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ɺʳʟʦʚʳ:

ʇʨʦʝʢʪʳ ʨʘʟʚʠʚʘʶʪʩʷ, ʪʨʝʙʦʚʘʥʠʷ ʨʘʩʪʫʪ

ɺʥʝʜʨʷʪʴ ʫʣʫʯʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦçʥʘ ʞʠʚʫʶè

ʆʩʦʙʝʥʥʦʩʪʠ:

ʆʛʨʦʤʥʘʷ ʘʫʜʠʪʦʨʠʷ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʞʝʣʝʟʦʤ

ʅʘʰʘ ʟʘʜʘʯʘ ïʤʘʢʩʠʤʘʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʣʷ 

ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ ʦʪ ʄʉʊ ʜʦ High-end ʇʂ



ʀʛʨʘ ïɻ ʪʦ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ
ʏʪʦ ʵʪʦ ʟʥʘʯʠʪ:

ɺʩʝ ʧʨʦʮʝʩʩʳ (ʛʨʘʬʠʢʘ, ʬʠʟʠʢʘ, ʣʦʛʠʢʘ) ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʚ 

ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʣʘʚʥʦʛʦ 

ʠʛʨʦʚʦʛʦ ʧʨʦʮʝʩʩʘ

ʇʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ:

ʄʠʥʠʤʘʣʴʥʳʡ FPS: 20 ʜʣʷ ʙʘʟʦʚʦʡ ʠʣʣʶʟʠʠ ʜʚʠʞʝʥʠʷ

ʆʧʪʠʤʘʣʴʥʳʡ FPS:  30, 60, ʘ ʣʫʯʰʝ ïʚʳʰʝ

ɿʘʯʝʤ ʵʪʦ ʥʫʞʥʦ:

ʏʪʦʙʳ ʠʛʨʦʢʠ ʥʝ ʩʪʘʣʢʠʚʘʣʠʩʴ ʩ ʣʘʛʘʤʠ, ʬʨʠʟʘʤʠ ʠ ʜʨʫʛʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʨʪʠʪʴ ʚʧʝʯʘʪʣʝʥʠʝ ʦʪ ʠʛʨʳ

ˤ͍͔͔͙͔͒ͤ
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ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ

ʅʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʣʠʷʶʪ:

ʀʟʤʝʥʝʥʠʷ ʚ ʢʦʜʝ

ʀʟʤʝʥʝʥʠʷ ʚ ʢʦʥʪʝʥʪʝ

ɺʘʞʥʦ!

ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʠʟʤʝʥʝʥʠʡ ʦʮʝʥʠʚʘʪʴ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ

ʂʘʢ ʤʦʞʥʦ ʨʘʥʴʰʝ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʫ

ˤ͍͔͔͙͔͒ͤ

4



ʇʦʣʴʟʦʚʘʪʝʣʠ ʧʨʦʬʘʡʣʝʨʦʚ

ʍʫʜʦʞʥʠʢʠ

FPS

ʆʙʲʝʢʪʳ

Draw Calls

ʈʘʟʤʝʨʳ ʪʝʢʩʪʫʨ

ʕʬʬʝʢʪʳ

é

ˤ͍͔͔͙͔͒ͤ

ʇʨʦʛʨʘʤʤʠʩʪʳ

ɸʥʘʣʠʟ ʚʳʟʦʚʦʚ

ʂʨʠʪʠʯʝʩʢʠʝ ʧʫʪʠ

CPU-GPU 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ

ʉʧʘʡʢʠ (ʬʨʠʟʳ)

é

Performance QA

ɸʛʨʝʛʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ

ʉʨʘʚʥʝʥʠʝ ʧʨʦʛʦʥʦʚ

ɹʶʜʞʝʪʠʨʦʚʘʥʠʝ
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ˤ͙͒· ͨͪͦͺ͚͔͍͊ͪͦ͡
ɺʩʪʨʦʝʥʥʳʝ ʚ ʜʚʠʞʦʢ

ʈʘʟʣʠʯʥʳʝ RealTime ʩʯʸʪʯʠʢʠ

ʇʦʣʠʛʦʥʳ

FPS

ʊʝʢʩʪʫʨʳ

ʇʘʤʷʪʴ

é

Debug-ʨʝʞʠʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ

ɸʛʨʝʛʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʩʦ ʩʯʸʪʯʠʢʦʚ

ˤ͍͔͔͙͔͒ͤ
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ɺʠʜʳ ʧʨʦʬʘʡʣʝʨʦʚ
ɺʥʝʰʥʠʝ ʧʨʦʬʘʡʣʝʨʳ

