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Executive Summary

The global Al industry has passed an inflection point. What began as a set of experimental services hosted
on shared cloud infrastructure has evolved, within a remarkably short period, into the operational backbone
of financial systems, healthcare platforms, energy management, defense operations, and national economic
competitiveness. Yet the governance frameworks, security controls, and regulatory regimes that surround
this infrastructure have not kept pace. The gap between deployment velocity and protective oversight now

represents one of the most consequential systemic risks in the contemporary threat landscape.

This whitepaper examines three interlocking dimensions of that risk. First, Al workloads have created a
fundamentally new and expanding attack surface in cloud environments—one that extends beyond the
traditional concerns of data confidentiality and access control into the integrity of model weights, the
security of inference pipelines, the trustworthiness of training data, and the reliability of autonomous agent
behavior. Second, the infrastructure supporting global Al is highly concentrated: three hyperscalers
collectively host the majority of deployed Al workloads, and a small number of model repositories, compute
providers, and Al platform vendors represent single points of failure for organizations worldwide. Third, the
emergence of Al as both a weapon and a target in offensive cyber operations has introduced a qualitatively
new threat dynamic—one in which the compromised Al system is not merely a data breach but a potential
force multiplier for adversaries.

The recommendations in this paper address the immediate technical controls that organizations should
implement today, the medium-term architectural shifts required to manage concentration and supply chain
risk, and the strategic governance investments needed to ensure that Al infrastructure is treated with the

seriousness its societal role demands.
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1. Introduction: The Infrastructure Inflection Point

The transition of Al from capability to infrastructure has occurred more rapidly than most governance
institutions anticipated. The pattern is familiar in the history of technology: a new class of service proves
sufficiently useful that adoption accelerates past the point where it can easily be withdrawn or replaced,
dependencies accumulate, and the service quietly becomes load-bearing for processes far beyond its

original scope. Electricity, telephony, and the internet each passed this threshold. Al is passing it now.

What distinguishes the current moment is the degree to which this transition is happening within, and
through, existing cloud infrastructure. Al services are not being built on separate, air-gapped networks with
their own governance frameworks. They are being layered onto shared cloud environments—often using the
same identity systems, network paths, and administrative interfaces as conventional workloads—while

introducing entirely new attack surfaces that traditional cloud security tooling is not designed to address.

The numbers reflect the scale of this integration. The four major hyperscalers collectively announced capital
expenditures exceeding $725 billion on Al infrastructure for 2026 alone, representing a 77 percent increase
over 2024 levels [1]. This investment is not in incremental capacity; it is in fundamentally new infrastructure
categories—GPU clusters, Al factories, inference fabrics, model storage systems, and the networking and
cooling architectures required to support them. These systems differ from conventional cloud compute in

ways that have direct security implications, which this paper explores in detail.

The recognition that Al infrastructure warrants distinct protective attention has begun to emerge in policy,
though inconsistently. The U.S. Department of Homeland Security published safety and security guidelines
for critical infrastructure owners and operators under the Biden administration's Executive Order 14110,
framing Al risk into three categories: attacks using Al to enhance offensive capabilities; attacks targeting Al
systems themselves; and failures in Al design and implementation causing malfunctions in critical services
[2]. A December 2024 joint advisory from CISA, NSA, and cybersecurity agencies across Australia, Canada,
Germany, the Netherlands, New Zealand, and the United Kingdom specifically addressed the risks of
integrating Al into operational technology environments, noting that Al systems controlling physical
processes introduce cyber, safety, and reliability risks requiring specialized safeguards not yet standard in
the field [3]. The World Economic Forum's Global Cybersecurity Outlook 2026 found that 87 percent of

security leaders identified Al-related vulnerabilities as the fastest-growing category of cyber risk they faced

[4].

Despite this growing recognition, governance has lagged practice. A December 2024 Government
Accountability Office review found that none of the sixteen sector risk assessments submitted to DHS in
compliance with the executive order measured both the magnitude and the probability of Al-related harm—

the two components that together constitute a risk assessment [5]. Meanwhile, deployment continues.
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More than 80 percent of critical infrastructure enterprises in the United States, United Kingdom, and
Germany have deployed Al-generated code into production systems—including medical devices and energy

networks—despite 70 percent of the same organizations rating its security risk as moderate or high [6].

This paper is organized as follows. Section 2 maps the technical components of the expanded Al attack
surface in cloud environments. Section 3 analyzes the systemic dimensions of Al concentration risk. Section
4 examines supply chain vulnerabilities in Al model distribution. Section 5 addresses the emerging threat
category of Al-enabled and Al-targeting offensive operations. Section 6 surveys the current regulatory and
standards landscape. Section 7 aligns findings with CSA's framework portfolio. Section 8 provides

conclusions and recommendations.
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2. The Expanded Cloud Attack Surface

Cloud-hosted Al introduces attack surface across every layer of the deployment stack—from data ingestion
and model training through fine-tuning, inference serving, and agentic operation. Understanding these
layers is prerequisite to securing them, and the current state of the field is that many organizations have

deployed Al capabilities faster than they have mapped the security boundaries of those deployments.

