Large language models (LLMs) have quickly become an important part of modern software.
Businesses use Al-powered assistants, customer service bots, coding tools, knowledge
systems, and automated workflows to improve productivity and user experience. However,
integrating LLMs into applications can introduce security weaknesses that are difficult to identify
through traditional application testing alone.

Al penetration testing provides an adversarial approach to evaluating these systems. It
examines how an Al application responds to malicious inputs, unauthorized requests,
sensitive-data extraction attempts, tool manipulation, and other realistic attack scenarios.

For organizations deploying LLM-powered applications, proactive testing can help identify
weaknesses before they become costly security incidents.

What Is Al Penetration Testing for LLM Applications?

Al penetration testing is a specialized security assessment that evaluates artificial intelligence
applications for exploitable vulnerabilities. When applied to LLM-based systems, testing covers
both the model's behavior and the surrounding application infrastructure.

An LLM application may contain multiple components, including the model, system prompts,
APls, databases, vector stores, retrieval systems, plugins, external tools, authentication
mechanisms, and business logic. A weakness in any of these components can potentially affect
the security of the entire application.

The objective of an Al penetration test is therefore broader than checking whether an LLM
produces unsafe responses. Security professionals attempt to determine whether attackers can
use Al-specific weaknesses to access restricted information, bypass controls, manipulate
workflows, or compromise connected services.

Why LLM Applications Require Specialized Security
Testing

Traditional web and API penetration testing remains essential, but LLM applications introduce
an additional layer of risk.

Unlike conventional software, LLMs interpret natural-language input and generate probabilistic
outputs. Attackers can therefore interact with an application's functionality in unexpected ways
by manipulating prompts, context, retrieved content, or conversation history.

The risk becomes greater when an LLM is connected to external systems. An Al assistant that
can search databases, execute APIs, create records, or trigger workflows has considerably
more security impact than a model that only generates text.



Al penetration testing helps organizations evaluate these risks before attackers discover them.

Common Al Security Risks in LLM Applications

A professional assessment can cover numerous attack scenarios depending on the application's
architecture.

Prompt Injection

Prompt injection is one of the most important risks for LLM applications. An attacker may
provide specially crafted instructions intended to alter the model's behavior or override
application-defined instructions.

Testing can determine whether malicious prompts can cause the model to disclose restricted
information, ignore intended controls, or produce outputs that trigger unsafe application
behavior.

Security controls should assume that user input is untrusted and should not rely exclusively on
system prompts to enforce authorization.

Indirect Prompt Injection

Not all malicious instructions come directly from users. An LLM may retrieve information from
websites, uploaded documents, emails, knowledge bases, or other external sources.

If these sources contain malicious instructions, they may influence the model when the content
is processed. This is known as indirect prompt injection.

Al penetration testing can evaluate whether external content can manipulate the application's
behavior and whether the system appropriately separates trusted instructions from untrusted
data.

Sensitive Information Disclosure

LLM applications may have access to confidential information such as customer records,
internal documentation, source code, financial information, or business processes.

Testers can assess whether unauthorized users can extract this information through prompts,
retrieval queries, conversation manipulation, or application endpoints.

Strong authorization should be implemented at the data and application layers rather than
assuming that the model will correctly decide which information a user is allowed to receive.

Insecure Al Agent Actions



Al agents can perform actions on behalf of users. They may interact with databases, APls,
cloud services, ticketing systems, communication platforms, or internal applications.

This creates a potentially serious attack surface. If an attacker can manipulate the agent into
performing an unauthorized operation, the impact can extend beyond the Al model itself.

Penetration testing should evaluate the permissions assigned to Al agents and verify that
sensitive actions require appropriate authorization and validation.

Improper Output Handling

LLM output can become a security problem when applications automatically pass generated
content into other components.

For example, an application may use model-generated content in HTML, database queries,
commands, or structured API requests. Without appropriate validation and encoding, this can
create opportunities for traditional application vulnerabilities.

Security teams should therefore test how Al-generated output moves through the application
before reaching sensitive components.

Testing RAG-Based Al Applications

Retrieval-Augmented Generation (RAG) has become a common architecture for enterprise Al
applications. RAG allows an LLM to retrieve relevant information from an external knowledge
source before generating a response.

Although RAG improves the usefulness of Al systems, it introduces additional security
considerations.

A penetration test should evaluate whether users can retrieve documents outside their
authorization, whether tenant data is properly isolated, and whether malicious documents can
influence model behavior.

Vector databases and retrieval APls should also be assessed for authentication, authorization,
filtering, and access-control weaknesses.

Organizations should ensure that security permissions are enforced before sensitive information
reaches the model rather than attempting to remove unauthorized information after generation.