CPU

Visual Studio Profiler

Intel Vtune Profiler

Perf

PySampler

GPU

RenderDoc

NVIDIA Nsight Graphics

AMD Radeon GPU Profiler

Pix

ˤ͍͔͔͙͔͒ͤ
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ɺʚʝʜʝʥʠʝ

Instrumented vs Sample -Based

Sample Based Profiling

ʇʣʶʩʳ
çʅʠʟʢʘʷè ʥʘʛʨʫʟʢʘ ʥʘ ʩʠʩʪʝʤʫ

ʇʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ

ɸʥʘʣʠʟ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ

ʅʝ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʜʝ

ʄʠʥʫʩʳ

ʆʛʨʘʥʠʯʝʥʥʘʷ ʪʦʯʥʦʩʪʴ

ʅʝʧʦʣʥʳʝ ʜʘʥʥʳʝ

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʘʩʪʦʪʳ

ʈʠʩʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ

ʇʨʦʙʣʝʤʳ ʚ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʩʠʩʪʝʤʘʭ

Instrumented Profiling

ʇʣʶʩʳ
ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ

ɻʠʙʢʦʩʪʴ

ʇʦʜʜʝʨʞʢʘ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ

ɺʦʟʤʦʞʥʦʩʪʴ ʩʙʦʨʘ ʢʦʥʪʝʢʩʪʘ

ʀʜʝʘʣʴʥʦ ʜʣʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ

ʀʥʪʝʛʨʘʮʠʷ ʩʦ ʩʢʨʠʧʪʘʤʠ

ʄʠʥʫʩʳ

ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʦʚʝʨʭʝʜ

ʊʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʡ ʢʦʜʘ
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ʏʪʦ ʧʦʢʘʟʳʚʘʝʪ ʧʨʦʬʘʡʣʝʨ

ɺʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʢʘʞʜʳʡ ʘʩʧʝʢʪ ʢʘʜʨʘ: ʨʝʥʜʝʨʠʥʛ, ʬʠʟʠʢʘ, ʣʦʛʠʢʘ, 

ʠʥʧʫʪé

ʇʨʦʙʣʝʤʥʳʝ ʫʯʘʩʪʢʠ: ʙʦʪʣʥʝʢʠ, çʠʩʧʦʨʯʝʥʥʳʝè ʢʘʜʨʳ

ʌʨʠʟʳ, ʧʨʦʩʘʜʢʠ FPS

ʈʘʟʣʠʯʥʳʝ ʩʯʸʪʯʠʢʠ ʜʣʷ ʚʝʨʭʥʝʫʨʦʚʥʝʚʦʡʦʮʝʥʢʠçʥʘ ʤʝʩʪʝè

ʂʘʢ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʆʙʥʘʨʫʞʝʥʠʝ ʙʦʪʣʥʝʢʦʚ

ʆʧʪʠʤʠʟʘʮʠʷ ʘʩʩʝʪʦʚʠ ʢʦʜʘ

ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦ ʠ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʡ (diff-based

ʪʝʩʪʠʨʦʚʘʥʠʝ)

ˤ͍͔͔͙͔͒ͤ
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ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʦʤ ʞʝʣʝʟʝ

ʆʪ çʢʘʣʴʢʫʣʷʪʦʨʦʚè ʜʦ high-end ʤʘʰʠʥ

ʀʩʧʦʣʴʟʫʝʤ ʜʘʞʝ ʩʪʘʨʳʝ ʤʘʰʠʥʳ (ʥʝ ʚʩʝʛʜʘ ʣʝʛʢʦ ʥʘʡʪʠ)

ɸʢʪʠʚʥʦ ʪʝʩʪʠʨʫʝʤ ʥʘ ʩʪʝʥʜʘʭ, ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ

ʄʦʪʠʚʘʮʠʷ
ɺʳʞʠʤʘʝʤ ʤʘʢʩʠʤʫʤ ʠʟ ʞʝʣʝʟʘ, ʯʪʦʙʳ ʨʘʜʦʚʘʪʴ ʠʛʨʦʢʦʚ ʢʨʘʩʠʚʦʡ ʛʨʘʬʠʢʦʡ

ʇʦʜʜʝʨʞʠʚʘʝʤ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʚʠʟʫʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ

ʀʩʧʦʣʴʟʫʝʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ
Cʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʦʥʪʝʥʪʘ, ʨʝʧʣʝʠ

ʈʘʟʥʳʝ ʧʨʦʬʘʡʣʝʨʳ ʜʣʷ ʨʘʟʥʳʭ ʶʟʝʨʦʚ/ʟʘʜʘʯ (ʭʫʜʦʞʥʠʢʠ, ʧʨʦʛʨʘʤʤʠʩʪʳ, QA)

ˤ͍͔͔͙͔͒ͤ
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ʆʩʥʦʚʥʘʷ ʠʜʝʷ
ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʟʘʧʫʩʢʘʤʠ (ʦʙʳʯʥʦ 3 ʧʨʦʛʦʥʘ)

ɸʥʘʣʠʟ ʪʘʡʤʣʘʡʥʘ, ʚʳʜʝʣʝʥʠʝ ʧʨʦʙʣʝʤʥʳʭ ʫʯʘʩʪʢʦʚ

ɸʛʨʝʛʘʮʠʷ ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ

ʏʪʦ ʘʥʘʣʠʟʠʨʫʝʤ?
çʀʩʧʦʨʯʝʥʥʳʝè ʢʘʜʨʳ (ʚʳʜʝʣʷʶʪʩʷ ʢʨʘʩʥʳʤ)

ʌʨʠʟʳ, ʧʨʦʩʘʜʢʠ FPS, ʙʦʪʣʥʝʢʠ

ɺʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʨʝʥʜʝʨʠʥʛ, ʬʠʟʠʢʫ, ʠʛʨʦʚʫʶ ʣʦʛʠʢʫ, ʠʥʧʫʪʠ ʪ.ʜ.

