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0SS
SignalR AIDDWASWASHFE LU TULET

TypedSignalR.Client
C# @D SignalR Client Z5& < B (F9 B 128D Source Generator

TypedSignalR.Client.TypeScript
TypeScript @ SignalR Client Z258 < B2 (79 D726 .NET Tool / library

TypedSignalR.Client.DevTools
SignalR [E(F(C Swagger Ul =D GUI ZBEVAERL T B library

AspNetCore.SignalR.OpenTelemetry
SignalR @D OpenTelemetry XT)itx + log 584L,

O https://github.com/nenoNaninu
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Dynamic PGO



Dynamic PGO

1BZE(C Dynamic PGO ICDWTCEFMIICEE D TWLWE T

.NET 8 CTEIETHMICIRDIE

Dynamic PGO (CDU\T

NET 37Kk 2023/10/28

alfErad,

https://speakerdeck.com/nenonaninu/dot-net-8-deji-ding-deyou-xiao-ninatuta-dynamic-pgo-nituite



Dyna miC PGO .NET @D Dynamic PGO [CDU\TT
E*??‘C‘ﬁﬂ%ﬁbtb\é
182 (C Dynamic PGO [CDWTCEFMIICEE O TWLWET BREFUVASAT R

.NET 8 CTEIETHMICIRDIE

Dynamic PGO (CDU\T

NET 37Kk 2023/10/28

alfErad,

https.//speakerdeck.com/nenonaninu/dot-net-8-deji-ding-deyou-xiao-ninatuta-dynamic-pgo-nituite



Dynamic PGO

NET8 == C
Devirtualization
virtual method, interface method, delegate MU U &iEAL

Inlining

NET 9 W5
Cast DEIRIL
(T)obj
objis T



Dynamic PGO
EEEIE

class MyClass
{

¥

public int Value = 99;

MyClass at 0x24F050A9268

header type handle
A0 CC 27 78 FF 7F




Dynamic PGO
EEEIE

class MyClass
{

public int Value = 99;
}

MyClass at 0x24F050A9268
header type handle

A7 10O bOBEERIT
Header DiEA [CTFTE

A0 CC 27 78 FF 7F




Dynamic PGO
Cast (CRA9 S EmiE{L

public class Tests

{
private A obj = new C(Q);

[Benchmark]
public bool IsInstanceOf() => obj is B;

public class A { }
public class B : A {}
public class C : B { }




Dynamic PGO

.NET 8

; Tests. IsInstanceOf ()
push rax
mov rsi, [rdi+8]
mov rdi, offset MT Testst+B
call gword ptr [7F3D91524360]; CastHelpers. IsInstanceOfClass(Void*, System.Object)

test rax, rax
setne al
movzXx eax, al
add rsp, 8
ret

; Total bytes of code 35




Dynamic PGO

.NET 8

; Tests. IsInstance0f()
push rax
mov rsi, [rdi+8]

mov rdi, offset MT Testst+B

call gword ptr [7F3D91524360]; CastHelpers. IsInstanceOfClass(Void*, System.Object)
test rax, rax

setne al

movzXx eax, al

add rsn, 8 W9 IsinstanceOfClass ZIEOMH U T

ret . “ \ af r=3=x
; Total bytes of code 35 Oblb B hZHIE




Dynamic PGO

.NET 8

[ Debug

o
¥4
e

erHidden]
static object? IsInstanceOfClass(void* toTypeHnd, object? obj)

g
privat

I
L

; Tests. IsInstance0f()
push rax
mov rsi, [rdi+8]

mov rdi, offset MT Testst+B

call aword ptr [7F3D91524360]; CastHelpers. IsInstanceOfClass(Void*, System.Object)
test rax, rax

setne

movzX

adf ’ W9 IsinstanceOfClass ZIFOH LT
re . Y U L—
; Total bytes of code 35 obj H B HhzHE




Dyna m iC PGO B @ TypeHandle & objiEETND

.NET 8

[ Debug

o
¥4
e

erHidden]
static object? IsInstanceOfClass(void* toTypeHnd, object? obj)

g
privat

I
L

; Tests. IsInstance0f()
push rax
mov rsi, [rdi+8]

mov rdi, offset MT Testst+B

call aword ptr [7F3D91524360]; CastHelpers. IsInstanceOfClass(Void*, System.Object)
test rax, rax

setne

movzXx

adf ’ W9 IsinstanceOfClass ZIFOH LT
re . Y U L—
; Total bytes of code 35 obj H B HhzHE




Dyna m iC PGO B @ TypeHandle & objiEETND

.NET 8

[DEhL-EEPHiddEF]
e

private static object? IsInstanceOfClass(void* toTypeHnd, object? obj)
I
L

; Tests. IsInstance0f()
push rax
mov rsi, [rdi+8]

mov rdi, offset MT Tests+B
call aword ptr [7F3D91524360]; CastHelpers. IsInstanceOfClass(Void*, System.Object)

test rax, rax
setne al
Movzx eax, al

add rsp, 8 W9 IsinstanceOfClass ZIFEOMH U T
ret obj h' B h & HIiE

; Total bytes of code 35

TR A EDEI R BRI LEBE(C (3R 5780




[DebuggerHidden]
private static object? IsInstanceOfClass(void* toTypeHnd, object? obj)
{

° if (obj == null || RuntimeHelpers.GetMethodTable(obj) == toTypeHnd)
Dynamic PGO

MethodTable* mt = RuntimeHelpers.GetMethodTable(obj)->ParentMethodTable;
for (5 ;)

IsinstanceOfClass DX =¥l " it (e = coTypeting)

goto done;

8% L\ [E€EE€E TypeHandle & (F{ah et (5 = mut)

break;

= mt->ParentMethodTable;

Type B (C MethodTalbe M1 DFE T D 5 ot = oo

TypeHandle (& MethodTalbe DR >4 R

= mt->ParentMethodTable;
(mt == toTypeHnd)

MethodTable (C (3 Type (CE T D4k 4Q 7R [EHR e

(mt == null)
break;

mt = mt->ParentMethodTable;

B DFER (class, struct, interface)
if (mt == toTypeHnd)

E2& LU TCUL\D interface (DX gote dene

if (mt == null)
break;

Varas
% Q mt = mt->ParentMethodTable;

}

#if FEATURE_TYPEEQUIVALENCE
The Objectinstance of smallObj contains the TypeHandle that points to the MethodTable of the corresponding type. // this helper is not supposed to

Debug.Assert{!((MethodTa

There will be one MethodTable for each declared type and all the object instances of the same type will point to the #endif // FEATURE TYPEEQUNALEHC;—'

same MethodTable. This will contain information about the kind of type (interface, abstract class, concrete class, COM