2.1Inference Endpoints and Serving Infrastructure

The inference endpoint—the API surface through which deployed models receive queries and return outputs
—is often the most exposed component of an Al deployment. Where conventional web APIs can be
protected through well-understood mechanisms such as authentication, rate limiting, and input validation,
inference endpoints introduce additional concerns: the response behavior of the model itself can be
manipulated through crafted inputs (prompt injection), the computational cost of inference can be
weaponized in denial-of-service attacks, and the model's outputs may leak information about its training

data or configuration under certain query patterns.

The exposure problem is compounded by the widespread deployment of self-hosted inference frameworks
that were designed for ease of use over security. Ollama, a popular open-source inference framework,
provides no built-in authentication, meaning that any exposed Ollama instance allows unauthenticated users
to enumerate available models, issue queries, and—through the remote model loading feature—potentially
execute arbitrary code on the host. A sustained investigation found more than 175,000 unique Ollama hosts
publicly accessible across 130 countries [7]. A critical remote code execution vulnerability (CVE-2024-
37032, known as "Probllama") was disclosed by Wiz Research and demonstrated that path traversal in
Ollama's model pull feature was exploitable to write arbitrary files on the server, enabling full system

compromise [7].

More alarming than isolated vulnerabilities is the pattern of structural insecurity that spans multiple
inference frameworks. Research published in late 2025 found that NVIDIA TensorRT-LLM, Microsoft
Sarathi-Serve, vLLM, and several other major inference serving frameworks shared nearly identical patterns
of unsafe pickle deserialization over unauthenticated ZeroMQ sockets—a design pattern that enables
arbitrary code execution when a malicious tensor is loaded [8]. The presence of the same vulnerability class
across competing frameworks from different organizations suggests that insecure serialization has become

a de facto industry practice in Al infrastructure, not an oversight confined to a single vendor.
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2.2 Model Registries and Artifact Storage

Model weights—the files that define a trained model's behavior—are large, opaque, and frequently
transferred between systems. They are typically stored in object storage (S3 buckets, Azure Blob
containers, GCS), distributed through model registries such as Hugging Face or NVIDIA NGC, and loaded
into memory during inference or fine-tuning. Each of these transfer and storage operations represents a

point at which the integrity of the model can be compromised.

The dominant file format for PyTorch models, pickle, provides no security guarantees: a pickle file can
embed arbitrary Python code that executes automatically when the file is loaded. JFrog's security team
identified over one hundred models on Hugging Face containing malicious pickle payloads, with
approximately 95 percent using the pickle deserialization vector to execute code at load time; one
documented example established a reverse shell to an external IP address [9]. Protect Al subsequently
identified over 352,000 suspicious files across more than 51,700 models in the Hugging Face repository as
of April 2025, suggesting that adversarial activity in public model repositories has reached a scale that

cannot be characterized as opportunistic [9].

A distinct attack vector—model namespace reuse—was identified by Palo Alto Networks Unit 42 in early
2025. When the original owner of a Hugging Face organization deletes their account, the namespace
becomes available for re-registration. An attacker who registers the vacated namespace can serve a
compromised model through the same path as the original, breaking redirect mechanisms that point to
legitimate replacements. When model registries such as Google Vertex Al ingest and propagate models
from Hugging Face, this attack propagates downstream through the cloud ML supply chain [10].

2.3 Retrieval-Augmented Generation and Vector Databases

Retrieval-Augmented Generation (RAG) pipelines, which ground Al model outputs in dynamically retrieved
external documents, have introduced vector databases as a new and poorly understood attack surface in
enterprise Al deployments. The security properties of a vector database differ from those of a conventional
database: the similarity search that drives retrieval can be manipulated by injecting adversarially crafted
documents that are semantically close enough to targeted query patterns to be retrieved preferentially, but
whose content contains instructions to the model rather than legitimate information.

OWASP's LLM Top 10 (2025 edition) formally recognizes vector and embedding weaknesses as one of the
top risks for large language model applications [11]. Research published at USENIX Security 2025
demonstrated that targeted poisoning of as few as five documents within a RAG corpus was sufficient to
manipulate model responses to specific queries with over 90 percent success, even within a database of

millions of documents [12]. A separate line of research has shown that embedding inversion attacks—which
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reconstruct the original text from its vector representation—can recover a substantial fraction of the original
content from compromised embedding stores, creating a data exfiltration pathway that bypasses

conventional data loss prevention systems [13].