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ
ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦ ʠ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʡ

ʆʙʥʘʨʫʞʝʥʠʝ ʧʨʦʙʣʝʤ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ

ʈʝʛʨʝʩʩʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʝʞʜʫ ʚʝʨʩʠʷʤʠ

ˤ͍͔͔͙͔͒ͤ

Diff -based ʪʝʩʪʠʨʦʚʘʥʠʝ
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ɺʚʝʜʝʥʠʝ

ʇʨʠʤʝʨʳ ʦʪʯʸʪʦʚ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ 
ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʪʠʧʦʚ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ
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̉́˻ ˻ˣ˿̂˨ˮ˸

Our Profiler Architecture

CPU Timings

GPU Profiling

RAM & VRAM Profiling

File IO Profiling

Data Plots

ˣ͔ͯ͒ͭ ͔͎ͤͣͤͦͦ Low-Level :)
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Our Profiler Architecture

ʉʙʦʨ ʜʘʥʥʳʭ CPU/GPU Timings, RAM, VRAM, IO ʠ ʪ.ʜ. ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ

ʄʠʥʠʤʘʣʴʥʳʡ ʦʚʝʨʭʵʜ, ʩʪʘʨʘʝʤʩʷ ʥʝ ʚʣʠʷʪʴ ʥʘ 

ʠʟʤʝʨʷʝʤʳʝ ʜʘʥʥʳʝ

˾͊ͤ͘·͔ ͫͼ͔͙͙ͤ͊ͪ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͒͡Ύ ͪ͊ͤ͘·ͻ ͙ͫͭͯ͊ͼ͙͚

ˤͦͣͦ͗ͤͦͫͭ͘Έ ͔͎ͦ͟͡ ͨͦ͒͟͡Ό;͊ͭΈ ͍͔ͤ΄͙͔ͤ ͨͪͦͺ͚͔͊ͪ͡· ͙͙͡ 

͊ͨͯͫ͊ͭ͘͟ΈͫΎ ͔͋͘ ͙ͤͻ
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Our Profiler Architecture

Global Profiler Architecture
Instrumented Profiling
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Our Profiler Architecture

Our Profiler Implementation
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CPU Logger

enum class EEventType : UInt32
{

ZoneEnter = 0,
ZoneLeave = 1,
//...

};

struct EventHeader
{

EEventType Type; 
TimeStamp TimeStamp;

};

template < EEventType Type >
struct EventPayload ;

template <> struct EventPayload <EEventType:: ZoneEnter >
{

StringHandle zoneName;
};
template <> struct EventPayload <EEventType:: ZoneLeave>
{
};

// ...

class CPULogger: public ILogger < CPULogger >
{
public:

template < EEventType Type, typename... PayloadArgs >
static void WriteEvent ( PayloadArgs &&... args )
{

void * Ptr = ThreadContext :: Get(). GetBuffer ( sizeof ( EventHeader ) + sizeof ( EventPayload <Type>) );
WriteStruct <EventHeader >( Ptr , Type, Profiling :: GetTickCount () );
WriteStruct <EventPayload <Type>>( Ptr , Forward <PayloadArgs >( args )... );

}
// ...

private:
struct ThreadContext
{

ThreadContext ();
~ThreadContext ();
// ...

static ThreadContext & Get()
{

static thread_local ThreadContext SThreadContext ;
return SThreadContext ;

}
};
static Array < ThreadContext > m_threadContexts ;
static Array < Buffer > m_deadThreadContextData ;

};

namespace Profiling
{

void EnterCPUZone( const char* LiteralName )
{

CPULogger:: WriteEvent < EEventType:: ZoneEnter >( MakeStaticStringHandle ( LiteralName ) );
}
//...

}

CPU Logger Data Structures CPU Logger
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CPU Timings

ʇʨʠʣʦʞʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʨʝʙʫʝʪʩʷ ʚʳʜʘʚʘʪʴ 60 

FPS, ʘ ʣʫʯʰʝ ïʙʦʣʴʰʝ

60 fps å 16 ms ʥʘʧʦʣʥʫʶʩʠʤʫʣʷʮʠʶʠʛʨʦʚʦʛʦʤʠʨʘ

ʆʛʨʦʤʥʦʝͦ͟͡-͍ͦ ͍·;͙͔͙͚ͫͤ͡

˸͎ͤͦͦͨͦͭͦ;ͤ͊Ύ ͔ͫͪ͒͊

18



CPU Timings

ʂʘʢ ʪʦʯʥʦ ʠʟʤʝʨʷʪʴ ʚʨʝʤʷ

ʅʝʤʥʦʛʦ RAII ʜʣʷ ʫʜʦʙʩʪʚʘ

ʄʥʦʛʦʧʦʪʦʯʥʦʩʪʴ

ʇʨʠʤʠʪʠʚʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ

ETW

ʇʝʨʝʢʣʶʯʝʥʠʷ ʢʦʥʪʝʢʩʪʦʚ

19



ʉʧʦʩʦʙʳ ʠʟʤʝʨʠʪʴ ʪʦʯʥʦ ʚʨʝʤʷ

ʉ++ std::chrono::high_resolution_clock

WinApi QueryPerformanceCounter + QueryPerformanceFrequency

Intrinsics __rdtsc

20



ʂʘʢ ʪʦʯʥʦ ʠʟʤʝʨʷʪʴ ʚʨʝʤʷ

LARGE_INTEGERfreq ;
QueryPerformanceFrequency ( &freq );

LARGE_INTEGERstartQpc ;
LARGE_INTEGERendQpc;

// Note: RDTSC instruction is not serializing so we should use memory barriers.
MemoryBarrier ();
QueryPerformanceCounter ( &startQpc );
const UInt64 startTsc = __rdtsc ();
MemoryBarrier ();

// Spin 1/32 sec.
do
{

QueryPerformanceCounter ( &endQpc );
}
while ( ( endQpc. QuadPart - startQpc . QuadPart ) < freq . QuadPart / 32 );

MemoryBarrier ();
const UInt64 endTsc = __rdtsc ();

// Calculate CPU time stamp frequency (g_cpuTscFrequency) here because we can't 
// use QPC frequency. They may differ on different platforms.
g_cpuTscFrequency = (( endTsc - startTsc ) * freq . QuadPart ) / ( endQpc. QuadPart - startQpc . QuadPart );

namespace Profiling
{

inline UInt64 GetTickCount ()
{

return __rdtsc ();
}

inline UInt64 GetTicksPerSecond ()
{

return g_cpuTscFrequency ;
}

}

RDTSC Frequency Calculation Timing Functions API
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ʅʝʤʥʦʛʦ RAII ʜʣʷ ʫʜʦʙʩʪʚʘ

void MyFunction ()
{

Profiling :: EnterCPUZone( "MyFunction" );

// Your code is here.

