Tyna n obpaTHo.
TeMHasa CTopoHa cepunanmsaunm

KoHCcTaHTUH PygHU4YeHKO
CTO, Cadwise



CTOPOHAJTEMHAR

g
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O cebe

e 3apabartbiBato Ha XXU3Hb NPorpaMMmnMpPoOBaHMNEM C
2005 roga

e [IporpammupoBan eule Ha .net framework 1.0

e [lomHio C# 6e3 Generics
o CknapgbiBan o6bekTbl ArrayList

e lcnonb3osan BinaryFormatter \ (V) /



"SOYHEM?
EcTb XXe <ebibepume ceou
cepuanusamop>?”



BapunaHThbl

e Protocol Buffers

e Json
o Newtonsoft.Json
o System.Text.Json
o etc

e BinaryFormatter

o XmlFormatter

e [pyrue



[TPUYUHBI



[TPUYUHBI

e OK30Tn4yeckme oopmarthl



[TPUYUHBI

e OK30TU4Yeckne oopmarhl
e Jlyywaa npom3BognUTENbHOCTL



[TPUYUHBI

e OK30TU4Yeckne oopmarhl

e Jlyywaa npom3BognUTENbHOCTL

e [lpyrne cueHapuun ucnonb3soBaHua Reflection:
o Data-binding
o QObject-object mapping
o JlormpoeaHue: Destructing



O goknage

e Jloctyn K gaHHbIM: Reflection n anstepHaTnBbI
e [Ipon3BoaUTENBHOCTL PasfMYHbLIX CNOCODOB OOCTYyNa

e YyacTue OOoCTyna K AaHHbIM B npoLiecce
cepuanmsaymm
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[Tpamon goctyn vs. Reflection
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System.Reflection Namespace

The System.Reflection namespace contains types that retrieve information about assemblies, modules, members, parameters, and
other entities in managed code by examining their metadata. These types also can be used to manipulate instances of loaded types,
for example to hook up events or to invoke methods. To dynamically create types, use the System.Reflection.Emit namespace.
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System.Reflection

e System.Object
o GetType()
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System.Reflection

e System.Object
o GetType()
e System.Type
o GetProperties(...)
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System.Reflection

e System.Object
o GetType()
e System.Type
o GetProperties(...)
e System.Reflection.Propertylnfo
o Name
o PropertyType
o GetValue/SetValue
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“Bce 3HaloT, 4To
Reflection ato MeaneHHo!!!”

16



Type System Overview

Design Goals and Non-goals

Goals

e Accessing information needed at runtime from executing (non-reflection) code is very fast.

e Accessing information needed at compilation time for generating code is straightforward.

e The garbage collector/stackwalker is able to access necessary information without taking locks, or allocating memory.

e Minimal amounts of types are loaded at a time.
e Minimal amounts of a given type are loaded at type load time.

e Type system data structures must be storable in NGEN images.

Non-Goals

e All information in the metadata is directly reflected in the CLR data structures.

e All uses of reflection are fast.

17



Hackonbko Reflection ato meaneHHO?
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RS

lndopbl

‘D nuget

Packages  Upload Statistics Documentation

BenchmarkDotNet 011z ®

Powerful .NET library for benchmarking

Paket CLI

Package Manager EEENINeR

PM> Install-Package BenchmarkDotNet -Version 0.11.3

19



Test _test = new Test("Hello world!");
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[BenchmarkCategory(GetCategory), Benchmark(Baseline
public string GetViaProperty()
=> _test.StringProperty;

true)]
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[BenchmarkCategory(GetCategory), Benchmark(Baseline =

public string GetViaProperty()
=> _test.StringProperty;

[BenchmarkCategory(SetCategory), Benchmark(Baseline =

public void SetViaProperty()
=> _test.StringProperty = nameof(SetViaProperty);

true)]

true)]
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Test _test = new Test("Hello world!");

Type TargetType = typeof(Test);
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Test _test = new Test("Hello world!");
Type TargetType = typeof(Test);

PropertyName = nameof(Test.StringProperty);
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Test _test = new Test("Hello world!");
Type TargetType = typeof(Test);
PropertyName = nameof(Test.StringProperty);

BindingFlags BindingFlags = System.Reflection.BindingFlags.Instance
| System.Reflection.BindingFlags.Public;
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[BenchmarkCategory(GetCategory), Benchmark]
public string GetViaReflection()

{
var property = TargetType.GetProperty(PropertyName, BindingFlags);

return (string)property.GetValue(_test, null);
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[BenchmarkCategory(GetCategory), Benchmark]
public string GetViaReflection()

{
var property = TargetType.GetProperty(PropertyName, BindingFlags);

return (string)property.GetValue( test, null);
¥

[BenchmarkCategory(SetCategory), Benchmark]
public void SetViaReflection()

i
var property = TargetType.GetProperty(PropertyName, BindingFlags);

property.SetValue(_test, nameof(SetViaReflection));
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Ba Dum Tss!

Method
SetViaProperty

SetViaReflection

Mean
1.8766 ns
196.0413 ns

Error
0.0818 ns
1.6216 ns

StdDev
0.0909 ns
1.3541 ns

Ratio
1.00
105.35

28




Ba Dum Tss!

Method
GetViaProperty

GetViaReflection

Mean
0.3240 ns
131.9475 ns

Error
0.0635 ns
1.0697 ns

StdDev
0.0563 ns
0.9483 ns

Ratio
1.00
418.20
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“laBaun 3akawmpyem Propertylnfo!”
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PropertyInfo CachedPropertyInfo
= TargetType.GetProperty(PropertyName, BindingFlags);

[BenchmarkCategory(GetCategory), Benchmark]
public string GetViaReflectionCached()
=> (string)CachedPropertyInfo.GetValue(_test, null);

[BenchmarkCategory(SetCategory), Benchmark]

public void SetViaReflectionCached()
=> CachedPropertyInfo.SetValue(_test, nameof(SetViaReflectionCached));
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Cached Propertylnfo

Method
SetViaProperty
SetViaReflectionCached

SetViaReflection

Mean
1.8766 ns
143.1944 ns
196.0413 ns

Error
0.0818 ns
0.6018 ns
1.6216 ns

StdDev
0.0909 ns
0.5629 ns
1.3541 ns

Ratio
1.00
76.44
105.35
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Cached Propertylnfo

Method
GetViaProperty
GetViaReflectionCached

GetViaReflection

Mean
0.3240 ns
80.6136 ns
131.9475 ns

Error
0.0635 ns
0.5869 ns
1.0697 ns

StdDev
0.0563 ns
0.5490 ns
0.9483 ns

Ratio
1.00
255.63
418.20
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“Hey»xenun HeT gpyroro cnocoba?!”
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FastMember 150

In .NET reflection is slow... well, kinda slow. If you need access to the members of an arbitrary type, with
the type and member-names known only at runtime - then it is frankly hard (especially for DLR types). This

library makes such access easy and fast.

