SHARE YOUR SOFTWARE PASSION ~ JAGD CONFERENCE

programming blues

Bart J.F. De Smet
Cloud Programmability Team
bartde@microsoft.com

Slides license: CreativeaCommo
Ew nc 5|=| Seehttp :// creativecommons:Ori



http://creativecommons.org/licenses/by-nc-sa/3.0/legalcode
http://creativecommons.org/licenses/by-nc-sa/3.0/legalcode
http://creativecommons.org/licenses/by-nc-sa/3.0/legalcode
http://creativecommons.org/licenses/by-nc-sa/3.0/legalcode
http://creativecommons.org/licenses/by-nc-sa/3.0/legalcode
http://creativecommons.org/licenses/by-nc-sa/3.0/legalcode
http://creativecommons.org/licenses/by-nc-sa/3.0/legalcode
mailto:bartde@microsoft.com

Mission statement

~Rx s a library for composing

asynchronous and evenrbasedprograms
using observable collections

" Queries? LINQ? |

Reactive Extensions for .NET (Rx) B p YoV alle e It Vi DI BB I s
7 e [ A .NET 3.5 SP1, .NET 4.0
pubtic 5tq |y PO | A Silverlight 3, Silverlight 4

A JavaScript RxJ$
A XNA 3.1 for XBOX andZune
A Windows Phone 7
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Enumerables — a pull-based world

Interface IEnumerable <out T>

{

} C# 4.0 covariance J

interface  IEnumerator T> : IDisposable

{ .-
bool  MoveNext () ; 4-
(:) Current { get; }

wo—Reset)

IEnumerator <T> GetEnumerator();
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Enumerables — a pull-based world

a5l Synchronous snow {heri=Respomrdimg (Waiting to move neXt)

’
&’ snow.exe

snow.exe is netsespendag MOVing on

If you close the program, you might lose information.

< Close the program

< Wait for the program to respond




Mathematical duality

Because the Dutch are (said to be) cheap

® Electricity: inductor and capacitor
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® Logic: De Morgan's Law
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® Programming?
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Mathematical duality

Because the Dutch are (said to be) cheap
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What's the dual of IEnumerable?

The recipe to dualization

http ://en.wikipedia.org/wiki/ Dual_(category_theory)

Formal definition [edit]

We define the elementary language of category theory as the two-sorted first order language with objects and morphisms as distinct sorts,
together with the relations of an object being the source or target of a morphism and a symbol for composing two morphisms.

Let o be any statement in this language. We form the dual o™ as follows:
1. Interchange each occurrence of "source” in o with "target”.

2. Interchange the order of composing morphisms. That is, replace each o

Duality is the observation that @ is true for some category C if and only if o is true for G

Reversing
Input becomes output and vice ver

| e
Making a U -turn
IN synchrony



What's the dual of IEnumerable?

Step 1 — Simpler and more explicit

Interface IEnumerable <T>

{
IEnumerator <T> GetEnumerator();
}
interface  IEnumerator <T> : IDisposable
{
bool MoveNext();
T Current { get; }
~—Reset+



What's the dual of IEnumerable?

Step 1 — Simpler and more explicit

Interface IEnumerable <T>

{
IEnumerator <T> GetEnumerator(void );

}

interface  IEnumerator <T> : IDisposable

{
bool MoveNext (void ) throws Exception ;
T GetCurrent(void );
~—Reset+

}




What's the dual of IEnumerable?

Step 1 — Simpler and more explicit

Interface IEnumerable <T>

{
IEnumerator <T> GetEnumerator (void );

}

interface  IEnumerator <T> : IDisposable

{
bool MoveNext(void ) throws Exception ;
T GetCurrent(void );



What's the dual of IEnumerable?

Step 1 — Simpler and more explicit

Interface IEnumerable <T>

{

(IDisposable & IEnumerator <T>) GetEnumerator ( void );

} h
Interface IEnumerator <T>

{

bool MoveNext(void ) throws Exception ;
T GetCurrent(void );



What's the dual of IEnumerable?

Step 2 — Swap input and output

Interface IEnumerable <T>

{

(IDisposable & IEnumerator <T> GetEnumerator (void ) ;

}
Interface IEnumerator <T>

{

bool MoveNext(void ) throws Exception ;
T GetCurrent(void );



What's the dual of IEnumerable?

Step 2 — Swap input and output

Interface IEnumerableDual <T>

{
Set
(IDisposable & wei=) GetEnumerator(IEnumerator <T>);

¥

Interface IEnumerator <T>

{

bool MoveNext(void ) throws Exception ;
T GetCurrent(void );



What's the dual of IEnumerable?