Profiling :: LeaveCPUZone();
}

struct CPUZoneScope
{
public:

explicit CPUZoneScope( StringView literalName )
{

Profiling :: EnterCPUZone( literalName );
}
~CPUZoneScope()
{

Profiling :: LeaveCPUZone();
}

};

#defin e PROFILE_CPU_ZONE CPUZoneScopeprofiledZone ( __FUNCTION__);
#define PROFILE_NAMED_CPU_ZONE( name ) CPUZoneScopeprofiledZone ( name );

void MyFunction ()
{

PROFILE_CPU_ZONE;

// Stage 1.
{

PROFILE_NAMED_CPU_ZONE( "Stage_1" );
// ...

}

// Stage 2.
{

PROFILE_NAMED_CPU_ZONE( "Stage_2" );
// ...

}

// ...
}
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ʄʥʦʛʦʧʦʪʦʯʥʦʩʪʴ
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ʄʥʦʛʦʧʦʪʦʯʥʦʩʪʴ

// WinApi hack for thread naming
// see: https://docs.microsoft.com/ru - ru/visualstudio/debugger/how - to - set - a- thread - name- in - native - code
void SetThreadName( DWORDdwThreadID, const char* threadName )
{

const DWORDMS_VC_EXCEPTION= 0x406D1388;

#pragma pack( push, 8 )
typedef struct tagTHREADNAME_INFO
{

DWORDdwType; // Must be 0x1000.
LPCSTRszName; // Pointer to name (in user addr space).
DWORDdwThreadID; // Thread ID ( - 1=caller thread).
DWORDdwFlags ; // Reserved for future use, must be zero.

} THREADNAME_INFO;
#pragma pack( pop )

THREADNAME_INFOinfo ;
info . dwType = 0x1000;
info . szName = threadName;
info . dwThreadID = dwThreadID;
info . dwFlags = 0;

#pragma warning ( push )
#pragma warning ( disable : 6320 6322 )

__try
{

RaiseException ( MS_VC_EXCEPTION, 0, sizeof ( info ) / sizeof ( ULONG_PTR), ( ULONG_PTR* ) &info );
}
__except ( EXCEPTION_EXECUTE_HANDLER)
{
}

#pragma warning ( pop )
}

Thread Naming Trick
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ʇʨʠʤʠʪʠʚʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ

class CriticalSection : public ILockObject < CriticalSection >
{
public:

CriticalSection ()
: m_acquired ( false )

{
InitializeCriticalSection ( &m_section );

}

~CriticalSection ()
{

DeleteCriticalSection ( &m_section );
}

void Lock()
{

PROFILE_LOCK_TRY( &m_section );
EnterCriticalSection ( &m_section );
assert ( m_acquired == false );
PROFILE_LOCK_ACQUIRED( &m_section );

m_acquired = true ;
}

Bool TryLock ()
{

PROFILE_LOCK_TRY( &m_section );
if ( TryEnterCriticalSection ( &m_section ) )
{

assert ( m_acquired == false );
m_acquired = true ;
PROFILE_LOCK_ACQUIRED( &m_section );

return true ;
}

PROFILE_LOCK_FAILED( &m_section );
return false ;

}

void Unlock ()
{

m_acquired = false ;
LeaveCriticalSection ( &m_section );
PROFILE_LOCK_RELEASED( &m_section );

}

private:
CRITICAL_SECTIONm_section ;
Bool m_acquired ;

};

CriticalSection Hooks
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ʇʨʠʤʠʪʠʚʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ
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ʉʦʙʳʪʠʷ, ʩʦʙʠʨʘʝʤʳʝ ʯʝʨʝʟ ETW:

Process Start/End

Thread Start/End

CSwitch / ReadyThread

Image Load/Unload

File Create/Destroy/Rename/Map/Unmap/Read/Write

Virtual Alloc/Free + Page Faults

Event Tracing for Windows (ETW) ςͣ ͔ͻ͙͊ͤͣ͘ ͒͡Ύ ͙͍͙ͭͪ͊ͫͫͪͦ͊ͤΎ ͙ 
͎͙͍͙ͦͪͦ͊ͤ͡Ύ ͫͦ͋·͙͚ͭ ͙ͨͪͦͦ͘΄͔͒΄͙ͻ ͍ user-mode͙͔͙ͨͪͦ͗ͤ͡Ύͻ ͙ kernel-
mode͚͍͔͒ͪ͊ͪ͊ͻΦ

ETW
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˽͔͔ͪ͟͡Ό;͔͙ͤΎ ͔͍ͦͤͭͫͭͦ͟͟

void ETWTraceCallback ( PEVENT_RECORDrecord )
{

// https://learn.microsoft.com/en - us/windows/win32/etw/cswitch
struct CSwitch
{