Paket CLI

PackageReference

Package Manager JERNINel

PM> Install-Package FastMember -Version 1.5.0
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FastMember

TypeAccessor _accessor
= TypeAccessor.Create(TargetType, allowNonPublicAccessors: true);
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FastMember

TypeAccessor _accessor
= TypeAccessor.Create(TargetType, allowNonPublicAccessors: true);

[BenchmarkCategory(GetCategory), Benchmark]

public string GetViaFastMember()
=> (string)_accessor[_test, PropertyName];
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FastMember

TypeAccessor _accessor
= TypeAccessor.Create(TargetType, allowNonPublicAccessors: true);

[BenchmarkCategory(GetCategory), Benchmark]
public string GetViaFastMember()
=> (string)_accessor[_test, PropertyName];

[BenchmarkCategory(SetCategory), Benchmark]

public void SetViaFastMember()
=> _accessor[_test, PropertyName] = nameof(SetViaFastMember);
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Method

SetViaProperty
SetViaFastMember
SetViaReflectionCached
SetViaReflection

Mean
1.8766 ns
25.9617 ns
143.1944 ns
196.0413 ns

Error
0.0818 ns
0.2093 ns
0.6018 ns
1.6216 ns

StdDev
0.0909 ns
0.1958 ns
0.5629 ns
1.3541 ns

Ratio
1.00
13.86
76.44
105.35
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Method

GetViaProperty
GetViaFastMember
GetViaReflectionCached
GetViaReflection

Mean
0.3240 ns
24.0186 ns
80.6136 ns
131.9475 ns

Error
0.0635 ns
0.1106 ns
0.5869 ns
1.0697 ns

StdDev
0.0563 ns
0.1035 ns
0.5490 ns
0.9483 ns

Ratio
1.00
76.05
26563
418.20
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“be3Hapera?”
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Delegate.CreateDelegate
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Delegate

OTKpbITblE / 3aKpbITble
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Delegate: oTKpbITbl€/3aKpbITbIE

var foo = new Foo();

Action closed = foo.InstanceMethod;
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Delegate: oTKpbITbl€/3aKpbITbIE

var foo = new Foo();

Action closed = foo.InstanceMethod;
Action opened = Foo.StaticMethod;
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Delegate: oTKpbITbl€/3aKpbITbIE

var foo = new Foo();

Action closed = foo.InstanceMethod; // closed.Target == foo
Action opened = Foo.StaticMethod; // opened.Target == null
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Delegate.CreateDelegate

CreateDelegate(Type, MethodInfo)

Creates a delegate of the specified type to represent the specified static method.
c#

public static Delegate CreateDelegate (Type type, System.Reflection.MethodInfo method);
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Delegate.CreateDelegate

CreateDelegate(Type, MethodInfo)

Creates a delegate of the specified type to represent the specified static method.
c#

public static Delegate CreateDelegate (Type type, System.Reflection.MethodInfo method);
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Propertylnfo - MethodInfo
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Propertylnfo - MethodInfo

GetGetMethod() / GetSetMethod()
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Delegate.CreateDelegate

MethodInfo PropertyGetMethod = CachedPropertylInfo.GetGetMethod();
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Delegate.CreateDelegate

MethodInfo PropertyGetMethod = CachedPropertylInfo.GetGetMethod();

Delegate.CreateDelegate(typeof(Func<Test, string>),

PropertyGetMethod

) ;
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Delegate.CreateDelegate

MethodInfo PropertyGetMethod = CachedPropertylInfo.GetGetMethod();

Delegate.CreateDelegate(

typeof(Func<Test, string>)

, PropertyGetMethod);
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Delegate.CreateDelegate

MethodInfo PropertySetMethod = CachedPropertyInfo.GetSetMethod();

Delegate.CreateDelegate(typeof(Action<Test, string>), [PropertySetMethod);
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Delegate.CreateDelegate

MethodInfo PropertySetMethod = CachedPropertyInfo.GetSetMethod();

Delegate.CreateDelegate(

typeof(Action<Test, string>)

, PropertySetMethod);
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Delegate.CreateDelegate

[BenchmarkCategory(GetCategory), Benchmark]
public void GetViaDelegate() => _getDelegate( test);

[BenchmarkCategory(SetCategory), Benchmark]
public void SetViaDelegate() => _setDelegate( test, nameof(SetViaDelegate));
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Method

SetViaProperty
SetViaDelegate
SetViaFastMember
SetViaReflectionCached

SetViaReflection

Mean
1.8766 ns
3.6128 ns

25.9617 ns
143.1944 ns
196.0413 ns

Error
0.0818 ns
0.0387 ns
0.2093 ns
0.6018 ns
1.6216 ns

StdDev
0.0909 ns
0.0343 ns
0.1958 ns
0.5629 ns
1.3541 ns

Ratio
1.00
193

13.86

76.44

105.35
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Method

GetViaProperty
GetViaDelegate
GetViaFastMember
GetViaReflectionCached

GetViaReflection

Mean
0.3240 ns
2.7044 ns

24.0186 ns
80.6136 ns
131.9475 ns

Error
0.0635 ns
0.0256 ns
0.1106 ns
0.5869 ns
1.0697 ns

StdDev
0.0563 ns
0.0240 ns
0.1035 ns
0.5490 ns
0.9483 ns

Ratio
1.00
8.57

76.05

255.63
418.20
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“A MOXET reHepupoBaTb Kof B runtime?”
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[ eHepauma koga B runtime
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[ eHepauma koga B runtime
o |L Emit
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[ eHepauma koga B runtime

o |L Emit
e Compiled Expression Trees
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IL Emit
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Intermediate Language

Common Intermediate Language (CIL), formerly called Microsoft Intermediate Language

(MSIL) or Intermediate Language (IL) [, is the intermediate language binary instruction set
defined within the Common Language Infrastructure (CLI) specification (2. CIL instructions are
executed by a CLI-compatible runtime environment such as the Common Language Runtime.
Languages which target the CLI compile to CIL. CIL is object-oriented, stack-based bytecode.

