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Quality Assurance Imperative for AI-Augmented Code

.\ INTEGRATION TESTS

e The testing pyramid provides a foundational strategy
for quality assurance in software development.

)\ UNIT TESTS
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o Al-generated code, while efficient, necessitates \ | @ @ 5o
rigorous verification to ensure it meets functional R
requirements. > DSy
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e Traditional testing strategies must be adapted and
emphasized when Al tools contribute to the codebase.

e Without adequate testing, Al-generated code
introduces significant risks of unexpected behavior  @aiSAL
and security vulnerabilities. e )
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e Proactive QA is not merely an option, but a necessity to <
maintain reliable, secure, and trustworthy Al-augmented systems.




The Testing Pyramid: A Layered Approach to Quality

& The testing pyramid advocates for a balanced testing strategy,
with more tests at lower levels and fewer at higher levels.

@ Unit tests form the base of the pyramid, focusing on isolated
testing of individual functions and methods.

@ [ntegration tests occupy the middle layer, verifying
interactions between components, APIs, and databases.

> End-to-end (E2E) tests sit at the top, validating complete
user workflows through the entire application stack.

&> Following the pyramid optimizes testing efforts by prioritizing
fast, focused tests over slow, comprehensive ones.
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UNIT TESTS: FOUNDATION OF ROBUST CODE

e Unit tests target individual functions and
methods in isolation, ensuring each code unit
performs as expected.

» These tests offer the fastest execution speed,
allowing for rapid feedback during
development.

e Unit tests typically achieve high code
coverage, minimizing the risk of untested logic.

¢ Due to their focused nature, unit tests are
generally less expensive to create and
maintain compared to other test types.

e They enable early detection of defects,
preventing them from propagating to higher
levels of the system.
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F Integration Tests: Validating Component Interactions ﬂ

e Integration tests verify the interactions and data flow
between different components, modules, or services.

» These tests are crucial for detecting interface bugs and
ensuring that components adhere to defined API contracts.

e They validate database queries and ensure data
consistency across the system.

 Integration tests run at a moderate speed, striking a
balance between execution time and scope of coverage.

e Successful integration tests guarantee the seamless
E cooperation of distinct parts to produce a working whole.
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END-TO-END (E2E) TESTS: SIMULATING REAL USER WORKFLOWS

% * End-to-end tests simulate complete user
workflows, validating the entire application
stack from user interface to database.
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* They are the slowest and most expensive tests
to run and maintain due to their broad scope.

A » E2E tests provide the highest level of
& confidence that the application functions
e e correctly from the user’s perspective.
i v .
T * These tests validate real-world behavior,
@ﬂ ensuring that critical business processes are
— e . executed as expected.
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e While few in number, E2E tests are
indispensable for guaranteeing the overall

quality and usability of the system.

BUSINESS
PROCESSES
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v The ice cream cone anti-pattern describes a testing strategy with a

disproportionately large number of E2E tests and very few unit tests.

This approach results in slow, brittle, and expensive tests that
are difficult to maintain.

Debugging failures in E2E tests becomes challenging due to the wide
scope of potential causes.

The ice cream cone makes it harder to find bugs early on
and leads to delayed feedback loops for developers.

By avoiding the ice cream cone in favor of the pyramid, the team creates ///I / Integration \

more robust, maintainable code. / / " g \
/ nit Tes -,




Coverage Thresholds: Establishing Quality Standards

 Code coverage metrics quantify the percentage of code
executed by tests, providing insights into testing thoroughness. &

« A minimum line coverage of 80% is recommended for
production code to ensure a baseline level of testing.

» Security-critical paths demand a higher line coverage
of 90% to mitigate potential vulnerabilities.

© 5%

" COMPREHENSIVE

* Function coverage should strive for 100% for all
public APIs to guarantee their proper functionality
and stability.

e Branch coverage should be at least 75% to ensure =3 -~ gt v
comprehensive testing of conditional logic. Q




Critical Path Coverage: Securing Essential Functionality

e Critical paths, such as authentication, authorization, payment
processing, and data handling, require 100% coverage.

A
* These flows are essential for the security and reliability "."
of the application and must be thoroughly tested. R

e Any vulnerabilities or defects in these areas can have severe
consequences, including data breaches and financial losses.

e Prioritizing testing efforts on critical paths ensures the
resilience and integrity of the most sensitive parts of the system.

