human identities. As automation scales, the number of permission relationships between services grows, creating an expanding authorization surface in which identities may indirectly influence the privileges of others. Consequently, maintaining the principle of least privilege becomes increasingly difficult, as automated services often retain permissions beyond their immediate operational requirements.
Autonomous artificial intelligence agents interact with permission systems in automated environments. Autonomous agents increasingly rely on external tools, cloud APIs, and service integrations to complete complex tasks. In such contexts, agents typically execute actions using credentials associated with the initiating user or service identity, thereby inheriting the permissions associated with that identity (Shi et al., 2025b; Zhu et al., 2025). Shi et al. (2025a) note that this delegation model introduces a potential mismatch between user intent and system authorization because the agent may interpret instructions in ways that lead to actions beyond the original scope of intent. From a governance perspective, this distinction raises critical questions about accountability and traceability in automated systems where actions are executed by agents operating under inherited privileges.
Conventional IAM protocols were designed for static identities and predictable application behavior, making them poorly suited for dynamic systems where agents may generate new tasks, spawn sub agents, or interact with multiple services during a single workflow (Huang et al., 2025; Li, Huang, et al., 2025). Similarly, the research of Khan et al. (2025) on agent governance emphasizes that autonomous agents often operate within iterative planning loops in which tasks are generated and executed sequentially, increasing the likelihood that inherited permissions may be exercised in unexpected ways. These perspectives collectively highlight the growing recognition that permission inheritance in agent driven environments represents a distinct governance challenge.
In response to these concerns, studies are exploring mechanisms for restricting privilege propagation in automated systems, with some proposing dynamic authorization controls that enforce context aware access policies and restrict the scope of permissions granted to automated agents during runtime operations (Adebiyi et al., 2026). For example, the study of Betser et al. (2026) on agent tool governance introduces frameworks that enforce per step least privilege access when agents interact with external tools, thereby limiting the ability of agents to perform actions beyond their designated operational scope  . Although such approaches demonstrate promising directions for managing automated permissions, the literature still lacks comprehensive understanding of how permission inheritance interacts with large scale cloud infrastructures, particularly when autonomous agents execute tasks at machine speed across distributed environments.
Security Risks Associated with Agentic Artificial Intelligence Systems
The emergence of agentic artificial intelligence systems has introduced a new category of cybersecurity risks. Agentic AI systems are capable of reasoning, planning, and executing multi-step workflows through interactions with external tools, APIs, and other agents. While these capabilities enable sophisticated automation and decision support, they also expand the attack surface of digital infrastructures by allowing autonomous systems to perform actions across multiple environments without direct human oversight (Gulyamov et al., 2026; Syed et al., 2025). Recent studies emphasize that the integration of large language models with tool-based orchestration frameworks has created complex agent ecosystems where vulnerabilities may arise at several layers, including input manipulation, system integration, and inter-agent communication (Ferrag et al., 2025).
Beyond input manipulation, researchers have also identified protocol-level vulnerabilities that arise when autonomous agents interact with external services or with other agents. Ferrag et al. (2025) demonstrate that many agent frameworks rely on loosely governed integrations with plugins and APIs, which often lack consistent authentication and validation mechanisms. Such architectural weaknesses create opportunities for attacks that exploit tool interfaces, agent communication channels, or data exchange protocols. In this regard, some scholars argue that the primary challenge lies in the rapid expansion of agent ecosystems, where new integrations are deployed faster than security practices can adapt (Obrik-Uloho et al., 2026; Olaniyi et al., 2026b). Others emphasize that the fundamental issue stems from the autonomy of the agents themselves, which may generate actions dynamically in ways that bypass traditional security assumptions (Odeyinka et al., 2026).