. . . . bj = null;
Wrapper, and proxy), the number of interfaces implemented, the interface map for method dispatch, the number of slots I

in the method table, and a table of slots that point to the implementations. done:

return obj;

¥
https://learn.microsoft.com/en-us/archive/msdn-magazine/2005/may/net-framework-internals-how-the-clr-creates-runtime-objects




Dynamic PGO

.NET9

; Tests. IsInstance0f()
push rbp
mov rbp, rsp
mov rsi, [rdi+8]
mov rcx, rsi
test rcX, rex
je short MO0 LOO
mov rax, offset MT Tests+C
cmp [rcx], rax
jne short MO0 LO1
MO0 LO0O:
test rcX, rex
setne al
movzX eax, al
pop rbp
ret
MO0 LO1:
mov rdi,offset MT Tests+B
call CastHelpers. IsInstanceOfClass(Void*, System.Object)
mov rcx, rax
jmp short MO0 LOO
; Total bytes of code 62




Dynamic PGO

.NET9

; Tests. IsInstance0f()
push rbp

mov rbp, rsp
mov rsi, [rdi+8]

mov rex, rsi

test F'CX, Frcx N\ —_— =
je short MO0 LOO HEERODEZ,

mov rax, offset MT Tests+C NT X chis hSH#EESNTWVWSDIEZHMDOTLD,

cmp [rex], rax IRDT obj h* c haEEIEHE (cmp) UEiER(E
jne short MO0 LO1

MOO_LOO-
test rcx, rex
setne
movzx
pop
ret

MO0 LO1:
mov rdi,offset MT Tests+B
call CastHelpers. IsInstanceOfClass(Void%, System.Object)

mov rcx, rax

jmp short MO0 LOO
; Total bytes of code 62




Dynamic PGO

.NET9

; Tests. IsInstance0f ()
push rbp

mov rbp, rsp
mov rsi, [rdi+8]

mov rex, rsi

test rcX, rcx FELDITIC,

je short MO0 LOO

mov rax, offset MT Tests+C NT X chis hSH#EESNTWVWSDIEZHMDOTLD,
cmp Lrex], rax IRDT obj h* c haEEIEHE (cmp) UEiER(E

jne short MOO LO1

MOO_LOO-
test rcx, rex
setne
movzx
pop
ret

MO0 LO1:
mov rdi,offset MT Tests+B
call CastHelpers. IsInstanceOfClass(Void%, System.Object)

mov rcx, rax

jmp short MO0 LOO
; Total bytes of code 62

N

C THNIE T (CEDE TN EH
C TlIIxb > 7=5 M00_L01 (TSN




Tier 0 Optimization
RAICCARI— REL AFVRWNITTIH..
Analyzer [CBERSNFEI LA !

static void M(int value)

{
ArgumentNullException.ThrowIfNull(value);
} @ -

[ 013 class System.ArgumentNullException
The exception that is thrown when a null reference (Nothing in Visual Basic) is passed to a method that does not accept it as a valid argument.

GitHub Examples and Documentation (Alt+0O)
CA2264: Calling ‘ArgumentNullException.ThrowlfNull' and passing a non-nullable value is a no-op

Show potential fixes (Alt+Enter or Ctrl+.)



Tier 0 Optimization
TH generics I 5 ?
5. HDE.

M(99);

static void M<T>(T value)

{

}

ArgumentNullException.ThrowIfNull(value);



Tier 0 Optimization

TH generics IR5 ?

XxH. DL
.NET 8 &£ ClI. Tire 0 TIIEBREIEETNTI boxing BNFELE
Tire 1 CTB{bEN. HOH UB®DOYE URS
static void M<T>(T value)
{

.~ “ArgumentNullException.ThrowIfNull(value);
}



Tier 0 Optimization
TH generics 5 ?
5. HDEN.

M(99);

.NET 9 D'5 (& Tire 0 THEOMH UHSVE U

—

.NET 8 &£ ClI. Tire 0 TIIEBREIEETNTI boxing BNFELE
Tire 1 CTB{bEN. HOH UB®DOYE URS

L

static void M<T>(T value)

{

ArgumentNullException.ThrowIfNull(value);



Object Stack Allocation
heap (C allocation D\FEHE T BPA%& stack (C allocation 9 Da=iE{L

public class Tests

{

[Benchmark]
public int GetValue() => new MyObj (42).Value;

private class MyObj

{
public MyObj(int value) => Value = value;

public int Value { get; }
}




Object Stack Allocation
heap (C allocation D\FEHE T BPA%& stack (C allocation 9 Da=iE{L

public class Tests

{
[Benchmark] _ ‘
public int GetValue() => new MyObj (42).Value; il (CEZXNIE new MyObj() C

heap [C allocation H'
orivate class MyObj p lc OED

{

public MyObj(int value) => Value = value;

public int Value { get; }

}




Object Stack Allocation

.NET 8

, Tests. GetValue()
push rax
mov rdi, offset MT Tests+MyOb]
call CORINFO HELP NEWSFAST
mov dword ptr [raxt8], 2A

mov eax, [rax+8]
add rsp, 8
ret

, Total bytes of code 31




Object Stack Allocation

.NET 8

, Tests. GetValue()

push rax
mov rdi, offset MT Tests+MyOb]

call CORINFO_HELP_NEWSFAST CORINFO_HELP_NEWSFAST T
mov dword ptr [rax+8], 2A allocate

mov eax, [rax+8]
add rsp, 8

ret
, Total bytes of code 3T




Object Stack Allocation

.NET 8

, Tests. GetVal Ue() new small object fast
push rax LR
mov rdi,offset MT Tests+MyOb] L
call CORINFO HELP NEWSFAST CORINFO_HELP_NEWSFAST C
mov dword ptr [raxt8], 2A glocats

mov eax, [rax+8]
add rsp, 8

ret
, Total bytes of code 3T



Object Stack Allocation

.NET9

; Tests. GetValue()
mov eax, 2A

ret
, Total bytes of code 6

Method Runtime Mean Ratio Code Size Allocated Alloc Ratio

GetValue .NET 8.0 3.6037ns 1.00 318 24 B 1.00

GetValue .NET9.0 0.0519ns 0.01 6B - 0.00




Object Stack Allocation

.NET9

; Tests. GetValue()

