Why did the Java developer wear glasses?

Because he couldn't see sharp.
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What is it and why should | care*
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What do those two have in common?

( name names)

None of them are known In IL Code



Motivation

"Understand one level below vyour hormal abstraction layer." -Neal Ford
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Performance Bugs Fundamentals
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And the most important one:

dynamic



What is “Lowering”?



What is “Lowering”?

Compiling

Translating a language into a language closer to the machine
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What is “Lowering”?

Lowering

Translating “High-Level” Features to low-level

constructs in the same Ianguage \

Compiling

Translating a language into a language closer to the machine
e ————————————————



What is “Lowering”?

» Often time referred to as “syntactic sugar”

* Or “compiler magic” Lowering

* Lowering is part of the compiler process, when C# code is transformed to IL-

Code (or to machine code)

Thawnks to NativeAQT




Advantages of “Lowering”
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What is “Lowering”?

Travel fast through air *




What is “Lowering”?
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Horizon




What is “Lowering”?

Border between land and sky *



<code/>




Let’s start simple - var

var myString = "Hello World"; string myString = "Hello World";

Lowered to

Console.Write(myString); ) Console.Write(myString);

» var doesn’t exist and will resolved to the concrete type

 We call that: type interference (the ability to deduct the type from the

context)



What is the output?

var entity = new MyEntity();

Console.Write($"{entity.GetCounter},

Console.Write($"{entity.GetCounter},
Console.Write($"{entity.ExprCounter},

Console.Write($"{entity.ExprCounter}");

public class MyEntity
{

private static int a 0;
private static int b 0;

public int GetCounter { get; } = ++a;
public int ExprCounter => ++b;




What is the output?

var entity = new MyEntity();

Console.Write($"{entity.GetCounter},

(

Console.Write($"{entity.GetCounter},

Console.Write($"{entity.ExprCounter},
(

Console.Write($"{entity.ExprCounter}");

public class MyEnttity

{
private static int a = 0; C.1,1,1,2
private static int b = 0;

public int GetCounter { get; } = ++a;
public int ExprCounter => ++b;




Expression member VS get w/ backing field

public class
var entity = new MyEntity(); {
private static int a;

: " : . private static int b;
Console.Write($"{entity.GetCounter}, ");

(
Console.Write($"{entity.GetCounter}, ") [CompilerGenerated]

(

(

private readonly int <GetCounter>k BackingField = ++a;

Lowered to

’
Console.Write($"{entity.ExprCounter}, ");

Console.Write($"{entity.ExprCounter}");
public int

{

: : [CompilerGenerated]
public class MyEntity

get
{ {
private static int a ; return <
private static int b ; } }
public int GetCounter { get; } = ++a; public int

public int ExprCounter => ++b;

return ++b;

}

* EXxpression Bodied member getter is called every time

* Backing fields are initialized once



yreach Array

var array = new|[] { 1, 2 };

foreach(var item 1n array)

Console.Write(item);

No collection Initializer

No foreach inside lowered code
* Jranslated into a while loop
* Also for loops are translated into while loops

Lowered to

int[] array = new int[2];
array[0] = 1;

array[l] = 2;

int[] array2 = array;

int num = 0;

while (num < array2.Length)

{

int value = array2[num];
Console.Write(value);
num++;



foreach List

List<int> list = new List<int>();
list.Add(1);
list.Add(2);
List<int>.Enumerator enumerator =
list.GetEnumerator () ;
var list = new List<int> { 1, 2 }; try
Lowered to A

: : : while (enumerator.MoveNext
foreach(var item in list) ( ())

. . {
Console.Write(item); Console.Write(enumerator.Current);

}

}

finally

{
((IDisposable)enumerator) .Dispose();

}

e Still no foreach
e But we have “=numerators”
 And a try-finally block



1sing In combination with async/await

Task<string> GetContentFromUrlAsync(string url)
{
// Don't do this! Creating new HttpClients
// 1s expensive and has other caveats
// This is for the sake of demonstration
using var client = new HttpClient();
return client.GetStringAsync(url);
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Task<string> GetContentFromUrlAsync(string url)
{
// Don't do this! Creating new HttpClients
// 1s expensive and has other caveats
// This is for the sake of demonstration
using var client = new HttpClient();
return client.GetStringAsync(url);




I1sing in combination with async/await

HttpClient httpClient = new HttpClient();

tr
Task<string> GetContentFromUrlAsync(string url) { ’
{ \ liWWﬂedto o return httpClient.GetStringAsync(url);
// Don't do this! Creating new HttpClients & }
// is expensive and has other caveats finally
// This 1is for the sake of demonstration {
using var client = new HttpClient(); if (httpClient != null)
return client.GetStringAsync(url); {
} ((IDisposable)httpClient) .Dispose();
}
}