Another line of research focuses on the systemic risks associated with multi-agent environments. When autonomous agents collaborate to perform complex workflows, vulnerabilities in one agent can propagate across interconnected systems. Malicious instructions injected into one agent can cascade through multiple systems, leading to unintended operations or data leakage. Syed et al. (2025) observe that agent-to-agent communication channels may transmit malicious instructions across workflows if proper validation mechanisms are not implemented. These cascading effects demonstrate that security risks in agentic systems often emerge from interactions between agents rather than isolated vulnerabilities. This risk is further amplified by the autonomy of agentic systems, which can retrieve information, generate tasks, and execute actions at speeds that exceed human supervision. Studies show that such capabilities may enable agents to propagate malicious instructions or execute unauthorized actions if safeguards are not implemented (Ogenyi et al., 2025).
Machine-Speed Escalation of Cybersecurity Risks
The increasing integration of artificial intelligence and automation into digital infrastructures has significantly altered the speed and scale at which cybersecurity threats can emerge and propagate. Recent research indicates that AI-enabled systems can automate large portions of the attack lifecycle, including reconnaissance, vulnerability identification, and exploitation (Mohamed, 2025; Shah & Zaffar, 2025). Studies show that automation enables attackers to conduct highly coordinated and adaptive operations capable of targeting multiple systems simultaneously (Yedalla, 2024; Al-Azzawi et al., 2025). This phenomenon is increasingly described as the acceleration of the cyber threat landscape, where attacks unfold faster than traditional security monitoring and response mechanisms can react. Machine learning models can analyze large volumes of network data, identify vulnerabilities, and initiate attack sequences without continuous human oversight. Consequently, AI-enabled attacks can operate at machine speed, allowing adversaries to execute complex attack chains across distributed infrastructures in a highly coordinated manner (Onyemekeihia & Onyemekihian, 2026).
The growing complexity of automated digital ecosystems amplifies the impact of machine-speed operations. In cloud environments where multiple services interact continuously through APIs and automated workflows, a single compromised component can trigger cascading effects across interconnected systems (Ogunmolu et al., 2026b; Olisa et al., 2026). Kshetri (2025) notes that agentic AI technologies deployed in security operations centers can automate threat response processes but may also introduce new vulnerabilities if autonomous systems execute actions without sufficient governance controls.  Similarly, Achuthan et al. (2024) emphasize that AI-driven systems possess the ability to initiate autonomous decision making and predictive analysis, which can either strengthen defensive capabilities or amplify systemic risks depending on how such systems are governed. 
The acceleration of cyber operations is reflected in empirical analyses of modern cybercrime trends. Studies report increases in the scale and sophistication of AI-driven attacks. In some cases, AI-enabled cyberattacks can generate and execute exploits autonomously, significantly reducing the time required to move from initial compromise to large-scale system disruption (Yedalla, 2024; Al-Azzawi et al., 2025). These findings highlight a critical concern for cybersecurity governance because rapid attack propagation can overwhelm traditional detection and containment mechanisms.
Despite growing recognition of these risks, the literature remains divided regarding the most effective strategies for mitigating machine-speed cyber threats. Some scholars advocate greater reliance on automated defense systems capable of responding to attacks at comparable speeds, while others emphasize the importance of governance frameworks that constrain the operational scope of autonomous systems . Although both approaches contribute to strengthening cybersecurity resilience, existing research suggests that the implications of machine-speed operations in environments where autonomous agents interact with cloud infrastructures remain insufficiently explored. This gap underscores the need for further investigation into how automated decision-making systems may accelerate the escalation of security risks within distributed digital ecosystems.
Governance and Security Frameworks for Artificial Intelligence Systems
The rapid adoption of artificial intelligence across enterprise and cloud environments has intensified scholarly interest in governance frameworks capable of managing risks associated with intelligent systems. AI governance refers to the policies, technical controls, and institutional mechanisms that regulate how artificial intelligence systems are designed, deployed, and monitored throughout their lifecycle. As AI technologies become embedded in critical infrastructures, governance must address not only ethical concerns such as fairness and accountability but also operational risks related to cybersecurity, data protection, and system reliability (Pawar, 2025; Wang & Xie, 2025). However, existing governance frameworks remain insufficient for managing AI systems due to the uncertainty and autonomy introduced by probabilistic reasoning and adaptive learning. Conventional governance mechanisms designed for deterministic computing environments often struggle to regulate complex architectures such as generative AI systems and distributed multi-cloud pipelines (Otunlape, 2026). Similarly, the emergence of agentic AI systems capable of autonomous planning and multi-step task execution introduces additional challenges related to reliability, coordination, and system safety (Bandi et al., 2025).
