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Testing 101



So why do we test software?

1) Prove the software meets client/contractual requirements
2) Ensure the software will work as expected for end users

3) Avoid regressions when (inevitably) the software is updated



1. Client Requirements

A large amount of audio software is developed without a client, e.g self
funded projects

Even when there is a client, requirements are almost always subjective:
* The oscillators must sound crisp

* The filter should be fat

* The Ul should look cool and modern

The reality is that audio software development is a combination of solid
engineering and art, but clients typically come from an interest in the art.



2. Ensuring the end user experience is good

We need to test on:

-Multiple operating systems (MacOS, Windows, Linux)
-Multiple processors (x64, arm64, arm32, wasm)
-Multiple plugin standards (VST3, AU, AAX, CLAP, WAM)

*Multiple hosts (ProTools, Logic, Cubase, Waveform etc etc)



But there’s more!

We also need to consider:

 Installers work well

 The audio thread is realtime safe, no locks, no memory allocation etc
» Varying block sizes work identically

« Different sample rates work as expected

 Host dependent behaviour - automation parameters, timeline handling,
etc etc



3. Avoiding regressions

Realistically the software gets updated. How do we test that we haven’t
changed (accidentally) how the DSP behaves?

What’s a bug vs a feature anyhow?

In general, any DSP behaviour could be considered a ‘feature’ so
avoiding regression is vital to keep the plugin behaving consistently for
users



Testing strategies

 Manual testing - slow, error prone and expensive, but actually the gold
standard.

» Beta testers - find the right advocates for your product, and you have
real user feedback. Often little value from the majority of beta testers
with a small number of very valuable contributors

« Automated testing - quick to run, can integrate with Cl. Expensive to
develop, and may involve re-engineering.
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Benefits of a data driven test framework

 New DSP under test just involves adding an option to a factory class
* No programming required to add a new test case
* No recompilation of the test framework needed, increasing cadence

 Input/Output audio files can be viewed and compared in standard
editors (e.g RX)

 If the DSP is wrapped into a plugin via a well respected library (e.g.
JUCE) then the majority of the plugin behaviour is also being
exercised



However, for this to work...

* Inputs/Parameters must be applied by the test framework in a sample
accurate fashion

« Validator must accept small differences (float comparison) when
validating the output

 All sources of non-determinism must be eliminated from the DSP (e.qg.
random number seed, threading, timestamps etc)



Testing in Cmajor



Recap - what is Cmajor?

Cmajor is a programming language for writing fast, portable audio
software.

The software consists of a compiler for the language, along with a
runtime supporting integration of Cmajor based DSP into audio projects.

The software includes tooling to help develop and test Cmajor DSP both
within a development environment (VSCode) and within traditional DAWSs
(via a Cmajor plugin)

Ul and patch management written in Javascript



Cmajor testing strategy

* We want to quickly establish a pattern for testing the functionality of the
compiler and runtime whilst the platform is being developed.

e Testing must be quick to run, and confirm the behaviour on all
supported platforms and backends

* \We want to be able to quickly create new tests for problems identified
during development by our team or by external developers

* The testing framework should support not only the development of the
platform, but also be of use to users of the platform to develop and test
their own DSP



Cmajor components




Unit Testing

Unit testing leads to:
* Need to understand what is the correct behaviour of each of the classes
e Large amounts of mocking necessary to isolate components

 |nstability in the design leads to an ongoing requirement to refactor the
unit tests

* The majority of the interesting behaviour (and sources of bugs!) emerges
from the way the classes work together, not the individual classes



Integration testing
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What would this look like?
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What do we want from the test framework?

 We want to test everything a user could do with the public API

« \We want to be able to validate the compiler output (so confirm the
errors for certain input, and check for successful compiles that it
works as expected)

 We want to validate the same behaviour for different backends and
platforms

 We want to be able to automate as much testing as possible as part
of CI

« We want users to be able to perform their own tests



Design decision - make the framework scriptable
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Benefits of a scriptable test framework

Allows new test categories to be added quickly to the framework

Supports ‘one off’ test scripts to be written within a given test

Avoids our users needing to know or recompile C++

Similar functionality available with python (pybind), lua etc

Allows the test framework to be included in the main binary as a
separate entry point



What does a test look like?

example/testOscillator.cmajtest

## runScript ({ frequency:44100, blockSize:32, samplesToRender:1000, subDir: "saw" })

graph Test [[ main ]]

{
output stream 1t out;
input osc.frequencyIn [[ init: 500.0 |];
node osc = std::oscillators::PolyblepOscillator ( it, std::oscillators::Shape::sawtoothUp);
connection
7 osc.out -> out;
| }

example/saw/frequencyln.json

"frameOffset": 500,
"event": 200




What does a test look like?

