Yield at me 'cause I'm awaiting:
ACUHXPOHHbIE MTepaTopbl B C# 3

AHapen Kapnos, ReSharper Team
andrew.karpov@jetbrains.com
Twitter: akarpovg9




HacTtb 1.
ACVMHXPOHHbIE NOC/IeA0BaTENIbHOCTM
N TAe OHWM ODUTAKOT



#dotnext

ull -

Pull n Push

15:AR i ITE@ )
Dmitriy Titov@DotNext
PQlexT Dmitriy Titov pinned "Bbl nnaHunpyete
n.."

Q_ Search for messages or users

DotNext 15:46
DOJEXT Dmitriy Titov pinned "Bbl nnaHupyeT...



Pull kak oH ecTb

T Pull()



ekTamMmm!

-3




OTCYyTCTBME 3HAYEHMA

Option<T> Pull()



OTCYyTCTBME 3HAYEHMA

public readonly struct Option<T>

{
public T Value { get; }

public bool HasValue { get; }

public Option(T value) => (Value, HasValue) = (value, true);
public static readonly Option<T> None = default;



VIcknroueHns

Option<T> Pull() // throws



cknroueHma: n3 control-flow B data-flow

Try<Option<T>> Pull()




cknroueHmna: n3 control-flow B data-flow

public readonly struct Try<T>

{
public

public

public
public

T Value { get; }
Exception Error { get; }

Try(T value) => (Value, Error) = (value, null);
Try(Exception error) => (Value, Error) = (default, error);



OTKyaa B3ATb? BepHYTb U3 Apyron GyHKLUMM!

Func<Try<Option<T>>> GetPuller()




OOl

interface IPullable<T>

{
IPuller<T> GetPuller();

interface IPuller<T>

{
Try<Option<T>> Pull();




4TO-TO XOPOLLO 3HaKOMOe!

interface IEnumerable<out T>

{

IEnumerator<T> GetEnumerator();

¥

interface IEnumerator<out T> : IDisposable
{
pacuenneHue bool MoveNext(); // throws
Try<Option<T>> T Current { get; }

¥



A Tenepb NPUMEHMM ABOUCTBEHHOCTL!



MeHaeM MecTamm BXOAbl C BbIXOAaMM

Try<Option<T>> ()

void Push(Try<Option<T>>)



OOl

interface IPushable<T>

{

void SetPusher(IPusher<T> pusher);

interface IPusher<T>

{

void Push(Try<Option<T>> value);



4TO-TO XOPOLLO 3HaKOMOe!

interface IObservable<out T>

{

IDisposable Subscribe(IObserver<T> observer);

}

interface IObserver<in T>

{

pacienneHme —{ void OnNext(T value);

Try<Option<T>> void OnCompleted();

void OnError(Exception error);

}



Taaak, noaoxXamn...
3adepxka (Latency)

class Program
{ | X ReSharper is thinking (Esc to cancel)... |
public static void Maﬁd(string[] args)

{

Console.WritelLine("Hello Latency!");

}



MeaneHHbIN NPOU3BOAMNTE b

public void Process<T>(IEnumerator<T> slowProducer)

{

while (slowProducer.MoveNext())

{

Consume(slowProducer.Current); 610KMpPYHOLLMMA BbI3OB!

¥



MeaneHHbIM NoTPebunTeNb

public void NotifyNext<T>(
I0bserver<T> slowConsumer, T item)

slowConsumer.OnNext(item);

610KMpYyHOLWMN BbI3OB!




ACHXPOHHbIM Pull

interface IAsyncEnumerable<out T>

{

IAsyncEnumerator<T> GetAsyncEnumerator();

interface IAsyncEnumerator<out T> : IAsyncDisposable

{
Task<bool> MoveNextAsync();

T Current { get; }
}



ACMHXPOHHbIM Push

interface IAsyncObservable<out T>

{

Task<IAsyncDisposable> Subscribe (IAsyncObserver<T> observer);

}

interface IAsyncObserver<in T>

{
Task OnNextAsync(T value);
Task OnErrorAsync(Exception error);
Task OnCompletedAsync();

}



Cobepu nx Bcex!
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Cobepu nx Bcex!
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[ e oHWM ObuUTaroT?

* IX.NET (dotnet/reactive) IAsyncEnumerable<T>




[ ne oHn obumTaroT?

« F# AsyncSeq (fsprojects/FSharp.Control. AsyncSeq) AsyncSeq<'T>

type IAsyncEnumerator<'T> =

abstract MoveNext : unit -> Async<'T option>

inherit IDisposable
type IAsyncEnumerable<'T> =

abstract GetEnumerator : unit -> IAsyncEnumerator<'T>
type AsyncSeq<'T> = IAsyncEnumerable<'T>



[ ne oHn obumTaroT?