* using guarantees™ disposal via finally blocks
* The finally block is called after the return statement

* This disposes the HitpClient and therefore the caller is greeted with an
jectDisposedException

*If you don’t pull the plug, get hit by a meteor or SIGKILL via Task-Manager



Eliding await

—




Eliding await

try

{
await DoWorkWithoutAwaitAsync();

}
catch (Exception e) System.Exception: Hey
{ at Program.<<Main>$>g__ThrowExceptionAsync|0_1()
: : /Users/stgi/repos/Benchmark/Program.cs:line 19
Console.WriteLine(e); o Program F’)Main> (Stri 9~
g e ring[] args)
} /Users/stqgi/repas/Benchmark/Program.cs:line 6

static Task DoWorkWithoutAwaitAsync()
=> ThrowExceptionAsync();

static async Task ThrowExceptionAsync/()

{
awalit Task.Yield();

throw new Exception("Hey");

* The not-awaited function (DoWorkWithoutAwaitAsync) ist not part of the stack trace






Eliding await

:rﬁ, {EZ;;iTéigziiiiégngilerServices.NullableContext(1)]

awalt DoWorkWithoutAwaitAsync(); internal static Task <<Main>$>g DoWorkWithoutAwaitAsync|0 0()
iatch (Exception e) { return <<Main>$>g ThrowExceptionAsync|0 1();
{ Lowered to }

Console.WriteLine(e); & [System.Runtime.CompilerServices.NullableContext (1) ]
} | [AsyncStateMachine (typeof (<<<Main>$>g ThrowExceptionAsync|0 1>d))]
[CompilerGenerated]
internal static Task <<Main>$>g ThrowExceptionAsync|0 1()

static Task DoWorkWithoutAwaitAsync() {

=> ThrowExceptionAsync(); <<<Main>$>g ThrowExceptionAsync|0 1>d stateMachine

= default(<<<Main>$>g ThrowExceptionAsync|0 1>d);

static async Task ThrowExceptionAsync() stateMachine.<>t builder = AsyncTaskMethodBuilder.Create();
{ stateMachine.<>1 state = -1;

await Task.Yield( ) ; stateMachlne.<>t._bullder.Si.:art(ref stateMachine);

. ; ; return stateMachine.<>t builder.Task;

throw new Exception( Hey ); }

}

* No async -> No State-Machine



Eliding await

try

{
await DoWorkWithoutAwaitAsync();

}

catch (Exception e)

{ Lowered to .
Console.WriteLine(e); —— o StateMaChlne

}

static Task DoWorkWithoutAwaitAsync()
=> ThrowExceptionAsync();

static async Task ThrowExceptionAsync/()

{
awalit Task.Yield();

throw new Exception("Hey");



Eliding await

try
{
await DoWorkWithoutAwaitAsync(); try
{
iatch (Exception e) YieldAwaitable.YieldAwaiter awaiter;
{ // Here 1is some other stuff
Console.WriteLine(e); awaiter.GetResult();
} throw new Exception("Hey");
}
static Task DoWorkWithoutAwaitAsync () catch (Exception exception)
=> ThrowExceptionAsync(); {
<>1 state = -2;
static async Task ThrowExceptionAsync() <>t builder.SetException(exception);
{ }

awalit Task.Yield();
throw new Exception("Hey");

 Exceptions aren’t directly thrown, but rather kept as State on the Task object
UHellody async void

e But where is the caller?



“A stack trace does not tell
you where you came from.

A stack trace tells you
where you are going next.” - Eric Lippert




Eliding await

try
{
awalt DoWorkWithoutAwaitAsync();
}
catch (Exception e)
{
Console.WriteLine(e);
}

static Task DoWorkWithoutAwaitAsync()
=> ThrowExceptionAsync();

static async Task ThrowExceptionAsync|()

{
awalt Task.Yield();

throw new Exception("Hey");
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try
{
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catch (Exception e)
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Eliding await

try
{
awalt DoWorkWithoutAwaitAsync();
}
catch (Exception e)
{
Console.WriteLine(e);
}

static Task DoWorkWithoutAwaitAsync()
=> ThrowExceptionAsync();

static async Task ThrowExceptionAsync|()

{
awalt Task.Yield();
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Eliding await

try
{
awalt DoWorkWithoutAwaitAsync();
}
catch (Exception e)
{
Console.WriteLine(e);
}

static Task DoWorkWithoutAwaitAsync()
=> ThrowEXCeptlOnAsSync(); .