// ...
};

static constexpr UCHARCONTEXT_SWITCH_OPCODE= 36; 

if ( record - >EventHeader . EventDescriptor . Opcode !=
CONTEXT_SWITCH_OPCODE)

return ;

if ( sizeof ( CSwitch ) != record - >UserDataLength )
return ;

const CSwitch * cs = reinterpret_cast < const CSwitch * >( record -
>UserData );

ContextSwitchRecord res ;
res . timeStamp = record - >EventHeader . TimeStamp. QuadPart ;
res . newThreadId = cs- >NewThreadId;
res . oldThreadId = cs- >OldThreadId ;
res . reason = cs- >OldThreadWaitReason ;
res . processor = static_cast < UInt8 >( record -

>BufferContext . ProcessorIndex );

reinterpret_cast < ETWTracer* >( record - >UserContext ) -
>m_callback ( res );
}

ETWTracer* CreateETWTracer ( ETWEventCallback && callback )
{

TraceInfo info = {};
// ...

// Stop active trace if any.
TraceInfo tempInfo = info ;
ControlTrace ( NULL, KERNEL_LOGGER_NAME, &tempInfo . base, EVENT_TRACE_CONTROL_STOP);

// Start trace!
TRACEHANDLEtraceHandle ;
ULONGres = StartTrace ( &traceHandle , KERNEL_LOGGER_NAME, &info . base );

// Create tracer.
ETWTracer* tracer = new ETWTracer();

// Open log.
EVENT_TRACE_LOGFILEtraceLog = {};
// ...
traceLog . EventRecordCallback = ETWTraceCallback ;
traceLog . Context = tracer ;
tracer - >m_handle = OpenTrace( &traceLog );

struct Internal
{

static void TraceThreadEntryPoint ( void* userData )
{

ETWTracer* tracer = reinterpret_cast < ETWTracer* >( userData );
ProcessTrace ( &tracer - >m_handle, 1, NULL, NULL );

}
};

tracer - >m_thread . Start ( &Internal :: TraceThreadEntryPoint , tracer , "ETW Trace Thread" );

return tracer ;
}

ETW Logger Sample
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˽͔͔ͪ͟͡Ό;͔͙ͤΎ ͔͍ͦͤͭͫͭͦ͟͟

29



GPU Profiling

ɺʨʝʤʷ ʢʘʜʨʘ ʥʘ GPU ʪʘʢ ʞʝ ʢʨʠʪʠʯʥʦ, ʢʘʢ ʠ ʥʘ CPU

ʅʝʢʦʪʦʨʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ GPU Bound

ʈʘʙʦʪʘʝʪ ʘʩʠʥʭʨʦʥʥʦ CPU

ʉʠʥʭʨʦʥʠʟʘʮʠʷ CPU ʠ GPU
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GPU Profiling

ʂʘʢ ʠʟʤʝʨʷʪʴ GPU ʚʨʝʤʷ

ʅʝʤʥʦʛʦ RAII ʜʣʷ ʫʜʦʙʩʪʚʘ

ʉʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦʙ DrawCall ʠ ʥʝ ʪʦʣʴʢʦ

ʇʨʘʢʪʠʢʘ ïʢʘʢ ʧʦʜʚʷʟʘʪʴʩʷ ʢ Vtbl ʵʢʟʝʤʧʣʷʨʘ ʢʣʘʩʩʘ

ʇʨʘʢʪʠʢʘ ïʢʘʢ ʧʦʜʚʷʟʘʪʴʩʷ ʢ Vtbl Com-ʦʙʲʝʢʪʘ
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ʂʘʢ ʠʟʤʝʨʷʪʴ GPU ʚʨʝʤʷ

void BeginFrame( ID3D12CommandQueue* commandQueue, UInt64 frameCounter )
{

m_frameCounter = frameCounter ;

// Prepare per - frame data.
FrameData& frame = m_frames[ m_frameCounter % NUM_FRAMES];
commandQueue- >GetClockCalibration ( ( UINT64* ) &frame . gpuSyncStamp, 

( UINT64* ) &frame . cpuSyncStamp );
}

void EndFrame( ID3D12CommandQueue* commandQueue)
{

commandQueue- >GetTimestampFrequency ( &gpuFrequency );

// Process the oldest frame.
FrameData& oldFrame = m_frames[ ( m_frameCounter + 1 ) % NUM_FRAMES];

UInt64 * resolvedStamps = nullptr ;
oldFrame . readbackBuffer - >Map( 0, nullptr , ( void ** ) &resolvedStamps );
{

//...
const Double gpuDeltaSecs = Double ( resolvedStamps [ queryIndex ] -

oldFrame . gpuSyncStamp ) / Double ( gpuFrequency );
TimeStamp cpuStamp = oldFrame . cpuSyncStamp + SecToTimeStamps( gpuDeltaSecs );

switch ( e. type )
{

case Event :: EType::Enter: Profiling :: EnterGPUZone( EGPUQueue::Graphics, 
e. literalName , cpuStamp ); break ;

case Event :: EType::Leave: Profiling :: LeaveGPUZone( EGPUQueue::Graphics, 
cpuStamp ); break ;

}
}
oldFrame . readbackBuffer - >Unmap( 0, nullptr );

}

void EnterScope ( const Char* literalName , UInt32 commandListId , 
ID3D12GraphicsCommandList * apiCommandList )
{

FrameData& frame = m_frames[ m_frameCounter % NUM_FRAMES];
// ...
apiCommandList - >EndQuery( frame . queryHeap. Get(), 

D3D12_QUERY_TYPE_TIMESTAMP, UINT( queryIndex ) );
//...