* IXx.NET (dotnet/reactive) IAsyncEnumerable<T>

« F# AsyncSeq (fsprojects/FSharp.Control. AsyncSeq) AsyncSeq< ' T>

* AsyncRx NET (dotnet/reactive) IAsyncObservable<T>




[ ne oHn obumTaroT?

* IX.NET (dotnet/reactive) TIAsyncEnumerable<T>

« F# AsyncSeq (fsprojects/FSharp.Control. AsyncSeq) AsyncSeq< ' T>

« AsyncRx.NET (dotnet/reactive) IAsyncObservable<T>
 Orleans (dotnet/orleans) IAsyncObservable<T>




Tenepb n B BCL!

interface IAsyncEnumerable<out T>

{

IAsyncEnumerator<T> GetAsyncEnumerator(CancellationToken token = default);

interface IAsyncEnumerator<out T> : IAsyncDisposable interface IAsyncDisposable

{ {
ValueTask<bool> MoveNextAsync(); ValueTask DisposeAsync();

T Current { get; } }

* NET Standard 2.1, .NET Core 3.0



IHTepeCcHana anbTepHaTMBa

interface IAsyncEnumerable<out T>

{

IAsyncEnumerator<T> GetAsyncEnumerator(CancellationToken token = default);

interface IAsyncEnumerator<out T> : IAsyncDisposable interface IAsyncDisposable

{ {
ValueTask<bool> MoveNextAsync(); ValueTask DisposeAsync();
bool TryGetNext(out current); }



Yxe ncnonblyetcd B Channels!

public abstract class Channel<TWrite, TRead>
{
public ChannelReader<TRead> Reader { get; protected set; }
public ChannelWriter<TWrite> Writer { get; protected set; }
}

public abstract class ChannelReader<T>

{
public virtual IAsyncEnumerable<T> ReadAllAsync(

CancellationToken cancellationToken = default);



HacTb /.
C# 8 cnewuT Ha NOMOLLb



JT0 bar!

class Issue

{
public string Title { get; }
public string Project { get; }
public string Status { get; }



[ lopurOHHanA Bblaaya

class IssuesProvider

{

Task<IssuesPage> GetAsync(string assignee, int skip);

class IssuesPage

{

public List<Issue> Issues { get; }
public int PageSize { get; }



[TonbITka N27T: Task<IEnumerable<T> >

async Task<IEnumerable<Issue>> GetIssues()

{

var allResults = new List<Issue>();

var skip = 0;

return allResults;

}



[TonbITka N27T: Task<IEnumerable<T> >

async Task<IEnumerable<Issue>> GetIssues()
{

var allResults = new List<Issue>();

var skip = 0;

while (true)

{

var issuesPage = await _client.GetAsync(assignee: "andrew.karpov", skip);

}

return allResults;



{

[TonbITka N27T: Task<IEnumerable<T> >

async Task<IEnumerable<Issue>> GetIssues()

var allResults = new List<Issue>();
var skip = 0;

while (true)

{

var issuesPage = await _client.GetAsync(assignee:

if (issuesPage.PageSize == @) break;
allResults.AddRange(issuesPage.Issues);
skip += issuesPage.PageSize;

}

return allResults;

"andrew.karpov", skip);



[TonbITka N27T: Task<IEnumerable<T> >

async Task<IEnumerable<Issue>> GetIssues(IProgress<int> progress)
{

var allResults = new List<Issue>();

var skip = 0;

while (true)

{

var issuesPage = await _client.GetAsync(assignee: "andrew.karpov", skip);
if (issuesPage.PageSize == @) break;
allResults.AddRange(issuesPage.Issues);
skip += issuesPage.PageSize;
progress.Report(skip);

}

return allResults;



[TonbITka N27T: Task<IEnumerable<T> >

async Task<IEnumerable<Issue>> GetIssues(IProgress<int> progress)

var allResults = new List<Issue>(); .
var skip = 0 [poMO3aKMKM TMN
while (true)
{
var issuesPage = await _client.GetAsync(assignee: "andrew.karpov", skip);
if (issuesPage.PageSize == @) break;
allResults.AddRange(issuesPage.Issues);
skip += issuesPage.PageSize;
progress.Report(skip);
}

return allResults;



[TonbITka N27T: Task<IEnumerable<T> >

async Task<IEnumerable<Issue>> GetIssues(IProgress<int> progress)

{

var allResults = new List<Issue>();

var skip = 0; HakansinBaem

: NoTeHLMaNbHO 6ObLION
while (true) H

{

var issuesPage = await _client.GetAsync(assignee: "andrew.karpov", skip);

CnMncok

if (issuesPage.PageSize == @) break;
allResults.AddRange(issuesPage.Issues);
skip += issuesPage.PageSize;
progress.Report(skip);

}

return allResults;