example/saw/expectedOutput-out.wav




Demo




Calling C++ from JS - scripting/js/example.cpp

#include <iostream>
#include "choc/choc/javascript/choc_javascript_Quick]S.h"
main()
context = choc::javascript::createQuickJSContext();
context.registerFunction ("product", choc::javascript::ArgumentList args) ->
total = 1;

for (si: i =0; i < args.numArgs; ++i)
total %= args.get<int>(i);

return choc::value::createInt32 (total);

std::cout << "1 + 2 = " << context.evaluateExpression ("1 + 2").get<int>() << std::endl;

std::cout << "product (2, 3) = " << context.evaluateExpression ("product (2, 3)").get< >() << std::endl;

return 0;

1+2=3
product (2, 3) = 6




Calling C++ from Python - scripting/python/example.cpp

#include <iostream>
#include <pybindll/embed.h>
#include <pybindll/stl.h>

int product (int i, int j) { return i * j; }

PYBIND11_EMBEDDED_MODULE (exampleLib, m)

{
pybindll::options options;
options.disable_function_signatures();
m.def ("product", &product);
}
int main()
{
pybind11l::scoped_interpreter guard {};
pybindll::exec ("import exampleLib");
std::cout << "1 + 2 = " << pybindll::eval ("1 + 2") << std::endl;
std::cout << "product (2, 3) = " << pybindll::eval ("exampleLib.product (2, 3)") << std::endl;
return 0;
}
1+2-=3

product (2, 3) = 6




JS vs Python

« Use CHOC for embedding js - various runtimes are available (QuickdJS,
Duktape, V8)

e Multiple threads can call JS simultaneously with different contexts

e pybind provides decent python scripting with easy access to C++
classes

* pybind is not self contained - it requires python to be installed

* pybind does not play nicely with multiple threads running concurrent
scripts



cmaj test [opts] <files>

--singleThread
--threads=n
--runDisabled
--testToRun=n
--xmlOutput=file
--iterations=n

Command line options

Runs one or more .cmajtest scripts, and print the aggregate results
for the tests. See the documentation for writing tests for more info.

Use a single thread to run the tests

Run with the given number of threads, defaults to the available cores
Run all tests including any marked disabled

Only run the specified test number in the test files

Generate a JUNIT compatible xml file containing the test results

How many times to repeat the tests




Cl integration (jenkins)
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Processor

Cl integration (jenkins)

Build Type

LLVM -O0

MacOS
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Release

Windows
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Release

Windows
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Release

Linux

x64

Release

Linux
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Linux
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Integration with CI

It’s worth adding support for one of the standard test report outputs - we use the
Junit XML format which allows for test reports within CI

<?xml version="1.8" encoding="UTF-8"?7>
<testsuites disabled="@" skipped="0" e s= te time="1.2034">
<testsuite disabled="@" skipped="@" errors t te tests="10" time="1.09992">
<testcase name="Test sn
name="integration_tests.externals.externals" time="0.0982173">
name="integration_tests.externals.externals" time="0.123771">
name="integration_tests.externals.externals" time="0.101182">
e="integration_tests.externals.externals" time="0.130477">
e="integration_tests.externals.externals" time="0.10641">

sname="integration_tests.externals.externals" time="0.108026">

e="integration_tests.externals.externals" time="0.107012">

A

A

assname="integration_tests.externals.externals" time="0.11909">

A
+ @

® »

assname="integration_tests.externals.externals" time="0.101975">

® »

~ rt ~

abled="0" skipped="@" errors="0" name="/Users/cesare/Documents/cmajor/cmajor-dev/tests/integration_tests/noise/noise.cmajtest" tests="1" time="0.103476">
1" classname="integration_tests.noise.noise" time="0.103476">

@ Vv 4+ ® C OV ~+ @
® v M




Integration with CI

It’s worth adding support for one of the standard test report outputs - we use the
Junit XML format which allows for test reports within ClI

Test Result

0 failures (+0) , 30 skipped (+0)
[ )
1,831 tests (+0)
Took 18 min.

escription

All Tests

Package i ail (diff) Skip (diff) Pass (diff) Total (diff)

root)

integration_tests.additive

integration_tests.api

integration_tests.backend

integration_tests.buffer

integration_tests.cast

integration_tests.complex




Allocation Checker

In debug builds, we include an allocation tracker to spot new/delete in realtime contexts.

We haven’t investigated the clang realtime sanitiser, but it looks promising!

cmajor/modules/playback/include/cmaj_AllocationChecker.h

ix operator new (std:: size) { return cmaj::performNew (size); }

i* operator new (std:: size, I std::nothrow_t& ) { return cmaj::performNew (size); }

1 operator delete (voidx ptr) { cmaj::performDelete (ptr); }

1 operator delete (v * ptr, I std: :nothrow_t&) { cmaj::performDelete (ptr); }

| operator delete (voidx ptr, std::siz ) { cmaj::performDelete (ptr); }

1 operator delete (void* ptr, std::siz - I std: :nothrow_t&) { cmaj::performDelete (ptr); }
Result addInputEvent (EndpointHandle endpoint, nt3: typeIndex, v I* eventData

