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There five exchange patterns supported by WCF; One-Way, Request-Response, Half Duplex, Full Duplex and Peer to Peer.  Appropriate selection of these exchange patterns is very important for ensuring logical network traffic flow and data transfer.  Remember that you can select one exchange pattern per method, but may mix these between different methods in the same WCF program.

One-Way Applications
A one-way method is, as the name suggests, a method which takes data in one direction only; into the service.  A method flagged as one-way cannot have a return value (as, evidently this would be illogical) and cannot report success, failure or any error to the client.  All one-way methods are non-blocking.  Refer back to the threading tutorials if you are unsure of the implications of this.

Host application
 (
using
 System;
using
 
System.Collections.Generic
;
using
 
System.Linq
;
using
 
System.Text
;
using
 
System.ServiceModel
;
using
 
System.Threading
;
namespace
 
OneWayHost
{
    [
ServiceContract
]
    
public
 
interface
 
IStockService
    {
        [
OperationContract
(
IsOneWay
 = 
true
)]
        
void
 
DoBigAnalysisFast
(
string
 ticker);
        [
OperationContract
]
        
double
 
DoBigAnalysisSlow
(
string
 ticker);
    }
    
public
 
class
 
StockService
 : 
IStockService
    {
        
public
 
void
 
DoBigAnalysisFast
(
string
 ticker)
        {
            
Thread
.Sleep
(
10000);
        }
        
public
 
double
 
DoBigAnalysisSlow
(
string
 ticker)
        {
            
Thread
.Sleep
(
10000);
            
return
 7.5;
        }
    }
    
class
 
Program
    {
        
static
 
void
 Main(
string
[] 
args
)
        {
            
ServiceHost
 host = 
new
 
ServiceHost
(
typeof
(
StockService
));
            
host.Open
(
);
            
Console
.WriteLine
(
"Press Enter to terminate host."
);
            
Console
.ReadLine
(
);
)




















 (
            
host.Close
(
);
        }
    }
}
)
 (
<?
xml
 
version
=
"
1.0
"
 
encoding
=
"
utf-8
"
 ?>
<
configuration
>
  <
system.serviceModel
>
    <
services
>
      <
service
 
name
=
"
OneWayHost.StockService
"
 
behaviorConfiguration
=
"
OneWayServiceBehaviour
"
>
        <
host
>
          <
baseAddresses
>
            <
add
 
baseAddress
=
"
http://localhost:8000/
ExchangePatterns
"
/>
          </
baseAddresses
>
        </
host
>
        <
endpoint
 
address
=
""
                  
binding
=
"
basicHttpBinding
"
                  
contract
=
"
OneWayHost.IStockService
"
 />
        <
endpoint
 
address
=
"
mex
"
                  
binding
=
"
mexHttpBinding
"
                  
contract
=
"
IMetadataExchange
"
 />
      </
service
>
    </
services
>
    <
behaviors
>
      <
serviceBehaviors
>
        <
behavior
 
name
=
"
OneWayServiceBehaviour
"
>
          <
serviceMetadata
 
httpGetEnabled
=
"
True
"
/>
        </
behavior
>
      </
serviceBehaviors
>
    </
behaviors
>
  </
system.serviceModel
>
</
configuration
>
)















Client
 (
using
 System;
using
 
System.Collections.Generic
;
using
 
System.Linq
;
using
 
System.Text
;
namespace
 
OneWayClient
{
    
class
 
Program
    {
        
static
 
void
 Main(
string
[] 
args
)
        {
            
StockServiceClient
 proxy = 
new
 
StockServiceClient
(
);
            
Console
.WriteLine
(
"Starting fast analysis"
);
            
proxy.DoBigAnalysisFast
(
"
msft
"
);
            
Console
.WriteLine
(
"Completed fast analysis"
);
            
Console
.WriteLine
(
"Starting slow analysis"
);
            
double
 d = 
proxy.DoBigAnalysisSlow
(
"
msft
"
);
            
Console
.WriteLine
(
"Completed slow analysis with result "
 + 
d.ToString
());
            
Console
.ReadLine
(
);
        }
    }
}
)