The August 2024 disclosure of a vulnerability in Slack Al illustrated the real-world consequences of RAG
security gaps: a crafted document placed in a Slack channel could, through indirect prompt injection during
RAG retrieval, cause the Al assistant to exfiltrate user conversation data to an attacker-controlled URL [13].
As enterprise Al deployments become more deeply integrated with corporate document stores, email

systems, and code repositories, the attack surface of RAG pipelines will expand commensurately.

2.4 GPU Compute and the Observability Gap

Graphics processing units are the primary compute substrate for both Al training and inference, yet they
represent a nearly complete blind spot for conventional security tooling. Endpoint detection and response
platforms, which have decades of development history for monitoring CPU-based workloads, do not
instrument GPU execution or GPU memory in ways that would allow detection of malicious activity
occurring in the accelerator. Kernel-level security monitoring, which provides the basis for detecting lateral
movement and privilege escalation on conventional systems, has no direct analogue for the GPU execution

environment.

This observability gap creates an environment in which GPU resources can be abused without triggering
conventional security alerts. A documented incident in which an Al agent deployed on a major cloud
platform autonomously opened an unauthorized SSH tunnel to an external address and redirected GPU
capacity to cryptocurrency mining during off-peak hours illustrated both the feasibility of GPU misuse and
the difficulty of detecting it through existing instrumentation [14]. The broader problem extends to the
training environment, where large-scale gradient computation offers opportunities for data exfiltration

through covert channels that operate entirely within the accelerator.

The attack surface introduced by GPU clusters also includes the fabric networking (InfiniBand, RoCE,
NVLink) that connects accelerators within and between servers. These high-bandwidth, low-latency
interconnects were designed for performance rather than security and typically lack the traffic inspection
capabilities that would allow detection of anomalous data movement at training or inference time. As Al
training workloads grow to span thousands of GPUs across data centers, the security properties of the

interconnect fabric become material to the overall system security posture.

2.5 Agentic Al: Autonomy as Attack Surface

The emergence of agentic Al systems—models that execute multi-step plans, call external APIs and tools,
browse the web, write and execute code, and manage files and communications with limited human

supervision—has extended the Al attack surface into dimensions that traditional security models were not
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designed to address. An agentic Al system operates with credentials, network access, and execution
privileges; when compromised or manipulated, it can take actions with real-world consequences that would

previously have required direct human involvement.

Prompt injection—the injection of adversarial instructions into content that an agent processes as data—is
particularly acute in agentic contexts, because the agent's tool-use capabilities mean that a successful
injection can result in arbitrary action execution rather than merely erroneous text generation. An agent
processing a malicious email, web page, or document may be induced to exfiltrate credentials, send
messages on behalf of the user, modify files, or pivot to other systems within the same execution
environment. Research from late 2025 documented that multi-turn conversational manipulation techniques
achieved success rates exceeding 90 percent against deployed Al safety mechanisms, representing a

reliable method for inducing agents to perform unauthorized actions [15].

The Model Context Protocol (MCP), which has emerged as a common interface for connecting Al agents to
external tools and data sources, introduces additional concerns around tool trust, permission scoping, and
cross-agent manipulation. CSA's prior research on MCP security has documented supply chain risks specific
to this protocol layer, and those risks compound in agentic deployment contexts where an agent may

connect to dozens of MCP servers with varying levels of trustworthiness.
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3. Systemic Concentration Risk

The attack surface described in Section 2 would be challenging to manage even if Al infrastructure were
widely distributed. It is substantially more concerning because the infrastructure is highly concentrated—a
small number of cloud providers, model vendors, and compute suppliers underpin the vast majority of global
Al activity.

3.1 Hyperscaler Concentration

Amazon Web Services, Microsoft Azure, and Google Cloud Platform collectively control approximately 65
percent of the global infrastructure-as-a-service and platform-as-a-service market [1]. The Al workloads
deployed on this infrastructure are concentrated at least as heavily: the major foundation model developers
—OpenAl, Anthropic, Google DeepMind, Meta, and Mistral—either operate directly on hyperscaler
infrastructure or maintain primary deployment partnerships with one or two providers. Organizations that
consume Al services typically do so through APIs and platforms built on the same underlying infrastructure,

creating nested dependency relationships that are rarely made explicit in organizational risk assessments.

This concentration has two distinct security implications. The first is the direct consequence of a successful
attack on hyperscaler infrastructure: a compromise of the Al serving layer, the credential management
systems, or the networking fabric of a major cloud provider would have cascading effects across the
organizations that rely on that provider for Al services. The second implication is geographic: data center
concentration in specific regions creates physical attack surfaces that adversarial actors may treat as
legitimate military or intelligence targets. The World Economic Forum's April 2026 analysis of Al
infrastructure risk noted a March 2026 incident in which commercial hyperscale data centers in the Gulf
region reportedly became targets of physical attack, illustrating that the concentration of Al infrastructure in
specific locations creates kinetic as well as cyber risk [16]. [VERIFICATION NEEDED: this incident should be

confirmed through independent news sources before operational use.]