ScopedAllocationTracker allocationTracker;
return target->addInputEvent (endpoint, typeIndex, eventData);




How much coverage do

Name Packages Files

89% 24/27 89% [ 141158

Coverage Breakdown by Package

Cobertura Coverage Report

Name

jenkins.build.workspace.cmajor.cmajor.include.choc.choc.audio.io.rtaudio
jenkins.build.workspace.cmajor.cmajor.include.cmajor.API
jenkins.build.workspace.cmajor.cmajor.include.cmajor.COM
jenkins.build.workspace.cmajor.cmajor.include.cmajor.helpers
jenkins.build.workspace.cmajor.cmajor.modules.compiler.include
jenkins.build.workspace.cmajor.cmajor.modules.compiler.src.AST
jenkins.build.workspace.cmajor.cmajor.modules.compiler.src.backends
..jenkins.build.workspace.cmajor.cmajor.modules.compiler.src.backends.CPlusPlus
..jenkins.build.workspace.cmajor.cmajor.modules.compiler.src.backends.LLVM
jenkins.build.workspace.cmajor.cmajor.modules.compiler.src.backends. WebAssembly
jenkins.build.workspace.cmajor.cmajor.modules.compiler.src.codegen
jenkins.build.workspace.cmajor.cmajor.modules.compiler.src.diagnostics
jenkins.build.workspace.cmajor.cmajor.modules.compiler.src.passes
jenkins.build.workspace.cmajor.cmajor.modules.compiler.src.standard_library
jenkins.build.workspace.cmajor.cmajor.modules.compiler.src.transformations
jenkins.build.workspace.cmajor.cmajor.modules.compiler.src.utilities
jenkins.build.workspace.cmajor.cmajor.modules.compiler.src.validation
..jenkins.build.workspace.cmajor.cmajor.modules.embedded_assets
jenkins.build.workspace.cmajor.cmajor.modules.playback.include
jenkins.build.workspace.cmajor.cmajor.modules.playback.src
jenkins.build.workspace.cmajor.cmajor.modules.plugin.include.clap
jenkins.build.workspace.cmajor.cmajor.modules.scripting.src
jenkins.build.workspace.cmajor.cmajor.modules.server.src
jenkins.build.workspace.cmajor.cmajor.tools.command.Source

jenkins.build.workspace.cmajor.cmajor.tools.command.Source.unit_tests

we achieve through the API?

Classes

89% 141158

Methods

80% 7483/9345

Classes

Lines

78% 28783/36866

Methods

Conditionals

100% 0/0

Lines

0% |

0% | 0/a

0% 00194

0% 0/2841

100%

100% 8/8

69% |

157/226 |

62% |

440/710

100%

100% 4/4

100% 4/4

100% | 4/4

75%

75%

65% |

336/513

64% [ 1815/2819

100%

100%

95% [ 1920 |

85% [ gojea L

100%

100%

81% [ 3976/4905

89% [ 6752/7598

100%

100%

89% [ 1e180 1

89% [ 354/399 1

100%

100%

99% [ 156/157

97% [ 1mo3msz |

100%

100%

95% [ 205/216

91% [ 12811404 1

100%

100%

93% [ n5123

96% [ gasjas7 |

100%

100%

94% [ 403/429

91% [ 2307/2546 |

100%

100%

90% [ 395/438

91% [333/365 1

100%

100%

99% [ 221223

96% [ 2017/2m2 |

100%

100%

100% 4/4

100% | 9/9

97%

97%

98% [ 423/433

93% [ 4080/4398 1l

100%

100%

100% [ 788

97% [ 13spaz |

100%

100%

99% [ 193/195

95% [ 18251931 |

0%

0%

0% 0/6

0% 0/35

33%

33%

45% |

30/66 |

42% |

126/302 |

100%

100%

93% [ 25027 1l

94% [ gige |

100%

100%

61% [ 1077174211

76% [ 651861

100%

100%

80% [ 209/2621]

73% [ 9481296 |

100%

100%

45% |

700155 |

47% |

as2/971 |

82% |

82%

63% |

56/89 |

58% [ 5801007

100% |

100%

76% [ 1apes]

96% [ 2350/2444 |
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N/A
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Conclusions - the good

e Using data driven testing against the library public APl has worked well
for us - decent coverage, little churn on tests over time

 Added new tests is very fast and easy
* Naturally supports TDD patterns when fixing new issues

* Regression testing is very powerful - we’ve avoided problems across
many compiler and backend revisions

e User scripts supports one off test functions, scoped within the test file



Conclusions - the bad

« Performance regressions aren’t caught (at present). Very difficult to
produce repeatable performance numbers

* Doesn’t (directly) tackle rare code paths (e.g. out of memory).

« Can make some tests over-complicated which would be very easy with
unit tests



Thank You

Any questions?

https://github.com/cesaref/ADC2025

https://cmajor.dev
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