}

void ResolveEvents ( UInt32 commandListId , ID3D12GraphicsCommandList *
apiCommandList )
{

FrameData& frame = m_frames[ m_frameCounter % NUM_FRAMES];

apiCommandList - >ResolveQueryData ( frame . queryHeap. Get(), 
D3D12_QUERY_TYPE_TIMESTAMP,

NUM_COMMAND_LIST_EVENTS * commandListId , UINT( cmdListData . count ), 
frame . readbackBuffer . Get(), sizeof ( UInt64 ) *

NUM_COMMAND_LIST_EVENTS * commandListId );
}

GPU Timing Profiler
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CPU & GPU Timelines
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ʅʝʤʥʦʛʦ RAII ʜʣʷ ʫʜʦʙʩʪʚʘ

void MyFunction ( CommandList& commandList )
{

commandList . EnterGPUZone( "MyFunction" );

// Your code is here.

commandList . LeaveGPUZone();
}

struct GPUZoneScope
{
public:

explicit GPUZoneScope( CommandList& commandList ,
StringView literalName )

: m_commandList( commandList )
{

m_commandList. EnterGPUZone( literalName );
}
~GPUZoneScope()
{

m_commandList. LeaveGPUZone();
}

private:
CommandList& m_commandList;

};

#define PROFILE_GPU_ZONE( commandList )
GPUZoneScopeprofiledZone ( commandList, __FUNCTION__ );

#define PROFILE_NAMED_GPU_ZONE( commandList , name )
GPUZoneScopeprofiledZone ( commandList, name );

void MyFunction ( CommandList& commandList )
{

PROFILE_GPU_ZONE( commandList );

// Stage 1.
{

PROFILE_NAMED_GPU_ZONE( commandList , "Stage 1" );
// ...

}

// Stage 2.
{

PROFILE_NAMED_GPU_ZONE( commandList , "Stage 2" );
// ...

}

// ...
}
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ʂʘʢʠʝ ʜʘʥʥʳʝ ʝʱʝ ʠʥʪʝʨʝʩʥʦ ʩʦʙʠʨʘʪʴ ʩ GPU

Draw Call Pipeline Statistics (ͫͣΦ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘)

Dispatch Call

Clear

Copy

Present

https://learn.microsoft.com/en-us/windows/win32/api/d3d12/ns-d3d12-d3d12_query_data_pipeline_statistics 35



ʇʨʘʢʪʠʢʘ ïʢʘʢ ʧʦʜʚʷʟʘʪʴʩʷ ʢ Vtbl ʵʢʟʝʤʧʣʷʨʘ ʢʣʘʩʩʘ

class BaseClass
{
public:

virtual ~BaseClass () = default ;

virtual void DoFoo( Int32 i )
{

debug( "BaseClass::DoFoo( %d )" , i );
}
virtual void DoBar()
{

debug( "BaseClass::DoBar()" );
}

};

class TestClass : public BaseClass
{
public:

~TestClass () override = default ;

void DoFoo( Int32 i ) override
{

debug( "TestClass::DoFoo( %d )" , i );
}

void DoBar() override
{

debug( "TestClass::DoBar()" );
}

void DoBaz( Int32 i )
{

debug( "TestClass::DoBaz( %d )" , i );
}

}; 36



ʇʨʘʢʪʠʢʘ ïʢʘʢ ʧʦʜʚʷʟʘʪʴʩʷ ʢ Vtbl ʵʢʟʝʤʧʣʷʨʘ ʢʣʘʩʩʘ

void** GetVtbl ( void* instancePtr )
{

return * ( void *** ) instancePtr ;
}

void ChangeVtbl ( void* instancePtr , void** newVtbl )
{

* ( void ** )( instancePtr ) = newVtbl ;
}

template < typename F >
void ReplaceVtblEntry ( void** vtbl , SizeT index , F f )
{

mem:: Copy( &vtbl [ index ], &f , sizeof ( void * ) );
}

SizeT GuessVtblSize ( void** vtbl )
{

for ( SizeT i = 0; ; ++i )
{

MEMORY_BASIC_INFORMATIONmemInfo = {};
VirtualQuery ( vtbl [ i ], &memInfo,

sizeof ( MEMORY_BASIC_INFORMATION) );

DWORDTestFlags = PAGE_EXECUTE| PAGE_EXECUTE_READ|
PAGE_EXECUTE_READWRITE;

if ( ! ( memInfo. Protect & TestFlags ) )
{

return i ;
}

}
}

BaseClass * Instance = new TestClass ();

void ** OrigVtbl = GetVtbl ( Instance );
SizeT VtblSize = GuessVtblSize ( OrigVtbl );

// Create a new vtbl.
void ** NewVtbl = reinterpret_cast < void ** >( mem:: Malloc ( VtblSize * sizeof ( void * ) ) );
mem:: Copy( NewVtbl , OrigVtbl , VtblSize * sizeof ( void * ) );

// Replace Foo with Baz
ReplaceVtblEntry ( NewVtbl , 1, &TestClass :: DoBaz );

// Change instance vtbl.
ChangeVtbl ( Instance , NewVtbl );

Instance - >DoFoo( 123 );
Instance - >DoBar();

// Prints:
// ---
// TestClass::DoBaz( 123 )
// TestClass::DoBar()

// Restore original state.
ChangeVtbl ( Instance , OrigVtbl );

mem:: Free ( NewVtbl );
delete Instance ;

