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= Visual C# MVP, RSDN Team member
= Sergey.Teplyakov@gmail.com
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i . . 1
= dunocopuio GubnmoTtekn Reactive
Extensions
= OcHoBbI OMbNMoTekn TPL

= cnonb3oBaHue eunonmotekmn TPL

= HoBble BO3MOXHOCTU C# 5
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= bbITb 3HAKOMbI C OCHOBaMU S3blka C#
n nnatpopmbl .Net

= Obnagatb 6a30BbIMUA 3HAHUAMMU
MHOIOMOTOYHOCTU

= bbITb 3HakoMbl € LINQ (Language
Integrated Query)

_
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- EBeueHme B PEaKTUBHbIE PACLLUVPEHMUS]

= [lyanu3m nHtepdencos

= OcHOBbI Rx

= Observable sequences

= Events n Observables

= Observables n acMHXpoHHbIe onepauumn
= Concurrency

= HoBOCTU 13 PegMoOHTa

_
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Application

(Ecn AaHHble!J

Y

ChangeState()
ProcessNewsState()

ChangeState()

GetNewState()
Reacts

Interacts

Environment Active object




MM OBaHue%IgEO};{S

MapaguMrMa nporpaMMUpOBaHUS, OPUEHTUPOBAHHAsA Ha MOTOKU
NAHHBIX U pacrnpoCcTpaHeHWe W3MEHEHUW. DTO O03HayaeT, u4To
NO/DKHA  CYLLIEeCTBOBAaTb  BO3MOXHOCTb  JIEFKO  BbIpakaTb
CTaTUYECKME U OUHAMMYECKME MOTOKU AAHHbIX, @ TAKXKE TO, YTO
BbIMOMIHAEMasa MoAesb A0/HKHA aBTOMATUUYECKU PacripoCTPaHATb
U3MEHEHWUS CKBO3b MOTOK JIaHHbIX.

http://ru.wikipedia.org/
/wiki/PeakTnBHOE_nporpaMMmpoBaHue

[KIPEDIA
The Free Encyclopedia

_
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"MpuHuun lonnmneyaa" — "He 3BOHUTE HaM, Mbl CaMW BaM
NO3BOHUM"

(Hollywood Principle - Don't call us, we'll call you)
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1. Habop KaccoB, NpeaCTaBNSAOLLMX COOOM aCUHXPOHHbBIN
MOTOK A@HHbIX

2. Habop onepaTopoB, NpeaHa3HAYEHHbIX A1
MAHUMYASUMM STUMU AaHHbIMU

3. Habop KaccoB ANSA yrnpaBieHUss MHOMONMOTOYHOCTbIO

Rx = Observables + LINQ + Schedulers
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Reactive Extensions (Rx)

777 <summal [TECUTN O0Y 777 <summa
/// return |{ /// Turn W
/// except KeyEve V// </summ
/1] </surm $rc.Ke [observabl

1ic sta s return

(Ll <sumend
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Pull-based nocnepoBaTenbHOCTM NpeacTaB/ieHb!
nHTepdencom IEnumerable. 370 -

= KOSeKkuun B namMsTtn (CrNmMcKn, BeKkTopa u T.
a.)

= 6BecKkoHeyHble NocneaoBaTebHOCTH
(reHepaTopbl)

= Xml-AaHHble
= pe3y/ibTaThl 3anpoca K b/

_
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public interface IEnumerable<out T>

{

TEnumerator<T> GetEnumerator();

} KoBapuaHTHOCTb U3
NET 4.0
public interface IEnumerator<out T> : IDisposable
{ briokupytoLuas
bool MoveNext(); onepawys
T Current { get; }
void—Reset )+

_
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public interface IEnumerator<out T> : IDisposable

{
(T | void | Exception) GetNext();

}

a8 A

T — cnegyroWnmn arieMeHT
void — OKOH4YaHune
nocrneaoBaTenbHOCTU
Exception — owumnbka

| VY
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public interface IObservable<out T>