Runtimes typically just-in-time compile CIL instructions into native code.

CIL was originally known as Microsoft Intermediate Language (MSIL) during the beta releases
of the .NET languages. Due to standardization of C# and the Common Language
Infrastructure, the bytecode is now officially known as CIL.13! Windows Defender virus
definitions continue to refer to binaries compiled with it as MSIL.14!
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G# DEVS AFTER
DISCOVERING IL



public string GetViaProperty() => _test.StringProperty;
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public string GetViaProperty() => _test.StringProperty;

.method private hidebysig
static string GetViaProperty( class Test target)

cil managed

{

.maxstack 1
ldarg.0
callvirt instance string Test::get StringProperty()

ret

}
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var method = new DynamicMethod(property.Name + "GetterTyped", typeof(TParam),
new(] { typeof(T Target) },
Module, true);
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var method = new DynamicMethod(property.Name + "GetterTyped", typeof(TParam),
new(] { typeof(T Target) },
Module, true);
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var method = new DynamicMethod(property.Name + "GetterTyped", typeof(TParam),
new(] { typeof(T Target) },
Module, true);
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var method = new DynamicMethod(property.Name + "GetterTyped", typeof(TParam),
new[] { typeof(TTarget) },
Module, true);
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var method = new DynamicMethod(property.Name + "GetterTyped", typeof(TParam),
new(] { typeof(T Target) },
Module, true);

var gen = method.GetlLGenerator();
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var method = new DynamicMethod(property.Name + "GetterTyped", typeof(TParam),
new(] { typeof(TTarget) },
Module, true);

var gen = method.GetlLGenerator();

var getMethod = property.GetGetMethod();
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var method = new DynamicMethod(property.Name + "GetterTyped", typeof(TParam),
new(] { typeof(TTarget) },
Module, true);

var gen = method.GetlLGenerator();

var getMethod = property.GetGetMethod();

gen.Emit(OpCodes.Ldarg_0);
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var method = new DynamicMethod(property.Name + "GetterTyped", typeof(TParam),
new(] { typeof(T Target) },
Module, true);

var gen = method.GetlLGenerator();

var getMethod = property.GetGetMethod();

gen.Emit(OpCodes.Ldarg_0);
gen.Emit(OpCodes.Call, getMethod);
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var method = new DynamicMethod(property.Name + "GetterTyped", typeof(TParam),
new(] { typeof(T Target) },
Module, true);

var gen = method.GetlLGenerator();
var getMethod = property.GetGetMethod();
gen.Emit(OpCodes.Ldarg_0);

gen.Emit(OpCodes.Call, getMethod);
gen.Emit(OpCodes.Ret);
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var method = new DynamicMethod(property.Name + "GetterTyped", typeof(TParam),
new(] { typeof(T Target) },
Module, true);

var gen = method.GetlLGenerator();

var getMethod = property.GetGetMethod();

gen.Emit(OpCodes.Ldarg_0);

gen.Emit(OpCodes.Call, getMethod);

gen.Emit(OpCodes.Ret);

method.CreateDelegate(typeof(Func<TTarget, TParam>));
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public static Func<TTarget, TParam> GenerateGetter<T Target, TParam>(Propertylnfo property)

{
var method = new DynamicMethod(property.Name + "GetterTyped", typeof(TParam),

new(] { typeof(TTarget) },

Module, true);
var gen = method.GetlLGenerator();
var getMethod = property.GetGetMethod();
gen.Emit(OpCodes.Ldarg_0);
gen.Emit(OpCodes.Call, getMethod);
gen.Emit(OpCodes.Ret);

return (Func<TTarget, TParam>)method.CreateDelegate(typeof(Func<TTarget, TParam>));
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var method = new DynamicMethod(propertylnfo.Name + "SetterTyped", null,
newl] { typeof(T Target), typeof(IParam) }, Module, true);
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var method = new DynamicMethod(propertylnfo.Name + "SetterTyped", null,
new[] { typeof(T Target), typeof(TParam) }, Module, true); o
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var method = new DynamicMethod(propertylnfo.Name + "SetterTyped", null,
newl] { typeof(T Target), typeof(TParam) }, Module, true);
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var method = new DynamicMethod(propertylnfo.Name + "SetterTyped", null,
newl] { typeof(T Target), typeof(TParam) }, Module, true);

var gen = method.GetlLGenerator();
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var method = new DynamicMethod(propertylnfo.Name + "SetterTyped", null,
newl] { typeof(T Target), typeof(TParam) }, Module, true);

var gen = method.GetlLGenerator();

var setMethod = propertylnfo.GetSetMethod();
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var method = new DynamicMethod(propertylnfo.Name + "SetterTyped", null,
newl] { typeof(T Target), typeof(TParam) }, Module, true);

var gen = method.GetlLGenerator();
var setMethod = propertylnfo.GetSetMethod();

gen.Emit(OpCodes.Ldarg_0);