Utility Functions Vtbl Patching
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ʇʨʘʢʪʠʢʘ ïʢʘʢ ʧʦʜʚʷʟʘʪʴʩʷ ʢ Vtbl ʵʢʟʝʤʧʣʷʨʘ ʢʣʘʩʩʘ

class TestClass : public BaseClass
{
public:

~TestClass () override = default ;

void _stdcall DoFoo( Int32 i ) override
{

debug( "TestClass::DoFoo( %d )" , i );
}

void _stdcall DoBar() override
{

debug( "TestClass::DoBar()" );
}

void _stdcall DoBaz( Int32 i )
{

debug( "TestClass::DoBaz( %d )" , i );
}

};

void _stdcall DoXyz( BaseClass * pThis , Int32 i )
{

debug( "DoXyz( %d )" , i );
};

// ...

// Replace Foo with Baz
ReplaceVtblEntry ( NewVtbl , 1, &DoXyz );

Instance - >DoFoo( 123 );
Instance - >DoBar();

// Prints:
// ---
// DoXyz( 123 )
// TestClass::DoBa r ()

// ...
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ʇʨʘʢʪʠʢʘ ïʢʘʢ ʧʦʜʚʷʟʘʪʴʩʷ ʢ Vtbl Com-ʦʙʲʝʢʪʘ

#define CINTERFACE
#include <d3d12.h>

void __stdcall OurCreateShaderResourceView ( ID3D12Device * This , ID3D12Resource* pResource , const D3D12_SHADER_RESOURCE_VIEW_DESC* pDesc, 
D3D12_CPU_DESCRIPTOR_HANDLEDestDescriptor )
{

// You can do whatever you want here.

// Call original method.
m_OldVtbl - >CreateShaderResourceView ( This , pResource , pDesc, DestDescriptor );

}

// Guess D3DDevice vtbl size (driver specific).
SizeT VtblSize = GuessVtblSize ( GetVtbl ( D3DDevice ) );

// Allocate a new Vtbl.
void ** NewVtbl = reinterpret_cast < void ** >( mem:: Malloc ( VtblSize * sizeof ( void * ) ) );
mem:: Copy( NewVtbl , D3DDevice- >lpVtbl , sizeof ( void * ) * VtblSize );

// Remember original Vtbl.
m_OldVtbl = D3DDevice- >lpVtbl ;

// Replace Vtbl.
* ( void ** ) &D3DDevice- >lpVtbl = NewVtbl ;

// Replace methods.
D3DDevice- >lpVtbl - >CreateShaderResourceView = OurCreateShaderResourceView ;
// ...
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ʇʨʘʢʪʠʢʘ ïʢʘʢ ʧʦʜʚʷʟʘʪʴʩʷ ʢ Vtbl Com-ʦʙʲʝʢʪʘ
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RAM & VRAM Profiling

ʊʘʢ ʞʝ ʚʘʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ, ʢʘʢ ʠ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ

ʄʦʞʝʪ ʙʠʪʴ ʧʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ

ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ çʩʧʘʡʢʦʚ»

ʄʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʩʘʤʳʭ ʥʝʦʞʠʜʘʥʥʳʭ ʤʝʩʪʘʭ
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RAM & VRAM Profiling

VRAM Profiling

RAM Profiling

Allocation Gathering

Allocation Hooking
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VRAM Profiling

// Combined name (space, camera, name).
m_instanceBuffer = device . CreateBuffer ( EBufferType :: GenericBuffer , m_instances . Data(), m_instances . Capacity (), sizeof ( GPUIcon ), EUsage::Dynamic,

MakeResourceName( " Space_Meadow" , " OpaqueCamera" , " IconInstancingBuffer " ) );

// Name based on file name.
outTexture = device . CreateTexture2D ( EFormat::BC1, ETextureFlags ::None, 1024, 1024, 1, EUsage::Immutable, * Data, MakeResourceName( FileName ) );

struct GPUMemoryStats
{

struct Stats
{

SizeT Usage; // Amount of allocated memory.
SizeT Budget ; // Budget provided by graphics API.
Atomic64 Resource ; // Amount of calculated memory.

};

Stats CpuMemory; // Shared RAM
Stats GpuMemory; // VRAM

};

// Local memory.
DXGI_QUERY_VIDEO_MEMORY_INFOMemoryInfo = {};
Adapter - >QueryVideoMemoryInfo ( 0, DXGI_MEMORY_SEGMENT_GROUP_LOCAL, &MemoryInfo );

m_memoryStats. GpuMemory. Usage = MemoryInfo . CurrentUsage ;
m_memoryStats. GpuMemory. Budget = MemoryInfo . Budget ;

// Non - local memory.
DXGI_QUERY_VIDEO_MEMORY_INFOMemoryInfo = {};
Adapter - >QueryVideoMemoryInfo ( 0, DXGI_MEMORY_SEGMENT_GROUP_NON_LOCAL, &MemoryInfo );

m_memoryStats. CpuMemory. Usage = MemoryInfo . CurrentUsage ;
m_memoryStats. CpuMemory. Budget = MemoryInfo . Budget ;
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VRAM Profiling

