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1. Overview of audio systems
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2. Benchmarking & Measurement



What are Benchmarks?

 Measure code execution “time”
* Assess performance characteristics
o Structured, repeatable way
* |Looking for trends:
* Identify regressions
 Measure optimisation attempts

« Compare environments
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Micro vs Macro Benchmarks?

 Micro Benchmarks: « Macro Benchmarks:
 Measure a single component or  Measure a whole system
task

* Higher level
 Low level
* Throughput, execution time

e |nstructions, cache misses etc.
* AKIn to integration tests

e AKIn to unit tests
* Reflect what your users will

SEe
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Measurement Metrics?

* A piece of code executing many times

e Total, min/max, mean & variance/SD

 Total execution time is useful for “macro” characteristics
 Max iIs useful for “worst case” scenarios

 Min informs of where you could be

 Mean gives an “expected” indication

20



What to Record?

* Time
 chrono::time_point<chrono::high_resolution_clock>
* |Indicates what a “typical user” will experience
* \ery environment dependant

 CPU time stamp
* Clock cycles
* Less overhead to measure

* Easier to compare between platforms

21



uick-bench.com

static void [BIB@IE(benchmark::State& state)

{ 2500
for (auto _ : state)
{
auto x = std::chrono::high_resolution_clock: :now(); 2000
benchmark: :DoNotOptimize(x);
¥
1500
¥
BENCHMARK ( BIHIESHS ) ;

1000
static void RDTSC(benchmark::State& state)

{
for (auto _ : state) >00
{
auto x = rdtsc(); .
benchmark: :DoNotOptimize(x); Chrono RDTSC Noop
} ratio (CPU time / Noop time)
} Lower is faster
BENCHMARK (RDTSC) ;

https://quick-bench.com/qg/siAglrvTsb-UB7GdpF_sJQ69v54
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http://quick-bench.com

Where to Measure and Where to Store Results?

]

e Stable environments e Store results in cloud database

* |deally constant machines  Easy to view results

* Cloud VMs provide indications « Automatic notifications?

23



Benchmark System Diagram




class PerformanceMeasurement struct Statistics
{ {
public: Statistics() noexcept = default;
//:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: .
/*x Creates a PerformanceMeasurement object. void clear() noexcept;
double getVarianceSeconds() const;
@param counterName the name used when printing out the statistics dou?}e getVarianceCycles() C?“St;
@param runsPerPrintout the number of start/stop iterations before calling std::string toString() const;
printStatistics() . .
*/ void addResult (double secondsElapsed, uint64_t cyclesElapsed);
PerformanceMeasurement (const std::string& counterName, - , _
int runsPerPrintout = 100, std::string name;

bool printOnDestruction = true);

double meanSeconds = 0.0;
/**x Destructor. x/ double m2Seconds = 0.0:
~PerformanceMeasurement(); double maximumSeconds = 0.0;
double minimumSeconds = 0.0;
/** Starts timing.
@see stop double meanCycles = 0.0;
%/ double m2Cycles = 0.0;
void start() noexcept:; uint64_t maximumCycles = 0;
uint64_t minimumCycles = 0;
/*x Stops timing and prints out the results. uint64_t totalCycles = 0;
The number of iterations before doing a printout of the int64_t numRuns = 0;
results is set in the constructor. ¥
@see start
x/

bool stop();

/**% Dumps the current metrics to std::cout. x/
void printStatistics();

/xx Returns a copy of the current stats. *x/
Statistics getStatistics() const;
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/*x Describes a benchmark.
These fields will be used to sort and group your benchmarks for comparison over time.

*/
struct BenchmarkDescription
{
size_t hash = 0; /**%< A hash uniquely identifying this benchmark. x/
std::string category; /**k< A category for grouping. */
std::string name; /**< A human-readable name for the benchmark. x/
std::string description; /**%< An optional description that might include configs etc. *x/
std::string platform { juce::SystemStats::getOperatingSystemName().toStdString() };
i

/**x Holds the duration a benchmark took to run. x/
struct BenchmarkResult

{
BenchmarkDescription description;
MeasurementResults metrics;
juce::Time date { juce::Time::getCurrentTime() };
b

26

*/

An individual Benchmark.