[TonbITka N27T: Task<IEnumerable<T> >

async Task<IEnumerable<Issue>> GetIssues(IProgress<int> progress)
{
var allResults = new List<Issue>();
var skip = 0;
while (true)
{
var issuesPage = await _client.GetAsync(assignee: "andrew.karpov", skip);
if (issuesPage.PageSize == @) break;
allResults.AddRange(issuesPage.Issues);
skip += issuesPage.PageSize;

progress.Report(skip); He Bblgaém gaHHble MO
} Mepe 1X NOCTynaeHus

return allResults;



[TonbIiTka N22: IEnumerable<Task<T> >

IEnumerable<Task<IssuesPage>> GetIssues()

{
var skip = 0;

Task<IssuesPage> currentPage = null;

}



[TonbIiTka N22: IEnumerable<Task<T> >

IEnumerable<Task<IssuesPage>> GetIssues()

{
var skip = 0;
Task<IssuesPage> currentPage = null;

while (true) {

currentPage = client.GetAsync(assignee: "andrew.karpov", skip);
yield return currentPage;

}



[TonbIiTka N22: IEnumerable<Task<T> >

IEnumerable<Task<IssuesPage>> GetIssues()
{
var skip = 0;
Task<IssuesPage> currentPage = null;
while (true) {
if (currentPage != null)
{
if (currentPage.Result.PageSize == @) yield break;
skip += currentPage.Result.PageSize;
}
currentPage = client.GetAsync(assignee: "andrew.karpov", skip);

yield return currentPage;



[TonbIiTka N22: IEnumerable<Task<T> >

IEnumerable<Task<IssuesPage>> GetIssues()

var skip = 0;
[poMO3aKkMK TUM
Task<IssuesPage> currentPage = null;
while (true) {
if (currentPage != null)
{
if (currentPage.Result.PageSize == @) yield break;
skip += currentPage.Result.PageSize;
}

currentPage = client.GetAsync(assignee: "andrew.karpov", skip);

yield return currentPage;



[TonbIiTka N22: IEnumerable<Task<T> >

IEnumerable<Task<IssuesPage>> GetIssues()

{

var skip = 0;

HesaBHo Tpebyem await

Task<IssuesPage> currentPage = null;
while (true) {
if (currentPage != null)

{
if (currentPage.Result.PageSize == @) yield break;

skip += currentPage.Result.PageSize;

}

currentPage = client.GetAsync(assignee: "andrew.karpov", skip);

yield return currentPage;



[TonbIiTka N22: IEnumerable<Task<T> >

IEnumerable<Task<IssuesPage>> GetIssues()
{
var skip = 0;
Task<IssuesPage> currentPage = null;
while (true) {

if (currentPage != null)

{

if (currentPage.Result.PageSize == @) yield break;

Sklp += currentPage. Result. PageSize; B KOHLLe BCera BO3BpaLLaem
} NYyCTYHO CTpaHULy
currentPage = client.GetAsync(a : "andrew.karpov", skip);

yield return currentPage;
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[TonbiTka N23: [AsyncEnumerable<T> 13 IX.NET

IAsyncEnumerable<IssuesPage> GetIssues() => AsyncEnumerable.CreateEnumerable(() =>

{

return AsyncEnumerable.CreateEnumerator(

moveNext: null, current: null, dispose: () => { });

})s



[TonbiTka N23: [AsyncEnumerable<T> 13 IX.NET

IAsyncEnumerable<IssuesPage> GetIssues() => AsyncEnumerable.CreateEnumerable(() =>

{

IssuesPage currentPage = null;

async Task<bool> GetPage(CancellationToken token) {

}

return AsyncEnumerable.CreateEnumerator(

moveNext: GetPage, current: () => currentPage, dispose: () => { });

})s



[TonbiTka N23: [AsyncEnumerable<T> 13 IX.NET

IAsyncEnumerable<IssuesPage> GetIssues() => AsyncEnumerable.CreateEnumerable(() =>

{

var skip = 0;

IssuesPage currentPage = null;

async Task<bool> GetPage(CancellationToken token) {
currentPage = await _client.GetAsync(assignee: "andrew.karpov", skip);
if (currentPage.PageSize == @) return false;
skip += currentPage.PageSize;
return true;

}

return AsyncEnumerable.CreateEnumerator(

moveNext: GetPage, current: () => currentPage, dispose: () => { });

1)



C# 8: yield + await = aCMHXPOHHbIV UTEPATOP

async IAsyncEnumerable<IssuesPage> GetIssuesAsync()
{
var skip = 0;
while (true)
{
var currentPage = await client.GetAsync(assignee: "andrew.karpov", skip);
if (currentPage.PageSize == @) yield break;
skip += currentPage.PageSize;

yield return currentPage;

}



C# 8: yield + await = aCMHXPOHHbIV UTEPATOP

async IAsyncEnumerable<Issue> GetIssuesAsync()