Test this application and observe the difference between the method that is tagged one-way and the method that is not.  Note that the one-way method is non-blocking, thus returns nearly instantly, but cannot support a return value.  It is important to use one-way methods sparingly and only where they are ultimately logical.
Request-response (asynchronous calls)
An asynchronous call (see the worksheet on this if you need to be reminded) may be achieved through the implementation of two host-side methods.  There are a number of rules for creating an asynchronous method which must be followed (else the program will fail at runtime):
· 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 modify our service implementation according to these rules:
 (
[
OperationContract
(
AsyncPattern
 = 
true
)]
IAsyncResult
 
BeginBigAnalysisSlowAsync
(
string
 ticker, 
AsyncCallback
 
callback
, 
object
 
asyncState
);
double
 
EndBigAnalysisSlowAsync
(
IAsyncResult
 result);
)


 (
public
 
class
 
AsyncResult
 : 
IAsyncResult
{
    
double
 data;
    
public
 
AsyncResult
(
double
 res)
    {
        
data
 = res;
    }
    
public
 
double
 Data()
    {
        
return
 data;
    }
    
public
 
object
 
AsyncState
    {
        
get
 { 
return
 (
object
)data; }
    }
    
public
 
WaitHandle
 
AsyncWaitHandle
    {
        
get
 { 
throw
 
new
 
Exception
(
"The method or operation is not implemented"
); }
    }
)To utilise the IAsynchResult interface, it must be instantiated by a class we create.  In this case, we will create an AsyncResult class:













 (
    
public
 
bool
 
CompletedSynchronously
    {
        
get
 { 
return
 
true
; }
    }
    
public
 
bool
 
IsCompleted
    {
        
get
 { 
return
 
true
; }
    }
}
)




 (
IAsyncResult
 
IStockService
.BeginBigAnalysisSlowAsync
(
string
 ticker, 
AsyncCallback
 
callback
, 
object
 
asyncState
)
{
    
Thread
.Sleep
(
10000);
    
return
 
new
 
AsyncResult
(5.3);
}
double
 
IStockService
.EndBigAnalysisSlowAsync
(
IAsyncResult
 result)
{
    
AsyncResult
 r = result 
as
 
AsyncResult
;
    
return
 
r.Data
();
}
)Which can be used to transport data between our start and end methods:







This works by asynchronously calling the begin method, but using the return prototype from the end method.  The return value (in this case, an extension of the IAsynchResult interface) is used to call the end method and any required data to be returned is retrieved from it.
We must now update our client, however note that this involves a small change to the svcutil command.  We must explicitly specify the “async” switch to have the service generate asynchronous methods in the metadata:
 (
svcutil
 /
language:c
# /
config:app.config
 
/
async
 http://localhost:8000/ExchangePatterns
)

 (
static
 
void
 
SlowAnalysisCallback
(
IAsyncResult
 
ar
)
{
    
double
 d = ((
StockServiceClient
)
ar.AsyncState
).
EndBigAnalysisSlowAsync
(
ar
);
    
Console
.WriteLine
(
"Completed slow 
async
 analysis with result "
 + 
d.ToString
());
}
)From this, we can modify the client.  We first must declare a function which will act as our callback operation:



 (
Console
.WriteLine
(
"Starting slow 
async
 analysis"
);
proxy.BeginBigAnalysisSlowAsync
(
"
msft
"
, 
SlowAnalysisCallback
, proxy);
Console
.WriteLine
(
"Slow 
async
 analysis running"
);
)And we can use this to launch our asynchronous operation:


Test this and observe the non-blocking nature of the call.


Duplex calls
A duplex call allows a persistent connection to be formed between client and host.  This connection may be used for transmission of data at intervals specified by the host.
A new host and client will be created to illustrate this process.
 (
public
 
interface
 
IClientCallback
{
    [
OperationContract
(
IsOneWay
 = 
true
)]
    
void
 
PriceUpdate
(
string
 ticker, 
double
 price);
}
)First, we must create a callback instance.  Note that this instance is declared in the host, but implemented in the client.