mov €dx, ZA Heap [C¥J9 B allocation 7t U
ret

, Total bytes of code 6

Method Runtime Mean Ratio Code Size Allocated Alloc Ratio

GetValue .NET 8.0 3.6037ns 1.00 318 24 B 1.00

GetValue .NET9.0 0.0519ns 0.01 6B - 0.00




Object Stack Allocation

.NET9

Object stack allocation + inlining

EKD. EH&IRTITITCIRD

, Tests.GetValue() L
mov €ax, 2A Heap [C*J 9" B allocation 72 U
ret

, Total bytes of code 6

Method Runtime Mean Ratio Code Size Allocated Alloc Ratio

GetValue .NET 8.0 3.6037ns 1.00 318 24 B

GetValue .NET9.0 0.0519ns 0.01 6B -

1.00

0.00



Object Stack Allocation

.NET9

Object stack allocation + inlining

EKD. EH&IRTITITCIRD

; Tests. GetValue() —

mov €ax, 2A Heap [C*J 9" B allocation 72 U
ret

, Total bytes of code 6

4 MAICINITA—I>R
ZE—JLADI—R
BEIRVD?

Method Runtime Mean Ratio Code Size Allocated Alloc Ratio

GetValue .NET 8.0 3.6037ns 1.00 318 24 B 1.00

GetValue .NET9.0 0.0519ns 0.01 6B - 0.00




Object Stack Allocation

.NET9

Object stack allocation + inlining

[CED. EHEIRTIZIFICIRD
; Tests. GetValue() - L

mov €ax, 2A Heap [C*J 9" B allocation 72 U
ret

, Total bytes of code 6

4 malc\NIA—I>RX
ZE—JLADI—KR

BEIRVD?
Method Runtime Mean Ratio Code Size Allocated Alloc Ratio
GetValue .NET 8.0 3.6037 ns 1.00 31B 24 B 1.00 h

RIRDI1—RAT—XTIZ
GetValue .NET9.0 00519ns 0.01 6B - 0.00 ESEZSH ?




Object Stack Allocation
E€HEEE object stack allocation DWHRERDI\F—2(F ?

AT O RESEMRIEDRAYY I ITL—ALANSENIENC &%=




Object Stack Allocation
E€HEEE object stack allocation DWHRERDI\F—2(F ?

AT O RESEMRIEDRAYY I ITL—ALANSENIENC &%=
B (CEEIATE DT — ADH el

A\ -

AVvw RO URIZE 24 (interprocedural analysis) UTC
-3 0 | WAl - iy 97 A A




Object Stack Allocation
Z53WS1—RT—XTELL

public class Tests

{

[Benchmark]
public void Test()
{
Disposel<MyStruct>(default);
Dispose2<MyStruct>(default);
}

[MethodImpl(MethodImplOptions.NoInlining)]
private bool Disposel<T>(T o)
{
bool disposed = false;
if (o is IDisposable disposable)
{
disposable.Dispose();
disposed = true;
}
return disposed;

}

[MethodImpl(MethodImplOptions. NoInlining)]

private bool Dispose2<T>(T o)
{

bool disposed = false;

if (o is IDisposable)

{
((IDisposable)o).Dispose();
disposed = true;

}

return disposed;

}

private struct MyStruct : IDisposable

{
}

public void Dispose() { }




Object Stack Allocation
Z53WS1—RT—XTELL

.NET 8

; Tests.Disposel[[Tests+MyStruct, benchmarks]](MyStruct)
push rbx

mov rdi,offset MT_TeststMyStruct
call CORINFO HELP_ NEWSFAST

add rax, 8

mov ebx, [rsp+10]

mov [rax], bl

mov gax, 1

pop rbx

ret

; Total bytes of code 33

; Tests.Dispose2[[Tests+MyStruct, benchmarks]]1(MyStruct)
mov eax, 1

ret

; Total bytes of code 6

public class Tests

{

[Benchmark]
public void Test()
{
Disposel<MyStruct>(default);
Dispose2<MyStruct>(default);
}

[MethodImpl(MethodImplOptions.NoInlining)]
private bool Disposel<T>(T o)
{
bool disposed = false;
if (o is IDisposable disposable)
{
disposable.Dispose();
disposed = true;
}
return disposed;

}

[MethodImpl (MethodImplOptions.NoInlining)]

private bool Dispose2<T>(T o)
{

bool disposed = false;
if (o is IDisposable)

{
((IDisposable)o).Dispose();
disposed = true;

}

return disposed;

}

private struct MyStruct : IDisposable

{
}

public void Dispose() { }




Object Stack Allocation
Z53WS1—RT—XTELL

.NET 8

; Tests.Disposel[[Tests+MyStruct, benchmarks]](MyStruct)
push rbx

mov rdi,offset MT_TeststMyStruct
call CORINFO HELP_ NEWSFAST

add rax, 8

mov ebx, [rsp+10]

mov [rax], bl

mov gax, 1

pop rbx

ret

; Total bytes of code 33

; Tests.Dispose2[[Tests+MyStruct, benchmarks]](My¢

v eax,| MyStruct.Dispose() DEFM

ret

; Total bytes of code 6 E,&td)t“ inlining éh
CCEXTHEMEND

public class Tests

{

[Benchmark]
public void Test()
{
Disposel<MyStruct>(default);
Dispose2<MyStruct>(default);
}

[MethodImpl(MethodImplOptions.NoInlining)]
private bool Disposel<T>(T o)
{
bool disposed = false;
if (o is IDisposable disposable)
{
disposable.Dispose();
disposed = true;
}
return disposed;

}

[MethodImpl(MethodImplOptions.NoInlining)]

private bool Dispose2<T>(T o)
{

bool disposed = false;
if (o is IDisposable)

{
((IDisposable)o).Dispose();
disposed = true;

}

return disposed;

}

private struct MyStruct : IDisposable

{
}

public void Dispose() { }




public class Tests

{
[Benchmark]

Object Stack Allocation AT st

Disposel<MyStruct>(default);
Dispose2<MyStruct>(default);

’ L L - — —
COWVWSIA—RT—ATEELLY }
[MethodImpl(MethodImplOptions. NoInlining)]
private bool Disposel<T>(T o)
.NET 8 { .
bool disposed = false;
if (o is IDisposable disposable)

{

; Tests.Disposel[[Tests+MyStruct, benchmarks]](MyStruct)
push rbx
mov rdi,offset MT_TeststMyStruct
call CORINFO HELP_ NEWSFAST
add rax, 8
mov ebx, [rsp+10]

disposahle Dicnnge():
dispose

SN using C dispose 9 I5S(3
N CDOEBDENSICEZN

mov [rax], bl
mov gax, 1
pop rbx
ret

; Total bytes of code 33

boxing (XFELE U0\

[MethodImpl (Met
private bool D ee————
; Tests.Dispose2[[Tests+MyStruct, benchmarks]](My¢ {

mov gax, 1 MyStrUCt.DiSPOSE() @%gb“ bool disposed = fal

ret if (o is IDisposab

; Total bytes of code 6 Emwt“ inlining 3“ {
- -> = ((IDisposable)o).Dispose();
Q(_E_C,:_tﬁéha disposed = true;

}

return disposed;