{
var skip = 0;
while (true)
{
var currentPage = await client.GetAsync(assignee: "andrew.karpov", skip);
if (currentPage.PageSize == @) yield break;
skip += currentPage.PageSize;
foreach (var issue in currentPage.Issues)
yield return issue;
}



C# 3. yield + await = aCMHXPOHHbIV UTEepaTOP

async IAsyncEnumerable<Issue> GetIssuesAsync()

var skip = 0; Moandwnkatop async
while (true)

{

var currentPage = await _client.GetAsync(assignee: "andrew.karpov", skip);

if (currentPage.PageSize == @) yield break;
skip += currentPage.PageSize;

foreach (var issue in currentPage.Issues)
yield return issue;



C# 3. yield + await = aCMHXPOHHbIV UTEepaTOP

async IAsyncEnumerable<Issue> GetIssuesAsync()

. Bo3epaluaemMbliii TUnM
var skip = 0; IAsyncEnumerable<T> wau

while (true) IAsyncEnumerator<T>

{

var currentPage = await _client.GetAsync(assignee: "andrew.karpov"

» skip);
if (currentPage.PageSize == @) yield break;
skip += currentPage.PageSize;

foreach (var issue in currentPage.Issues)
yield return issue;



C# 3. yield + await = aCMHXPOHHbIV UTEepaTOP

async IAsyncEnumerable<Issue> GetIssuesAsync()
{
var skip = 0;
while (true)
{

var currentPage =

cnonb3yerca await, await foreach

unm await using

await _client.GetAsync(assignee: "andrew.karpov", skip);
if (currentPage.PageSize == @) yield break;

skip += currentPage.PageSize;

foreach (var issue in currentPage.Issues)
yield return issue;



C# 3. yield + await = aCMHXPOHHbIV UTEepaTOP

async IAsyncEnumerable<Issue> GetIssuesAsync()
{

var skip = 0;

while (true)

{

var currentPage = await _client.GetAsync(assignee: "andrew.karpov", skip);

if (currentPage.PageSize == @) yield break;
skip += currentPage.PageSize;

foreach (var issue in currentPage.Issues)
yield return issue;

Ncnonb3yetca yield




C# 8. aCMHXPOHHbIN Toreach

async Task PrintIssuesAsync()

{

await foreach (var issue in GetIssuesAsync())

{

PrintIssue(issue);

}
}



HacTb 3.
Lowering: nckycctBo 0bmaHa



ACVHXPOHHbIV foreach

await foreach (var issuesPage in GetIssuesAsync())

{

PrintPage(issuesPage);

}



ACHXPOHHbLIM foreach: lowering

var enumerator = GetIssuesAsync().GetAsyncEnumerator(/* napameTp He nepepaértca */);

try
{

while (await enumerator.MoveNextAsync())

{

var issuesPage = enumerator.Current;

PrintPage(issuesPage);

}
finally

{

await enumerator.DisposeAsync();



[1aTTepH TMNa: yBaxaem GopmMmy

var enumerator = GetIssuesAsync().GetAsyncEnumerator();

try
{

while (await enumerator.MoveNextAsync())

Mo>keT UMeTb OAMH OMLMOHANbHbIN
{ AW params napametp Aroboro Tmna

var issuesPage = enumerator.Current;

PrintPage(issuesPage);

}
finally

{

await enumerator.DisposeAsync();



[1aTTepH TMNa: yBaxaem GopmMmy

var enumerator = GetIssuesAsync().GetAsyncEnumerator();

try
{

while (await enumerator.MoveNextAsync())

MoxkeT MeTb OANH OMNLIMOHANbHbIN

var issuesPage = enumerator.Current; WAV params napameTp 1o60ro TMMa

PrintPage(issuesPage); Bo3Bpallaembivi TN AoKeH ObiTb
} awaitable.
}
finally
{

await enumerator.DisposeAsync();



[1aTTepH TMNa: yBaxaem GopMmy

var enumerator = GetIssuesAsync().GetAsyncEnumerator();
try
{

while (await enumerator.MoveNextAsync())

{

var issuesPage = enumerator.Current;

PrintPage(issuesPage);

} HeobsizaTeneH,
finally HeT MeToZla — HeT BbI30Ba
await enumerator. ();



[1aTTepH TMNa vs. MHTephEnC

struct MyAsyncEnumerable : IAsyncEnumerable<int>

{

public async IAsyncEnumerator<int> GetAsyncEnumerator(

CancellationToken cancellationToken /*= default*/)

yield return await Task.FromResult(@);



[1aTTepH TMNa vs. MHTephEnC

struct MyAsyncEnumerable : IAsyncEnumerable<int>

{

public async IAsyncEnumerator<int> GetAsyncEnumerator(

CancellationToken cancellationToken /*= default*/)

yield return await Task.FromResult(@);

public async Task Print()
{

await foreach (var x in this)