85



var method = new DynamicMethod(propertylnfo.Name + "SetterTyped", null,
newl] { typeof(T Target), typeof(TParam) }, Module, true);

var gen = method.GetlLGenerator();
var setMethod = propertylnfo.GetSetMethod();

gen.Emit(OpCodes.Ldarg_0);
gen.Emit(OpCodes.Ldarg_1);
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var method = new DynamicMethod(propertylnfo.Name + "SetterTyped", null,
newl] { typeof(T Target), typeof(TParam) }, Module, true);

var gen = method.GetlLGenerator();
var setMethod = propertyInfo.GetSetMethod();
gen.Emit(OpCodes.Ldarg_0);

gen.Emit(OpCodes.Ldarg_1);
gen.Emit(OpCodes.Call, setMethod);
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var method = new DynamicMethod(propertylnfo.Name + "SetterTyped", null,
newl] { typeof(T Target), typeof(TParam) }, Module, true);

var gen = method.GetlLGenerator();

var setMethod = propertylnfo.GetSetMethod();
gen.Emit(OpCodes.Ldarg_0);
gen.Emit(OpCodes.Ldarg_1);

gen.Emit(OpCodes.Call, setMethod);
gen.Emit(OpCodes.Ret);
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var method = new DynamicMethod(propertylnfo.Name + "SetterTyped", null,
newl] { typeof(T Target), typeof(TParam) }, Module, true);

var gen = method.GetlLGenerator();

var setMethod = propertylnfo.GetSetMethod();
gen.Emit(OpCodes.Ldarg_0);
gen.Emit(OpCodes.Ldarg_1);
gen.Emit(OpCodes.Call, setMethod);
gen.Emit(OpCodes.Ret);

method.CreateDelegate(typeof(Action<T Target, TParam>));

89



static Action<TTarget, TParam> GenerateSetter<T Target, TParam>(Propertylnfo propertylnfo)
{

var method = new DynamicMethod(propertylnfo.Name + "SetterTyped", null,
new[] { typeof(T Target), typeof(TParam) }, Module, true);

var gen = method.GetlLGenerator();

var setMethod = propertyInfo.GetSetMethod();

gen.Emit(OpCodes.Ldarg_0);

gen.Emit(OpCodes.Ldarg_1);

gen.Emit(OpCodes.Call, setMethod);
gen.Emit(OpCodes.Ret);

return (Action<TTarget, TParam>)method.CreateDelegate(typeof(Action<T Target, TParam>));
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Intermediate Language

[BenchmarkCategory(GetCategory), Benchmark]
public string GetViaIlLGen()
=> _ilGenGetter(_test);

[BenchmarkCategory(SetCategory), Benchmark]
public void SetViaIlLGen()
=> _ilGenSetter(_test, nameof(SetViallGen));
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Intermediate Language

Method

SetViaProperty
SetViaDelegate
SetVialLGen
SetViaFastMember
SetViaReflectionCached

SetViaReflection

Mean
1.8766 ns
3.6128 ns
4.6452 ns

25.9617 ns
143.1944 ns
196.0413 ns

Error
0.0818 ns
0.0387 ns
0.1195 ns
0.2093 ns
0.6018 ns
1.6216 ns

StdDev
0.0909 ns
0.0343 ns
0.1117 ns
0.1958 ns
0.5629 ns
1.3541 ns

Ratio
1.00
1.93
2.48

13.86

76.44

105.35
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Intermediate Language

Method

GetViaProperty
GetViaDelegate
GetVialLGen
GetViaFastMember
GetViaReflectionCached

GetViaReflection

Mean
0.3240 ns
2.7044 ns
3.1889 ns

24.0186 ns
80.6136 ns
131.9475 ns

Error
0.0635 ns
0.0256 ns
0.1557 ns
0.1106 ns
0.5869 ns
1.0697 ns

StdDev
0.0563 ns
0.0240 ns
0.3109 ns
0.1035 ns
0.5490 ns
0.9483 ns

Ratio
1.00
8.57

10.18
76.05
255.63
418.20
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Compiled Expression Trees
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Expression Trees

Expression trees represent code in a tree-like data structure, where each node is an

expression, for example, a method call or a binary operation such as x < y.

You can compile and run code represented by expression trees. This enables dynamic
modification of executable code, the execution of LINQ queries in various databases, and
the creation of dynamic queries. For more information about expression trees in LINQ,

see How to use expression trees to build dynamic queries (C#).
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Expression Trees
e Lambda Expressions
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Expression Trees

e Lambda Expressions
o API
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Expression Trees: Lambda

Func<int, bool> 1lambda = num => num < 5;
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Expression Trees: Lambda

Expression<Func<int, bool>> lambda = num => num < 5;
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Expression Trees: API

ParameterExpression numParam = Expression.Parameter(typeof(int), "num");
ConstantExpression five = Expression.Constant(5, typeof(int));
BinaryExpression numlLessThanFive = Expression.LessThan(numParam, five);
Expression<Func<int, bool>> lambda =
Expression.Lambda<Func<int, bool>>(
numLessThanFive,
new ParameterExpression[] { numParam });
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)
Ak
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)

{
var setMethod = property.GetSetMethod();
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)

{
var setMethod = property.GetSetMethod();

var targetParam = Expression.Parameter(typeof(TTarget));
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)

{
var setMethod = property.GetSetMethod();

var targetParam = Expression.Parameter(typeof(TTarget));
var valueParam = Expression.Parameter(typeof(TParam));
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)

{
var setMethod = property.GetSetMethod();

var targetParam = Expression.Parameter(typeof(TTarget));
var valueParam = Expression.Parameter(typeof(TParam));

Expression.Call( )s

var callSetter
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)

{
var setMethod = property.GetSetMethod();

var targetParam = Expression.Parameter(typeof(TTarget));
var valueParam = Expression.Parameter(typeof(TParam));

Expression.Call(targetParam, )i

var callSetter
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)

{
var setMethod = property.GetSetMethod();

var targetParam = Expression.Parameter(typeof(TTarget));
var valueParam = Expression.Parameter(typeof(TParam));

Expression.Call(targetParam, setMethod, )

var callSetter
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)

{
var setMethod = property.GetSetMethod();

var targetParam = Expression.Parameter(typeof(TTarget));
var valueParam = Expression.Parameter(typeof(TParam));

Expression.Call(targetParam, setMethod, valueParam);

var callSetter
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)
).