}

private struct MyStruct : IDisposable

{
}

public void Dispose() { }




public class Tests

{

Object Stack Allocation
Z53WS1—RT—XTELL

.NET 8

; Tests.Disposel[[Tests+MyStruct, benchmarks]](MyStruct)
push rbx

mov rdi,offset MT_TeststMyStruct
call CORINFO HELP_ NEWSFAST

add rax, 8

mov ebx, [rsp+10]

mov [rax], bl

mov gax, 1

pop rbx

ret

; Total bytes of code 33

; Tests.Dispose2[[Tests+MyStruct, benchmarks]](My¢
mov eax, 1

ret

; Total bytes of code 6

; Tests.Disposel[[Tests+MyStruct, benchmarks]](MyStruct)
mov gax, 1
ret

; Total bytes of code 6

; Tests.Dispose2[[Tests+MyStruct, benchmarksl](MyStruct)
mov eax, 1

ret
; Total bytes of code 6

MyStruct.Dispose() DEFM
ZEIRDT inlining =N
CCETHRMEENS

[Benchmark]

public void Test()

{
Disposel<MyStruct>(default);
Dispose2<MyStruct>(default);

}

[MethodImpl(MethodImplOptions.NoInlining)]
private bool Disposel<T>(T o)
{

bool disposed = false;

if (o is IDisposable disposable)

{

disposahle Dicnnge():

) dism_)se using C dispose 9 dIZa(E
W C DEBDENASICRBH
boxing (XFELE U0\

[MethodImpl (Met
private bool D ———

{
bool disposed = fal
if (o is IDisposab

{
((IDisposable)o).Dispose();
disposed = true;

}

return disposed;

}

private struct MyStruct : IDisposable

{
}

public void Dispose() { }




public class Tests

{

[Renchmark

disposable (DI L —LAT
SEMESNIZED URRWEDHSEBATZ 378,
object stack allocation (C&%?ﬁiﬁ‘ LXK EIRD

Object Stack Allocation
Z53WS1—RT—XTELL

.NET 8

; Tests.Disposel[[Tests+MyStruct, benchmarks]](MyStruct)
push rbx

mov rdi,offset MT_TeststMyStruct

call CORINFO HELP_ NEWSFAST

add rax, 8

mov ebx, [rsp+10]

mov [rax], bl
mov gax, 1
pop rbx

ret

; Total bytes of code 33

.NET 9

; Tests.Disposel[[Tests+MyStruct, benchmarks]](MyStruct)

mov gax, 1
ret

; Total bytes of code 6

; Tests.Dispose2[[Tests+MyStruct, benchmarksl](MyStruct)
mov eax, 1

ret

; Total bytes of code 6

; Tests.Dispose2[[Tests+MyStruct, benchmarks]](My¢
mov eax, 1

ret

; Total bytes of code 6

MyStruct.Dispose() DEIRhH

ZEIRDT inlining =N
C CETHEMENS

}

Dr|vate bool Dlspose1<T>(T 0,

{
bool disposed = false;
if (o is IDisposable disposable)

{

disposahle Dicnnge():
dispose

SN using C dispose 9 I5S(3
N CDOEBDENSICEZN
boxing (FEE UL

[MethodImpl (Met
private bool D ee————

{
bool disposed = fal
if (o is IDisposab
{
((IDisposable)o).Dispose();
disposed = true;
}

return disposed;

}

private struct MyStruct : IDisposable

{
}

public void Dispose() { }



Object Stack Allocation
Z53WS1—RT—XTELL

.NET 8

; Tests.Disposel[[Tests+MyStruct, benchmarks]](MyStruct)
push rbx mov eax, 1
mov rdi,offset MT Tests+MyStruct ret

call CORINFO HELP NEWSFAST : Total bytes of code 6
add rax, 8

mov ebx, [rsp+10]
mov [rax], bl mnov eax, 1
mov gax, 1 ret

?2? rbx ; Total bytes of code 6
; Total bytes of code 33

; Tests.Dispose2[[Tests+MyStruct, benchmarks]](My¢
mov eax, |

ret
; Total bytes of code 6

Method Runtime Mean Ratio Code Size Allocated Alloc Ratio
Test NET 8.0 5.726 ns 1.00 94 B 24 B 1.00

Test NET9.0 2095ns 037 45B = 0.00

; Tests.Disposel[[Tests+MyStruct, benchmarks]](MyStruct)

; Tests.Dispose2[[Tests+MyStruct, benchmarksl](MyStruct)

MyStruct.Dispose() DEIRhH
ZEIRDT inlining =N {
CCETHRMEENS

public class Tests

{
[Renchmark

disposable (DI L —LAT
SEMESNIZED URRWEDHSEBATZ 378,
object stack allocation (C K DEBE{LDMNHREIRD

private bool Disposel<T>(T oi
{
bool disposed = false;
if (o is IDisposable disposable)

{

disposahle Dicnnge():
dispose

S using C dispose 9 dIHS(E
Wl — DEFDENSICRDIH
boxing (FEE UL

[MethodImpl (Met
private bool Dieem——

{

bool disposed = fal
if (o is IDisposab

((IDisposable)o).Dispose();
disposed = true;

}

return disposed;

}

private struct MyStruct : IDisposable

{
}

public void Dispose() { }




GC

GC DFER!

Workstation GC Server GC

AEUDOHEBEE=ZINX D 2IL—Twv bDOEREAXE

—[Eld =D D cCc DIFEIZINZ S AEVUDEE=(IAETH
FA LTI RED —[El&H =D D GC DIEFRESD
GUI Z T —XEERNzs o INTT NEL

CPU D77 1 DIRS AT Workstation GC ASP.NET Core DEETE

E—T(%1D =72 L cPu O 7H2DLL EDBES

CPUO D =—T%
el UDBEEDIZS



GC

AdaptationMode
AIL—Tvw ~MFKE

SICITE. XEVUDHEEBEEBHIATZL)

DATAS (Dynamically Adapting To Application Sizes) D& A
NET8 TEBAZTNZ. UNUBIETERICIFED TV DT
NET9 MSELETHERIC

DATAS DBRMHLEGE [P TUs—2 3> 0H 1 X(TEST B
E—TEDRAEE

dunl

L]

ZIL—Tw NEHEBEITDIXAEY & GCOSEE (LU THEZE

ST 78 compaction Z T

=S5SB8 allocation budget DEEEE

https://maoni0.medium.com/dynamically-adapting-to-application-sizes-2d72fcb6flea



GC

AdaptationMode
AIL—Tvw ~MFKE

SICITE. XEVUDHEEBEEBHIATZL)

DATAS (Dynamically Adapting To Application Sizes) D& A
NET8 TEBAZTNZ. UNUBIETERICIFED TV DT
NET9 MSELETHERIC

DATAS DBRMHLEGE [P TUs—2 3> 0H 1 X(TEST B
E—TEDRAEE

dunl

L]