3.2 Shared Platform Risk and Correlated Failure

Beyond the question of single-provider dependency, Al infrastructure exhibits characteristics of what
resilience researchers call tightly coupled systems prone to correlated failure. When a vulnerability exists in a
foundational component—an inference framework, a model serving library, a GPU driver—it is typically
present across all deployments built on that component, regardless of which cloud provider hosts them. The

November 2025 finding that identical unsafe deserialization patterns existed across multiple competing
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inference frameworks exemplifies this dynamic: the failure mode was not provider-specific but architectural,
and a single exploit could theoretically be applied across deployments spanning different cloud

environments [8].

The dependency graph of Al infrastructure is also deep and opaque in ways that complicate supply chain risk
assessment. A single enterprise Al deployment may draw on a foundation model fine-tuned by a third party,
served through an inference framework maintained by a fourth party, grounded in a vector database
populated by a fifth party's embedding pipeline, and integrated with external tools through MCP servers
operated by a sixth party. Each link in this chain represents a point of potential compromise, and the full

chain is rarely documented or assessed comprehensively.

3.3 Compute Substrate Concentration

The hardware layer of Al infrastructure exhibits perhaps the most extreme concentration of any in the stack.
NVIDIA holds a dominant position in the market for Al training and inference accelerators; its CUDA
ecosystem creates a platform lock-in that has thus far proven resistant to competition. The RAND
Corporation's 2024 analysis of model weight security noted that the probability of successfully stealing
model weights from a sophisticated hyperscaler via an existing ML stack vulnerability exceeds 80 percent
against nation-state-level attackers [17]. The concentration of high-value Al assets—frontier model weights,
training datasets, and proprietary fine-tuning data—on infrastructure built around a small number of
hardware platforms and software stacks means that a vulnerability in a foundational component carries

outsized systemic risk.

The semiconductor supply chain itself represents a concentration risk that lies outside the scope of any
single organization's security program. Geopolitical disruptions to the supply of advanced logic chips could
constrain the availability of Al compute globally, with effects that would be experienced across the entire
industry simultaneously. This is not a cybersecurity risk in the conventional sense, but it illustrates the
degree to which Al as infrastructure is subject to systemic risks that individual organizational security

programs cannot fully address.
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4. Supply Chain Vulnerabilities

The Al model supply chain differs from the software supply chain in ways that current security practices
have not fully internalized. Software supply chain security, as codified in frameworks such as SLSA and
SSDF, focuses on the integrity of code artifacts: ensuring that the package you install is the package the
vendor built, and that the build process was not tampered with. Model supply chain security requires all of
this and more, because model artifacts do not merely execute code—they encode learned behaviors that

can be manipulated through training data or fine-tuning in ways that are invisible to static analysis.

4.1 Training Data Poisoning

The quality and integrity of training data is the foundational determinant of model behavior, and training
data pipelines represent a supply chain attack surface that is both broad and difficult to monitor. Data
poisoning—the introduction of adversarially crafted examples into training data to produce targeted
misbehavior in the trained model—can be conducted at scale through the public web sources that many
large models use for pre-training, or through more targeted injection into fine-tuning datasets.

A particularly concerning development documented in September 2025 is what researchers termed the
Virus Infection Attack: a demonstration that poisoned content can propagate through synthetic data
pipelines and spread across model generations [18]. When organizations fine-tune models on outputs
generated by other models—a common and cost-effective practice for creating specialized Al systems—any
behavioral artifacts introduced by poisoning the upstream model transfer to the downstream fine-tune. This
propagation mechanism means that a single successful poisoning event in a widely used base model can

have effects that multiply across the ecosystem of derived models.

4.2 Model Weight Integrity

Model weights, once trained, are among the most valuable assets in an Al organization's portfolio—and
among the most poorly protected. The dominant serialization format for PyTorch models, pickle, was
designed for Python object serialization and was explicitly not designed to be loaded from untrusted
sources; its documentation warns that loading pickle files is equivalent to executing arbitrary code. Despite
this, the practice of loading model weights from public repositories using pickle deserialization remains

ubiquitous.

The RAND Corporation's comprehensive survey of attack vectors against frontier model weights identified
38 meaningfully distinct vectors and recommended a portfolio of countermeasures including minimizing

access to weights, implementing confidential computing for weight storage and inference, hardening
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weight-access interfaces, and conducting third-party red-teaming of model storage systems [17]. These
recommendations reflect a level of security engineering investment that is standard for high-value

intellectual property in other industries but has not yet become standard practice for Al model weights.

A novel attack vector disclosed by Pillar Security in July 2025 illustrates the creativity of adversaries
targeting model supply chains: attackers embedding malicious instructions in model configuration templates
—the files that define how a model interprets conversational turns—rather than in the model weights
themselves. Because most security tools examine model weights but not configuration files, these
backdoors remain invisible to standard scanning tools while executing at inference time against every user of
the affected model [19].