Console.WritelLine(x);



[1aTTepH TMNa vs. MHTEpPhEMC

struct MyAsyncEnumerable : IAsyncEnumerable<int>

{

public async IAsyncEnumerator<int> GetAsyncEnumerator(

CancellationToken cancellationToken /*= default*/)

yield return await Task.FromResult(0);

public async Task Print()
{

await foreach (var x in (IAsyncEnumerable<int>) this)

Console.WritelLine(x);



[1aTTepH TMNa vs. MHTephEnC

struct MyAsyncEnumerable : IAsyncEnumerable<int>

{

public async IAsyncEnumerator<int> GetAsyncEnumerator(

CancellationToken cancellationToken = default)

yield return await Task.FromResult(®@);

no boxing

public async Task Print()
{

await foreach (var x in this)

Console.WriteLine(x);



OtmeHa (Cancellation)

async Task PrintIssuesAsync()

{

await foreach (var issue in GetIssuesAsync())

{

PrintIssue(issue);

}
}



OtmeHa (Cancellation)

async Task PrintIssuesAsync(CancellationToken token)

{

await foreach (var issue in GetIssuesAsync(token))

{

PrintIssue(issue);



OtmeHa (Cancellation)

async Task PrintIssuesAsync(IAsyncEnumerable<Issue> issues)

{

await foreach (var issue in issues)

{

PrintIssue(issue);



OtmeHa (Cancellation)

async Task PrintIssuesAsync(IAsyncEnumerable<Issue> issues, CancellationToken token)

{

await foreach (var issue in issues.WithCancellation(token))

{

PrintIssue(issue);



HaCTpoVKa KOHTEKCTa CUHXPOHM3aLIMM

async Task PrintIssuesAsync(IAsyncEnumerable<Issue> issues, CancellationToken token)

{

await foreach (var issue in issues.WithCancellation(token)

.ConfigureAwait(continueOnCapturedContext: false))

PrintIssue(issue);



[ lonesHble pacmpeHna

public static class TaskExtensions
{
public static ConfiguredCancelableAsyncEnumerable<T> ConfigureAwait<T>(
this IAsyncEnumerable<T> source,

bool continueOnCapturedContext);

public static ConfiguredCancelableAsyncEnumerable<T> WithCancellation<T>(
this IAsyncEnumerable<T> source,

CancellationToken cancellationToken);



Tak BOT 3a4eM TOT NMapameTp

public readonly struct ConfiguredCancelableAsyncEnumerable<T>
{
public Enumerator GetAsyncEnumerator() =>
new Enumerator(_enumerable.GetAsyncEnumerator(_cancellationToken),

_continueOnCapturedContext);



[lenervipyn n ynpasaam

public readonly struct Enumerator

{

public T Current => _enumerator.Current;

public ConfiguredValueTaskAwaitable<bool> MoveNextAsync() =>

_enumerator.MoveNextAsync().ConfigureAwait(_continueOnCapturedContext);

public ConfiguredValueTaskAwaitable DisposeAsync() =>

_enumerator.DisposeAsync().ConfigureAwait(_continueOnCapturedContext);



ECTb aCUMHXPOHHbBIM MTEpaToOpP

static async IAsyncEnumerable<int> ProduceAsync() {
await Task.Delay(100); yield return 1;
await Task.Delay(100); yield return 2;
await Task.Delay(100); yield return 3;



UMK

static async Task Main() {
await foreach (var x in ProduceAsync())

{
Console.Write("{@} ", x);

}

static async IAsyncEnumerable<int> ProduceAsync() {
await Task.Delay(100); yield return 1;
await Task.Delay(100); yield return 2;
await Task.Delay(100); yield return 3;



Y70 BbIBEAET CIeAyHOLLMM KOA Y

static async Task Main() {
var cts = new CancellationTokenSource();
await foreach (var x in ProduceAsync().WithCancellation(cts.Token))
{
Console.Write("{0} ", x);

A) 123
cts.Cancel();

B) 1 (HopManbHOe 3aBepLUeHMe)
} C) 1 (ncknroueHue)

}

static async IAsyncEnumerable<int> ProduceAsync() {
await Task.Delay(100); yield return 1;
await Task.Delay(100); yield return 2;
await Task.Delay(100); yield return 3;



Y70 BbIBEAET CAEAYHOLLMM KOA?

static async Task Main() {
var cts = new CancellationTokenSource();
await foreach (var x in ProduceAsync().WithCancellation(cts.Token))
{
Console.Write("{0} ", X);

A) 123
cts.Cancel();

B) 1 (HopmanbHOe 3aBepLleHune)
} C) 1 (ncknrouyeHue)

}

static async IAsyncEnumerable<int> ProduceAsync() {
await Task.Delay(100); yield return 1;
await Task.Delay(100); yield return 2;
await Task.Delay(100); yield return 3;