Recent research has therefore begun to explore specialized governance frameworks designed specifically for autonomous AI systems. One influential approach focuses on Trust, Risk, and Security Management frameworks, which integrate governance mechanisms with technical controls such as model monitoring, explainability tools, and security safeguards. Studies reviewing these frameworks argue that effective governance must incorporate multiple layers of oversight, including policy design, operational monitoring, and technical enforcement mechanisms that ensure responsible system behavior (Raza et al., 2025).  In contrast, other scholars emphasize architectural solutions that embed governance mechanisms directly within the design of AI systems. For example, Syros et al. (2025) propose a security architecture that introduces identity registration, access control policies, and cryptographic authorization tokens to regulate how autonomous agents interact with other agents and services.  
Recent studies focuses on governance frameworks tailored to agentic AI ecosystems in which multiple autonomous agents interact with digital infrastructures. Scholars argue that traditional governance approaches often overlook the complex interactions that arise when autonomous agents coordinate tasks, share information, or delegate responsibilities among themselves. In response, some researchers have proposed decentralized governance models that incorporate identity verification, accountability mechanisms, and ethical alignment protocols within multi-agent ecosystems. For instance, the LOKA protocol introduces a layered architecture that embeds identity verification and ethical consensus mechanisms into the operational infrastructure of agent ecosystems, thereby strengthening transparency and accountability across autonomous interactions  (Ranjan et al., 2025). Similarly, Khan et al. (2025) propose a governance framework that combines design-time safeguards with runtime monitoring and auditing mechanisms to ensure that agentic systems remain aligned with defined security and ethical policies throughout their lifecycle. 
Despite these emerging frameworks, the literature suggests that governance models for AI systems remain fragmented and still evolving. Scholars increasingly emphasize that the governance of AI systems must extend beyond high-level policy frameworks to include mechanisms capable of regulating access privileges, monitoring autonomous behavior, and preventing security risks from propagating across interconnected systems. As organizations continue to integrate agentic AI into operational environments, the development of governance frameworks that address both technical and institutional dimensions of AI security remains a critical research priority.
Research Gap and Conceptual Positioning
The literature reviewed highlights substantial progress in understanding identity governance, privilege escalation, and cybersecurity risks associated with artificial intelligence systems operating in cloud environments. Existing studies have examined the role of Identity and Access Management frameworks in regulating digital identities within distributed infrastructures, while other research has explored the risks associated with permission propagation and privilege escalation in automated systems. Scholars have also proposed governance frameworks aimed at addressing ethical, regulatory, and technical challenges associated with artificial intelligence deployment. 
However, despite these advances, important gaps remain in the literature. Existing identity governance frameworks were designed for human users and static applications, leaving limited guidance for managing permissions exercised by autonomous artificial intelligence agents that interact dynamically with multiple cloud services. Second, while research on automated cyber threats highlights the growing problem of machine-speed risk escalation, comparatively few studies examine mechanisms capable of detecting and containing abnormal activities initiated by autonomous agents operating across distributed infrastructures. Consequently, existing scholarship tends to address access governance, agent security, and cyber threat acceleration as separate issues rather than as interconnected challenges within AI-driven cloud operations.
To address these limitations, this study proposes the Agentic Cloud Security Governance Model (ACSGM), an integrated framework designed to regulate permission inheritance and mitigate machine-speed risk escalation in agentic AI-driven cloud environments. The model combines two complementary governance mechanisms. The first component, the Agent-Specific Access Control Model, focuses on regulating how permissions are assigned, inherited, and exercised by autonomous artificial intelligence agents interacting with cloud services. The second component, the Machine-Speed Incident Containment Mechanism, introduces automated monitoring and response capabilities designed to detect abnormal agent behaviour and restrict high-risk activities before they propagate across interconnected systems. By integrating these mechanisms within a unified governance architecture, the ACSGM framework seeks to address the emerging security challenges associated with autonomous artificial intelligence systems operating within modern cloud infrastructures.