To measure a benchmark, simply create one of these with a valid description

then before the code you are measuring call start and stop afterwards.

Once you've done that, call getResult() to return the duration the benchmark took to run.

To collect a set of BenchmarkResults see @BenchmarkList

class Benchmark

{

public:

/** Creates a Benchmark for a given BenchmarkDescription. */
Benchmark (BenchmarkDescription desc)

: description (std::move (desc))
{

}

/*% Starts timing the benchmark. x/
void start()

{
}

measurement.start():

/*% Stops timing the benchmark. x/
void stop()

{
}

measurement.stop();

/** Returns the timing results. */
BenchmarkResult getResult() const

{
}

return createBenchmarkResult (description, measurement.getStatistics());

private:

b

BenchmarkDescription description;
tracktion::graph::PerformanceMeasurement measurement { {}, -1, false };



class ResamplingBenchmarks : public juce::UnitTest

{
public:
ResamplingBenchmarks()
: juce::UnitTest ("Resampling Benchmarks", "tracktion_benchmarks")
{
Iy
void runTest() override
{
runResamplingRendering ("lagrange", ResamplingQuality::lagrange);
runResamplingRendering ("sincFast", ResamplingQuality::sincFast);
runResamplingRendering ("sincMedium", ResamplingQuality::sincMedium);
runResamplingRendering ("sincBest", ResamplingQuality::sincBest);
}
private:
//::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
//==============================================================================
void runResamplingRendering (juce::String qualityName,
ResamplingQuality quality)
{
Create a 30s sin clip
waveClip—->setResamplingQuality (quality);
{
ScopedBenchmark sb (createBenchmarkDescription ("Resampling", "WaveNode quality", "30s sin wave, 96KHz to 44.1Khz, " + qualityName.toStdString()));
Renderer: :measureStatistics ("Rendering resampling’,
*xedit, timeRange,
toBitSet ({ t });
256, playbackSampleRate);
}
Iy
ri

static ResamplingBenchmarks resamplingBenchmarks;
27
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Tracktion Benchmarks

Name: WaveNode quality

Description:

v
v

Vv

Platform: Linux

Vv

Categories: All
Al

Time ® Cycles O

Start Date: dd/mm/yyyy
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Show total
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WaveNode quality (Linux)
30s sin wave, 96KHz to 44.1Khz, sincMedium
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When to add benchmarks to your suite?

 New features
* QA/user reports

 When you see benchmark regressions



3. Optimisation



ldentifying Areas for Optimisation

 Run a specific benchmark under a tool to get a picture of what is going on




Profiling Tools

* Time profilers:
* Give you a tree of time spent in functions
* Can be used to identify hotspots
o Xcode Instruments - Time Profiler, VS Profile, Intel VTune
e System Tracers:
 Show events such as system calls, memory management, thread interruptions etc.
e Xcode Instruments - System Trace, DTrace/strace
* Performance counters:
 Reads CPU hardware registers for things like branch mis-predictions, cache misses etc.

e Xcode Instruments - Counters, Linux - perf

 Always profile release builds!