ZIL—Tw NEHEBEITDIXAEY & GCOSEE (LU THEZE

ST 78 compaction Z T

=S5SB8 allocation budget DEEEE
7

S22 compaction ZESEBRL\E
IFE TR DO THERIABAETVZERLDIERL
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FCALL Hh*5S QCALL N\

managed code 7*5 runtime code MU UFER
QCALL
=& runtime CIEZ =HU/CEAZIND P/Invoke
GC 7z LE &R
FCALL
K ODFHRTEMRAD I LZF DT UFER
QCALL ([CEEER I D LB
GCZIEHD

LA FCALL DN ERICDTEh. U —XBITIRA (C QCALL [CESZTRZ 5N TULSD



\\"
HIND=FEE

Native AOT DFIGN \> RU > 2 DEE% coreclr (CFEHE
BIFILIED 3.5 ~ 4 {EEE{L(BFN)
ER(C(F 2~a5< 5LV ?

global spinlock (DHEPR

using BenchmarkDotNet. Attributes;

using BenchmarkDotNet. Running;

BenchmarkSwitcher. FromAssembly(typeof(Tests). Assembly). Run{args);
[(MemoryD r(false)]

[HideCc ", "Error”, "StdDev”, "Median”,
public class Tests

{

"RatioSD")]

[Benchmark]
public async Task ExceptionThrowCatch()
{
for Cint i =05 i < 1000; i++)
{
try { await Recur(10): } catch { }

private async Task Recur(int depth)
{
if (depth <= 0)
{
await Task.Yield();
_ throw new Exception();
}

await Recur(depth - 1);

Method Runtime Mean Ratio

ExceptionThrowCatch .NET 8.0  123.03ms 1.00

ExceptionThrowCatch .NET 9.0

54.68 ms 0.44




Threading

System.Threading.Lock

NET 8 & CI(J object T lock 9 DN EEFE

NET 9 D5 (& System.Threading.Lock ODF!/}

T SR

using BenchmarkDotNet. Attributes;
using BenchmarkDotNet. Runnings;

BenchmarkSwitcher. FromAssembly(typeof(Tests). Assembly). Run(args);

[(HideColumns("Job™, "Error”, "StdDev”, "Median”, "RatioSD")]
public class Tests
{

private readonly object monitor = new();

private readonly Lock lock = new();

private int value;

[Benchmark]
F.‘fIJl}liE void WithMonitor()

{
lock ( monitor)
{
valuett;

[Benchmark]
public void WithLock()
{
lock ( lock)
{
valuett;

Method Mean

WithMonitor 14.30 ns

WithLock 13.86 ns




Threading

public class MyClass

{

private readonly object _lock = new();

public void M()

{

lock(_lock)

public class MyClass

{

[Nullable(1)]
private readonly object _lock = new object();

public void M()

{
object @lock = _lock;

bool lockTaken = false;
try
{

}
finally

{

Monitor.Enter(@lock, ref lockTaken);

if (lockTaken)

{
Monitor.Exit(@lock);

public class MyClass

{

private readonly Lock _lock = new();

public void M()

lock (_lock) c# 13 D' Lock Z4F BN

{

public class MyClass

{

[Nullable(1)]
private readonly Lock _lock = new Lock();

public void M()
{

Lock.Scope scope = _lock.EnterScope();
try
{

}
finally

{

scope.Dispose();




Threading

System.Threading.Interlocked

Exchange / CompareExchange (C overload HYMENI
byte
sbyte
ushort

short



using BenchmarkDotNet.Attributes;
using BenchmarkDotNet.Running;

Threading

BenchmarkSwitcher. FromAssembly(typeof(Tests).Assembly).Run(args);

[HideColumns(”Job”, "Error”, ”StdDev”, "Median”, ”RatioSD”)]

System.Threading.Interlocked sublic class Tests
{
— A [Benchmark]
Exchange / CompareExchange (C overload /0ME ] [ N
{
byte await Parallel.ForAsync( ¥0', *Y¥uFFFF’, async (c, ) =>

{
1)

slonjite Parallel.ForAsync<T> (.NET 8~) A& TH

ushort FIAEN, I\ DA —I>AE

short Method Runtime Mean

ParallelForAsync .NET 8.0 42.807 ms

ParallelForAsync .NET 9.0  7.184 ms




using BenchmarkDotNet.Attributes;
using BenchmarkDotNet.Running;

Threading

BenchmarkSwitcher. FromAssembly(typeof(Tests).Assembly).Run(args);

[HideColumns(”Job”, "Error”, ”StdDev”, "Median”, ”RatioSD”)]

System.Threading.Interlocked sublic class Tests
{
— A [Benchmark]
Exchange / CompareExchange (C overload /0ME ] [ N
{

byte await Parallel.ForAsync( ¥0', ’YuFFFF’, async (¢, ) =

{

D
slonjite Parallel.ForAsync<T> (.NET 8~) AEBCH }
ushort FIAEN, N\NJA—-I>Ah=E
short Method Runtime Mean Ratio

ParallelForAsync .NET 8.0 42.807 ms 1.00

ParallelForAsync .NET9.0 7.184 ms 0.17

Exchange<T> / CompareExchange <T> D class fllFIDHER
generics C primitive type BMEX D KD (CIRDEfesd. HUBEFME L
enum (CXF ity



using BenchmarkDotNet.Attributes;
using BenchmarkDotNet.Running;

Threading

BenchmarkSwitcher. FromAssembly(typeof(Tests).Assembly).Run(args);

i Hi L "Job”, "Error”, "StdDev”, "Median”, "RatioSD”
System.Threading.Interlocked bl ic clags Tests |1 robery edian’, TRatieRD]

{

C & [Benchmark]
Exchange / CompareExchange (C overload /0ME ] [ N

{

byte await Parallel.ForAsync( ¥0', ’YuFFFF’, async (¢, ) =
{
D;

slonjite Parallel.ForAsync<T> (.NET 8~) ABBCH }

ushort FIFEN. NNITA -V A=

short Method Runtime Mean Ratio

ParallelForAsync .NET 8.0 42.807 ms 1.00

ParallelForAsync .NET9.0 7.184 ms 0.17

Exchange<T> / CompareExchange <T> D class fllFIDHER
generics C primitive type BMEX D KD (CIRDEfesd. HUBEFME L
enum (CXF ity

CompareExchange DEPS L int (4 byte) [CUTULNEEC A% .NETO DS
bool (1 byte) [CEZMXSNBIESH. ATV MDA X EELED




public class Tests
{
[Params (10, 1 000)]
public int Count { get; set; }

Threading

public async Task WithWhenAny()
{
var tcs = Enumerable.Range(0, Count).Select(_ => new TaskCompletionSource()). ToList();

List<Task> tasks = tcs.Select(t => t.Task).TolList();