Agentic Cloud Security Governance Model (ACSGM)
To address the security challenges associated with permission inheritance and machine-speed risk escalation in agentic artificial intelligence systems, this study proposes the Agentic Cloud Security Governance Model (ACSGM). The model is a conceptual security architecture designed to regulate the behavior of autonomous AI agents operating within cloud environments. When agents operate using inherited permissions or service identities, they may obtain privileges that exceed the requirements of their assigned tasks. In such situations, misconfigurations or malicious instructions may propagate rapidly across cloud infrastructures due to the computational speed at which autonomous agents operate.
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Flowchart Diagram 1: Agentic Cloud Security Governance Model (ACSGM)
The ACSGM framework addresses these risks by integrating preventive access governance and real-time incident containment within a unified security architecture. The model adopts a layered governance structure that regulates the lifecycle of autonomous AI agents from identity establishment to operational monitoring and incident response. The first layer, Agent Identity and Authorization, establishes a secure identity framework for autonomous agents by assigning each agent a distinct operational identity within the cloud environment. This separation ensures that agents do not operate directly under the credentials of initiating users or service accounts, thereby preventing unrestricted inheritance of user privileges.
The second layer introduces the Agent-Specific Access Control (ASAC) mechanism, which governs how permissions are assigned and managed for autonomous agents. Rather than granting broad privileges inherited from human operators, the ASAC mechanism enforces task-scoped authorization policies that allocate only the permissions required for specific operational objectives. These permissions are dynamically constrained according to predefined policies and are restricted once the task is completed. By enforcing the principle of least privilege and separating agent identities from user identities, the ASAC mechanism reduces the likelihood of privilege escalation and unauthorized access during automated workflows.
The third layer, Behavioral Monitoring and Risk Detection, continuously evaluates the operational behavior of AI agents during runtime. Because agentic systems may generate new tasks and interact with multiple services dynamically, monitoring mechanisms analyze behavioral indicators such as API request frequency, service interaction patterns, data access volumes, and execution speed. Deviations from established activity profiles are treated as potential security risks and trigger further evaluation by the governance system.
The fourth layer implements the Machine-Speed Incident Containment Mechanism (MSIC), which provides automated response capabilities designed to prevent the rapid propagation of security incidents. When anomalous activity is detected, the containment mechanism initiates automated interventions such as execution throttling, privilege revocation, service access restrictions, or agent isolation within a controlled environment. These responses enable the framework to contain security incidents at the same computational speed at which autonomous agents operate.
When an agent is deployed, a unique identity is created and task-scoped permissions are assigned through the ASAC mechanism. During task execution, behavioral monitoring systems continuously evaluate agent activity. If abnormal behavior is detected, the MSIC mechanism automatically initiates containment procedures to prevent escalation across interconnected systems. By integrating identity governance, permission management, behavioral monitoring, and automated containment, the ACSGM framework provides a structured approach for mitigating cybersecurity risks associated with agentic AI-driven cloud operations.
3. Methodology
This study adopts a quantitative empirical research design to examine how permission inheritance and machine‑speed execution influence cybersecurity risk escalation in agentic artificial intelligence–driven cloud environments. The methodological framework integrates privilege propagation analysis and time‑to‑event risk modeling to evaluate the behavior of autonomous agents operating within distributed cloud infrastructures.
The empirical analysis in this study is based on simulated cloud Identity and Access Management (IAM) datasets designed to reflect realistic authorization structures in modern cloud environments, including hierarchical roles, service accounts, and delegated permissions. The use of simulated data is necessitated by the restricted availability of real-world IAM datasets due to security, privacy, and confidentiality constraints. To ensure realism, the datasets were constructed to capture key characteristics of operational cloud systems, such as multi-hop authorization chains, varying privilege levels, and heterogeneous identity types, while allowing controlled experimentation on factors such as execution speed and service interaction complexity. 
To analyze how autonomous agents inherit and exercise permissions, identity and access relationships were modeled as a directed authorization graph:

where  represents cloud identities, services, and resources, and E={(vi,vj)} represents authorization relationships between identities and resources. This structure enables the evaluation of how permissions propagate across interconnected services through delegated credentials and automated workflows.
Agent operational reach was measured using the Privilege Propagation Score (PPS):

This metric quantifies the proportion of infrastructure resources accessible through direct and inherited permissions. To evaluate the expansion of privileges beyond assigned roles, the Privilege Amplification Factor (PAF) was calculated as:

Values greater than one indicate amplification of privileges through inherited authorization chains. The structural complexity of escalation pathways was also measured through escalation depth, defined as the minimum authorization path between an initiating identity and a target resource:

where pij represents possible permission paths between identities and resources within the authorization network.
The second phase of the analysis examines how machine‑speed execution accelerates cybersecurity risk escalation. A survival analysis framework was applied to evaluate the time required for escalation events to occur following privileged automated actions. Let T represent the random variable describing the time until escalation occurs. The survival probability that escalation has not occurred by time t is expressed as:

The instantaneous escalation risk at time t is measured using the hazard function:

where f(t) represents the probability density of escalation events. To evaluate the effect of machine‑speed execution, escalation hazards across operational conditions were compared using the hazard ratio:

where h1(t) represents the hazard under machine‑speed execution and h0(t) represents the baseline hazard.
Operational complexity was further evaluated using system interaction metrics that capture the number of cloud services involved in automated task execution. Escalation likelihood was computed as:
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The implementation process is structured as a sequence of coordinated stages that align identity management, access control, behavioral monitoring, and incident containment within a unified operational pipeline. The process begins with agent initialization and identity isolation, where each autonomous agent is assigned a unique, system-generated identity distinct from human users and service accounts. This identity is registered within the cloud Identity and Access Management (IAM) system and serves as the basis for all subsequent authorization decisions. Following identity creation, the Agent-Specific Access Control (ASAC) mechanism assigns task-scoped permissions based on predefined policy constraints. Rather than inheriting full user privileges, the agent receives only the minimum permissions required to execute its assigned task, thereby enforcing the principle of least privilege.
During task execution, the system continuously performs behavioral monitoring and risk evaluation by tracking key operational metrics such as API request frequency, service interaction patterns, execution speed, and data access volume. These behavioral indicators are compared against predefined thresholds and baseline activity profiles to detect anomalies. When deviations from expected behavior are identified, the system classifies the activity as potentially high-risk and triggers the Machine-Speed Incident Containment (MSIC) mechanism.
The MSIC mechanism executes automated response actions designed to prevent rapid escalation of security incidents. These actions include dynamic privilege revocation, execution throttling, service access restriction, and agent isolation within a controlled environment. The containment response is executed at computational speed, ensuring that mitigation occurs within the same temporal scale as the agent’s operations.

4. Results and Discussion 
Analyze how autonomous AI agents inherit and exercise access permissions in cloud environments
The analysis investigated the extent to which autonomous artificial intelligence agents inherit and exercise access permissions within cloud computing environments. The evaluation examined the amplification of permissions resulting from identity delegation and privilege propagation across interconnected cloud services.
The analysis adopted a quantitative network-based privilege propagation evaluation using simulated cloud IAM structures derived from public identity and access management datasets. The evaluation focused on measuring direct permissions assigned to agent identities, effective permissions reachable through inheritance, privilege amplification factors, escalation depth across authorization chains, and the proportion of reachable cloud resources.
The resulting privilege propagation characteristics observed across the agent categories are summarized in Table 1.
	Agent Category
	Average Direct Permissions
	Average Effective Permissions
	Privilege Amplification Factor
	Escalation Depth (Hops)
	Privilege Propagation Score