34



[ NN Untitled4
® Il A David's MacBook Pro (2) ) [fll Benchmarks Run 1 of 1 | 00:00:03 + B B
ATTRIBUTE v target INSTRUMENT v * Threads CPUs  Instruments Duplicate
00:02.000 00:02.500 00:03.000 00:03.500
®  Time Profiler
CPU Usage
€  Points of Interest Points
Code 0
® Time Profiler ) Profile » Root tracktion::engine::EditltemIDBenchmarks::runTest() B B0
Weightv  Self Weight Symbol Name Heaviest Stack Trace Tt
235.00 ms 100.0% Os | | Wtracktion:engine::EdititemIDBenchmarks::runTest() Benchmarks D 235 tracktion::engine::EdititemIDBenchmarks::runTest()
156.00 ms 66.3% Os ||  Wtracktion::engine::Edit::Edit(tracktion::engine::Edit::Options) Benchmarks F1 156 tracktion::engine::Edit:Edit(tracktion::engine::Edit::Options)
156.00 ms 66.3% 0s | Vtracktion::engine::Edit::initialise() Benchmarks D 166 tracktion::engine::Edit::initialise()
151.00 ms 64.2% Os [} Vtracktion::engine::Edit::loadTracks() Benchmarks D 151 Ktion:: ine:Edit:loadTrack
151.00 ms 64.2% 0s | Wtracktion::engine::TrackList::TrackList(tracktion::engine::Edit&, juce::ValueTree const&) Benchmarks HRekuansenoe e leadiigetat
151.00 ms 64.2% os |1 Wtracktion::engine::ValueTreeObjectList<tracktion::engine::Track, juce::DummyCriticalSection>::rebuildObjects() Benchmarks F§ 151 tracktion::engine::TrackList:TrackList(tracktion::engine::Edit&, juce::ValueTree const&)
151.00 ms 64.2% 0s |1 Vtracktion::engine::TrackList::createNewObject(juce::ValueTree const&) Benchmarks Il 151 tracktion::engine::ValueTreeObjectList<tracktion::engine::Track, juce::DummyCriticalSecti...
151.00 ms 64.2% 0s | vtracktion::engine::Edit::loadTrackFrom(juce::ValueTree&) Benchmarks FY 151 tracktion::engine::TrackList::createNewObject(juce::ValueTree const&)
151.00 ms 64.2% 0s | WVtiracktion::engine::Edit::createTrack(juce::ValueTree const&) Benchmarks \:] 151 tracktion::engine::Edit::loadTrackFrom(juce::ValueTree&)
147.00 ms 62.5% O0s | WVtracktion::engine::AudioTrack::AudioTrack(tracktion::engine::Edit&, juce::ValueTree const&) Benchmarks D 151 tracktion::engine::Edit::createTrack(juce::ValueTree const&)
146.00 ms 62.1% 0s | wvtracktion::engine::ClipTrack::ClipTrack(tracktion::engine::Edit&, juce::ValueTree const&, double, double, double) Benchmarks FY 147 tracktion::engine::AudioTrack::AudioTrack(tracktion::engine::Edit&, juce:ValueTree const&)
138.00ms 58.7% 0s | vtracktior\::enging::CIipTrack::CIip!.ist::_CIipList(tr.acktion:.:engin_e::C‘:IipTrack&, juce.::.VaIueTrge const&)l Benﬁchmarks D 146 tracktion::engine::ClipTrack::ClipTrack(tracktion::engine::Edit&, juce:ValueTree const&, do..
138.00 ms 58.7% Os [] WVtracktion::engine::ValueTreeObjectList<tracktion::engine::Clip, juce::DummyCriticalSection>::rebuildObjects() Benchmarks D e ine:-CligTrack:ClioList::ClipList(tracktion:: ine:-ClioTrack&. i -ValueT
137.00 ms 58.2% 0s | WVtracktion::engine::ClipTrack::ClipList::createNewObject(juce::ValueTree const&) Benchmarks [action-englne:-SlipTrack:ClipL st:.Clipist(acktion:sebgine . CTpTiack, JUce: ¥auelle..
137.00 ms 58.2% 3.00ms | Vtracktion::engine::Clip::createClipForState (juce::ValueTree const&, tracktion::engine:ClipTrack&) Benchmarks I 138 tracktion::engine::ValueTreeObjectList<tracktion::engine::Clip, juce:DummyCriticalSectio...
120.00 ms Y Vtracktion::engine::MidiClip::MidiClip(juce::ValueTree const&, tracktion::engine::EdititemID, tracktion::engine::ClipTrack&) Benchmarks € Il 137 tracktion::engine::ClipTrack::ClipList::createNewObject (juce::ValueTree const&)
