
CHAPTER27.NET Remoting
In this chapter, you will

• Implement server-activated components
• Implement client-activated components
• Select a channel protocol and a formatter
• Create client and server configuration files
• Instantiate and invoke a .NET Remoting object

The .NET Framework has included developer-friendly mechanisms for calling on ob-
jects that are running in a different application domain. An application domain is a se-
cure processing unit that the CLR (Common Language Runtime) uses to isolate
applications. Since applications are separated by application domains, you cannot
pass a reference variable from one process to another. This means that you cannot ask
an object running in one application domain to perform operations or provide data
for an object running in another application domain. In order to send messages to a
remote object, you must take advantage of remote-access mechanisms within the .NET
Framework. These include .NET Remoting, which is the subject of this chapter, and
XML web services, the subject of the next chapter.

The Microsoft exam will test your knowledge of both of these remote-object frame-
works. You will also be expected to know when to use XML web services instead of .NET
Remoting, and vice versa. In this chapter and in Chapter 28, we will look at the advan-
tages and disadvantages of one technique over the other.

We will start this chapter by providing the background and details of the architecture
of .NET Remoting. The second half of the chapter will concentrate on creating examples
and using the technology.

What Is .NET Remoting?
Traditionally, programmers wanting to take advantage of objects running on a remote
server had to be concerned with issues such as

• Coding the network calls. The programmer had to deal with creating sockets,
passing the data over the network socket, and allowing the component on the
server side to accept the data, process the request, and pass the data back to the
client component.
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• Listening to a specific port. The developer had to worry about maintaining an
open port connection. Typically, the application on the server side would register
on a port and wait for incoming messages. A port is an logical communication
channel to which an application binds. When a client request is received, it
specifies the application by the port number.

In order to abstract all the background network tasks from the developer, Microsoft in-
troduced DCOM (Distributed Component Object Model), which is a programming
model for calling methods on objects running on a server. The trouble with DCOM is that
the model is intended for communication between COM objects. As we have seen in this
book, COM is not the technology on which the .NET Framework is built. Table 27-1 out-
lines some of the differences between DCOM and .NET Remoting.

Other advantages of using .NET Remoting over DCOM include:

• The overhead of COM Interop is not involved with .NET Remoting.

• More deployment options exist with .NET Remoting.

• .NET Remoting calls can easily be transmitted through a firewall (when
using HTTP).

Distributed computing under the .NET Framework is handled by .NET Remoting. A
managed object can be accessed by a remote client using .NET Remoting. When a client
makes a call to an object in another application domain (sometimes called an app do-
main), a proxy object grabs the call first. The proxy object behaves like the remote object,
except that the proxy object is running locally. We will look at the architecture in detail
in the coming sections.

Terms and Terminology
Before we start into this vast subject of distributed computing, let’s take a few moments
to examine the terms that you will encounter. In this section, you will get a bird’s eye
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DCOM .NET Remoting

A server process is launched automatically upon
the first call from a client.

A server process can be launched when the
server is hosted by an IIS (Internet Information
Server) application; however .NET Remoting
supports multiple processes accessing the same
server component.

The lifetime of a server component is managed
by the server “asking” the client if it still needs it.

The lifetime of a server component can be
managed using “leases,” whereby the client
establishes the lifetime of the remote object.

DCOM is a closed system and does not allow for
much in the way of creating custom mechanisms.

.NET Remoting is an open architecture, and it
allows the developer to create custom channels
(communication mechanisms) and custom
serialization.

DCOM is very secure. .NET Remoting has no built-in security
mechanisms (except when hosted by IIS).

Table 27-1 Differences Between DCOM and .NET Remoting
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view of the terminology that we will be using in the coming sections of this chapter. If
you are very familiar with remote method invocation (the calling of methods on a re-
mote object), you may want to briefly skim these definitions and then move to the meat
of this chapter—the architecture and examples. If this is your first experience with dis-
tributed object handling, spend some time here to familiarize yourself with these
terms—we will be going into the details in coming sections:

EXAM TIP Be very familiar with all of the following terms.