	Low Privilege Agents
	6
	18
	3.0
	2
	0.14

	Operational Automation Agents
	11
	39
	3.55
	3
	0.28

	Infrastructure Management Agents
	17
	74
	4.35
	4
	0.42

	DevOps Orchestration Agents
	21
	101
	4.81
	4
	0.52

	Administrative Agents
	29
	176
	6.07
	5
	0.71


Table 1. Privilege propagation characteristics across autonomous AI agent categories.
The results indicate substantial expansion in effective permissions relative to directly assigned privileges. Agents categorized under infrastructure and orchestration roles exhibited the highest amplification levels, with administrative agents demonstrating the greatest propagation across cloud resources. These results indicate that permission inheritance significantly expands operational reach beyond initial authorization boundaries.
The relationship between assigned permissions and effective permissions is illustrated in Figure 1.
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Figure 1. Relationship between direct permissions and effective permissions exercised by autonomous agents.
As illustrated in Figure 1, increases in direct permissions correspond with disproportionately higher effective permissions. The size of each data point reflects the privilege amplification factor, demonstrating how inherited credentials enable agents to access substantially larger sets of infrastructure resources.
The distribution of escalation path lengths across the IAM privilege network is presented in Figure 2.
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Figure 2. Distribution of escalation path lengths across privilege inheritance chains.
The distribution illustrated in Figure 2 indicates that most escalation chains occur within two to three permission hops, demonstrating that privilege propagation frequently emerges through short authorization pathways within cloud infrastructures. However, the presence of deeper escalation chains further illustrates the structural complexity of permission relationships across distributed services.
The findings demonstrate that autonomous agents operating under inherited credentials are capable of interacting with a significantly broader set of cloud resources than directly assigned permissions would suggest. The observed amplification of privileges and the presence of short escalation pathways highlight structural characteristics of cloud identity governance that enable permission propagation across interconnected services.
Examine how machine-speed execution of agent-driven tasks escalates cybersecurity risks
This objective examines how machine-speed execution of autonomous agent tasks influences the escalation of cybersecurity risks across cloud infrastructures. The analysis evaluates how increasing execution rates, privileged operations, and cross-service interactions affect the time required for security escalation events to occur.
A quantitative time-to-event analytical approach was adopted to evaluate the temporal dynamics of escalation events. This approach enables the measurement of how rapidly security incidents propagate following the execution of privileged operations within automated cloud environments.
The relationship between execution speed and escalation risk is summarized in Table 2.
	Execution Speed (ops/sec)
	Mean Time to Escalation (sec)
	Median Time to Escalation (sec)
	Hazard Ratio
	Escalation Probability

	5
	842
	801
	1.0
	0.07

	25
	412
	389
	1.86
	0.14

	50
	214
	201
	2.74
	0.21

	100
	129
	118
	4.03
	0.36

	200
	68
	61
	6.15
	0.53


Table 2. Machine-speed execution and cybersecurity risk escalation dynamics.
The results indicate that increases in execution speed correspond with substantial reductions in the time required for security escalation events to occur. Systems operating at higher execution rates demonstrate significantly elevated hazard ratios, indicating accelerated escalation risk within automated operational environments.
The temporal dynamics of escalation events are illustrated in Figure 3.
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Figure 3. Time-to-escalation survival distribution across automated operations.
As shown in Figure 3, the probability of maintaining a non-escalated system state declines rapidly as operational time increases. The steep reductions in survival probability illustrate how security incidents may emerge quickly when privileged automated actions are executed at computational speed.
The relationship between machine-speed execution and escalation hazard is presented in Figure 4.
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Figure 4. Escalation hazard ratios associated with machine-speed task execution.
Figure 4 demonstrates a strong nonlinear increase in escalation hazard as execution speed increases. This pattern indicates that automated agents performing tasks at higher computational speeds significantly increase the likelihood of rapid system compromise.
The effect of cross-service interactions on escalation timelines is summarized in Table 3.
	Service Interaction Count
	Mean Time to Escalation (sec)
	Hazard Ratio
	Escalation Probability