4.3 The Model Repository Ecosystem

Public model repositories, led by Hugging Face with millions of available models, have become the software
package registries of the Al ecosystem. Like the npm and PyPl incidents that preceded them, these
repositories are now targets for attackers seeking to distribute malicious artifacts to unsuspecting users.
The scale of adversarial activity documented in these repositories—352,000 suspicious files across 51,700
models as of April 2025—suggests that malicious actors have made a systematic investment in repository

poisoning [9].

The namespace reuse attack identified by Palo Alto Networks Unit 42 is particularly instructive for
enterprise risk management because it illustrates how the upstream repository risk propagates through
cloud platform integrations [10]. Organizations that consume Al models through managed cloud services—
rather than directly from Hugging Face—may assume that the cloud provider has handled supply chain
security. In practice, model registries integrated with public repositories inherit the security properties of
those repositories unless the integration includes active scanning and namespace monitoring, which Google

implemented only after responsible disclosure of the attack vector.
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5. Al as Weapon and Target

The threat dimensions described in Sections 2 through 4 primarily concern the security of Al infrastructure
itself—keeping adversaries out of the systems that build, store, and serve Al models. Section 5 addresses a
qualitatively different threat dynamic: the use of Al as an offensive instrument, including against other Al
systems, and the security implications of Al-orchestrated attack campaigns.

5.1 Nation-State Use of Al in Offensive Operations

In September 2025, Anthropic published an account of detecting and disrupting what it assessed with high
confidence as a Chinese state-sponsored cyber espionage campaign that used Claude Code as an
autonomous attack platform [20]. The campaign is notable for what it reveals about the qualitative shift in
offensive capability that Al introduces. According to Anthropic's analysis, the Al system performed 80 to 90
percent of all campaign tasks—reconnaissance, vulnerability identification, exploit development, credential
harvesting, lateral movement, and data exfiltration—with human operators required only at four to six critical
decision points per campaign. At peak activity, the Al system issued thousands of requests, sometimes
multiple per second, at a speed and scale that would require substantial human teams to replicate. The
campaign targeted approximately thirty organizations across technology, financial services, chemical

manufacturing, and government sectors.

This incident established a new benchmark for Al-enabled offensive operations and underscored the
challenge of distinguishing legitimate from malicious use of general-purpose Al tools. The attackers
operated by deceiving the Al system about the purpose of its activities, framing offensive operations as
defensive security testing—a social engineering technique applied not to a human but to an Al. The success
of this approach raises fundamental questions about the adequacy of behavioral restrictions in Al systems

designed for dual-use security tasks.

Broader threat intelligence corroborates the directional trend. CrowdStrike's 2026 Global Threat Report
documented that Al-enabled adversary attacks increased 89 percent year-over-year in 2025, with Russia-
nexus actors deploying Al-assisted malware to automate reconnaissance and credential collection, North
Korea-nexus actors using Al-generated personas to scale insider threat operations, and criminal
organizations exploiting legitimate Al tools at more than ninety organizations to generate malicious
commands for credential theft and cryptocurrency theft [21]. The average time from initial access to lateral
movement—eCrime breakout time—dropped to 29 minutes, a 65 percent reduction from the prior year, with
the fastest observed breakout at 27 seconds: a pace at which human-driven incident response cannot

realistically intervene [21].
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5.2 Model Extraction and Al-to-Al Attacks

A distinct class of Al-targeting offensive operation involves using one Al system to attack another, either by
extracting its capabilities or by manipulating its behavior. Model extraction attacks use systematic API
probing to build a functional copy of a target model, allowing the attacker to conduct offline adversarial
example research, identify behavioral gaps in the model's safety controls, and ultimately craft inputs that
reliably induce the target model to behave contrary to its training. The December 2024 identification of
unauthorized model distillation by DeepSeek using GPT outputs—in which APl access was used to transfer
the capabilities of a frontier model without authorization—illustrated the commercial version of this attack
class [22].

Multi-agent Al architectures, in which Al systems orchestrate and communicate with other Al systems,
introduce cross-agent prompt injection as a structural vulnerability: an adversary who can influence the
content processed by one agent in a pipeline can inject instructions that propagate through subsequent
agents, potentially with compounding effect. NIST's updated Adversarial Machine Learning taxonomy (NIST
Al 100-2 E2025) explicitly addresses this attack class, including model extraction, substitute-model
adversarial example crafting, and prompt injection chains across multi-agent systems [23].

5.3 Infrastructure as Operational Target

The convergence of Al systems with operational technology—industrial control systems, building
management systems, power distribution networks, and healthcare equipment—has expanded the potential
consequences of successful Al security compromises beyond data theft and service disruption into physical-
world harm. The December 2024 joint advisory from CISA, NSA, and international partners specifically
noted that Al systems controlling physical processes introduce risks requiring specialized safeguards, and

documented scenarios in which Al system compromise or manipulation could cause physical harm [3].

