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The New Reality: Testing AI-Generated Code
Requires a Different Approach

&b - Al coding assistants are becoming increasingly
prevalent in software development.

Q, - Al-generated code, while often appearing correct,
exhibits unique failure modes compared to
human-written code.

2#¢ « Traditional testing methods may not be sufficient
to uncover these Al-specific defects.

This module provides a comprehensive guide to
effectively testing code produced by Al

@ Understanding these new vulnerabilities and adopting
appropriate strategies is critical for secure and reliable
software.
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Why Al-Generated Code Needs
Specialized Testing: Beyond Syntax g,

» Al-generated code often appears syntactically correct and
well-formatted, giving a false sense of security.

§f2. » Al can “hallucinate” APIs, attempting to call functions
that do not exist in the target environment.
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()= e Subtle security vulnerabilities, like missing input validation
7. orhardcoded values, are common in Al-generated code.

* Training data leakage can result in patterns from other projects
inappropriately appearing in the generated code.




Al CODE DEFECT TAXONOMY: A FIVE-CATEGORY BREAKDOWN

o CATEGORY 1: FUNCTIONAL ERRORS (e.g., wrong
algorithms, incorrect boundary conditions, off-by-one
errors, race conditions).

o CATEGORY 2: SECURITY ERRORS (e.g., missing input
validation, SQL injection, XSS, hardcoded secrets,
insecure defaults, deprecated APIS).

 CATEGORY 3: DEPENDENCY ERRORS (e.g., non-existent
packages (‘typosquatting’), wrong package versions,
license-incompatible dependencies).

e CATEGORY 4: QUALITY ERRORS (e.g., dead code,
redundant logic, performance anti-patterns, memory leaks,
resource exhaustion).
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e CATEGORY 5: INTEGRATION ERRORS (e.g., incorrect API En
usage, wrong protocol assumptions, incompatible data * a@
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Layer 1: Static Analysis - Early Detectlon
of Security Risks & Anti-Patterns

@ Implement Static Application Security
Testing (SAST) immediately after code
generation, before any human review.

SAST tools can automatically identify
security vulnerabilities and common
coding anti-patterns.

Focus on identifying hardcoded secrets,
use of deprecated APIs, and potential
injection vulnerabilities.

S Static analysis provides a cost-effective
way to catch issues early in the
development lifecycle.

€ Integrate SAST into the Al code generation
pipeline for continuous monitoring.
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LAYER 2: DEPENDENCY VERIFICATION -
ENSURING A SOLID FOUNDATION

e Thoroughly verify the existence of every
imported package or library.

e Check for “typosquatting” - malicious packages
with names similar to legitimate ones.

e Validate the package versions to ensure
compatibility and avoid known vulnerabilities.

e Scan dependencies for Common
Vulnerabilities and Exposures (CVES) to
address security risks.

4 e Validate the licenses of all dependencies to
ensure compliance and avoid legal issues.




Layer 3: Unit Testing - TDD for Al-Generated
Code: Test-Driven Development

Adopt a Test-Driven Development (TDD)
approach: write unit tests before accepting the
Al-generated code.

Focus unit tests on covering edge cases and
error paths, which Al often overlooks.

Use mutation testing to evaluate the quality of
your unit tests — ensure they can detect
injected faults.

High test coverage does not guarantee quality.
Focus on testing critical logic and boundary
conditions.

Unit tests provide a safety net for refactoring and
future modifications to the Al-generated code.




Layer 4: Integration Testing - Valldatlng

Al Code in the Real World -

|

=p» INTEGRATION VERIFICATION: Verify that the
Al-generated code seamlessly integrates with
the existing codebase and infrastructure.

=» API CONTRACT TESTING: Thoroughly test
API contracts to ensure data is exchanged
correctly between components.

=» DATA FLOW VALIDATION: Validate data
flows to confirm data integrity and prevent
data corruption issues.

=» ISOLATION WITH MOCKS: Use mocks and
stubs to isolate the AI-generated code during
Integration testing.

=p» REALISTIC ENVIRONMENT: Run integration
tests in a realistic environment that mirrors
production conditions.

EXISTING
CODEBASE

Am el

|/ REALISTIC
| Envmnummr




Layer 5: Security Testing - Exposing
Al-Introduced Vulnerabilities

e Run Dynamic Application Security Testing (DAST)
against endpoints that involve Al-generated code.

« Conduct penetration testing (pen testing) specifically
targeting attack surfaces exposed by Al.

