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This tutorial will serve as a recap and second look at asynchronous calls and duplex calls by solving the exercise given last week, and serve as an exemplar solution.

Exercise
Create a new application capable of returning fictional rugby scores between two teams.
The service should host two endpoints: 
· An asynchronous method which will return a score to the client whenever the score changes
· A duplex implementation which passes an update whenever the score changes, but maintains the connection until the end of the game.
Scores may be generated at random (although should follow logic, i.e. they should not decrease) and return at set intervals or at randomised times.
Create the client in a logical way to facilitate both of these endpoints.

Hint: due to the complex nature of hosting each, it may be easier to host two difference services; one for asynchronous methods and one for duplex calls.  This is not, however, strictly necessary.
We will start by creating the asynchronous method and application backbone.  First, define the service contract.  Remember the results of asynchronous methods:
· A begin method must be created starting with the word “Begin”.
· The begin method must return an IAsyncResult and the last two accepted parameters must be an AsyncCallback and an object.
· An end method must be created starting with the word “End”.
· The end method must take an IAsyncResult.
· Other than the words “Begin” and “End”, the name of both methods must exactly match.  That is to say that “BeginBigAnalysis” and “EndBigAnalysis” would match, while “BeginBigAnalysis” would not match with “EndBigAnalysis1” or “Endbiganalysis”.
· The begin method must be an OperationContract utilising the AsyncPattern parameter.
· The end method should not be an OperationContract.
We will call our method “WaitForScoreChange”.  Therefore, two methods will be created, BeginWaitForScoreChange and EndWaitForScoreChange.  The begin method is an OperationContract implementing the AsyncPattern.  The begin method returns an IAsyncResult object and takes an AsyncCallback and an object.  This implementation does not require that the begin method take any other parameters, but if it did it would declare them before the AsyncCallback (i.e. the last two parameters must be an AsyncCallback and an object).
The end method is not an OperationContract and takes a single IAsyncResult parameter.  The return type matches the data we wish to give our client, in this case, a score, so we will make that a string.
 (
    [
ServiceContract
]
    
public
 
interface
 
IScoreManagerAsync
    {
        [
OperationContract
(AsyncPattern = 
true
)]
        
IAsyncResult
 BeginWaitForScoreChange(
AsyncCallback
 callback, 
object
 asyncState);
        
string
 EndWaitForScoreChange(
IAsyncResult
 result);
    }
)



An important concept here is that, while these methods take and return an IAsyncResult object (and must do so), IAsyncResult is an interface, what is really meant is that these methods will implement a class we create that subclasses IAsyncResult.
 (
public
 
class
 
ScoreAsyncResult
 : 
IAsyncResult
)While IAsyncResult contains a fair number of methods, they are aimed at implementations in which the class which subclasses it is performing processing.  As we are only going to utilise our IAsyncResult as an essentially trivial data transport method, we will provide only the absolute minimum of detail.

 (
string
 score;
public
 ScoreAsyncResult(
string
 nscore)
{
    score = nscore;
}
public
 
string
 Score()
{
    
return
 score;
}
)We want our ScoreAsyncResult to essentially store one string for the score:






 (
public
 
object
 AsyncState
{
    
get
 { 
return
 (
object
)score ; }
}
public
 System.Threading.
WaitHandle
 AsyncWaitHandle
{
    
get
 { 
throw
 
new
 
NotImplementedException
(); }
}
public
 
bool
 CompletedSynchronously
{
    
get
 { 
return
 
true
; }
}
public
 
bool
 IsCompleted
{
    
get
 { 
return
 
true
; }
}
)And finally implement the IAsynchResult’s methods:










We will now implement our service class.  This service class is a tad more complicated than we’ve created to date; we will need to be able to call methods on it from our Program class, and for that we need to create and maintain an instance (i.e. we want to be able to host a specific instance of our ScoreManager class rather than a generic instance the typeof statement instantiates).
 (
[
ServiceBehavior
(InstanceContextMode = 
InstanceContextMode
.Single)]
class
 
ScoreManager
 : 
IScoreManagerAsync
)This adds a very minor consideration to our class creation; we must declare it as essentially the WCF service version of a singleton class through a ServiceBehavior InstanceContextMode.Single declaration:


 (
private
 
static
 
string
 team1Name, team2Name;
private
 
static
 
int
 team1Score, team2Score;
public
 ScoreManager(
string
 tn1, 
string
 tn2)
{
    team1Name = tn1;
    team2Name = tn2;
    team1Score = 0;
    team2Score = 0;
}
public
 
void
 ChangeScore(
int
 teamNum, 
int
 teamScore)
{
    
if
 (teamNum == 1)
    {
        team1Score += teamScore;
    }
    
else
 
if
 (teamNum == 2)
    {
        team2Score += teamScore;
    }
    
else
    {
        
Console
.WriteLine(
"No such team: "
 + teamNum);
    }
}
public
 
static
 
string
 BuildScore()
{
    
return
 team1Name + 
" "
 + team1Score + 
" - "
 + team2Score + 
" "
 + team2Name;
}
)We will define the methods and variables relevant to managing the score:
















 (
public
 
IAsyncResult
 BeginWaitForScoreChange(
AsyncCallback
 callback, 
object
 asyncState)
{
    
int
 tmpScore1 = team1Score;
    
int
 tmpScore2 = team2Score;
    
bool
 sendResult = 
false
;
    
while
 (!sendResult)
    {
        
if
 (tmpScore1 != team1Score || tmpScore2 != team2Score)
        {
            sendResult = 
true
;
        }
        
else
        {
            
Thread
.Sleep(1000);
        }
    }
    
return
 
new
 
ScoreAsyncResult
(BuildScore());
}
public
 
string
 EndWaitForScoreChange(
IAsyncResult
 result)
{
    
ScoreAsyncResult
 r = result 
as
 
ScoreAsyncResult
;
    
return
 r.Score();
}
)We will now implement our asynchronous methods:












The client calls the begin method.  This method will take a temporary copy of the current score.  It will then monitor the current score waiting for a change and, when one occurs, will create a ScoreAsyncResult object, the score variable of which will be set to the new score (via the BuildScore() method).
When this method completes, the ScoreAsyncResult it creates is passed as a parameter to the end method.  This method must then reinterpret the subclassed IAsyncResult to a ScoreAsyncResult and return the string it has stored.
 (
static
 
void
 Main(
string
[] args)
{
    
Console
.WriteLine(
"Enter name of first team."
);
    
string
 t1 = 
Console
.ReadLine();
    
Console
.WriteLine(
"Enter name of second team."
);
    
string
 t2 = 
Console
.ReadLine();
    
ScoreManager
 sm = 
new
 
ScoreManager
(t1, t2);
    
ServiceHost
 sh = 
new
 
ServiceHost
(sm);
    sh.Open();
    
while
 (
true
)
    {
        
Console
.WriteLine(
"Enter team score to change:\n1: "
 + t1 + 
"\n2: "
 + t2);
        
int
 sel = 
int
.Parse(
Console
.ReadLine());
        
Console
.WriteLine(
"Enter amount by which to change score: "
);
        
int
 amt = 
int
.Parse(
Console
.ReadLine());
        sm.ChangeScore(sel, amt);
    }
}
)We can now create a simple implementation to modify the scores:













Task
Create an application config for this program.  You should create a base address of http://localhost:8000/ScoreService.  This should include an endpoint hosted at http://localhost:8000/ScoreService/Async which utilises the basic (i.e. non-secure) form of http transport and implements the relevant interface we just created.  You should create a second endpoint for metadata exchange hosted at http://localhost:8000/ScoreService/mex.  Enable mex.

Rather than immediately downloading metadata, we will modify our service to add the duplex method.  There are firstly to interfaces to consider; the usual ServiceContract to be implemented by the service, but also the callback contract, which the client will implement, but the service must be aware of.
First we will implement our callback contract.  We must consider this from the client’s perspective; it will take a score to report and return nothing:
 (
public
 
interface
 
IClientCallback
{
    [
OperationContract
(IsOneWay = 
true
)]
    
void
 ScoreUpdate(
string
 score);
}
)