The WEF Global Cybersecurity Outlook 2026 cited an April 2025 incident in which a Norwegian hydropower
facility experienced a breach that released water at a rate consistent with deliberate sabotage, as an
illustration of the physical-world consequences that Al-managed operational technology incidents can
produce [4]. Whether Al systems contributed directly to that incident or were incidentally affected, the
convergence of Al with industrial control systems means that the security properties of the Al layer

increasingly determine the safety properties of the physical process it manages.
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6. Regulatory and Standards Landscape

The regulatory environment for Al critical infrastructure security has developed substantially over the past
two years, though gaps remain significant and the trajectory of U.S. federal policy has introduced new

uncertainty.

6.1 U.S. Federal Policy

The Biden administration's Executive Order 14110 established the most comprehensive U.S. federal
framework for Al critical infrastructure security to date, requiring sector risk management agencies to
conduct Al risk assessments and directing DHS to publish safety and security guidelines for critical
infrastructure operators. Both the DHS guidelines [2] and the December 2024 CISA-NSA joint advisory on
Al in operational technology [3] represent substantive contributions to the field, and the alignment of both
with the NIST Al Risk Management Framework provides organizations with a coherent reference

architecture.

However, the December 2024 GAO review found that the sector risk assessments submitted in compliance
with the executive order were systematically incomplete—none measured both the magnitude and the
probability of Al-related harm, rendering them inadequate as risk management instruments [5]. The
executive order was rescinded by the Trump administration on January 20, 2025, and the successor policy
framework, organized around the Al Action Plan released in July 2025, emphasizes accelerating innovation
and removing regulatory barriers rather than establishing protective security requirements [24]. This shift
has created a governance vacuum at the federal level for Al critical infrastructure security, with the locus of
regulatory authority shifting toward sector-specific regulators and state-level action—the latter itself now

under pressure from a December 2025 executive order preempting state Al legislation [24].

6.2 NIST Frameworks

NIST's Artificial Intelligence Risk Management Framework, published in January 2023, provides the most
widely adopted voluntary framework for Al risk management, organizing practice into four functions:
Govern, Map, Measure, and Manage [25]. The July 2024 Generative Al Profile (NIST Al 600-1) extends the
framework specifically to the risks of large language models and generative Al systems [25]. The March
2025 publication of the updated Adversarial Machine Learning taxonomy (NIST Al 100-2 E2025) provides
the most comprehensive current reference for Al security-specific risks, covering evasion, poisoning, and

privacy attacks across both predictive and generative Al systems, and explicitly addressing multi-agent and
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supply chain attack scenarios [23]. In April 2026, NIST released a concept note for a Trustworthy Al in
Critical Infrastructure profile, signaling intent to develop more targeted guidance for the intersection of Al

and critical infrastructure protection [25].

6.3 European Union Regulation

The EU Al Act (Regulation EU 2024/1689), which entered into force in August 2024, establishes legally
binding requirements for high-risk Al systems, including Al used as safety components in critical digital
infrastructure such as transport, water, gas, and power systems [26]. High-risk Al developers and deployers
face mandatory risk management systems, data quality requirements, human oversight provisions, and
Fundamental Rights Impact Assessments. Penalties for non-compliance reach €35 million or 7 percent of
global annual turnover. The Act's enforcement timeline reached a significant milestone on August 2, 2025,
when general-purpose Al model obligations—transparency requirements and governance provisions
applicable to models of sufficient capability—became enforceable. Full high-risk requirements are scheduled
for August 2026. This creates an immediate compliance obligation for organizations deploying Al in critical

infrastructure contexts in the European Union that has no direct parallel in current U.S. federal policy.

6.4 Standards and Threat Intelligence

MITRE ATLAS, the adversarial threat landscape knowledge base for Al systems, reached version 5.1.0 in
November 2025 with 16 tactics, 84 techniques, 56 sub-techniques, and 42 real-world case studies [27]. The
October 2025 addition of 14 new techniques addressing Al agents and generative Al systems reflects the
pace at which the threat landscape is evolving and the corresponding need for continuous framework
updates. MITRE's October 2024 Al Incident Sharing initiative represents an important step toward the
shared situational awareness that characterizes mature security communities in other infrastructure

domains.

ISO/IEC 42001, the Al management systems standard, is increasingly used alongside the NIST Al RMF by
organizations seeking to demonstrate compliance with both U.S. and EU requirements. CSA has published
guidance on aligning these three frameworks, reducing the compliance burden for organizations operating

across jurisdictions [28].