GPU Resources
ςωω Textures
ο   ςωω %ÎÖÉÒÏÎÍÅÎÔ
ο   ο   ςωω Skybox
ο   ο   ο   ςωω $ÁÙ
ο   ο   ο   υωω .ÉÇÈÔ
ο   ο   ςωω Terrain
ο   ο   ο   ςωω texture
ο   ο   ο   υωω ƛ
ο   ςωω Characters
ο   ο   ςωω Hero
ο   ο   ο   ςωω texture
ο   ο   ο   υωωƛ
ο   ο   υωω Enemy
ο   ο       ςωω texture
ο   ο       υωω ƛ
ο   υωω 5)
ο       ςωω texture
ο       υωωƛ
ςωω Models
ο   ςωω Characters
ο   ο   ςωω hero.fbx
ο   ο   υωω enemy.fbx
ο   ςωω %ÎÖÉÒÏÎÍÅÎÔ
ο   ο   ςωω tree.fbx
ο   ο   υωω rock.fbx
ο   υωω Props
ο       ςωω barrel.fbx
ο       υωω crate.fbx
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Texture Group Used in

2256 760 760 Minimaptarget: result RT

0 4 4
texture/GPUTextureCompressorresult map: 
"ImposterBaker" 8x4 RT

2730 2048 1024 Algae_03_ImposterAtlas_aux Trees

21 128 128 content/location/textures/LMG001_alpha_a Objects content/location/misc/gardens/LGHRT44/lods/LGHRT44_lod1.visual

21 128 128 Bees_to_Honey_misc_asf_01_alpha_a Decals

10 128 128 content/location/textures/DEA34_tent_a Objects content/location/DEA34/DEA34.visual

5 64 64 content/location/vechicle/textures/LVA063_n Objects content/vechicle/automobile/LLDDA/lods/lod1.visual

341 512 512 dyndecals/damage_dec_6_d Decals

1365 512 512 resources/maps/gizmo/square Other

2168 593 468 PostFX_lensBlur/PostFX_PostFX/D2F8 RT

4096 1024 512 texture/HDR bloom map #0_2 RT

85 256 256 16_Bees_to_Honey_misc_road_18_alpha_a Decals

8192 2048 1024 texture/ImposterBakerG-Buffer aux map#1 RT

682 1024 1024 content/nature/tile/textures/LNT016_BTH_09_odLandscapecontent/nature/tile/LNT016_BTH_09/lods/LNT016_BTH_09_lod1.visual

682 1024 1024 maps/16_Bees_to_Honey/16_BTH_HD_LA_08_mgDecals

682 1024 1024 content/underwater/textures/TILED/LNU007_od Landscapecontent/underwater/LNU007/LNU007

42 256 128 content/location/building/city/textures/LBC056_n Objects content/location/building/city/LBC067/lods/LBC067_lod1.visua

42 128 256 content/location/misc/fence/textures/LMF050_n Objects content/location/misc/fence/LMF060/LMF060.visual

682 1024 1024 content/tile/textures/LNT016_BTH_04_lava_dry_odLandscapecontent/tile/LNT016_BTH_04_lava_dry/lods/lod2.visual

1365 1024 1024 content/location/tile/textures/LNT016_BTH_02_blendLandscapecontent/location/tile/LNT016_BTH_02/lods/LNT016_BTH_02_lod1.

10 128 128 content/location/sailboat/textures/LSS032_Boat_mgObjects
content/location/sailboat/LSS034/lods/LSS034_lod1.visual 
content/location/sailboat/LSS034/lods/LSS034_lod2.visual

0 16 4 resources/textures/yellow_ruler Other

Χ Χ Χ Χ 

GPU Resources Tree

ςωω Buffers
ο   ςωω Vertex Buffers
ο   ο   ςωω hero.vbo
ο   ο   υωω enemy.vbo
ο   ςωω )ÎÄÅØ Buffers
ο   ο   ςωω hero.ibo
ο   ο   υωω enemy.ibo
ο   υωω Uniform Buffers
ο       ςωω camera_ubo
ο       υωω light_ubo
υωω Render Targets

ςωω Main Frame Buffer
ςωω Shadow Map
υωω 0ÏÓÔ- Processing Buffer
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ʏʪʦ ʩʦʙʠʨʘʝʤ

ɹʘʟʦʚʦ ʧʦʜʚʷʟʳʚʘʝʤʩʷ ʥʘ malloc/realloc/free

ʇʦʜʚʷʟʳʚʘʝʤʩʷ ʥʘ ʪʨʝʙʫʝʤʳʝ ʘʣʣʦʢʘʪʦʨʳ(ʥʘʧʨʠʤʝʨ ʠʟ third-party)

ʉʪʘʪʠʩʪʠʢʫ ʠʟ OS: Virtual Memory, Commit Size, Working Set, Page 

File ʠ ʪ.ʜ.

ʆʪʜʝʣʴʥʦ ʩʦʙʠʨʘʝʤ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʘʣʣʦʢʘʮʠʠ

HeapAlloc/VirtualAlloc

45



RAM Profiling

// We have our own allocation functions:
void* Allocate ( SizeT Size );
void* Reallocate ( void* OldPtr , SizeT Size );
void Free ( void* Ptr );

// We've overrided new/delete operators 

UInt32 GGenericHeap = Profiling :: RegisterHeap ( "Generic" );

void* Allocate ( SizeT Size )
{

// Do actual allocation.
// ...

Profiling :: TrackAllocation ( GGenericHeap, Ptr , Size );
return Ptr ;

}

// The same way we handle all allocations. From specific allocators.
// The same way we gather GPU allocations.
// We collect stacktrace as well, so we can detect memory leaks, or check live - allocations.

ʊʨʝʢʠʥʛ ʦʙʱʠʭ ʘʣʣʦʢʘʮʠʡ
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Allocation Gathering
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