I
.
=
p—
~

Expression
.Lambda
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)
Ak

Expression
.Lambda<Action<TTarget, TParam>>(callSetter, targetParam, )
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)
Ak

Expression
.Lambda<Action<TTarget, TParam>>(callSetter, targetParam, valueParam)
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)
Ak

Expression
.Lambda<Action<TTarget, TParam>>(callSetter, targetParam, valueParam)
.Compile();
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)
Ak

return Expression
.Lambda<Action<TTarget, TParam>>(callSetter, targetParam, valueParam)
.Compile();
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public static Action<TTarget, TParam> GenerateSetter<TTarget, TParam>(PropertyInfo property)

{
var setMethod = property.GetSetMethod();

var targetParam = Expression.Parameter(typeof(TTarget));
var valueParam = Expression.Parameter(typeof(TParam));

var callSetter Expression.Call(targetParam, setMethod, valueParam);

return Expression
.Lambda<Action<TTarget, TParam>>(callSetter, targetParam, valueParam)

.Compile();
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Expression Trees: API

[BenchmarkCategory(GetCategory), Benchmark]
public string GetViaCompiledExpressionTrees()
=> _compiledExpressionTreesGetter(_test);
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Expression Trees: API

[BenchmarkCategory(GetCategory), Benchmark]
public string GetViaCompiledExpressionTrees()
=> _compiledExpressionTreesGetter(_test);

[BenchmarkCategory(SetCategory), Benchmark]
public void SetViaCompiledExpressionTrees()

=> _compiledExpressionTreesSetter(_test, nameof(SetViaCompiledExpressionTrees));
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Expression Trees: API

Method

SetViaProperty
SetViaCompiledExpressionTrees
SetViaDelegate

SetVialLGen

SetViaFastMember
SetViaReflectionCached
SetViaReflection

Mean
1.8766 ns
3.2353 ns
3.6128 ns
4.6452 ns

25.9617 ns
143.1944 ns
196.0413 ns

Error
0.0818 ns
0.1052 ns
0.0387 ns
0.1195 ns
0.2093 ns
0.6018 ns
1.6216 ns

StdDev
0.0909 ns
0.1211 ns
0.0343 ns
0.1117 ns
0.1958 ns
0.5629 ns
1.3541 ns

Ratio
1.00
173
1.93
2.48

13.86

76.44

105.35
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Expression Trees: API

Method

GetViaProperty
GetViaCompiledExpressionTrees
GetViaDelegate

GetVialLGen
GetViaFastMember
GetViaReflectionCached
GetViaReflection

Mean
0.3240 ns
1.3426 ns
2.7044 ns
3.1889 ns

24.0186 ns
80.6136 ns
131.9475 ns

Error
0.0635 ns
0.1167 ns
0.0256 ns
0.1557 ns
0.1106 ns
0.5869 ns
1.0697 ns

StdDev
0.0563 ns
0.1981 ns
0.0240 ns
0.3109 ns
0.1035 ns
0.5490 ns
0.9483 ns

Ratio
1.00
4.18
8.57

10.18
76.05
255.63
418.20
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Hu pednekcmen eanHou

e Reflection - MegneHHO
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Hu pednekcmen eanHou

e Reflection - megneHHO
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Hu pednekcmen eanHou

e Reflection - megneHHo
e AnbTepHaTuBbI ‘N3 KOPODOKKN™ - ObICTpEE
o TpebyloT ycunmn
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“Moroaun! Ho ...”
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“[leneratbl cneynduLmMpoBaHbl
KOHKPETHbIMU TUNaMu LLeNeBoro oobekTa
n ero ceoucrteal”
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Delegate.CreateDelegate(

typeof(Func<Test, string>)

, PropertyGetMethod);
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Delegate.CreateDelegate(typeof(Func<Test, string>), PropertyGetMethod);

Func<Test, string>| _compiledExpressionTreesGetter

= CompiledExpressionTreesHelper.GenerateGetter<Test, string>(CachedPropertyInfo);
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Delegate.CreateDelegate(typeof(Func<Test, string>), PropertyGetMethod);

Func<Test, string>| _compiledExpressionTreesGetter

= CompiledExpressionTreesHelper.GenerateGetter<Test, string>(CachedPropertyInfo);

Func<Test, string>|_ilGenGetter

= ILGenHelper.GenerateGetter<Test, string>(CachedPropertyInfo);
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Propertylnfo.GetValue

GetValue(Object)

Returns the property value of a specified object.
C# ™ Copy

public object GetValue (object obj);

_—
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Delegate.CreateDelegate

Delegate.CreateDelegate(

typeof(Func<Test, string>)

, PropertyGetMethod);
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Delegate.CreateDelegate

Delegate.CreateDelegate(

typeof(Func<object, object>)

, PropertyGetMethod);
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System.ArgumentException

Cannot bind to the target method because its signature is not compatible
with that of the delegate type.

at System.Delegate.CreateDelegate(Type type, MethodInfo method,
Boolean throwOnBindFailure)

at System.Delegate.CreateDelegate(Type type, MethodInfo method)

at Program.Main() in Program.cs
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“Ox! A cyacTtbe Obl10 Tak bnmn3ko...”
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Delegate (object, object)

var setter = CreateDelegate<Action<TTarget, TParam>>(method);
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Delegate (object, object)

var setter = CreateDelegate<Action<TTarget, TParam>>(method);

(object target, object value) => setter((TTarget)target, (TParam)value);
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Delegate (object, object)

static Action<object, object> GetSetMethodHelper<TTarget, TParam>(MethodInfo method)

where TTarget : class
{
var setter = CreateDelegate<Action<TTarget, TParam>>(method);

return (object target, object value) => setter((TTarget)target, (TParam)value);
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Delegate (object, object)

var genericHelper = helperClass.GetMethod(nameof(GetSetMethodHelper), bindingFlags);
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Delegate (object, object)

var genericHelper = helperClass.GetMethod(nameof(GetSetMethodHelper), bindingFlags);

var targetType = propertyInfo.DeclaringType;
var propertyType = propertyInfo.PropertyType;
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Delegate (object, object)

var genericHelper = helperClass.GetMethod(nameof(GetSetMethodHelper), bindingFlags);

var targetType = propertyInfo.DeclaringType;
var propertyType = propertyInfo.PropertyType;

var constructedHelper = genericHelper.MakeGenericMethod(targetType, propertyType);
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Delegate (object, object)

var setMethod = propertyInfo.GetSetMethod(true);
var genericHelper = helperClass.GetMethod(nameof(GetSetMethodHelper), bindingFlags);

var targetType = propertyInfo.DeclaringType;
var propertyType = propertyInfo.PropertyType;

var constructedHelper = genericHelper.MakeGenericMethod(targetType, propertyType);
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Delegate (object, object)

var setMethod = propertyInfo.GetSetMethod(true);
var genericHelper = helperClass.GetMethod(nameof(GetSetMethodHelper), bindingFlags);

var targetType = propertyInfo.DeclaringType;
var propertyType = propertyInfo.PropertyType;

var constructedHelper = genericHelper.MakeGenericMethod(targetType, propertyType);

var result = constructedHelper.Invoke(null, new object[] { setMethod });
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Delegate (object, object)

public static Action<object, object> GetSetMethod(PropertyInfo propertyInfo)