 (
[
ServiceContract
(
CallbackContract
 = 
typeof
(
IClientCallback
))]
public
 
interface
 
IStockService
{
    [
OperationContract
(
IsOneWay
 = 
true
)]
    
void
 
RegisterForUpdates
(
string
 ticker);
}
)Next we will create an entry point for users wishing to register for updates:




 (
public
 
class
 
StockUpdate
{
    
public
 
IClientCallback
 
callback
 = 
null
;
    
public
 
void
 
SendUpdateToClient
()
    {
        
Random
 r = 
new
 
Random
(
);
        
for
 (
int
 
i
 = 0; 
i
 < 10; 
i
++)
        {
            
//Simulate a 5 second operation
            
Thread
.Sleep
(
5000);
            
try
            {
                
callback.PriceUpdate
(
"
msft
"
, 100.00 + 
r.NextDouble
());
            }
            
catch
 (
Exception
 ex)
            {
                
Console
.WriteLine
(
"Error in sending cache to client: "
 + 
ex.ToString
());
            }
        }
    }
}
)We must next create an implementation for our threaded method which will return stock updates to the connected user.













And finally we can implement the IStockService interface.


 (
class
 
StockService
 : 
IStockService
{
    
public
 
void
 
RegisterForUpdates
(
string
 ticker)
    {
        
StockUpdate
 
bgWorker
 = 
new
 
StockUpdate
(
);
        
bgWorker.callback
 = 
OperationContext
.Current.GetCallbackChannel
<
IClientCallback
>(
);
        
Thread
 t = 
new
 
Thread
(
new
 
ThreadStart
(
bgWorker.SendUpdateToClient
));
        
t.IsBackground
 = 
true
;
        
t.Start
(
);
    }
}
)





One minor but significant change is required to the standard app.config model for the creation of duplex operations: a duplex version of the desired binding must be used, in this case we will implement wsHttpBinding, the duplex version of which is wsDualHttpBinding:
 (
<?
xml
 
version
=
"
1.0
"
 
encoding
=
"
utf-8
"
 ?>
<
configuration
>
  <
system.serviceModel
>
    <
services
>
      <
service
 
behaviorConfiguration
=
"
DuplexBehaviour
"
 
name
=
"
DuplexServiceHost.StockService
"
>
        <
host
>
          <
baseAddresses
>
            <
add
 
baseAddress
=
"
http://localhost:8000/DuplexService
"
/>
          </
baseAddresses
>
        </
host
>
        <
endpoint
 
address
=
""
                  
binding
=
"
wsDualHttpBinding
"
                  
contract
=
"
DuplexServiceHost.IStockService
"
 />
        <
endpoint
 
name
=
"
MexBinding
"
                  
address
=
"
mex
"
                  
binding
=
"
mexHttpBinding
"
                  
contract
=
"
IMetadataExchange
"
 />                  
      </
service
>
    </
services
>
    <
behaviors
>
      <
serviceBehaviors
>
        <
behavior
 
name
=
"
DuplexBehaviour
"
>
          <
serviceMetadata
 
httpGetEnabled
=
"
true
"
/>
        </
behavior
>
      </
serviceBehaviors
>
    </
behaviors
>
    
  </
system.serviceModel
>
</
configuration
>
)
















Finally, host the service.




 (
using
 System;
using
 
System.Collections.Generic
;
using
 
System.Linq
;
using
 
System.Text
;
using
 
System.Threading
;
using
 
System.ServiceModel
;
namespace
 
DuplexServiceHost
{
    
class
 
Program
    {
        
static
 
void
 Main(
string
[] 
args
)
        {
            
ServiceHost
 
sh
 = 
new
 
ServiceHost
(
typeof
(
StockService
));
            
sh.Open
(
);
            
Console
.WriteLine
(
"Press Enter to terminate host"
);
            
Console
.ReadLine
(
);
            
sh.Close
(
);
        }
    }
}
)










Create a client, perform MEX and add a reference to System.ServiceModel.
 (
public
 
class
 
CallbackHandler
 : 
IStockServiceCallback
{
    
static
 
InstanceContext
 site = 
new
 
InstanceContext
(
new
 
CallbackHandler
());
    
public
 
static
 
StockServiceClient
 proxy = 
new
 
StockServiceClient
(site);
    
public
 
void
 
PriceUpdate
(
string
 ticker, 
double
 price)
    {
        
Console
.WriteLine
(
"Received alert at: {0}, {1}:{2}"
, 
System.
DateTime
.Now
, ticker, price);
    }
}
)We will now implement the host’s IClientCallback method.






 (
static
 
void
 Main(
string
[] 
args
)
{
    
CallbackHandler
.proxy.RegisterForUpdates
(
"
msft
"
);
    
Console
.WriteLine
(
"Press Enter to exit client."
);
    
Console
.ReadLine
(
);
}
)And start the program:










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.