static async Task ThrowException sync()

{
awalt Task.Yield();

throw new Exception("Hey");



Eliding await

try
{
awalt DoWorkWithoutAwaitAsync();
}
catch (Exception e)
{
Console.WriteLine(e);
}

static Task DoWorkWithoutAwait§7
=> ThrowExceptionAsync(); ’

ync()

static async Task ThrowExceptionAsync|()

{
awalt Task.Yield();

throw new Exception("Hey");
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Eliding await

try
{
awalt DoWorkWithoutAwaitAsync();
}
catch (Exception e)
{
Console.WriteLine(e);
}

static Task DoWorkWithoutAwaitAsync()
=> ThrowExceptionAsync();

static async Task ThrowExceptionAsync|()

{
awalt Task.Yield();

throw new Exception("Hey");



Yield

static IEnumerable<int> GetTenRandomNumbers ()

{
for (var i = 0; i < 10; i++)
yield return Random.Shared.Next();



Yield

static IEnumerable<int> GetTenRandomNumbers/()

{
for (var i = 0; i < 10; i++)
yield return Random.Shared.Next();

static List<int> GetTenRandomNumbersList()
{
var list = new List<int>();
for (var 1 = 0; 1 < 10; 1++)
list.Add(Random.Shared.Next());
return list;



Yield

static IEnumerable<int> GetTenRandomNumbers ()

{
for (var i = 0; i < 10; i++)
yield return Random.Shared.Next();



class GetTenRandomNumbersEnumerable : IEnumerable<int>, IEnumerator<int>

{

private int state;
Yi I private int current;
private int i;

public int Current => current;
object IEnumerator.Current => Current;
public void Dispose() { }

=> this;
=> this;

public IEnumerator<int> GetEnumerator (
IEnumerator IEnumerable.GetEnumerator(

)
)

public bool MoveNext()

{
if (state != 0)
{
// We were done once and MoveNext was called again
if (state != 1)
return false;
state = -1;
i++;
}
else
{
state = -1;
i = 0;
}
// We are done! (false means we don't move to the next element)
if (i >= 10)
return false;
current = Random.Shared.Next();
state = 1;
return true;
}



class GetTenRandomNumbersEnumerable : IEnumerable<int>, IEnumerator<int>

{

private int state;

private int current; X _ _

private int i; memermmmenentlp CONsole.WriteLine("Start Here");
4

foreach(var item in GetTenRandomNumbers () )
Console.WriteLine(item);
Console.WriteLine(“”End Here");

public int Current => current;
object IEnumerator.Current => Current;
public void Dispose() { }

=> this;
=> this;

public IEnumerator<int> GetEnumerator (
IEnumerator IEnumerable.GetEnumerator(

)
)

public bool MoveNext ()

if (state != 0)

// We were done once and MoveNext was called again E;tzitee- G;“
if (state != 1) -

return false; i
state

b 0
, current: 86

else

{

_]_;

I
I
=
~e

state
i = 0;

// We are done! (false means we don't move to the next element)
if (i >= 10)
return false;

current = Random.Shared.Next();
state = 1;
return true;



Yield

private static IEnumerable<int> Getl000RandomNumbers ()
[ Benchmark]

L] L] [ ] [ ] {
$Ubllc int GetSumOfl000NumbersViaYield() for (var i = 0; i < 10003 it4)
[ ] l ° .
return Getl000RandomNumbers().Sum(); \ yield return 1i;
}

private static List<int> Getl0O0OORandomNumbersList ()

{

[ Benchmark]
public int GetSumOf1000NumbersViaList()

{

var list = new List<int>(1000);

for (var 1 = 0; 1 < 1000; 1i++)
list.Add(i);

return list;

return Getl0O0OORandomNumbersList().Sum();
}



Yield

private static IEnumerable<int> Getl000RandomNumbers ()

[ Benchmark] {
iubllc int GetSumOf20NumbersViaYield() for (var i = 0; i < 1000; i++)
ield t L s

return Getl00ORandomNumbers().Take(20).Sum(); y2e FERRER L
\ }
‘Benchmark] private static List<int> Getl00ORandomNumbersList ()

. . : : {
iubllc int GetSumOf20NumbersViaList () var list = new List<int>(1000);

| for (var i = 0; i < 1000; i++)

} return Getl00ORandomNumbersList().Take(20).Sum(); list.Add(1);

return list;



Don't ever, for any reason, do anything, to anyone,
for any reason, ever, no matter what, no matter
where, or who, or who you are with, or where you
are going, or where you've been, ever, for any
reason whatsoever.

- Michael Scott




t’'s a wrap!
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