{

var setMethod = propertyInfo.GetSetMethod(true);
var genericHelper = helperClass.GetMethod(nameof(GetSetMethodHelper), bindingFlags);

var targetType = propertyInfo.DeclaringType;
var propertyType = propertyInfo.PropertyType;

var constructedHelper = genericHelper.MakeGenericMethod(targetType, propertyType);
var result = constructedHelper.Invoke(null, new object[] { setMethod });

return (Action<object, object>)result;
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Delegate (object, object)
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Delegate (object, object)
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ILGen (object, object)

static Action<[TTarget, TParamp GenerateSetter<TTarget, TParam>(PropertyInfo property)
{

...prepare...

gen.Emit(OpCodes.Ldarg 0);
gen.Emit(OpCodes.Ldarg 1);
gen.Emit(OpCodes.Call, setMethod);
gen.Emit(OpCodes.Ret);

return (ActiongTTarget, TParamp)method.CreateDelegate(typeof(Action«[TTarget, TParamp));
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ILGen (object, object)

static Actionqobject, objecty GenerateSetter(PropertyInfo property)
{

...prepare...

gen.Emit(OpCodes.Ldarg_0);
gen.Emit(OpCodes.Castclass, property.DeclaringType);
gen.Emit(OpCodes.Ldarg_1);
gen.Emit(propertyType.IsValueType ?

OpCodes.Unbox_Any : OpCodes.Castclass, propertyType);
gen.Emit(OpCodes.Call, setMethod);
gen.Emit(OpCodes.Ret);

return (Actionq4object, object>)method.CreateDelegate(typeof(Actionxobject, object?));
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ILGen (object, object)

static Actionqobject, objecty GenerateSetter(PropertyInfo property)
{

...prepare...

gen.Emit(OpCodes.Ldarg_0);

gen.Emit(OpCodes.Castclass, property.DeclaringType);

gen.Emit(OpCodes.Ldarg_1);

gen.Emit(propertyType.IsValueType ?
OpCodes.Unbox_Any : OpCodes.Castclass, propertyType);

gen.Emit(OpCodes.Call, setMethod);

gen.Emit(OpCodes.Ret);

return (Actionq4object, object>)method.CreateDelegate(typeof(Actionxobject, object?));
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ILGen (object, object)

static Actionqobject, objecty GenerateSetter(PropertyInfo property)
{

...prepare...

gen.Emit(OpCodes.Ldarg_0);
gen.Emit(OpCodes.Castclass, property.DeclaringType);
gen.Emit(OpCodes.Ldarg_1);
gen.Emit(propertyType.IsValueType ?

OpCodes.Unbox_Any : OpCodes.Castclass, propertyType);
gen.Emit(OpCodes.Call, setMethod);
gen.Emit(OpCodes.Ret);

return (Actionq4object, object>)method.CreateDelegate(typeof(Actionxobject, object?));
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ILGen (object, object)
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ILGen (object, object)
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Expression Trees (object, object)

static Action<[ITarget, TParamp GenerateSetter<|Target, TParamp(PropertyInfo propertyInfo)

p—

.
2

var callSetter = Expression.Call(targetParam, setMethod, valueParam);

>>(callSetter, targetParam, valueParam)

{
var setMethod = propertyInfo.GetSetMethod(true);
var targetParam = Expression.Parameter|(typeof(TTarget)
var valueParam = Expression.Parameter(ftypeof(TParam));
return Expression
.Lambda<Action<[ITarget, TParam
.Compile();
g

152



{

Expression Trees (object, object)

static Actionq¢object, objecty GenerateSetter(PropertyInfo propertyInfo)

var
var
var

var
var

var

setMethod = propertyInfo.GetSetMethod(true);
targetParam = Expression.Parameteri(typeof(object));
valueParam = Expression.Parameter(typeof(object));]

convertedTarget = Expression.Convert(targetParam, propertyInfo.DeclaringType);
convertedValue = Expression.Convert(valueParam, propertyInfo.PropertyType);

callSetter = Expression.Call(convertedTarget, setMethod, convertedValue);

return Expression

.Lambda<Action¢object, objectx>(callSetter, targetParam, valueParam)
.Compile();
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Expression Trees (object, object)

static Actionq¢object, objecty GenerateSetter(PropertyInfo propertyInfo)

var

var
var

setMethod = propertyInfo.GetSetMethod(true);
targetParam = Expression.Parameteri(typeof(object));
valueParam = Expression.Parameter(typeof(object));]

var
var

convertedTarget = Expression.Convert(targetParam, propertyInfo.DeclaringType);
convertedValue = Expression.Convert(valueParam, propertyInfo.PropertyType);

var

callSetter = Expression.Call(convertedTarget, setMethod, convertedValue);

return Expression

.Lambda<Action¢object, objectx>(callSetter, targetParam, valueParam)
.Compile();
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Expression Trees (object, object)
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Expression Trees (object, object)
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Hu pednekcmen eanHou

e Reflection - MegneHHO
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Hu pednekcmen eanHou

e Reflection - megneHHO
o HeTunuanpoBaHHbIN OOCTYN

160



Hu pednekcmen eanHou

e Reflection - MmeaneHHo
o HeTunnampoBaHHbIN AOCTYM
e AnbTepHaTuBbIl ‘N3 KOPODKK™ - ObICTpEE
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Hu pedonekcuen eguHon

e Reflection - MmeaneHHo
o HeTnnuanpoBaHHbIN AOCTYN

e AnbTepHaTuBbIl ‘N3 KOPODKK™ - ObICTpEE
o TunnanpoBaHHbLIN OOCTYN
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Hu pedonekcuen eguHon

e Reflection - MmeaneHHo
o HeTnnuanpoBaHHbIN AOCTYN

e AnbTepHaTuBbIl ‘N3 KOPODKK™ - ObICTpEE
o TunnanpoBaHHbLIN OOCTYN
o Reflection-like
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Hu pedonekcuen eguHon

e Reflection - MmeaneHHo
o HeTnnuanpoBaHHbIN AOCTYN
e AnbTepHaTuBbIl ‘N3 KOPODKK™ - ObICTpEE
o TunnanpoBaHHbLIN OOCTYN
o Reflection-like
o TpebytoT ycunnum
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“A uT0 ecnu ValueType”? Boxing xe!”
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ValueType