{
IDisposable Subscribe(IObserver<T> observer);
¥
public interface IObserver<in T>
{
void OnNext(T value);
void OnError(Exception error);
void OnCompleted();
¥

—
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Push mopennb
IEnumerable<T> (TObservable<T> A
e IEnumerator<T> GetEnumerator() e IDisposable Subscribe(
IObserver<T>)
~ y

IEnumerator<T> |(IObserver<T>

e bool MoveNext(); e void OnNext(T value);

e T Current {get;} e void OnError(Exception error);

e void Reset(); e void OnCompleted();

Unu

e (T|void|Exception) GetNext(); i )
| t" J
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)

OnNext(T)
OnComplete()

EcTb AaHHble!

MoveNext()

Interacts
Reacts

b

\l T Current {get

I0bservable<T>
Environment IObserver<T>
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[ OnComplete

Observable.Empty<int>(); new int[] {};

[ OnNext

Observable.Return(42); — _I new int[] {42};

4

OnError - y ~
. Tepartop,
Observable.Throw<int>(ex); reHepMppyw&m
\ NCKITIO4HeHne y

f NtepaTop, KOTOPbIN He h
Observable.Never<|nt>(); | BO3Bpa|_|_||aeT

\ ynpasJieHne y




A
CLUXOFT

v Expertise in Software Services

€

Observable.Range(0, 3);

| OnNext(0) : | OnNext (1) : OnNext(2)
- - - !

Enumerable.Range(0, 3);

| yield © ; | yield 1 : yield 2
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var xs = Observable.Generate(
9,
X => X < 10,
X =>X+ 1,
X => X);

Xs.Subscribe(x => {
Console.WriteLine(x);

})s

var Xxs = new IEnumerable<int> {

for(int i = 9;
i < 10; X
i++) ﬂpennonommm,\\

yield return i; y Hac ecCrb
}; CUHTaKCu1C
J

AHOHUNMHbIX
. utepatopoB

foreach(var x in xs) {
Console.WriteLine(x);

}
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= Grammar: OnNext* [OnCompleted | OnError]
= MeToabl HabnogaTens BbI3bIBAOTCS

nocnenoBaTesibHO

—alap—-| O
e
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var xs = Observable.Range(0, 10);
1. Tonbko OnNext:

xS .Subscribe(/*0OnNext(int)*/x => Console.WriteLine(x));
2. OnNext n OnCompleted

xs.Subscribe(
/*OnNext(int)*/x => Console.WriteLine(x),
/*0OnComplete*/() => Console.WriteLine("Completed"));

3. OnNext n OnError

xs .Subscribe(
/*OnNext(int)*/x => Console.WriteLine(x),
/*0OnError(Exception)*/e => Console.WriteLine("Error: {0}", e));

4. OnNext, OnError 1 OnCompleted

xs .Subscribe(
/*OnNext(int)*/x => Console.WriteLine(x),
/*0OnError(Exception)*/e => Console.WriteLine("Error: {0}", e),
/*0OnCompleted*/() => Console.WriteLine("Completed"));

IIlllllllIIII-----------lllllllllllllllllllllllllllllllllll
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= ObbsaBneHne
event Actiongint> E;

= [ly6nmkauus
E(42);

= [lognucka
E += X => Console.WriteLine(x);
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= ObbaBneHune
ISubject<int> S = new Subject<int>();

= [lybnukaums
S.OnNext(42);
= [loagnuncka

S.Subscribe(x => Console.WriteLine(x));
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class Program { class Program {

event Action<int> E; ITSubject<int> S = new Subject<int>();

static void Main() { static void Main() {
= var p =new "oz an()3] var p = new "oz an();]
= E+=x—= 5 p-S.Subscribe(x => tonsoleihritetine(x))s;
=  [PER) [P-S-OnNext(1)3
= IpTSTOHNe*%éE}q
= IPTSTGﬂNe*%fa)j
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= Events

static event Action<string> E;

//E += x => Console.WriteLine(x);

Action<string> action = x => Console.WritelLine(x);
E += action;

E -= action;