Task.WhenEach
tcg[“ﬂ.SetResult();
587 UTE task ZNERRE LTS NBH UL AP e e ot 2 0

Task completed = await Task.WhenAny(tasks);
tasks. Remove(completed);
tcs. RemoveAt (tcs. Count - 1)

WhenEaCh b“;;ﬁb\ﬂ§{ﬁ(i if (tasks.Count == 0) break;
Z/\:@%’&?’%’Z\gb“EDF O(NAZ) : tcs[™1]. SetResult s

}

. [Benchmark]
List<Task> tasks = new() { t1, t2, t3 }; public async Task WithWhenEach()

while (tasks.Count > 0) { . .
{ var tcs = Enumerable.Range(0, Count).Select(_ => new TaskCompletionSource()). ToList();

Task completed = await Task.WhenAny(tasks); int remaining = tcs.Count - 1;
Handle(completed); tcs[remainingl. SetResult();
tasks. Remove (completed); await foreach (Task completed in Task.WhenEach(tcs. Select(t => t.Task)))
. 7 {
if (remaining == 0) break;
tcs[-—remainingl. SetResult();

Method Count Mean Allocated

await foreach (Task completed in Task.WhenEach([t1, t2, t31))

{ WithWhenAny 10 3.232 us 3.47 KB

Debug. Assert(completed. IsCompleted); WithWhenEach 10 1223us 143 KB
Handle(completed);

WithWhenAny 1000  20,082.683 us 4207.12 KB

WithWhenEach 1000 102.759 us 94.24 KB




Reflection [@#&E®D Methodinvoker & .NET 8 TEA

- L
Constructorinvoker (.NET 8)

Constructorinvoker B4&(X .NET8 TE AN/
NET 9 H'5 Ms.Ex.Dependencylnjection REP CHIFHE=NB LD (CIRD 1=

public class Tests
{

private IServiceProvider serviceProvider = new ServiceCollection().BuildServiceProvider();

[Benchmark]
public MyClass Create() => ActivatorUtilities.CreateInstance<MyClass>( serviceProvider, 1, 2, 3);

public class MyClass
{
public MyClass() { }
public MyClass(int a) { }
public MyClass(int a, int b) {}
[ActivatorUtilitiesConstructor]
public MyClass(int a, int b, intc) {1}

Method Runtime Mean Ratio Allocated Alloc Ratio
Create NET 80 163.60 ns 1.00 288 B 1.00

Create  .NET9.0 8346ns 0.51 144 B 0.50




SearchValues<string>

.NET 9 h*5 SearchValues<T> D string T{EX DK DIC...!

NET 8 CTE A =41JZ SearchValues<T>
NET 8 BFr2C(d byte & char DHDXFHIED 1=

SearchValues<string> daysOfWeek = SearchValues.Create(
[ "Monday", "Tuesday", "Wednesday", "Thursday", "Friday", "Saturday", "Sunday"],

. StringComparison.OrdinalIgnoreCase

);

ReadOnlySpan<char> textToSearch = "long long text monday".AsSpan();
int 1 = textToSearch.Index0OfAny(daysOfWeek);



SearchValues<string>

SearchValues<string> ZfEDIBRVWEETH EEDIN T A - >R

public class Tests1

{
R
)
}

private static readonly string Input = new HttpClient().GetStringAsync("https://gute
private static readonly string[] DaysOfWeek = ["Monday", "Tuesday", "Wednesday", "Tt

public bool Contains_Iterate()

ReadOnlySpan<char> input = Input.AsSpan();

for

{
}

ret

(int 1 = 0; 1 < input.Length; i++)
foreach (string dow in DaysOfWeek)

if (input.Slice(i).StartsWith(dow, StringComparison.OrdinalIgnoreCase))
{

return-true;

}
ublic class Tests3

private static readonly string Input = new HttpClient().GetStringAsync
private static readonly string[] DaysOfWeek =-["Monday", - "Tuesday", "v

public bool Contains_ContainsEachNeedle( )
ReadOnlySpan<char> input = Input;
foreach (string dow in DaysOfWeek)

; if (input.Contains(dow, StringComparison.OrdinalIgnoreCase))
R |

; i -return-true;

{o9ok
}

return false;

;
)
p
{
Rt
B
}

public-class Tests2

private static readonly string Input = new HttpClient().GetStringAsync("https://gutenberqg.org/cache/e

public bool Contains_Iterate Switch()

}

ReadOnlySpan<char> input = Input;

for (int 1 =0; i < input.Length; i++)

{

)

return false;

ReadOnlySpan<char> slice = input.Slice(i);
switch ((char)(input[i]

{

S R S S

case
case
case
case
case

's' when
‘m' when
't' when
'w' when
'f' when

slice
slice
slice
slice
slice

return true;

1 0x20))
.StartsWith("Sunday", StringComparison.OrdinalIgnoreCase) || slice.Sta
.StartsWith("Monday", StringComparison.OrdinalIgnoreCase):
.StartsWith("Tuesday", StringComparison.OrdinalIgnoreCase) || slice.St:

.StartsWith("Wednesday", StringComparison.OrdinalIgnoreCase):
.StartsWith("Friday", StringComparison.OrdinalIgnoreCase):

public class Tests4

¢
}

private static readonly string Input = new HttpClient().GetStringAsync("https://gqutenherg.arg/ca
private static readonly SearchValues<char> DaysOfWeek = Searchvalues.Create(['S', 's', 'M', 'm',

public bool Contains_IndexOfAnyFirstChars_SearchValues()

ReadOnlySpan<char> input = Input;

int
whi

i;
le ((i =

ReadOnlySpan<char> slice

input.Index0fAny (DaysOfWeek)) >= 0)

switch ((char)(input[i]

{

i---case
: case
i case
i -case
i---case
}

U
' when
' ‘when
' when
' when

£ +3n

slice.
slice.

slice

return true;

input = input.Slice(i +

return-false;

= input.Slice(i);
| 6x20))

StartsWith("Sunday", StringComparison.OrdinalIgnoreCase) || slic
StartsWith("Monday", StringComparison.OrdinalIgnoreCase):

.StartsWith("Tuesday", StringComparison.OrdinalIgnoreCase) |} sli
slice.
slice.

