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Profile-Guided Optimization (PGO)

• Re-orders basic blocks (keeps hot ones together)

• De-virtualizes virtual calls via GDV (Guarded Devirtualization)

• Inliner relies on PGO data and can be very aggressive for hot paths

• Loop Clonning, Inlined Casts, etc. aren't applied in cold blocks



PGO: Instrumentation

static void DoWork(IDisposable d)
{

if (d == null)
{

Console.WriteLine(":(");
}
else
{

d.Dispose();
}

}



PGO: Instrumentation

static void DoWork(IDisposable d)
{

if (d == null)
{

__DoWork_ILOffset2_counter++;
Console.WriteLine(":(");

}
else
{

___DoWork_ILOffset4_counter++;
___DoWork_ILOffset4_ClassProfile(d);
d.Dispose();

}
}





How to use Dynamic PGO

• Dynamic PGO
• DOTNET_TC_QuickJitForLoops=1
• DOTNET_TieredPGO=1

• Dynamic PGO without prejitted code (we call it 'FullPGO')
• DOTNET_ReadyToRun=0
• DOTNET_TC_QuickJitForLoops=1
• DOTNET_TieredPGO=1



PGO: devirtualization

bool WriteAndFlush(Stream stream)
{

stream.WriteByte(1);
stream.Flush();
return true;

}



Codegen for default mode

bool WriteAndFlush(Stream stream)
{

stream.WriteByte(1);
stream.Flush();
return true;

}



Tier0 with instrumentation

bool WriteAndFlush(Stream stream)
{

stream.WriteByte(1);
stream.Flush();
return true;

}



Guarded devirtualization (GDV)

bool WriteAndFlush(Stream stream)
{

if (stream is MemoryStream)
((MemoryStream)stream).WriteByte(1); // can be inlined now!

else
stream.WriteByte(1);

if (stream is MemoryStream)
((MemoryStream)stream).Flush(); // can be inlined now!

else
stream.Flush();

return true;
}



GDV: Chaining

void WriteAndFlush(Stream stream)
{

if (stream is MemoryStream)
{

((MemoryStream)stream).WriteByte(1); // can be inlined now!
((MemoryStream)stream).Flush(); // can be inlined now!

}
else
{

stream.WriteByte(1); // indirect call (fallback)
stream.Flush();      // indirect call (fallback)

}
return true;

}



Next steps: multiple guesses

bool WriteAndFlush(Stream stream)
{

if (stream is MemoryStream)
((MemoryStream)stream).WriteByte(1); // can be inlined now!

else if (stream is FileStream)
((FileStream)stream).WriteByte(1);  // can be inlined now!

else
stream.WriteByte(1);

if (stream is MemoryStream)
((MemoryStream)stream).Flush(); // can be inlined now!

else if (stream is FileStream)
((FileStream)stream).Flush();   // can be inlined now!

else
stream.Flush();

return true;
}



Virtual calls in AvaloniaILSpy app



Live-coding:
PGO & GDV



Improvements in Inliner

• Precise(r) IL scan

• Recognizes intrinsics in call opcodes (only if promoted to tier1 naturally)

• 25 new observations/heuristics

• Relies on PGO data if it’s around

• Extended IL and BB limits 



TimeSpan TimeoutSpan => TimeSpan.FromSeconds(5);

.NET 5.0:

.NET 6.0:



.NET 5.0:

.NET 6.0:

bool IsEgor(string str) => str == "Egor";

bool Test() => IsEgor("Egor");



int Callee<T>(IDisposable disp, uint x)
{

disp.Dispose();

if (typeof(T) == typeof(int))
return 1;

if (typeof(T) == typeof(uint))
return 2;

if (typeof(T) == typeof(double))
return 3;

if ((x * 10) == BitOperations.PopCount(x))
{

return 5;
}

return (int)Math.Pow((int)x, 2);
}

void Caller(Program p) => Callee<string>(p, 42);
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“Jump-Threading”

int DoWork(int x)
{

int z = 0;

if (x == 42)
z++;

if (x == 42)
z++;

return z;
}



CSE for floats and SIMD types

void DoWork()
{

for (int i = 0; i < 1000; i++)
{

Console.WriteLine(3.14);
Console.WriteLine(3.14);

Console.WriteLine(
Avx2.Add(

Vector256.Create(2), 
Vector256.Create(3)).ToScalar());

}
}



Arm64 Parity with x64



Arm64 Parity with x64



Arm64 Parity with x64



Not covered in this talk

• Loop Optimizations

• SIMD-related & Peephole Optimizations

• Register Allocator improvements

• Loop Alignment

• Keep structs in registers

• Bug-fixes



CLR JIT Team: we’re hiring!
yabah@microsoft.com
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