= Observables

static ISubject<int> S = new Subject<int>();

var token = S.Subscribe(x => Console.WriteLine(x));
token.Dispose();

....IIIIIIIIIlllIIIIIIIIIIIIIIIIIlllllllllllll..lllllll.lllllllllllll
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O6beKT Ha3biBalT «06BHLEKTOM NEpPBOro Kacca» Koraa OH:

= MOXET 6bITb COXPaHEH B NepeMeHHON

= MOXeT 6blTb nepeAaH B (PyHKLMIO KakK napameTp

= MOXeT 6blTb BO3BpaLLeH 13 (QYHKUNN KaK pe3ynbTaT

= MOXeT 6blTb co3AaH BO BpeMS BbINOSIHEHWNS NPOrpaMMbl

= BHYTpPeHHe camoumaeHTuduumpyem (He3aBnucum oT
MMEHOBAHUS)

http://ru.wikipedia.org/wiki/O6bekT nepBoro ksacca

WIKIPEDIA
The Free Encyclopedia

_
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// CoxpaHeHMe B nepemMeHHOW
IObservable<string> textChanged = ...;

// Tepenaya B KayecTBe napameTpa
void ProcessRequests(IObservable<string> input) {...}

// Bo3BpaljeHne B Ka4yecTBe pe3yrnbraTta
IObservable<int> QueryServer() {...}
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[Mpeobpa3oBaHne cobbITUA B NOTOK
. obbekToB Point
IObservable<Point> mouseMoves =

from e in Observable.FromEventPattern<MouseEventArgs>(frm, "MouseMove")

select e.EventArgs.Location;
2 dunbsTpauuns «cobbITUn» ]

var filtered = mouseMoves.Where(p => p.X == p.Y);

O6paboTka «cobbITU» ]
var subscription =
filtered.Subscribe(p => Console.WriteLine("X, Y = {0}", p.X));

/( OTnucka oT «COoBbITUI»
subscription.Dispose();

f

.lllllllIIIIIIIIlIIIllIllllllllllllllllllIlIIIIIllllllllllIlllllllllllllllllllllll
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FileStream fs = File.OpenRead("data.txt");

~
HeBO3MOXHOCTb UCMONb30BaHMS
new byte[1024]; MPVBbIYHBIX SI3bIKOBLIX KOHCTPYKLWNA
(using, try/finally etc) )

S
fs.BeginRead(buffer, 0, buffer. LengQ «BbIBEPHYTLIN» NOTOK UCMOMHEHNS

byte[] buffer

ar => )
{
int bytesRead = fs.EndRead(ar);
// OOpaboTka AaHHbIX B maccuBe buffer
}s
null);

CnoxHocTb 06paboTkmn owmnbok, a
TaKKe YTEHUS1 U CONPOBOXAEHUSA
Koga
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static - LongRunningFunc(-)
{

Thread.Sleep(TimeSpan.FromSeconds(5));
return s.Length;

FromAsyncPattern npeobpasyet
BO3BpalllaemMoe 3HavyeHue MeToa B
IObservervable<T>

}

Func<string, -> longRunningF ongRunningFunc;

Func< > funcHelper =
Observable.FromAsyncPattern ->(

longRunningFunc.BeginInvoke, longRunningFunc.EndInvoke);

B ]

= funcHelper("Hello, String");
Xs.Subscribe(X) => Console.WritelLine("Length is " + x));

—
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= 3aga4m (Tasks) — 3T0 YHUDULMPOBAHHbIU
crocob npeacrasnenns Single value
asynchrony B .Net Framework

= Observables — Multi value asynchrony

« CyLLlecTBYET NMpoCcTon crnocob
npeobpasoBaHns Tasks -> Observables
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MeToq pacluMpeHns MOXHO HanucaTtb
O4MH pas, a NCnosib3oBaTh MNOBCIOAY,
a He Tonbko ¢ Rx

static class FuncExtensions

{
internal static Task<int> ToTask(this Func<string, int> func, string s)
{
return Task<int>.Factory.FromAsync(
func.BeginInvoke, func.EndInvoke, s, null);
}
}