* Focus on identifying vulnerabilities like SQL injection,
XSS, and other common web application security flaws.

e Pay close attention to input validation routines
implemented by the Al

 Ensure that Al-generated code does not introduce any
new or unexpected security risks.
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7JProper’[y—Based Testing: Defining What Should Always B

}6\4 requirements and business logic of the code.
I‘

= Instead of testing specific inputs and
outputs, test properties that should always
hold true regardless of the input.

= Example: For a sorting function, the = WOR
output should always be ordered, contain ~ sropeayy S— °
the same elements, and have the same
length as the input.

@ Property-based testing tools generate
hundreds or thousands of random inputs
to uncover edge cases.
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@ This approach is particularly effective for
identifying subtle bugs that Al-generated
code may miss.

@ Define properties based on the functional




Property-Based Testing Tools:
Empowering Robust Testing

@) Hypothesis (Python) is a powerful and widely used
> property-based testing library.

fast-check (JS/TS) provides property-based testing
capabilities for JavaScript and TypeScript projects.
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QuickCheck (Haskell/Java) is a well-established
property-based testing framework with
implementations in multiple languages.

@

These tools automate the process of generating \
random inputs and validating properties.
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Integrate property-based testing into your CI/CD
pipeline for continuous validation.
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Differential Testing: Comparing Al
Outputs Against Known References

= Run the same inputs through the Al-generated code
and a reference implementation (if available).

== Compare the outputs of both implementations — any
difference indicates a potential bug in the Al code.

= Effective for testing algorithm implementations, data
transformations, and business rule engines.

# [f no reference implementation exists, use multiple
Al tools and compare their outputs.

=~ Consider using human experts to review the
discrepancies and determine the root cause.
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FUZZING: UNLEASHING GCHAOS TO
FIND HIDDEN VULNERABILITIES

e Fuzz testing involves sending malformed,
unexpected, and random inputs to uncover
crashes and vulnerabilities.

» Al-generated code is particularly
vulnerable because it optimizes for
common cases, not adversarial inputs.

* Focus fuzzing efforts on input parsing, file handling,
network protocol processing, and serialization/
network protocol processing, and = e . o

.y . . s . . FILE HETWDRK PEDTGU.]L SERIALIZATIDON/
serialization/deserialization routines. PARSING HANDLING PROCESSING  DESERIALIZATION
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o AFL++, libFuzzer, Jazzer (Java), and Atheris
(Python) are popular fuzzing tools.

* Automate fuzzing to run continuously as part of
your security testing process.

—— SECURE  SECURITY TESTING VULNERABILITY
POPULAR FUZZING TOOLS PROCESS FOUND



CONTINUOUS MONITORING: REEPING A
WATCHFUL EYE ON Al IN PRODUCTION

Sophisticated surveillance for automated systems.

 Al-generated code may exhibit issues only under
production conditions, such as high load,
concurrency, or real-world data patterns.

) . * Monitor error rates, latency distributions, resource
qell Nl N N/ N _Z faR  consumption, and security events related to
L LATENCY sSCURITY |5 4 2
RATES  DISTRISUTIONS CONSUMPTION EVENTS || Al_generated Endpﬂlnts.

» Compare the performance of Al-generated endpoints
against human-written code to detect regressions.

e Implement automated alerting on anomalies to
proactively identify and address potential problems.

C ?@E;}HEE * Track the provenance of incidents to quickly
O Tn TRAONG determine whether Al-generated code is involved.
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_ @5, Al-generated code presents unique testing

@

A layered testing approach, including static analysis,

©

Conclusion: Comprehensive Testing is Essential

for Reliable AI-Powered Software

=4 KEY INSIGHTS

challenges due to its specific failure modes.

Traditional testing methods are not sufficient to
address these challenges effectively.

dependency verification, unit testing, integration
testing, and security testing, is crucial.

Property-based testing, differential testing,
and fuzzing are valuable techniques for
uncovering hidden vulnerabilities.

Continuous monitoring in production is
essential to detect and address issues that may
arise over time.
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Q&A: Your Questions About Testing AI-Generated Code
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* This is the time to ask any clarifying questions
about the presented concepts.

e We are happy to provide more details on
specific testing techniques or tools.

o Share your own experiences and challenges - & 0 (7 okl
related to testing Al-generated code. L ERXR )

e Let’s collaborate to develop best practices for ensuring
the quality and security of AI-powered software.

* All code, whether created by Al or by hand, )
should be treated with the same rigor. &3
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