
Artificial intelligence is becoming a core component of modern applications, business platforms, 
customer service systems, and enterprise workflows. From generative AI chatbots to large 
language model (LLM) applications, organizations are increasingly relying on AI to process 
information and perform tasks. However, the rapid adoption of AI also creates new cybersecurity 
challenges that conventional security testing may not fully address. 

AI penetration testing is designed to identify vulnerabilities across AI models, applications, APIs, 
data sources, integrations, and supporting infrastructure. By simulating realistic attacks, security 
teams can determine whether an AI system can be manipulated, abused, or exposed to 
unauthorized access. 

As AI systems become more connected to sensitive information and business operations, 
specialized penetration testing can help organizations identify weaknesses before attackers 
exploit them. 

What Is AI Penetration Testing? 

AI penetration testing is a security assessment that evaluates artificial intelligence applications 
and their surrounding infrastructure for exploitable vulnerabilities. The testing process combines 
traditional penetration testing techniques with AI-specific attack scenarios. 

An AI penetration test may assess a chatbot, LLM application, AI-powered API, machine 
learning platform, retrieval-augmented generation (RAG) system, or an application that uses AI 
to make decisions or execute actions. 

The objective is not simply to determine whether an AI model produces an incorrect answer. 
Instead, testers evaluate whether an attacker can manipulate the system in a way that creates a 
meaningful security or business impact. 

For example, an attacker may attempt to bypass system instructions, access restricted 
information, manipulate retrieved content, or persuade an AI agent to perform an unauthorized 
action. 

Why AI Penetration Testing Is Important 

AI systems operate differently from traditional software because their behavior can depend on 
prompts, context, training data, retrieval mechanisms, model configuration, and external tools. 
This creates attack paths that may not appear during conventional application testing. 

An AI system may also have access to sensitive business resources. A chatbot connected to an 
internal knowledge base, for example, could potentially expose confidential documents if 
authorization is incorrectly implemented. 



AI penetration testing helps organizations answer important security questions: 

●​ Can users bypass AI security controls? 
●​ Can the model be manipulated through malicious prompts? 
●​ Can sensitive information be extracted? 
●​ Can untrusted content influence system behavior? 
●​ Can an AI agent access functions outside its intended permissions? 
●​ Can attackers abuse the application to increase infrastructure or model costs? 
●​ Are AI outputs safely handled by the surrounding application? 

Answering these questions can help development and security teams prioritize the controls that 
matter most. 

Key AI Attack Surfaces 

A comprehensive AI penetration testing engagement should examine more than the model 
itself. The complete AI application ecosystem can contain multiple attack surfaces. 

AI Models and LLMs 

The model is one of the most visible components of an AI application, but it is only one part of 
the overall security architecture. Testers can evaluate how the model responds to adversarial 
prompts, conflicting instructions, sensitive-data requests, and attempts to bypass safety 
controls. 

Testing should focus on security impact rather than simply trying to produce unusual model 
responses. 

Prompts and System Instructions 

System prompts often contain important behavioral instructions and application context. 
Attackers may attempt to extract or override these instructions through carefully crafted input. 

Security testing evaluates whether the application's security depends too heavily on instructions 
that can potentially be influenced by untrusted users. 

APIs and Application Logic 

AI applications commonly expose APIs for sending prompts, retrieving responses, uploading 
documents, managing conversations, or interacting with external services. 

These APIs must still be protected against traditional vulnerabilities such as broken 
authorization, authentication weaknesses, insecure direct object references, and improper input 
validation. 



Retrieval and Knowledge Sources 

RAG-based applications retrieve information from databases, vector stores, documents, or 
external websites before generating a response. 

The retrieval layer introduces additional risks. Poor access controls may allow users to retrieve 
information they should not be able to access, while malicious documents may attempt to 
influence downstream model behavior. 

AI Agents and External Tools 

Modern AI systems may do more than generate text. AI agents can call APIs, execute 
workflows, retrieve records, send messages, or interact with business applications. 

This creates a significant security concern: if an attacker can influence the model's decisions, 
they may also attempt to influence the actions performed by connected tools. 

For this reason, tool permissions should be enforced by trusted application logic rather than 
relying exclusively on the model to determine whether an action is safe. 

Common Vulnerabilities Identified During AI Penetration 
Testing 

Different AI architectures have different security risks, but several vulnerability categories 
appear frequently during assessments. 

Prompt Injection 

Prompt injection occurs when malicious instructions influence an AI application's intended 
behavior. An attacker may attempt to override system instructions, manipulate context, or cause 
the model to ignore security restrictions. 

Testing should evaluate both direct prompt injection through user input and indirect prompt 
injection through external content. 

Sensitive Information Disclosure 

AI applications may process customer records, internal documentation, credentials, source 
code, or proprietary business information. Weak access controls or poorly designed prompts 
and retrieval systems may expose this information. 

Penetration testing can assess whether users can access data belonging to other users, 
departments, or tenants. 



Excessive AI Agent Permissions 

An AI agent with excessive permissions can become a high-impact attack surface. If the agent 
can modify databases, call privileged APIs, or execute sensitive workflows, successful 
manipulation could result in significant consequences. 

Security testing should determine whether permissions are properly restricted and whether 
sensitive actions require additional verification. 

Insecure Output Handling 

AI-generated content can become dangerous when applications automatically pass it to other 
systems without appropriate validation. 

For example, model output might be inserted into an application page, database query, 
command, or business workflow. Secure architecture should validate and handle AI-generated 
output according to the context in which it is used. 