/[lobaBnM napameTp

static async Task Main() {
var cts = new CancellationTokenSource();
await foreach (var x in ProduceAsync(default).WithCancellation(cts.Token))

{
Console.Write("{0} ", x);

cts.Cancel();

}

static async IAsyncEnumerable<int> ProduceAsync(CancellationToken token = default) {
await Task.Delay(100, token); yield return 1;
await Task.Delay(100, token); yield return 2;
await Task.Delay(100, token); yield return 3;



[lobaByM MapameTp

static async Task Main() {
var cts = new CancellationTokenSource();
await foreach (var x in ProduceAsync(default).WithCancellation(cts.Token))
{
Console.Write("{0} ", x);
cts.Cancel();

MNo-npexHemy BbiBOANUT “1 2 3”11

}

static async IAsyncEnumerable<int> ProduceAsync(CancellationToken token = default) {
await Task.Delay(100, token); yield return 1;
await Task.Delay(100, token); yield return 2;
await Task.Delay(100, token); yield return 3;



[ToMeyaeM napameTp aTprbyToM

static async Task Main() {
var cts = new CancellationTokenSource();
await foreach (var x in ProduceAsync(default).WithCancellation(cts.Token))
{
Console.Write("{0} ", x);
cts.Cancel();

}

static async IAsyncEnumerable<int> ProduceAsync([EnumeratorCancellation]
CancellationToken token = default) {
await Task.Delay(100, token); yield return 1;
await Task.Delay(100, token); yield return 2;
await Task.Delay(100, token); yield return 3;



[ToMeyaeM napameTp aTprbyToM

static async Task Main() {
var cts = new CancellationTokenSource();
await foreach (var x in ProduceAsync(default).WithCancellation(cts.Token))

{
Console.Write("{0} ", x);

cts.Cancel(); BeiBOoauT “1" 1 3aBepLuaeTca no
} NCKJIDUYEHUIO

}

static async IAsyncEnumerable<int> ProduceAsync([EnumeratorCancellation]
CancellationToken token = default) {
await Task.Delay(100, token); yield return 1;
await Task.Delay(100, token); yield return 2;
await Task.Delay(100, token); yield return 3;



A KaK HaCY&T NOKaNbHbIX QYHKLMAY

static async Task Main() {
var cts = new CancellationTokenSource();

await foreach (var x in ProduceAsync(default).WithCancellation(cts.Token))

{
Console.Write("{0} ", x);
cts.Cancel();
}
static async IAsyncEnumerable<int> ProduceAsync([EnumeratorCancellation]
CancellationToken token = default) {
await Task.Delay(100, token); yield return 1;
await Task.Delay(100, token); yield return 2;
await Task.Delay(100, token); yield return 3;



A KakK HAaCYET NIoKaNbHbIX QYHKLMIN Y

static async Task Main() {
var cts = new CancellationTokenSource();

await foreach (var x in ProduceAsync(default).WithCancellation(cts.Token))

{

Console.Write("{0} ", Xx); JlokanbHble GYHKUNM HE MOTYT
cts.Cancel(); MmeTb aTpnbyToB

static async IAsyncEnumerable<int> ProduceAsync([EnumeratorCancellation]
CancellationToken token = default) {
await Task.Delay(100, token); yield return 1;
await Task.Delay(100, token); yield return 2;
await Task.Delay(100, token); yield return 3;



A KakK HAaCYET NIoKaNbHbIX QYHKLMIN Y

static async Task Main() {
var cts = new CancellationTokenSource();
await foreach (var x in ProduceAsync(default).WithCancellation(cts.Token))

{
Console.Write("{0} ", x);

cts.Cancel();

B C# 8 byget MOXHO!

static async IAsyncEnumerable<int> ProduceAsync([EnumeratorCancellation]
CancellationToken token = default) {
await Task.Delay(100, token); yield return 1;
await Task.Delay(100, token); yield return 2;
await Task.Delay(100, token); yield return 3;



Lowering acMHXPOHHOTO 1TepaTopa

async IAsyncEnumerable<Issue> GetIssuesAsync([EnumeratorCancellation]

CancellationToken token = default)

var skip = 0;
while (true)
{

var currentPage = await client.GetAsync(assignee: "andrew.karpov", skip, token);
if (currentPage.PageSize == @) yield break;

skip += currentPage.PageSize;

foreach (var issue in currentPage.Issues)

yield return issue;



Tor-Ypé-VIma-Henb3g-Ha3biBaTb

[CompilerGenerated]
private sealed class VoldemortStateMachine
: IAsyncEnumerable<Issue>, IAsyncEnumerator<Issue>,
IValueTaskSource<bool>, IValueTaskSource,