Method
GetViaReflectionCached
SetViaReflectionCached
GetViaFastMember
SetViaFastMember

Mean
104.4789 ns
151.3353 ns

30.3511 ns
30.9700 ns

Allocated
24 B
88 B
24 B
24 B
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ValueType

Method

GetViaDelegateReflectionStyle
SetViaDelegateReflectionStyle
GetVialLGenReflectionStyle
SetVialLGenReflectionStyle
GetViaCompiledExpressionTreesReflectionStyle

SetViaCompiledExpressionTreesReflectionStyle

Mean
6.6041 ns
7.6047 ns
4.6524 ns
5.7267 ns
3.2900 ns
5.4248 ns

Allocated
24 B
24 B
24 B
24 B
24 B
24 B
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ValueType

Method

GetViaDelegateTyped
SetViaDelegateTyped
GetVialLGenTyped
SetVialLGenTyped
GetViaCompiledExpressionTreesTyped
SetViaCompiledExpressionTreesTyped

Mean
1.7885 ns
1.8371 ns
1.5500 ns
1.5691 ns
0.6634 ns
0.9252 ns

Allocated
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Hu pednekcmnen eanHon:. Value Type
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Hu pednekcmnen eanHon:. Value Type

e Reflection: boxing
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Hu pednekcmnen eanHon:. Value Type

e Reflection: boxing
e AnbTepHaTuBa
o Reflection-like: boxing
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Hu pednekcmnen eanHon:. Value Type

e Reflection: boxing
e AnbTepHaTuBa
o Reflection-like: boxing
o TunnanmpoBaHHbIM OOCTYM: N0 boxXing
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[lpuBaTHbLIE AAHHbIE
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BindingFlags BindingFlags = System.Reflection.BindingFlags.Instance
| System.Reflection.BindingFlags.Public;
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BindingFlags BindingFlags = System.Reflection.BindingFlags.Instance

| System.Reflection.BindingFlags.NonPublic
| System.Reflection.BindingFlags.Public;
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BindingFlags BindingFlags = System.Reflection.BindingFlags.Instance
| System.Reflection.BindingFlags.NonPublic
|

System.Reflection.BindingFlags.Public;

propertyInfo.GetGetMethod(nonPublic:true);
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BindingFlags BindingFlags = System.Reflection.BindingFlags.Instance

| System.Reflection.BindingFlags.NonPublic
| System.Reflection.BindingFlags.Public;

FieldInfo field = TargetType.GetField(FieldName, BindingFlags);
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[locTyn K AaHHbIM
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[locTyn K AaHHbIM

e Reflection
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[locTyn K AaHHbIM

e Reflection:
o MeaneHHoO
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[locTyn K AaHHbIM

e Reflection:
o MeaneHHoO
o Boxing
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[locTyn K AaHHbIM

e Reflection:
o MeaneHHoO
o Boxing

e AnbTepHaTuBbI
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[locTyn K AaHHbIM

e Reflection:
o MeaneHHo
o Boxing
e AnbTepHaTUBLI:
o CwurnbHo bbicTpee Reflection
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[locTyn K AaHHbIM

e Reflection:
o MeaneHHo
o Boxing
e AnbTepHaTUBLI:
o CwurnbHo bbicTpee Reflection
o Boxing
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[locTyn K AaHHbIM

e Reflection:
o MeaneHHo
o Boxing
e AnbTepHaTUBLI:
o CwurnbHo bbicTpee Reflection
o Boxing / No Boxing
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[locTyn K AaHHbIM

e Reflection:
o MeaneHHo
o Boxing
e AnbTepHaTUBLI:
o CwurnbHo bbicTpee Reflection
o Boxing / No Boxing
e MOXHO M NpuBaTHbLIE AAaHHbLIE (MOS1A, CBOMUCTBA)
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[locTyn K AaHHbIM

e Reflection:
o MeaneHHo
o Boxing
e AnbTepHaTUBLI:
o CwurnbHo bbicTpee Reflection
o Boxing / No Boxing
e MOXHO M NpuBaTHbLIE AAaHHbLIE (MOS1A, CBOMUCTBA)

e [Ipamoe uTeHne/3anncb He 0boONTHK -
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CueHapum ncnorb3oBaHUS
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Cepunanunsauus
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Cepunanusauus

_stream = new MemoryStream();
_writer = new BinaryWriter(_stream, Encoding.Default, true);
_reader = new BinaryReader(_stream, Encoding.Default, true);
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Cepunanusauus

[Benchmark(Baseline = true), BenchmarkCategory(WriteCategory)]

public void WriteViaProperty()

{
_stream.Position = 0;

_writer.Write(_test.StringProperty);

b

[Benchmark(Baseline = true), BenchmarkCategory(ReadCategory)]

public void ReadViaProperty()

{
_stream.Position = 0;

_test.StringProperty = _reader.ReadString();
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Cepunanusauus

[Benchmark(Baseline = true), BenchmarkCategory(WriteCategory)]

public void WriteViaProperty()

{
_stream.Position = 0;

_writer.Write(_test.StringProperty);
¥

[Benchmark(Baseline = true), BenchmarkCategory(ReadCategory)]

public void ReadViaProperty()

{
_stream.Position = 0;

_test.StringProperty = _reader.ReadString();
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Cepunanusauus

[Benchmark, BenchmarkCategory(WriteCategory)]
public void WriteViaReflection()

{
_stream.Position = ©;

_writer.Write((string)CachedPropertyInfo.GetValue(_test, null));

b

[Benchmark, BenchmarkCategory(ReadCategory)]
public void ReadViaReflection()

_stream.Position = 0;

CachedPropertyInfo.SetValue(_test, _reader.ReadString());
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Cepunanunizauug

[Benchmark, BenchmarkCategory(WriteCategory)]

public void WriteViaIlLGenReflection()