Secondly we will implement the ServiceContract for the asynchronous method.  Note how the CallbackContract parameter is implemented with our newly created callback client:
 (
[
ServiceContract
(CallbackContract=
typeof
(
IClientCallback
))]
public
 
interface
 
IScoreManagerDuplex
{
    [
OperationContract
(IsOneWay = 
true
)]
    
void
 RegisterForUpdates();
}
)



 (
public
 
class
 
ScoreUpdate
{
    
public
 
IClientCallback
 callback = 
null
;
    
public
 
void
 SendUpdateToClient()
    {
        
while
 (
true
)
        {
            callback.ScoreUpdate(
ScoreManager
.BuildScore());
            
Thread
.Sleep(4000);
        }
    }
}
)Next we will create a method which our asynchronous threads can utilise.  We will create a new class to facilitate this.  The IClientCallback instance stores the relevant client information needed to send data back to the client while the SendUpdateToClient method pushes data via our callback interface (which will be implemented in the client).







Now implement the interface in the ScoreManager class and implement the method.  First we will obtain the client information required for asynchronous callback via OperationContext.Current.GetCallbackChannel<IClientCallback>();
 (
public
 
void
 RegisterForUpdates()
{
    
ScoreUpdate
 bgWorker = 
new
 
ScoreUpdate
();
    bgWorker.callback = 
OperationContext
.Current.GetCallbackChannel<
IClientCallback
>();
    
Thread
 t = 
new
 
Thread
(
new
 
ThreadStart
(bgWorker.SendUpdateToClient));
    t.IsBackground = 
true
;
    t.Start();
}
)Then start a new thread for processing on the SendUpdateToClient method.





Task
Modify your app.config to reflect this new interface by adding a new, third endpoint.  This will require the wsDualHttpBinding.  Host this new endpoint at http://localhost:8000/ScoreService/Duplex.

Task
Create a new console application to form a client and download metadata to it.  Remember, in addition to the usual parameters, you must utilise /async in the command line.


We will now implement our client.
Firstly, handling the asynchronous callback method; create a new method which will handle this.  We can obtain a string from this method in one line through casting an instance of our asynchronous client’s AsyncState and calling EndWaitForScoreChange.  We can then output this to console:
 (
static
 
void
 ScoreUpdateCallback(
IAsyncResult
 ar)
{
    
string
 s = ((
ScoreManagerAsyncClient
)ar.AsyncState).EndWaitForScoreChange(ar);
    
Console
.WriteLine(
"Received new score: "
 + s);
}
)



Secondly, handling the duplex method; create a new class which subclasses IScoreManagerDuplexCallback.  Remember that this is the interface we created on our service.
 (
public
 
class
 
CallbackHandler
 : 
IScoreManagerDuplexCallback
)

This class holds an InstanceContext (which we will register with our service so it knows the location of our client) and a ScoreManagerDuplexClient:
 (
static
 
InstanceContext
 site = 
new
 
InstanceContext
(
new
 
CallbackHandler
());
public
 
static
 
ScoreManagerDuplexClient
 proxy = 
new
 
ScoreManagerDuplexClient
(site);
public
 
void
 ScoreUpdate(
string
 score)
{
    
Console
.WriteLine(
"Regular score update received: "
 + score);
}
)




 (
Console
.WriteLine(
"Select:\n1 to register for the next score change.\n2 to register for 5 second updates"
);
int
 opt = 
int
.Parse(
Console
.ReadLine());
if
 (opt == 1)
{
    
ScoreManagerAsyncClient
 proxy = 
new
 
ScoreManagerAsyncClient
();
    proxy.BeginWaitForScoreChange(ScoreUpdateCallback, proxy);
}
else
 
if
 (opt == 2)
{
    
CallbackHandler
.proxy.RegisterForUpdates();
}
Console
.ReadLine();
)Finally, write an appropriate main to test this code:












Task
Modify the service and client to allow the user to set the interval at which the duplex service updates the scores between every 1 to 30 seconds.
Create a new duplex method (i.e. a third method in the service) which will report to the client only when the score changes.  You should be able to host this as part of the existing asynchronous service (no new endpoint required) as part of the IScoreManagerDuplex service contract and ScoreManager class.  You can achieve this by adding a new method to the ScoreUpdate and ScoreManager classes.  No change to the client callback interface is required.