IAsyncStateMachine



OnNTUMM3NPYM 3TO

[CompilerGenerated]
private sealed class VoldemortStateMachine

: IAsyncEnumerable<Issue>, IAsyncEnumerator<Issue>,

IValueTaskSource<bool>, IValueTaskSource,

IAsyncStateMachine
{ GetAsyncEnumerator moxert

BO3BpaLiath this



OnNTMMM3NPYM TO

[CompilerGenerated]

private sealed class VoldemortStateMachine
IAsyncEnumerable<Issue>, IAsyncEnumerator<Issue>,
IValueTaskSource<bool>, IValueTaskSource,

IAsyncStateMachine

Ans nsberanua annokaum Task B
} MoveNextAsync n DisposeAsync




ONTUMU3MNPYN TO

[CompilerGenerated]

private sealed class VoldemortStateMachine
IAsyncEnumerable<Issue>, IAsyncEnumerator<Issue>,
IValueTaskSource<bool>, IValueTaskSource,

IAsyncStateMachine

{ interface IValueTaskSource<out TResult>
{
} ValueTaskSourceStatus GetStatus(short token);
void OnCompleted(Action<object> continuation, short token, ..);
TResult GetResult(short token);



OnNTMMM3NPYM TO

[CompilerGenerated]

private sealed class VoldemortStateMachine
IAsyncEnumerable<Issue>, IAsyncEnumerator<Issue>,
IValueTaskSource<bool>, IValueTaskSource,

IAsyncStateMachine

ManualResetValueTaskSourceCore<bool> PromiseOfValueOrEnd;

CTpyKTypa, KOTOPOW Aenernpyercs

peanvsauuns nHtepdencos
(.NET Standard 2.1, .NET Core 3.0)




ONTUMU3NPYN TO

[CompilerGenerated]

private sealed class VoldemortStateMachine
IAsyncEnumerable<Issue>, IAsyncEnumerator<Issue>,
IValueTaskSource<bool>, IValueTaskSource,

IAsyncStateMachine

ManualResetValueTaskSourceCore<bool> PromiseOfValueOrEnd;

// B MoveNextAsync
new ValueTask<bool>((IValueTaskSource<bool>) this, PromiseOfValueOrEnd.Version)



[1BMXKEHME — 3TO XM3Hb!

[CompilerGenerated]
private sealed class VoldemortStateMachine
: IAsyncEnumerable<Issue>, IAsyncEnumerator<Issue>,
IValueTaskSource<bool>, IValueTaskSource,

IAsyncStateMachine

void MoveNext();




[ lepexoabl, mepexoanku...
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[ lepexoabl, nepexoamku...

MoveNext
.. ~yield break yield return
Finished “exception
GetAsyncEnumerator
MoveNext suspend .

Initial Running

DisposeAsync

Suspended

resume



[ lepexoabl, nepexoamku...
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Bpemd dotPeek




Go To Statement Considered Useful!

void IAsyncStateMachine.MoveNext() {
try { switch (State) { /* goto, goto, goto... */ } }
catch (Exception ex) {
State = StateMachineStates.Finished;
CombinedTokens?.Dispose(); CombinedTokens = null;
PromiseOfValueOrEnd.SetException(ex);
return;
}
returnFalselLabel:
State = StateMachineStates.Finished;
CombinedTokens?.Dispose(); CombinedTokens = null;
PromiseOfValueOrEnd.SetResult(false);
return;
returnTrueLabel: PromiseOfValueOrEnd.SetResult(true);

}




source.roslyn.io



HacTb 4.
/ICKYyCCTBO aCMHXPOHHbIX 3aMpOCOB




LINQ

le me, derping the codes,

. s forsach (var t in tags)
when a Flld refactoring g = g.Where(
suggestion appears i => i,Tags.Contains(t)

H '@Cunﬂrt to LINQ. ..

0O 0
Yy i

g = g.Aggregate(p => z.LeftInnerFeold( (k,
Z, h, fk) => z.Intersect(h =>
k.Bullshit (fk, £k, £k) * h),
z.Ambiguous.Quantum(flux => p*2), tags 77
WeGotTagsOverHere, ForEach(t =>
p.DrawFromHat (z,h) ) .Select (p) .Unselect () .
NoReselect () .Plz.LingStahp)) .Unicon(fx =>
fk.Ba(ll => s)).Ball(s, b =>
All(s).Cf<Steel>())))));

o Thanks Resharper!




NuGet

SyStemmJ[el’aCJ[lveASyﬂC 4.0.0-preview.1.build.745 V)

Interactive Extensions Async Library used to express queries over asynchronous enumerable sequences.

@ This is a prerelease version of System.Interactive.Async.