 Achieving comprehensive coverage in these areas builds
confidence in the application’s security posture.




Mutation testing introduces small, artificial
changes (mutations) to the codebase.

The purpose is to verify that existing tests detect £ ) *
these mutations by failing when they occur. 4

TEST
Ez COVERAGE

[f a mutation survives (tests still pass), it indicates
superficial or ineffective test coverage.

Mutation testing exposes blind spots in test suites
and highlights areas where tests need improvement.

Meta research found that codebases with 100% line
coverage sometimes had a mere 4% mutation test
survival rate, indicating insufficient testing.
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e Al tools can rapidly generate unit tests,
accelerating the testing process.

e However, Al-generated tests can suffer from several
several shortcomings.

* A common problem is creating tests that test nothing,
such as assert true === true.

e Al might generate tests that simply mirror the
implementation rather than validating the intended

behavior.
e Al might produce tests with hardcoded expected

values derived from its own code, leading to circular
validation.
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Validation is Key: Reviewing AI-Generated Tests

A © CGarefully review Al-generated tests to ensure they contain
=» meaningful assertions that validate the expected behavior.

& * Pay special attention to edge case coverage, ensuring that
i the tests handle boundary conditions and unexpected inputs.

%E? » Verify that tests are independent from implementation details
to avoid brittle tests that break easily with code changes.

E\ e Focus on creating tests that are behavior-driven, defining the
—Xr ‘what’ instead of the ‘how’.

%ﬁ’ « Augment Al-generated tests with manually written tests to fill
coverage gaps.




C%SECURITY-SPEC[FIC TESTING: ADDRESSING CRITICAL VULNERABILITIES_%=

» Abuse case tests explore what
happens when users attempt to
misuse the system or violate

e Authorization boundary tests
verify that every endpoint
enforces appropriate

intended workflows. permissions and access
controls.
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vulnerabilities arising from concurrent
access to shared resources.
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* Input boundary tests validate ===
input sanitization to prevent :
injection attacks using
maximum lengths, special
characters, and unicode.

, » Negative tests examine
L 'fﬁ% behavior with invalid
2 )~ *©  inputs, unauthorized
m' o () access attempts, or
: expired sessions.
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r TDD and Security-TDD: Prioritizing Security from the Start w

@ e Test-Driven Development (TDD) involves writing tests

~ _ : ' TEST __, CODE
before implementing the corresponding code.

FIRST LATER

SECURITY SAFE

TEST > SYSTEM

% * Security-TDD extends this principle by writing security
tests first, defining what attacks should be prevented.

¥ * When using Al tools, write security tests manually and
then allow the Al to generate implementation that

passes them. | r
J/E * This ensures that the Al output meets your security i . B A
requirements, not just functional requirements. - B
77 '
* By focusing on security tests from the outset, potential ] i A L
vulnerabilities are addressed proactively, mitigating risks. B - T 4
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Automated Coverage Tracking
in CI/CD Pipelines

« Generate code coverage reports on every pull request
(PR) to track testing progress and identify gaps.

PR REPORTS &
GAF DETECTION

i) TESTING PROGRESS
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COVERAGE MERGE ELEII:KS

THRESHOLD

 Implement automated checks to block merges that
fall below predefined coverage thresholds.

 Track coverage trends over time to detect declining
coverage, which signals potential technical debit.

Al V5. HUMAN
CODE AMALTSIS

 Separate tracking for Al-generated vs human-written code
can help identify quality disparities and areas for improvement.
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« Automated coverage analysis enables early detection of issues
and promotes continuous quality improvement.
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EMBRACE TESTING FOR ROBUST, SECURE,
AND TRUSTWORTHY AI-AUGMENTED CODE

STRATEGY

The testing pyramid offers a practical framework
for building a balanced and effective testing
strategy.

Code coverage metrics provide valuable insights
into testing thoroughness, but mutation testing
validates test quality.

Al-generated code requires careful validation
and augmentation with manually written tests,
particularly for security edge cases.

Security-TDD helps proactively address security
vulnerabilities by defining security tests before
implementation.

Automated coverage tracking in Cl/CD pipelines
ensures continuous quality monitoring
throughout the development lifecycle.
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