Step 2 — Swap input and output

Interface IEnumerableDual <T>

{
IDisposable  SetEnumerator(IEnumerator <T> X );
}
interface  IEnumerator <T> H
{
bool MoveNext(void ) throws Exception ;
T GetCurrent(void );



What's the dual of IEnumerable?

Step 2 — Swap input and output

Interface IEnumerableDual <T>

{
¥

IDisposable  SetEnumerator(IEnumerator <T>X);

Interface IEnumerator <T>

{

(bool | Exception ) MoveNext(void );

T GetCurrent(void );
}



What's the dual of IEnumerable?

Step 2 — Swap input and output

Interface IEnumerableDual <T>

{
¥

IDisposable  SetEnumerator(IEnumerator <T>X);

Interface IEnumerator <T>

{ T
(tree_ | false | Exception ) MoveNext (void );

—Getcurrent——r¢



What's the dual of IEnumerable?

Step 2 — Swap input and output

Interface IEnumerableDual <T>

{
¥

IDisposable  SetEnumerator(IEnumerator <T>X);

Interface IEnumerator <T>

{ void |
(T | fatse— | Exception ) MoveNext(void );

s




What's the dual of IEnumerable?

Step 2 — Swap input and output

Interface IEnumerableDual <T>

{
¥

IDisposable  SetEnumerator(IEnumerator <T> X);

Interface IEnumerator <T>

{
(T| wvoid | Exception ) MoveNext(void );

¥



What's the dual of IEnumerable?

Step 2 — Swap input and output

Interface IEnumerableDual <T>

{

IDisposable  SetEnumerator(IEnumeratorDual <T>);

¥

Interface IEnumeratorDual <T>

{ Got
void "MexeNext((T | void | Exception ));

} ‘ f




What's the dual of IEnumerable?

Step 2 — Swap input and output

Interface IEnumerableDual <T>

{
¥

IDisposable  SetEnumerator(IEnumeratorDual <T>);

Interface IEnumeratorDual <T>

{
void GotT(T value);

void GotException(Exception ex);
void GotNothing (Towl) ;



What's the dual of IEnumerable?

Step 3 — Consult the Gang of Four...

interface @servable @

{
IDisposable  SetObserver (IObserver <T> observer );
}
Interface @server @
{ wn
void GotT(T value); = | Design Patterns
void GotException(Exception ex)|s Chr e S
void  GotNothing(); B | S
S | :
|




What's the dual of IEnumerable?

Step 4 — Variance annotations

Interface |IObservable T>
{ - Doyourealy know C#4.0?

IDisposable  SetObserver(IObserver <T> observer );
¥

Interface |IObserver @D
{

void GotT(T value);
void GotException(Exception ex);
void GotNothing();



What's the dual of IEnumerable?

Step 5 — Color the bikeshed (*)

Interface |IObservable <out T>

{
IDisposable  Subscribe(IObserver <T> observer );
}
interface  |Observer <in T>
{
void OnNext (T value);
void OnError(Exception ex);
void OnCompleted();
}

(*) Visit http :// en.wikipedia.org/wiki/Color_of the_bikeshed




Essential Interfaces

Observables — a push-based world

Interface |IObservable <out T>

{
¥

IDisposable  Subscribe (l1Observer <T> observer);

C# 4.0contravariance J

Interface |IObserver @D

{ ‘
void OrNext@value); ‘“
void Orerror (Exception ex);

void OrCompleted();




Essential Interfaces
Summary — push versus pull

Application
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Getting Your Observables

Primitive constructors

OnCompleted

Observable.Empty <int >() — new int [O]

| l

Observable.Return (42) =~ newl] { 42 }
Observable.Throw <int >(ex) —= Throwing iterator

Observable.Never <int >()

< lterator that got stuck
Notion of time /

I
N




Getting Your Observables

Observer (and enumerator) grammar

OnNext* [ OnError | OnCompleted ]

( | | | | v

Observable.Range (O, 3) - ) n—

‘ ( N N !

Enumerable.Range (0, 3) - : A




Getting Your Observables

Generator functions

A variant with time notion
exists (GenerateWithTime )

o = Observable .Generate( e = new IEnumerable <int > {
0, : for (int i = 0;
i=>1«< 10, i < 10;
i=>1+1, i++)
i=>1i*i yield return i * i

)5

Asynchronous

0.Subscribe(x => {
Console .WritelLine(x);

})s

}s

_Symeonos

foreach (var x in e) {
Console .WritelLine(x);

¥