StartsWith("Wednesday", StringComparison.OrdinalIgnoreCase):
StartsWith("Friday", StringComparison.OrdinalIgnoreCase):

1);



SearchValues<string>
SearchValues<string> Z{EDRWVNWEETH EED/I\NTA—-I>R

public-class Testsi public-class Tests2
{ {
private static ead y string Input = new HttpClient().GetStringAsync("https://qute private static readonly string Input = new HttpClient().GetStringAsync("https://gutenberg. org/cache/e|
private sta /-string[] DaysOfWeek = ["Monday", "Tuesday", "Wednesday", "Tt
public bool Contains_Iterate_Switch()
o - hn : {
E“‘h Ll sl il TR ) ReadOnlySpan<char> input = Input;
ReadOnlySpan<char> input = Input.AsSpan(); for (int 1 = 0; i < input.Length; i++)
{
for (int 1 = 0; i < input.Length; i++) ReadOnlySpan<char> slice = input.Slice(i);
switch ((char)(input[i] | @x20))
-3 e ; {
f e e case 's' when slice.StartsWith("Sunday", StringComparison.OrdinalIgnoreCase) |} slice.Stai
1 . . . ' . . . . case 'm' when slice.StartsWith("Monday", StringComparison.OrdinalIgnoreCase):
if (input.Slice(i).StartsWith(dow, StringComparison.OrdinalIgnoreCase)) case 't' when slice.StartsWith("Tuesday", StringComparison.OrdinalIgnoreCase) !| slice.St:
{ case 'w' when slice.StartsWith("Wednesday", StringComparison.OrdinalIgnoreCase):
return- true; case 'f' when slice.StartsWith("Friday", StringComparison.OrdinalIgnoreCase):
return true;
I :
} }
¥ public class Tests3
ret {
} _ lient().GetStringAsync( https://gutenberg.arg/ca
} private MEthDd MEE" pfweek = Searchvalues.Create(['S', 's', 'M', 'm',
private
Values()
public bool Contains_ContainsHiSN @elaie=11a AL =IE= 227.526 us
{ =

ReadOnlySpan<char> input

Contains_lterate_Switch 13.885 us

foreach (string dow in Da
{ fay", StringComparison.OrdinalIgnoreCase) |! slic

if ( input. Contains(do jay", StringComparison.OrdinalIgnoreCase):

{ Contains_ContainsEachNeedle 302.330 us dy", StringComparison.OrdinallgnoreCase) |1 sit
return true: - esday", StringComparison.OrdinalIgnoreCase):
} ez Jay", StringComparison.OrdinalIgnoreCase):

} Contains_IndexOfAnyFirstChars_SearchValues 7.151 us

return false;

} return false;



SearchValues<string>

Testsh
{
SearchValue Input = HttpClient().GetStringAsync("
SUBLLE class Tester SearchValues< > DaysOfWeek = SearchValues.Create(
{ ["Monday", "Tuesday", "Wednesday", "Thursday", "Friday", "Saturday", "Sunday"],
private static readonly st - c . arg/cache/e)
B T e StringComparison.OrdinalIgnoreCase
public bool Contains_Itera );
{
ReadOnlySpan<char=> inp . .
Contains_StringSearchValues()
for (int 1 =0; 1 < 1in {
Ioreach (string do return Input.AsSpan().ContainsAny(DaysOfWeek); | slice.Sta
if (input.Slic } |1 slice.st:
{ } ¥
return tru
} }
Lt public class Tests3
{ ien .GetStringAsync("https://qutenberg.arg/ca
} ¥ private static readonly strin MEthDd MEE" ;WEeIE(l ge;f:hVa?Se:.C:eate(['S‘, s, MY, 'm,
private static readonly strin S——
Eubltc bool Contains_ContainsH Contains_”erate 22?526 us
ReadOnlySpan<char> input 0)
P Contains_lterate_Switch 13.885 us
f (input.Contatns (do . . i artzon ot acanye L
{ Contains_ContainsEachNeedle 302.330us 1. dey", StringComparson.OrdinalIgnoreCase) |} slt
return true; S e S T L
} , .
} Contains_IndexOfAnyFirstChars_SearchValues 7.151 us
return false;
} return- false;
} }

}



SearchValues<string>

Testsh
{
SearchValue Input = HttpClient().GetStringAsync("
SearchValues< > DaysOfWeek = SearchValues.Create(
public class Testsl _
{ ["Monday", "Tuesday", "Wednesday", "Thursday", "Friday", "Saturday", "Sunday"],
private-static readonly st . . . arg/cache/e
B T e StringComparison.OrdinalIgnoreCase
public bool Contains_Itera );
{
ReadOnlyS hars i . .
SRR Contains_StringSearchValues()
for (int 1 =0; 1 < 1in {
Ioreach (string do return Input.AsSpan().ContainsAny(DaysOfWeek); | slice.Sta
if (input.Slic } |1 slice.st:
{ } ]
return tru
} }
Lt public class Tests3
{ ien .Ge ringAsync("https://qutenberg.org/ca
} ¥ private static readonly string MEthDd MEE" ;Wee;(l ge;f:hVa?Ce:.C:e;te(['S‘, sr M, om,
private static readonly string S——
public bool Contains_ContainsH Contains |‘[erate 22?526 us
. _
ReadOnlySpan<char> input 0)
P Contains_lterate_Switch 13.885 us
f (input.Contatns (do . . e St rpertion rsimgraany
{ Contains_ContainsEachNeedle 302.330us 1. oy, Stringconparson-rctazgnorecase) 1 st
} return true; | ",yS‘,crinng?wparEson.Oratnallgnogecase): :
} Contains_IndexOfAnyFirstChars_SearchValues 7.151 us
return false;
} . .
} Contains_StringSearchValues 2.153 us



Regex DR THENONBDIDT

SearchValues<string> | NeT9 TEIX/ I TNEERCRSTRENESD |

Testsh

{
SearchValue Tnput =

ttpClient().GetStringAsync(’

SUBLLE class Tester SearchValues< > DaysOfWeek = SearchValues.Create(
{ ["Monday", "Tuesday", "Wednesday", "Thursday", "Friday", "Saturday", "Sunday"],
private static readonly st - c . arg/cache/e)
B T e StringComparison.OrdinalIgnoreCase
public bool Contains_Itera );
{
ReadOnlySpan<char=> inp . .
Contains_StringSearchValues()
for (int 1 =0; 1 < 1in {
IW%U1HUUmd@ return Input.AsSpan().ContainsAny(DaysOfWeek); | slice.Sta
if (input.Slic } |1 slice.st:
{ } ]
return tru
} s
} }
Lt public class Tests3
{ ien .Ge ringAsync("https://qutenberg.org/ca
} ¥ private static readonly string MEthDd MEE" ;Wee;(l ge;f:hVa?Ce:.C:e;t;([';‘, ‘Ts-t, M, om,
private static readonly string S——
Euhltc bool Contains_ContainsH Contains_”erate 22?526 us
ReadOnlySpan<char> input 0)
P Contains_lterate_Switch 13.885 us
¢f (input. Contatns(do . . e St rpertion rsimgraany
{ Contains_ContainsEachNeedle 302.330us 1. dey", StringComparson.OrdinalIgnoreCase) |} slt
return true; S e S T L
} , .
} Contains_IndexOfAnyFirstChars_SearchValues 7.151 us
return false;
} . .
} Contains_StringSearchValues 2.153 us