	1
	612
	1.0
	0.09

	2
	401
	1.92
	0.18

	3
	257
	3.08
	0.31

	4
	143
	4.89
	0.46

	5
	72
	6.72
	0.58


Table 3. Cross-service interaction complexity and escalation risk.
The interaction effects between distributed cloud services are further illustrated in Figure 5.
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Figure 5. Impact of cross-service interaction on escalation timelines.
As illustrated in Figure 5, escalation time decreases substantially as the number of interacting services increases. This pattern indicates that distributed cloud architectures create structural conditions that enable rapid propagation of automated security incidents across interconnected services.
The observed relationships between execution speed, service interaction complexity, and escalation hazard highlight the rapid temporal dynamics of security incidents within automated cloud environments. The patterns observed demonstrate that the operational speed and connectivity of autonomous systems significantly influence how quickly cybersecurity risks materialize within distributed infrastructures.
Discussion
The findings of this study provide empirical insight into how permission inheritance and machine-speed execution interact to amplify cybersecurity risks in agentic artificial intelligence–driven cloud operations. The results presented in Table 1 demonstrate that autonomous agents frequently exercise a substantially larger set of effective permissions than those directly assigned to them. In particular, the Privilege Amplification Factor increases consistently across agent categories, reaching its highest level among administrative agents whose effective permissions exceed their direct permissions by more than six times. This pattern confirms the argument in the literature that privilege escalation in distributed cloud systems often emerges not from a single misconfigured authorization rule but from the cumulative interaction of delegated permissions across interconnected services (El-Zawawy & Hamdy, 2025). The expansion of effective permissions illustrated in Figure 1 further reinforces this interpretation by showing a disproportionate increase in operational reach relative to the number of directly assigned permissions. These results therefore support the claim that inherited credentials significantly extend the operational authority of autonomous agents beyond the scope originally intended by administrators.
Furthermore, the escalation pathways illustrated in Figure 2 provide additional evidence that permission propagation within cloud infrastructures often occurs through relatively short authorization chains. The concentration of escalation paths within two to three permission hops indicates that access to additional resources can frequently be achieved through minimal transitions across identity relationships. This observation aligns with the findings of Shi et al. (2025a) and Zhu et al. (2025), who argue that delegation mechanisms commonly used in automated cloud environments can create implicit authorization chains that expand the reach of machine identities. Similarly, Huang et al. (2025) note that conventional Identity and Access Management architectures were designed primarily for predictable user-application interactions rather than dynamic agent-driven workflows. The empirical results therefore reinforce the growing concern within the literature that traditional IAM frameworks may provide insufficient granularity for governing autonomous systems that dynamically generate tasks and interact with multiple services during execution.
The findings also provide further support for the argument that the rapid growth of machine identities is transforming the nature of identity governance in enterprise infrastructures. As previously noted by Ganapathi (2025) and Hariharan (2025), modern cloud environments contain far more non-human identities than human users. The privilege propagation patterns observed in Table 1 suggest that autonomous agents operating within these infrastructures may acquire extensive operational reach through inherited permissions associated with service accounts and automated workflows. Consequently, the risk associated with machine identities extends beyond simple credential misuse to include structural authorization expansion that emerges from the interaction of distributed services. This observation contributes to the broader debate within the literature regarding the limitations of static access control models in highly automated environments (Li et al., 2025; Rossi, 2025).
In addition to the structural dynamics of permission inheritance, the results also demonstrate the significant role of execution speed in accelerating cybersecurity risk escalation. As shown in Table 2, increases in task execution speed correspond with substantial reductions in the time required for escalation events to occur. The average escalation time decreases from more than fourteen minutes at lower execution rates to slightly over one minute when operations are executed at higher computational speeds. This reduction in escalation time is accompanied by a sharp increase in hazard ratios, indicating that machine-speed operations significantly increase the probability of rapid system compromise. The pattern illustrated in Figure 3 further confirms this trend by showing a rapid decline in survival probability as operational time progresses. These findings align closely with previous studies that describe artificial intelligence–enabled cyber operations as a shift from human-paced attacks toward automated threat propagation (Yedalla, 2024; Al-Azzawi et al., 2025).
Moreover, the nonlinear hazard increase depicted in Figure 4 demonstrates that escalation risk does not simply rise proportionally with execution speed but instead accelerates as automated operations intensify. This observation supports the argument advanced by Onyemekeihia and Onyemekihian (2026) that AI-enabled cyber activities operate at computational speed, enabling adversaries or compromised systems to execute complex attack sequences far faster than traditional monitoring systems can respond. The empirical relationship between execution speed and hazard ratio therefore provides quantitative evidence for the concept of machine-speed risk escalation discussed in the literature on automated cyber threats.