Func<string, int> longRunningFunc = LongRunningFunc;

910 Bonee NpeanoYTUTENbHLINA CNOCOD,
string s = "Hello, String"; nockonbky Mmeton FromAsyncPattern
CKOpO ByaeT ycTapeBLUMM

I0bservable<int> xs = longRunningFunc.ToTask(s).ToObservable();

Xs.Subscribe(x => Console.WriteLine("Length is
() => Console.WriteLine("Task is finished"));

}

+ X),
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= RX He 3aMeHsIeT cymeCTBylou.leﬁ <ACUMHXPOHHOCTU>:
.NET Bce eLle He3aMeHUMbI
ACUMHXPOHHbIE METO/bI BCE TaK Xe NpUMeHuMbl B bubnunoTtekax

3anaum npeactaBnsaoT cobou single value asynchrony

CyLLeCTBYIOT U Apyrue acCMHXpPOHHbIE UCTOYHUKK, Kak SSIS,
PowerShell, etc

= Ho rx...
= YHudmuumpyert paboty
= [lpepocTtaBnseT BO3MOXHOCTb KOMMO3ULIUMMU
= [NpepoctaBnsetT 0606LieHHbIe onepaTopbl
= TakK 4YToO rX — 370 ...
= MocT!

_
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= YnpaBJsieHue MHOronoTo4yHoOCTbIO
ocyulecTB/isieTcsa C NOMOLLbIO
nHtepdenca IScheduler

var xs = Observable.Range(0, 10, Scheduler.ThreadPool);

Xs.Subscribe(x => Console.WriteLine(x));

MapameTpusaunsa ¢ NOMOLLLIO
Byaet ncnonHAaTbCs B KOHTEKCTE
IScheduler gocTtynHa B GonbLUIMHCTBE
NNaHMpoBLLMKa .
onepauumn
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= OG6GHOBNEHMe NOo/1b30BaTEeNIbCKOro MHTepdeinca

Label 1bl = new Label();
Form frm = new Form() {Controls = {1bl}};

var xs = Observable.Return(42, Scheduler.ThreadPool);

Microsoft Visual Studio

Xxs.Subscribe(x =>

{ & Anunhandled exception of type 'System.InvalidOperationException' occurred in -«
System.Windows.Forms.dI|
Thread.Sleep(1000); - . , _
" . " Additional information: Cross-thread operation not valid: Control " accessed
1bl.Text = "Result is + X; from a thread other than the thread it was created on.

1)

[ Break ” Continue ] 1 Ignore

= Wcnonb3oBaHue ObserveOn
xs .0bserveOn(frm).Subscribe(x =>

{

Thread.Sleep(1000);
1bl.Text = "Result is

IScheduler nogaep>xMBaeT pasHble
KOHTEKCTbl CUHXPOHM3aLnn

+ X;

1)
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- EBeueHme B PEaKTUBHbIE PACLLUVPEHMUS]

= [lyanu3m nHtepdencos

= OCHOBBbI RX

= Observable sequences

= Events n Observables

= Observables n acMHXpoHHbIe onepauumn
= Concurrency

_
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= [iBe Bepcun 6Mbnnorekn Reactive
Extensions:

= Stable
= Experimental

= Interactive Extensions
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= NuGet
= Web -
http://msdn.microsoft.com/en-us/data/ag
577610

= Can't find? Use google &
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= The Reactive Extensions (Rx)... (Data Developer Center) -
http://msdn.microsoft.com/en-us/data/gg577609

= Reactive Extensions (MSDN) -
http://msdn.microsoft.com/en-us/library/hh242985(v=vs.103).aspx

= Rx Team Blog - http://blogs.msdn.com/b/rxteam/
= PeaKTMBHble paclUMPEHNST N AaCUHXPOHHbIE onepaunn -
http://sergeyteplyakov.blogspot.com/2010/11/blog-post.html
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http://msdn.microsoft.com/ru-ru/roslyn
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