Span

ReadOnlySpan<T> Z5|ZUCIFTFOAYV Y RAD params 7 J 5F—>3 D

C# 13 DFTHEBE CTdp D params collection ([Cdp 5B & BT
BIO2)\AILI DT TER{IEDAEE ...
params T[] DMEIENTULZEFTH params ReadOnlySpan<T> WM FIHESNB LD (CTRDB I
EPR(C params HYBII =1z APl EF (—EF)
StringBuilder
Path / StreamWriter / TextWriter
Task / CancellationTokenSource
ImmutableArray / ImmutableHashSet / Immutablelist / ImmutableQueue / ImmutableStack

Counter / UpDownCounter / Histogram / Measurement / TaglList



Span
ReadOnlySpan DHIRA{ED =

NET 8 BF52C byte / sbyte / bool DEZID ReadOnlySpan<T> Z/ERK I Dia (I=EE
77t >0V DFT —A % ReadOnlySpan CinD T2l TRDTIERE (CHIR

class C

{
}

public ReadOnlySpan<byte> Bytes =>

internal class C
I
L

public unsafe ReadOnlySpan<byte> Bytes

return new ReadOnlySpan<byte>(Unsafe.AsPointer(ref <PrivateImplementationDetails>.9F64A747E1B97F131FABB6BA47296C9B6F0201E79FB3C5356E6C77ES9BAABR6A), 4);

[CompilerGenerated]

internal sealed class <PrivateImplementationDetails>»

I

L
internal static readonly int 9F64A747E1B97F131FABB6B447296C9B6F0201E79FB3C5356E6C77E89B6ABABGA/* Not supported: data(el 82 @3 ev4) */;

1

¥




Span
ReadOnlySpan DIRA{EDEE

NET 8 BF52C byte / sbyte / bool DEZID ReadOnlySpan<T> Z/ERK I DiZa(I=EE
77t >0V DFT —A % ReadOnlySpan CinD T2l TRDTIERE (CHIR

class C

{

public ReadOnlySpan<byte> Bytes =>

I S == IL.3 RN

internal class C j Daya > IJ Tj)b%lu Hl-lb\b

[ =
public unsafe ReadOnlySpan<byte> Bytes ﬁﬁjaﬂilﬁ‘b

return new ReadOnlySpan<byte>(Unsafe.AsPointer(ref <PrivateImplementationDetails>.9F64A747E1B97F131FABB6BA47296C9B6F0201E79FB3C5356E6C77ES9BAABR6A), 4);

[CompilerGenerated]

internal sealed class <PrivateImplementationDetails>»

internal static readonly int 9F64A747E1B97F131FABB6B447296C9B6F0201E79FB3C5356E6C77E89B6ABABGA/* Not supported: data(el 82 @3 ev4) */;



I>547>DRRET
Spa n 1 byte @ primitive type [CBRESNTL\IE

ReadOnlySpan @*ﬂﬂﬂﬂﬁd)ﬂw

NET 8 BF 52 C byte / sbyte / bool (DTEEID ReadOnIySpan<T> ZVERR I DIGE (EXEE
771> VDT —A % ReadOnlySpan Cand Il TTRDTIERE(CH

class C

{

public ReadOnlySpan<byte> Bytes =>

}

internal class ¢ ———— | 2 = DAV P D | R YN (LS

[= R
L public unsafe ReadOnlySpan<byte> Bytes ﬁﬁjaﬂilﬁ{b

I
L

return new ReadOnlySpan<byte>(Unsafe.AsPointer(ref <PrivateImplementationDetails>.9F64A747E1B97F131FABB6BA47296C9B6F0201E79FB3C5356E6C77ES9BAABR6A), 4);
¥
)
[CompilerGenerated]
internal sealed class <PrivateImplementationDetails>»

internal static readonly int 9F64A747E1B97F131FABB6BA47296C9B6F0201E79FB3C5356E6C77EB9B6A8RBA/*

Not supported: data(el e2 e3 e4) */;
1
¥



[Intrinsic]
public static unsafe ReadOnlySpan<T»> CreateSpan<T>(RuntimeFieldHandle fldHandle)
=» new ReadOnlySpan<T>(ref Unsafe.As<byte, T>(ref GetSpanDataFrom(fldHandle, typeof(T).TypeHandle, out int length)), length);

ReadOnlySpan DHIRA{ED =

NET 9 Tl I RTD primitive type (C[EIFEOTIE{LHEH S NEEIC
RuntimeHelpers.CreateSpan ZFHWBE THRINDEVER DI

internal class C

{
public ReadOnlySpan<int> Values
{
get

{
return RuntimeHelpers.CreateSpan<int»((RuntimeFieldHandle)/*0pCode not supported: LdMemberToken®/);

class C

[CompilerGenarated]
internal sealed class <PrivateImplementationDetails> {

d
[StructLayout{LlayoutKind.Explicit, Pack = 4, Size = 16)] 1 1 —_
internal };truct y_Static.ﬂ«r'r‘ZyInitTypeSize=16_.£\lign=4 pUbllc Readonlyspan<1nt> Values _> [1) 2) 3J
) }
¥

internal static readonly _ StaticArrayInitTypeSize=16_Align=4 CF97ADEEDBSOE@SBFD73A2B4C2A8885788C4F4F7AC84C64B2712BE72ABY33B724/* Not supported: data(@l ©@ @9 80 62 02 @0 80 B3 02 @0 @0 84 80 o8 @8)

.

[/ Methods
.method public hidebysig specialname
instance valuetype [System.Runtime]System.ReadOnlySpan”1<int32> get_Values () cil managed

// Method begins at RVA @x2@5@

// Code size 11 (@xb)

.maxstack 8
ldtoken field valuetype '<PrivateImplementationDetails>'/'_ StaticArrayInitTypeSize=16_Align=4"' '<PrivateImplementationDetails>'::CF97ADEEDBS9E@SBFD73A2B4C2AB885708CAFAF78C84C64B27120E72ABT733B724
call valuetype [System.Runtime]System.ReadOnlySpan™1<!!8> [System.Runtime]System.Runtime.CompilerServices.RuntimeHelpers::CreateSpan<int32>(valuetype [System.Runtime]System.RuntimeFieldHandle)

ret
} // end of method C::get_Values

https://github.com/dotnet/runtime/issues/60948




BEDER

C# 13 / .NET 9 DFBEBEIC DWW TCEOTCTLET

C# 13 / .NET 9 OD5ht&sE

(RC 1 B¥eH)

NET 57k 2024/09/28

fAIERD.

https://speakerdeck.com/nenonaninu/net-9-noxin-ji-neng-rc-1-shi-dian
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