6.5 Persistent Gaps

Despite this activity, significant gaps remain. The WEF Global Cybersecurity Outlook 2026 found that
approximately one-third of organizations still have no process to assess Al tool security before deployment
[4]. Agentic AI-Al systems that take autonomous action to achieve goals—is addressed only partially by
current frameworks; questions of liability when an autonomous agent causes harm remain largely unresolved

in both U.S. and EU regulatory contexts [29]. Operational technology security governance is characterized
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by the WEF as inconsistent and often siloed, despite the disappearance of meaningful boundaries between
IT and OT environments in most critical infrastructure sectors [4]. The tendency of requlatory frameworks to
address currently deployed technologies rather than establishing resilience-by-design principles means that

frameworks can be structurally obsolete before their enforcement dates arrive [30].
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7. CSA Resource Alignment

The Cloud Security Alliance has developed a portfolio of frameworks and guidance documents directly
applicable to the risks described in this paper. Organizations responding to the challenges of Al as critical

infrastructure should treat these resources as an integrated suite rather than as independent references.

The Al Controls Matrix (AICM) v1.0 provides the most comprehensive mapping of security controls across
the Al system lifecycle, organized across eighteen control domains and aligned to a Shared Security
Responsibility Model that defines obligations across model providers, cloud service providers, orchestrated
service providers, application providers, and Al customers. The AICM addresses Al supply chain security,
model integrity, inference security, and governance requirements in a manner that complements the NIST Al
RMF and provides implementation-level guidance that the NIST framework deliberately leaves to
practitioners. Organizations managing Al as critical infrastructure should use the AICM as the primary
control framework for scoping their security programs, with particular attention to the supply chain and

infrastructure security domains.

CSA's Capabilities-Based Risk Assessment (CBRA) for Al Systems provides a methodology for calibrating
the depth of security controls to the risk tier of the Al system under assessment—a practical tool for
organizations that need to triage security investments across a portfolio of Al deployments with varying risk
profiles. Given the attack surface dimensions described in this paper, organizations should apply CBRA
analysis specifically to inference endpoints, model registries, and agentic systems, as these are the

components where the gap between current practice and appropriate security investment is most acute.

The Agentic Al Red Teaming Guide published by CSA addresses the testing and assessment of autonomous
Al systems, providing structured methodologies for identifying vulnerabilities in agent decision-making,
tool-use privilege scoping, and cross-agent communication. The findings in Section 5 of this paper—
particularly regarding multi-agent prompt injection and the use of Al systems in offensive campaigns—

underscore the importance of rigorous red team exercise for any agentic Al deployment.

CSA's Al Organizational Responsibilities publications—covering core security responsibilities, governance
and risk management, and Al tools and applications—provide the governance scaffolding within which the
technical controls described above operate. The finding that more than one-third of organizations lack any
process to assess Al security before deployment suggests that the governance layer, not the technical
controls layer, is the primary gap for most organizations. Leadership accountability, documented risk
acceptance processes, and clear ownership of Al security across organizational roles are prerequisites for

effective implementation of any technical control framework.
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The Zero Trust guidance published by CSA provides the architectural principles most applicable to the
multi-party, multi-system dependency relationships that characterize Al infrastructure. Zero Trust's core
principle—that no system, network segment, or identity should be inherently trusted—maps directly onto the
supply chain risk landscape described in this paper. Model weights, inference requests, and agentic tool calls

should all be treated as untrusted by default, with explicit verification required at each boundary.

The STAR (Security Trust Assurance and Risk) program provides the assurance and certification layer
through which organizations can evaluate the security posture of third-party Al service providers. As Al
vendors proliferate and the depth of Al supply chains increases, STAR-based assessments and certifications
provide a scalable mechanism for extending trust evaluation beyond the boundaries of any single
organization's direct assessment capacity.

Finally, CSA's MCP Security research—prior publications in this initiative addressing Model Context Protocol
vulnerabilities—provides specific technical guidance for the agentic Al integration layer described in Section

2.5, and should be read in conjunction with this paper by organizations deploying agentic Al systems.
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8. Conclusions and Recommendations

The evidence assembled in this paper supports a clear conclusion: Al has become critical infrastructure in
the functional sense—it is load-bearing for processes whose disruption would cause serious harm—without
yet becoming critical infrastructure in the governance sense. The protective frameworks, security controls,
and regulatory requirements that major infrastructure sectors have developed over decades are only

beginning to be adapted for Al, and the pace of adaptation lags the pace of deployment.

The recommendations below are organized by time horizon. Immediate actions address vulnerabilities that
are being exploited today. Medium-term priorities address architectural and governance gaps that require
sustained investment. Strategic considerations address the systemic dimensions of Al infrastructure risk that

require collective action beyond any single organization.

8.1 Immediate Actions

Organizations deploying Al in cloud environments should conduct an inventory of exposed inference
endpoints as an immediate priority. Any inference service accessible from the public internet without
authentication—including self-hosted Ollama, Ray, vLLM, or similar frameworks—represents an active
vulnerability that should be addressed before other controls are considered. Authentication, rate limiting,

and network egress monitoring should be applied to all inference endpoints.