Al Penetration Testing Methodology

An effective assessment should follow a structured process rather than relying on random
prompt experimentation.



1. Application Discovery

Security professionals first identify the Al application's architecture, models, APIs, data sources,
user roles, integrations, and external tools.

This provides a clear understanding of the application's attack surface.

2. Threat Modeling

The next step is to identify realistic attack paths based on the application's functionality.

A public chatbot, internal enterprise assistant, and autonomous Al agent may have very different
security requirements. Threat modeling helps prioritize the most relevant attack scenarios.

3. Authentication and Authorization Assessment

Testers verify whether users can access only the functionality and information assigned to their
roles.

This includes testing conversations, documents, APIs, administrative functions, retrieval
systems, and connected tools.

4. Al-Specific Attack Simulation

The assessment then evaluates risks such as prompt injection, indirect prompt injection,
information disclosure, context manipulation, unsafe tool usage, and Al-specific abuse
scenarios.

The focus should be on demonstrating meaningful security impact rather than simply generating
unusual model responses.

5. Supporting Application Testing

The surrounding web application, APls, infrastructure, and integrations should also be tested for
conventional security weaknesses.

This is important because attackers may combine an Al-specific vulnerability with a traditional
application weakness to create a more significant attack path.

6. Reporting and Remediation

Findings should be documented with clear descriptions, severity ratings, evidence, affected
components, potential business impact, and remediation recommendations.



After fixes are implemented, retesting can verify that vulnerabilities have been properly
resolved.

How Al Penetration Testing Benefits Businesses

Al penetration testing provides organizations with a clearer understanding of the security risks
associated with their Al deployments.

It can help businesses identify vulnerabilities before production deployment, reduce the risk of
unauthorized data access, validate Al security controls, and improve confidence in Al-enabled
products.

Testing can also support security and compliance initiatives by providing documented evidence
that Al applications have undergone adversarial security assessment.

Most importantly, it allows organizations to address weaknesses proactively instead of waiting
for attackers or users to discover them.

Best Practices for Securing LLM Applications

Al penetration testing should be supported by strong application and infrastructure security
controls.

Organizations should follow several key practices:

Apply least-privilege permissions to Al agents and connected tools.

Enforce authorization outside the LLM.

Treat prompts, uploaded files, retrieved content, and external data as untrusted.
Validate Al-generated outputs before passing them to sensitive application components.
Isolate users and tenants when handling private information.

Apply rate limits and abuse monitoring to public Al endpoints.

Protect API keys, credentials, and sensitive configuration data.

Log security-relevant Al activity without unnecessarily storing sensitive information.
Reassess the application whenever models, prompts, tools, or data sources change.

These controls help reduce the likelihood that an Al-specific vulnerability can become a broader
application security incident.

When Should Organizations Perform Al Penetration
Testing?

Al penetration testing should be considered before launching a new Al application and
whenever major changes are introduced.


https://femtosec.io/services/penetration-testing

Testing is particularly valuable when an organization connects an LLM to confidential
information, introduces autonomous agents, adds external tools, deploys RAG functionality, or
significantly changes application permissions.

Because Al applications evolve rapidly, security assessments should not be treated as a
one-time activity. Periodic testing can help organizations identify new vulnerabilities created by
changes to models, integrations, prompts, and application workflows.

Organizations looking for broader adversarial security assessments can also explore Red Team
services to evaluate how multiple weaknesses may be combined during realistic attack
scenarios.

Choosing an Al Penetration Testing Provider

The quality of an Al security assessment depends heavily on the expertise and methodology of
the testing team.

Organizations should look for providers that understand both Al-specific threats and
conventional application security. A provider should be capable of assessing LLM behavior while
also reviewing authentication, authorization, APIs, data stores, cloud infrastructure, and
connected services.

A strong Al penetration testing report should give technical teams enough detail to reproduce
and fix vulnerabilities while providing business stakeholders with a clear explanation of risk.

The assessment should also include remediation guidance and, where appropriate, a follow-up
validation to confirm that identified vulnerabilities have been addressed.

Conclusion

LLM applications create powerful new capabilities, but they also introduce attack surfaces that
traditional security testing may not fully cover. Al penetration testing helps organizations
identify vulnerabilities across models, prompts, retrieval systems, APIs, Al agents, external
tools, and supporting infrastructure.

By combining Al-specific attack simulation with conventional penetration testing techniques,
businesses can better understand how their Al applications could be manipulated or abused.

As organizations continue to integrate LLMs into sensitive business processes, regular Al
security testing can play an important role in protecting data, applications, users, and connected
systems.
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