RAG and Vector Database Weaknesses 

RAG applications depend on retrieval systems that determine which information is presented to 
the model. Security weaknesses in document permissions, indexing, tenant isolation, or retrieval 
logic can lead to unauthorized data exposure. 

Testing should verify that retrieval respects the same authorization boundaries as the underlying 
data. 

AI Resource Abuse 

AI inference can consume substantial computational resources. Attackers may attempt to 
submit excessive requests, unusually large inputs, or computationally expensive operations to 
increase costs or degrade availability. 

Rate limiting, request validation, resource controls, and monitoring can help reduce these risks. 

AI Penetration Testing Methodology 

A structured assessment provides better coverage than testing an AI application with random 
prompts. A professional methodology typically begins with understanding the architecture and 
then progresses toward controlled exploitation. 

1. Scope and Architecture Review 



The first stage identifies the AI models, APIs, user roles, data sources, integrations, external 
tools, and application components included in the assessment. 

Understanding data flows and trust boundaries helps testers identify where an attacker could 
potentially move from an untrusted input to a sensitive resource. 

2. Threat Modeling 

Security professionals identify realistic attack scenarios based on the application's functionality 
and business context. 

For example, an AI assistant connected to financial records has different security priorities from 
a public chatbot that only generates marketing content. 

3. Authentication and Authorization Testing 

AI-specific testing should not replace traditional application security testing. Testers verify 
whether users can access only the resources and functionality they are authorized to use. 

This includes testing API endpoints, conversation histories, documents, retrieval systems, 
administrative features, and connected tools. 

4. AI-Specific Attack Simulation 

The assessment then examines AI-specific threats, including prompt manipulation, indirect 
instructions, context manipulation, data extraction attempts, unsafe tool interactions, and 
retrieval-related weaknesses. 

The goal is to determine whether these techniques can create an actual security impact. 

5. Impact Validation 

Potential vulnerabilities should be validated carefully to determine their practical consequences. 
For example, simply demonstrating that a model can reveal part of its instructions is different 
from demonstrating that an attacker can use the weakness to access confidential customer 
information. 

This distinction helps organizations prioritize vulnerabilities according to real business risk. 

6. Reporting and Remediation 

The final AI penetration testing report should clearly document the vulnerability, affected 
component, attack scenario, potential impact, evidence, severity, and recommended 
remediation. 

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


After fixes are implemented, retesting can confirm whether vulnerabilities have been properly 
resolved. 

AI Penetration Testing vs. AI Security Testing 

The terms AI security testing and AI penetration testing are sometimes used interchangeably, 
but they can represent different levels of assessment. 

AI security testing may include automated evaluations, model behavior testing, policy checks, 
and security validation throughout the development lifecycle. 

AI penetration testing generally takes a more adversarial approach. Testers attempt to identify 
and validate exploitable weaknesses using realistic attack scenarios. 

For organizations deploying high-risk AI applications, these approaches can complement one 
another. Automated testing provides continuous coverage, while penetration testing provides 
deeper adversarial validation. 

Best Practices for AI Application Security 

AI security should be considered throughout the development and deployment lifecycle rather 
than only immediately before launch. 

Organizations should implement strong authentication and authorization controls, restrict AI tool 
permissions, validate application inputs and outputs, protect sensitive information, and monitor 
AI activity for unusual behavior. 

It is also important to maintain clear separation between the AI model and security-critical 
authorization decisions. Models can assist with decisions, but sensitive permissions should be 
enforced by deterministic application controls. 

Organizations can further strengthen their security programs through adversarial assessments 
such as Red Team services, which can help evaluate how multiple vulnerabilities could be 
combined during realistic attack scenarios. 

When Should Businesses Perform AI Penetration Testing? 

AI penetration testing should ideally be performed before an AI application is released to 
production. However, testing should not stop after the initial deployment. 

An AI application's attack surface can change when organizations: 

●​ Introduce a new AI model or provider 
●​ Add new plugins or external tools 

https://femtosec.io/services/red-teaming


●​ Connect AI systems to sensitive databases 
●​ Change system prompts or application logic 
●​ Deploy RAG functionality 
●​ Add new user roles or permissions 
●​ Modify APIs or integrations 
●​ Introduce autonomous agent capabilities 

Significant changes should trigger appropriate security reassessment because a previously 
secure AI architecture may become vulnerable after new functionality is introduced. 

How to Choose an AI Penetration Testing Provider 

Organizations should select a security provider with experience across both artificial intelligence 
and conventional application security. AI vulnerabilities rarely exist in isolation, so testing the 
model without assessing APIs, authentication, data access, and integrations may provide an 
incomplete security picture. 

A strong provider should use a documented methodology, define the assessment scope clearly, 
validate findings, explain business impact, and provide practical remediation recommendations. 

The final report should be useful to both technical and leadership teams. Developers need 
actionable technical guidance, while decision-makers need to understand the potential business 
consequences and overall risk. 

Conclusion 

AI applications offer significant opportunities, but they also introduce security risks that require 
specialized testing. AI penetration testing provides an adversarial approach to identifying 
weaknesses across models, prompts, APIs, retrieval systems, AI agents, integrations, and 
supporting infrastructure. 

By combining AI-specific attack techniques with conventional application penetration testing, 
organizations can gain a more complete understanding of their security posture. Regular 
testing, strong authorization controls, least-privilege architecture, secure data handling, and 
continuous monitoring can help businesses deploy AI systems with greater confidence. 

As artificial intelligence becomes increasingly integrated into critical business processes, 
proactive AI security testing will become an important part of protecting applications, data, 
users, and business operations. 
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