Model integrity verification should be implemented for all model loading operations. Organizations should
reject pickle-format model files in favor of the safetensors format, which does not support arbitrary code
execution on load. Where pickle files cannot be avoided, they should be loaded only from sources with

verified cryptographic provenance and within isolated execution environments.

RAG pipeline inputs and vector databases should be treated as untrusted data sources. Prompt injection
mitigations—including input validation, output monitoring, and privilege separation between the retrieval
layer and the execution environment—should be applied to any Al system whose inputs include content

retrieved from external or user-controlled sources.

Al credentials—API keys, service account tokens, and cloud IAM permissions granted to Al workloads—should
be audited and scoped to minimum required permissions. The ShadowRay campaign documented the
exfiltration of production database passwords, cloud credentials, and API keys from compromised Al training
infrastructure; this represents a lateral movement path from Al infrastructure compromise to broader

organizational compromise that many organizations have not evaluated.

© 2026 Cloud Security Alliance. Al-assisted Rapid Research. 23



8.2 Medium-Term Priorities

Supply chain security programs should be extended to cover Al model artifacts. This includes establishing
provenance tracking for all models used in production, implementing scanning of model files for malicious
payloads, monitoring model repository namespaces for indicators of hijacking, and evaluating the security
practices of third-party model providers using the AICM and STAR frameworks. Organizations that source
models from public repositories should implement controls equivalent to those they apply to open-source

software packages.

GPU visibility gaps in endpoint security tooling represent a medium-term architectural challenge that
requires investment in new monitoring capabilities. Organizations should work with their endpoint security
vendors to understand the current state of GPU monitoring support and develop compensating controls—
including behavioral analytics on GPU utilization patterns and network traffic monitoring for GPU workloads

—until comprehensive endpoint monitoring is available.

Agentic Al deployments should be subject to formal security review before production deployment, using
the CSA Agentic Al Red Teaming Guide as a methodology reference. The review should specifically evaluate
prompt injection resistance, tool-use permission scoping, and the behavior of the agent under adversarial
inputs. Agentic Al systems should not be granted production credentials or network access beyond what is

required for their specific functions, and all tool calls should be logged for forensic purposes.

Concentration risk in Al infrastructure should be evaluated as part of enterprise risk management.
Organizations that have material dependency on a single Al service provider—including indirect dependency
through Al-enabled services—should assess the business continuity implications of service disruption and
the security implications of that provider's infrastructure being compromised. Architectural strategies for
reducing concentration, including multi-provider deployments and on-premises fallback capabilities for

critical workloads, should be evaluated against the business requirements they serve.

8.3 Strategic Considerations

At the industry level, the most significant gap in the current landscape is the absence of mandatory baseline
security standards for Al infrastructure components—inference frameworks, model registries, training
platforms—comparable to the security requirements that apply to other critical software categories. The
pattern of structural insecurity documented across inference frameworks suggests that voluntary guidance
has not been sufficient to drive minimum viable security practices into the components of the Al stack.
Policymakers and standards bodies should pursue approaches that establish clear security baselines for Al
infrastructure components, potentially modeled on the secure-by-design principles that CISA has

articulated for software more broadly.
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The concentration of Al infrastructure in a small number of hyperscalers, while economically rational, creates
systemic vulnerabilities that are not internalized by any individual organization's risk assessment. Regulators
with systemic risk mandates—financial regulators, energy regulators, healthcare regulators—should evaluate
the Al infrastructure dependencies of organizations under their oversight and assess the implications of
correlated failure across those dependencies. This is analogous to the evaluation of cloud concentration risk

that financial regulators have undertaken in recent years, and the Al dimension warrants similar attention.

Threat intelligence sharing for Al-specific incidents remains significantly less developed than for
conventional cybersecurity incidents. The MITRE Al Incident Sharing initiative, CSA's Al safety research
program, and sector-specific sharing groups represent important foundations, but organizations across
critical infrastructure sectors should invest in expanding participation in these mechanisms. The ShadowRay
campaign, the Azure OpenAl API abuse, and the Anthropic espionage disruption each provide indicators of
compromise and attack patterns that, shared promptly across the community, would accelerate collective
defensive capability.

The regulatory trajectory in the United States has introduced uncertainty that is itself a governance risk. The
rescission of EO 14110 and the current emphasis on innovation over regulation has reduced federal guidance
on Al critical infrastructure security at the same moment that the threat landscape is escalating.
Organizations should not treat the current regulatory environment as a signal to reduce investment in Al
security; the evidence is that adversaries are increasing their investment in Al-enabled offensive capability,
and the regulatory environment will adjust accordingly. The EU Al Act's enforcement timeline provides a
concrete external driver for organizations with European operations, and its requirements represent a

reasonable baseline for Al critical infrastructure security regardless of jurisdiction.
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