66.00 ms 28.0% 1.00ms [ Vvtracktion::engine::QuantisationType::QuantisationType(juce::ValueTree const&, juce::UndoManager*) Benchmarks FY 137 tracktion::engine::Clip::createClipForState(juce::ValueTree const&, tracktion::engine::ClipT...
65.00 ms 27.6% 1.00ms | WVtracktion::engine::QuantisationType::initialiseCachedValues(juce::UndoManager*) Benchmarks \:] 120 tracktion::engine::MidiClip::MidiClip(juce::ValueTree const&, tracktion::engine::EditltemID,...
b & Vtracktion::engine::QuantisationType::updateType() Benchmarks @ F1 66 tracktion::engine::QuantisationType::QuantisationType(juce::ValueTree const&, juce::Undo...
20.00 ms 8.5% 11.00ms | »juce::String::retainCharacters(juce::StringRef) const Benchmarks FY 65 tracktion::engine::QuantisationType::initialiseCachedValues (juce::UndoManager*)
18.00ms 7.6% 10.00 ms P_free_tiny. Ilbsys‘tem_malloc.dyllb D 58 tracktion::engine::QuantisationType::updateType()
9.00ms 3.8% 2.00 ms [] Pjuce::String::String(char const*) Benchmarks D 20 i e inch ] o ¢
6.00 ms 2.5% 3.00 ms bfree libsystem_malloc.dylib L juce::String::retainCharacters(juce::StringRef) const
2.00ms 0.8% 0s P <Unknown Address> I&d 8 operator new(unsigned long)
1.00ms 0.4% 1.00 ms operator delete(void*) libc++abi.dylib 8 malloc
1.00ms 0.4% 1.00ms [ DYLD-STUB$$operator new[](unsigned long) Benchmarks 7 malloc_zone_malloc
3.00ms 1.2% 0s | Pjuce::ValueTree::addListener(juce::ValueTree::Listener*) Benchmarks 7 szone_malloc_should_clear
2.00ms 0.8% O0s | P juce::CachedValue<juce::String>::referToWithDefault(juce::ValueTree&, juce:ldentifier const&, juce::UndoManager*, juce::String const&) Benchmarks 7 tiny_malloc_should_clear
1.00ms 0.4% 1.00ms | juce::ValueTree::operator=(juce::ValueTree const&) Benchmarks 1 tiny_malloc_from_free_list
30.00ms 12.7% 0s || ptracktion::engine::Clip::Clip(juce::ValueTree const&, tracktion::engine::ClipTrack&, tracktion::engine::EdititemID, tracktion::engine::Trackltem::Type) Benchma
11.00 ms 4.6% 2.00ms || P juce::ValueTree::addListener(juce::ValueTree::Listener*) Benchmarks
2.00ms 0.8% 2.00ms | | juce::ldentifier::operator=(juce::ldentifier const&) Benchmarks
2.00ms 0.8% Os »operator new(unsigned long) libc++abi.dylib
1.00 ms 0.4% 1.00ms | tracktion::engine::Engine::getEngineBehaviour() const Benchmarks
1.00ms 0.4% 0s | P juce::CachedValue<juce::String>::referToWithDefault(juce::ValueTree&, juce::Identifier const&, juce::UndoManager*, juce::String const&) Benchmarks
11.00ms 4.6% 0s | p-tracktion::engine::MidiClip::initialise() Benchmarks
2.00ms 0.8% Os p-operator new(unsigned long) libc++abi.dylib
1.00ms 0.4% 1.00ms | juce::ldentifier::~ldentifier() Benchmarks
1.00ms 0.4% 1.00ms |7 juce::ValueTree::lterator::operator*() const Benchmarks
8.00ms 3.4% 0s | P void juce::ValueTree::sort<tracktion::engine::ClipTrack::ClipList::sortClips(juce::ValueTree&, juce::UndoManager*)::Sorter>(tracktion::engine::ClipTrack::ClipList::sortCl
1.00 ms 0.4% O0s | »tracktion::engine::callBlocking(std::__1::function<void ()>) Benchmarks
4.00ms 1.7% O0s |1 »tracktion::engine::AudioTrack::initialise() Benchmarks
2.00ms 0.8% 0s | p-tracktion::engine::Edit::initialiseTracks() Benchmarks
1.00ms 0.4% 0s | ptracktion::engine::callBlocking(std::__1::function<void ()>) Benchmarks
1.00ms 0.4% 0s | p-tracktion::engine::Edit::initialiseTimecode(juce::ValueTree&) Benchmarks
1.00 ms 0.4% 0s |1 »juce::UndoManager::clearUndoHistory() Benchmarks
78.00 ms 33.1% Os || ptracktion::engine::Edit::~Edit() Benchmarks
1.00ms 0.4% 0s || P tracktion::engine::ScopedBenchmark::~ScopedBenchmark() Benchmarks
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Untitled5