The interaction between execution speed and system connectivity also emerges as a critical factor in the escalation of cybersecurity incidents. The results presented in Table 3 show that the time required for escalation decreases significantly as the number of interacting services increases. For example, tasks involving interactions with five services escalate in less than two minutes on average, whereas single-service interactions require substantially longer periods before escalation occurs. The trend illustrated in Figure 5 demonstrates that distributed cloud architectures provide structural pathways through which automated actions can propagate rapidly across interconnected systems. This finding is consistent with earlier research highlighting how the interconnected nature of cloud infrastructures can amplify the impact of security incidents (Saboor et al., 2022; Sigala, 2025). It also supports the argument by Kshetri (2025) that agentic AI technologies operating within automated infrastructures may unintentionally amplify systemic risks if governance mechanisms are not designed to control their operational scope.
The second layer of the model, the Agent-Specific Access Control mechanism, further addresses the amplification of permissions demonstrated in Figure 1 by enforcing task-scoped authorization policies that restrict agent privileges to the minimum level required for specific operational objectives. Such restrictions align with the principle of least privilege, which researchers have long identified as a critical mechanism for reducing the risk of privilege escalation in distributed systems (Jain, 2025; Jena, 2024). However, by dynamically constraining permissions during runtime operations, the proposed model extends traditional access control approaches to accommodate the dynamic workflows generated by autonomous agents.
The behavioral monitoring layer of the model responds to the escalation dynamics identified in Figures 3 and 4 by continuously evaluating agent activity during execution. Because machine-speed operations significantly reduce the time available for manual detection, automated monitoring mechanisms capable of evaluating execution patterns, service interactions, and API usage become essential for identifying anomalous behavior before it escalates into system-level incidents. This perspective is consistent with the argument by Suram (2025) that artificial intelligence–driven identity monitoring systems can enhance threat detection by analyzing behavioral telemetry across cloud environments.
[bookmark: _heading=h.de6cdlbmoaad]
5. Conclusion and Recommendations
The findings of this study demonstrate that permission inheritance and machine-speed execution significantly amplify cybersecurity risks in agentic AI-driven cloud environments. Autonomous agents frequently exercise permissions far beyond those explicitly assigned, while the rapid execution of automated tasks accelerates the propagation of security incidents across interconnected cloud services. Together, these dynamics expose structural limitations within conventional identity governance frameworks that were originally designed for predictable human–system interactions rather than autonomous agent operations. By integrating identity isolation, task-scoped authorization, behavioral monitoring, and automated containment, the proposed ACSGM framework provides a structured approach for mitigating these emerging risks. Building on these insights, several practical actions are necessary to strengthen governance and operational security in AI-enabled cloud infrastructures.
1. Cloud service providers should implement agent-specific identity frameworks that separate autonomous agent credentials from human user accounts to prevent uncontrolled permission inheritance.
2. Enterprise organizations should enforce dynamic least-privilege policies that allocate permissions based on task scope and automatically revoke them after execution.
3. Security teams should deploy real-time behavioral monitoring systems capable of detecting abnormal agent activity at machine speed.
4. Policy makers and standards bodies should develop governance guidelines specifically addressing identity management and risk containment for agentic AI systems operating within cloud infrastructures.
The findings of this study contributes to the advancement of cloud security research by bridging identity governance, autonomous agent behavior, and cyber risk acceleration, while also providing practical guidance for securing AI-enabled cloud infrastructures. Future research should focus on real-world validation, multi-agent environments, and the integration of adaptive, context-aware access control mechanisms to further enhance security resilience in agentic systems.


Limitations of the Study
This study acknowledges several limitations. First, the analysis relies on simulated cloud IAM datasets, which, although designed to reflect realistic authorization structures, may not fully capture the complexity and scale of real-world enterprise environments due to restricted access to operational data. Additionally, the privilege propagation model simplifies certain dynamic aspects of modern access control systems, such as context-aware and adaptive policies, while the survival analysis framework is based on assumptions that may not fully reflect adversarial and highly dynamic cloud conditions. Furthermore, the proposed Agentic Cloud Security Governance Model (ACSGM) remains conceptual and has not yet been validated through real-world deployment, and the study focuses primarily on single-agent dynamics without extensive consideration of multi-agent interactions. These limitations highlight the need for future research involving real-world data validation, multi-agent environments, and practical implementation of governance frameworks in operational cloud systems.
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