{
_stream.Position = 0;

~writer.Write((string) ilGenGet( test));

hy

[Benchmark, BenchmarkCategory(ReadCategory)]

public void ReadViaIlGenReflection()

{
_stream.Position = 9;

_ilGenSet(_test, reader.ReadString());
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CreHepupoBaHHbIN cepuanm3aTop

static void Write(Test target, BinaryWriter writer)

{
writer.Write(target.StringProperty);

¥
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CreHepupoBaHHbIN cepuanm3aTop

static void Write(Test target, BinaryWriter writer)

{
writer.Write(target.StringProperty);
}
static void Read(Test target, BinaryReader reader)
|
target.StringProperty = reader.ReadString();
}
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Cepuanusaums
[Benchmark, BenchmarkCategory(WriteCategory)]
public void WriteViaIlLGen()

|
_stream.Position = 0;

ilGenWrite( test, writer);

¥

[Benchmark, BenchmarkCategory(ReadCategory)]

public void ReadViaIlGen()

T
_stream.Position = 0;

_ilGenRead(_test, _reader);
} 202
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Cepuanusaumsa. ValueType.
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ValueType. Reflection-like

Method

WriteViaProperty
WriteViaExpressionTreesReflection
WriteVialLGenReflection
WriteViaDelegateReflection
WriteViaFastMember

WriteViaReflection

Mean
12.894 ns
17.549 ns
17.821 ns
20.794 ns
46.593 ns

122.805 ns

Ratio
1.00
1.36
1.38
1.61
3.61
9.52

Allocated
24 B
24 B
24 B
24 B
24 B
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ValueType. Generated

Method
WriteViaProperty

WriteViaExpressionTreesGenerated

WriteVialLGenGenerated
WriteViaDelegateGenerated

Mean
12.894 ns
13.575 ns
13.670 ns
17.843 ns

Ratio
1.00
1.05
1.06
1.38

Allocated
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var test = new Test

{
IntProperty = 42,

StringProperty = "Hello, world!"
1
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var test = new Test

{
IntProperty = 42,

StringProperty = "Hello, world!"

Serializer
Google.Protobuf
Custom(Property)
Custom(Expression Trees)

BinaryFormatter

Size in bytes
17
18
18
236
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Method  Categories Mean Ratio  Allocated
Property Write 53.53 ns 1.00 -
ExpressionTrees Write 55.58 ns 1.04 -
Proto Write 352.30 ns 6.58 4168 B
BinaryFormatter Write  2,422.71ns  45.21 3488 B
Property Read 63.32 ns 1.00 40 B
ExpressionTrees Read 64.79 ns 1.02 40 B
Proto Read 415.83 ns 6.57 4280 B
BinaryFormatter Read 4,117.29ns  65.02 4800 B
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Method  Categories Mean Ratio  Allocated
Property Write 53.53 ns 1.00 -
ExpressionTrees Write 55.58 ns 1.04 -
Proto Write 352.30 ns 6.58 4168 B
BinaryFormatter Write  2,422.71ns  45.21 3488 B
Property Read 63.32 ns 1.00 40 B
ExpressionTrees Read 64.79 ns 1.02 40 B
Proto Read 415.83 ns 6.57 4280 B
BinaryFormatter Read 4,117.29ns  65.02 4800 B
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Method  Categories Mean Ratio  Allocated
Property Write 53.53 ns 1.00 -
ExpressionTrees Write 55.58 ns 1.04 -
Proto Write 352.30 ns 6.58 4168 B
BinaryFormatter Write  2,422.71ns  45.21 3488 B
Property Read 63.32 ns 1.00 40 B
ExpressionTrees Read 64.79 ns 1.02 40 B
Proto Read 415.83 ns 6.57 4280 B
BinaryFormatter Read 4,117.29ns  65.02 4800 B
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Hu pednekcmen eanHou

BinaryFormatter
Newtonsoft.Json
System.Text.Json
Google.Protobuf
AutoMapper
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Hu pednekcmen eanHou

BinaryFormatter: Reflection
Newtonsoft.Json
System.Text.Json
Google.Protobuf
AutoMapper
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Hu pedonekcuen eguHon

BinaryFormatter: Reflection \ (%) /
Newtonsoft.Json

System.Text.Json

Google.Protobuf

AutoMapper
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Hu pednekcmen eanHou

BinaryFormatter: Reflection
Newtonsoft.Json: IL Emit
System.Text.Json
Google.Protobuf
AutoMapper
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Hu pednekcmen eanHou

BinaryFormatter: Reflection
Newtonsoft.Json: IL Emit
System.Text.Json: IL Emit
Google.Protobuf
AutoMapper
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Hu pednekcmen eanHou

BinaryFormatter: Reflection
Newtonsoft.Json: IL Emit
System.Text.Json: IL Emit
Google.Protobuf: Property
AutoMapper
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Hu pednekcmen eanHou

BinaryFormatter: Reflection

Newtonsoft.Json: IL Emit

System.Text.Json: IL Emit

Google.Protobuf: Property (F'eHepauua C# - koga)
AutoMapper
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Hu pedonekcuen eguHon

BinaryFormatter: Reflection

Newtonsoft.Json: IL Emit

System.Text.Json: IL Emit

Google.Protobuf: Property (F'eHepauua C# - koga)
AutoMapper: Expression Trees
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OcTanochk 3a ckobkamu

be3onacHoCTb

MHcTaHumpoBaHne obbekToB (new, Createlnstance)
[TapCuUHr AaHHbIX

Cxema n BepCUOHUPOBaAHUE JaHHbIX

[eHepaumns C# - koaa
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Hu pedonekcuen eguHon

e Reflection - MmeaneHHo
e EcCTb goCcTOMHbLIE anbTEPHATUBLI:
o CreateDelegate / IL Emit / Expression Trees
e JlocTyn K gaHHbLIM eLle He BCce
e Runtime reHepauuns koga anga “cnNoXHbIX™ cryyYaes
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KoHcTaHTUH PygHN4YeHkKo
TexHndyeckmnm gunpektop Cadwise

rudnichenko.k@agmail.com

https://t.me/krudnichenko

https://twitter.com/KRudnichenko

http://cadwise.ru
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