(¢ 1l = David's MacBook Pro (2) ) [l Benchmarks | Run 1 of 1 | 00:00:02 + B B
ATTRIBUTE v target INSTRUMENT v * | @EI*3® CPUs Threads Duplicate
:01.350 00:01.400 00:01.450 00:01.500 00:01.550 00:01.600 00:01.650 00:01.700 00:01.750 00:01.80
| | | 1 | | | 1 1 | | 1 | | | 1 | | 1 | | | ll | | | 1 | | | 1 | ] | | | | | | | | | | | | | | ] | | | | | | | | | | | | | ] | | | | | * | | | | | | | | | ] |

. System Calls ® © O 0000 © 0 06 © O O 0 0 0 00 0 o ® 00 00 00 06 00600 6 &6 O 0 0 0 0 0o 0o o [ J o0 o [ [ J ® o
Main Thread
VM Faults [ (] e o
0x2520b3d
. Thread State l
A dv A dh duu u LAl b 4 b dbd ol Wih A daad u L oAb dLA A dlA Al A A A A A A A A A A A Ailiu Likd A dlAdLdh A A A A A M A A ddb A A ALLin A A P A A AL A A A A Pl

B Main Thread (0x2520b3d) ) Narrative

Timestampa

Narrative

00:01.748.314
00:01.748.383

00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.
00:01.

00:01.

Input Filter

748.394
748.400
748.405
748.410
748.415
748.421
748.425
748.431
748.436
748.441
748.448
748.453
748.458
748.464
748.469
748.475
748.480
748.486
748.490
748.496
748.501
748.506
748.511
748.516
748.521
748.526
748.531
748.536
748.541
748.546
748.551
748.556
748.561
748.567
748.572

748.578

Virtual memory Page Cache Hit took 2.42 us.

Called "madvise" for 3.58 us, told the kernel that 8.00 KiB of memory starting at 0x7f926a69b000 became available for reuse.
Called "madvise" for 1.31 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a699000 became available for reuse.
Called "madvise" for 1.06 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a698000 became available for reuse.
Called "madvise" for 1.48 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a697000 became available for reuse.
Called "madyvise" for 990 ns, told the kernel that 4.00 KiB of memory starting at 0x7f926a696000 became available for reuse.
Called "madvise" for 1.31 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a695000 became available for reuse.
Called "madvise" for 1.07 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a694000 became available for reuse.
Called "madvise" for 1.52 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a693000 became available for reuse.
Called "madvise" for 1.03 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a692000 became available for reuse.
Called "madvise" for 1.04 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a691000 became available for reuse.
Called "madvise" for 1.43 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a690000 became available for reuse.
Called "madvise" for 1.12 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a68f000 became available for reuse.
Called "madvise" for 1.81 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a68e000 became available for reuse.
Called "madvise" for 1.03 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a68d000 became available for reuse.
Called "madvise" for 986 ns, told the kernel that 4.00 KiB of memory starting at 0x7f926a68c000 became available for reuse.

Called "madvise" for 1.59 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a68b000 became available for reuse.
Called "madyvise" for 1.06 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a68a000 became available for reuse.
Called "madvise" for 1.41 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a689000 became available for reuse.
Called "madvise" for 948 ns, told the kernel that 4.00 KiB of memory starting at 0x7f926a688000 became available for reuse.
Called "madvise" for 1.36 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a687000 became available for reuse.
Called "madvise" for 1.00 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a686000 became available for reuse.
Called "madvise" for 949 ns, told the kernel that 4.00 KiB of memory starting at 0x7f926a685000 became available for reuse.
Called "madvise" for 1.38 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a684000 became available for reuse.
Called "madvise" for 1.22 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a683000 became available for reuse.
Called "madvise" for 1.07 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a682000 became available for reuse.
Called "madvise" for 1.03 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a681000 became available for reuse.
Called "madvise" for 1.46 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a680000 became available for reuse.
Called "madvise" for 1.04 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a67f000 became available for reuse.
Called "madvise" for 1.44 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a67e000 became available for reuse.
Called "madvise" for 1.01 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a67d000 became available for reuse.
Called "madvise" for 941 ns, told the kernel that 4.00 KiB of memory starting at 0x7f926a67c000 became available for reuse.