OnepaTopbl

IAsyncEnumerable<TResult> Select<TSource, TResult>(
this IAsyncEnumerable<TSource> source,
Func<TSource, TResult> selector);



CMHTaKCKC BblpaxeHMm 3anpoCcoB

var issuesInProgress =
from issue in GetIssuesAsync()
where issue.Status == "In progress”

select issue.Title;



CMHTaKCKC BblpaxeHMm 3anpoCcoB

var issues =
from issue in GetIssuesAsync()

where await predicate(issue)

select issue.Title;

Henb3sa ncnosb3oBaTh BbipaxeHue await




ATpernpyem acHXPOHHO

ValueTask<bool> AnyAsync<TSource>(
this IAsyncEnumerable<TSource> source,
CancellationToken cancellationToken = default);



Koraa aenerat aCMHXPOHHbIN

ValueTask<long> SumAwaitAsync<TSource>(
this IAsyncEnumerable<TSource> source,
Func<TSource, ValueTask<long>> selector,
CancellationToken cancellationToken = default);



[ paHynApHasa OTMeEHa

IAsyncEnumerable<TResult>
SelectAwaitWithCancellation<TSource, TResult>(
this IAsyncEnumerable<TSource> source,
Func<TSource, CancellationToken, ValueTask<TResult>> selector);



Demo




[ loaBe iEM UTOTU

* NET Core 3.0 BBOAUT CTaHAaPTHbIM APl acMHXPOHHbBIX pull nocnenoBatenbHen



[ loaBeAéM UTOTU

 TAsyncEnumerable<T> nmMmeeT CBOM NPUMEHEHMA, 3TO HE 3aMeHa
IEnumerable<T>/I0Observable<T>



[ loaBeAéM UTOTU

« C# 8 obecneurBaeTt ya0OHYHO A3bIKOBYHO MOAAEPXKKY A/1F TEHEPMPOBAHUA U
NOTPEONEHNA AaCMHXPOHHbBIX MOCAEA0BATENbHOCTEN



[ loaBe1EM UTOTU

* [pu paborte ¢ async streams cneayeT yumTbiBaTb OTMEHY M KOHTEKCT
CUHXPOHM3aLMM



[ loaBeAéM UTOTU

NET Core 3.0 BBOAMT CTaHAAPTHbIM APl acMHXPOHHbLIX pull nocheaoBaTenbHen

TIAsyncEnumerable<T> nmeeT CBOWM NPUMEHEHWA, 3TO HE 3aMeHa
TEnumerable<T>/I0bservable<T>

C# 8 obecneumBaeT ya0bHYHO A3bIKOBYHO MNOAAEPXKKY AN TEHEPUPOBAHUA U
NoTPebNEHNA aCMHXPOHHbLIX MOCNEA0BATEIbHOCTEN

[Tpu paborte ¢ async streams ciesyeT yunTbiBaTb OTMEHY W KOHTEKCT
CUHXPOHM3aLLMK

LINQ poctyneH ¢ nomoulbto nuget-naketa System.Interactive.Async



Cobepu nx Bcex!
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[lopaHTasmpyewm...

IAsyncEnumerable<T> IAsyncInOutEnumerable<TIn,TOut>
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| \\ /// 1
| N -’ 1
Task<T> ! ‘\\IAsyﬁcObseryable<T>
: : : |
1 1 | 1
I | 1 1
1 1 | 1
1 1 | 1
latency ! ! |
|
IEnumerable<T>L - - - - - SRR ——
' pull N ! -7 IInOutEnumerable<TIn,TOut>
|
1 L 7

T push IObservable<T>



Push & Pull mochenosatensHoOCTH

interface IInOutEnumerable<in TIn, out TOut>

{

IInOutEnumerator<TIn, TOut> GetEnumerator();

¥

interface IInOutEnumerator<in TIn, out TOut>

{
bool MoveNext(TIn input);

TOut Current { get; }
}



Push & Pull mochenosatensHoOCTH

interface IAsyncInOutEnumerable<in TIn, out TOut>

{

IAsyncInOutEnumerator<TIn, TOut> GetAsyncEnumerator();

¥

interface IAsyncInOutEnumerator<in TIn, out TOut>

{
ValueTask<bool> MoveNextAsync(TIn input);

TOut Current { get; }
}



[ lonesHble pecypcsbl

https://github.com/dotnet/csharplang/blob/master/proposals/csharp-8.0/async-streams.md

https://github.com/dotnet/roslyn/blob/master/docs/features/async-streams.md

http://source.roslyn.io/#Microsoft.CodeAnalysis.CSharp/Lowering /AsyncRewriter/AsyncRewriter.AsynclteratorRewr
iter.cs

https://devblogs.microsoft.com/dotnet/understanding-the-whys-whats-and-whens-of-valuetask/

https://github.com/dotnet/reactive

https://github.com/akarnokd/async-enumerable-dotnet/wiki/Writing-operators

http://fsprojects.github.io/FSharp.Control.AsyncSeq/library/AsyncSeq.html




Q & A