Called "madvise" for 1.25 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a67b000 became available for reuse.
Called "madvise" for 1.02 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a67a000 became available for reuse.
Called "madvise" for 1.36 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a679000 became available for reuse.
Called "madvise" for 1.07 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a678000 became available for reuse.
Called "madvise" for 1.47 us, told the kernel that 4.00 KiB of memory starting at 0x7f926a677000 became available for reuse.
Called "madvise" for 988 ns, told the kernel that 4.00 KiB of memory starting at 0x7f926a676000 became available for reuse.
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00:01.475.950 00:01.476 e ey 01.476.100 00:01.476.150

System Calls

Main Thread VM Faults

Thread | 0x2520b3d

Thread State

B Main Thread (0x2520b3d) ) Narrative

Timestamp~ Narrative

00:01.475.954 Virtual memory Zero Fill took 901 ns.

00:01.475.960 Virtual memory Zero Fill took 1.12 us.

00:01.475.963 Virtual memory Zero Fill took 1.28 us.

00:01.475.970 Virtual memory Zero Fill took 614 ns.

00:01.475.976 Virtual memory Zero Fill took 959 ns.

00:01.475.982 Virtual memory Zero Fill took 819 ns.

00:01.476.008 Interrupted for 1.76 us while CPU 0 serviced an interrupt handler.
00:01.476.010 Ran for 50.90 ps on CPU 0 at priority 31.

00:01.476.023 Called "stat64" for 20.40 us.

00:01.476.055 Called "open" for 28.85 pus.

00:01.476.060 Interrupted for 274 ns (0.9% of open's duration) while CPU 0 serviced an interrupt handler.
00:01.476.061 Ran for 125.63 us on CPU 0 at priority 31.

00:01.476.086 Called "fstat64" for 2.06 us.
00:01.476.091 Called "read" for 3.50 us.

00:01.476.097 Called "close" for 3.12 us.
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Memory Access

L1 3 cycles

L2 20 cycles

RAM 200+ cycles
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Techniques for Optimisation



Techniques for Optimisation

1. Identifying work that can be removed

* The simplest form of optimisation is not doing some work
 Use a profile trace to identify sections of code that don’t need to be run
* E.g. reducing the number of memory allocations by reserving

* You may need to think of an alternative approach in order to remove a chunk
of code

* Evaluate lazily

* Evaluate asynchronously
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#include <vector>

std::vector<double> vec;
2500

O 00 ~J O U & W IN =

for (int 1 =0; 1 < 1'000; ++1i)
vec.push_back (0.0);
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std::vector<double> vec (1'000, 0.0);
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https://quick-bench.com/g/QuTY-mY6yFS1gIE7hIDBFjU5uNw
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Techniques for Optimisation

2. ldentifying work that can be combined

e Combine work in time:

 Evaluate in parallel

* Execute using SIMD instructions (single instruction, multiple data)

 Combine work in an algorithm:

e std::min_element + std::max _element = std::minmax_element
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Credit to Fabian:

https://forum.juce.com/t/simd regisfék—

e Build with at least —03

» Relax IEEE compliance (—f-fas&tMath)

e —Ofast

* Optionally help compiler wit

e std::assumed_alignasss

@ e
i

/533
your compiler i5n 't already a

14

/d

6?754!”(9 to add that before embarking on SIMDRegister, check that
-vectorizing the tight loops in your code. In my experience, the

compiler does a good job auto-vectonzing even moderately complex loops (but see my note at the end

of this post).

To ensure that the compiler is allowed to even auto-vectorize your code, be sure that:

1. You are building in release mode (i.e. at least optimisation level ~03)

multiply-accumulate rounding (x86/arm) behaviour as normal |[EEE compliant floating point

instructions. Hence, the compiler is not allowed to replace your loops with SIMD instructions if it
needs to ensure |EEE compliance.
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