• Remote method invocation When a method in one object that exists in one
application domain needs to call on a method that exists within an object in
another application domain, this is called a remote method invocation. The objects
are not situated so that the call can be made locally. The call must be handled
and marshaled to the remote object. Keep in mind that the objects can actually
be running on the same machine, but in separate application domains, and still
be remote to each other.

• .NET Remoting The .NET Remoting framework offers developers a
distributed object model. The model means that remote method invocations can
be made between different CLRs (Common Language Runtimes) or different
application domains. One runtime environment can support multiple
application domains.

• Client A client is any component that is making a call to a remote
component’s method. The client can be on the same machine as the server or
be on a machine on the other side of the world.

• Server A server is any component that responds to the requests of a client
component.

• Marshal by reference When an object is created remotely, a reference to that
object can be passed as a parameter to a method call. That object can be passed
by reference or by value. In order to pass the object by reference, the server must
implement the MarshalByRefObject interface.

• Marshal by value If the remote object does not implement the
MarshalByRefObject interface, objects must be passed by value to the
server. In this case, the server must implement the ISerializable interface.

• Proxy objects As soon as a client creates an instance of the remote object on
the server, a proxy object is created that resides on the client side. The proxy
object is a local representation of the remote object and is responsible for
forwarding method calls to the server.

• Client-activated components A client-activated component is created when the
client passes parameters to the constructor of the remote object. In this case, the
server maintains an instance of the object that belongs to that client only.

Chapter 27: .NET Remoting
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• Server-activated components A server-activated component is created by the
server. Two possible modes exist here—Singleton and SingleCall. See the
description of activation in this list for more information.

• Channels A channel is a conduit for the actual transmission of the remote
calls over the wire.

• HTTPChannel Remote calls are transmitted over the HTTP protocol.
HTTPChannel is part of the .NET Framework.

• TCPChannel Remote calls are transmitted over the TCP protocol.
TCPChannel is part of the .NET Framework.

• Formatters A formatter is responsible for transforming the data intended for
the remote object into the transmission format, and vice versa—a formatter is
required to transform the response from the server into the transmission format.

• SOAP formatter A SOAP formatter transforms the remote data using SOAP
(Simple Object Access Protocol). The SOAP formatter is included as part of the
.NET Framework.

• Binary formatter A binary formatter transforms the remote data via a binary
data stream. The binary formatter is part of the .NET Framework.

• Sink chains The combination of a channel and a formatter is a sink chain.
Messages pass from one sink chain to another in the remoting architecture.

• Remoting host A remoting host provides a runtime environment on the
remoting server for the remote object. Examples include IIS (Internet
Information Server) and Windows Forms. Almost any .NET executable can
serve as a remoting host.

• Stateful vs. stateless State is the data that an object contains. If a remote
object maintains state between method calls, it is called a stateful object. This
means that if multiple clients are accessing the same object, they will be able to
see the changes that another client object has made to the server object’s state.
If a remote object does not keep state between method calls (if there is no data
held), the object is called stateless. Stateless objects can be used easily between
multiple clients because there is no fear that data created by one client will be
destroyed by another client (since there is no data stored).

• Activation When a server object’s methods are requested, this is called
activation, and it can be done through server-object instantiation. There are
two ways in which a remoting object can be activated. The first is by using
SingleCall mode, which means that a new instance of the server object is
created with every client call. The second is by using Singleton mode, which
means that a single instance of the server object can serve several clients. The
third method of activation is called client-activated object (CAO). In this case,
the client application creates an exclusive instance of the object. The object can
then maintain state without any other client object making changes to it.
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If your head is spinning right now, don’t worry. We will cover each of these concepts
in detail in this chapter. The preceding list is a quick reference for you when you go to
write the exam. These terms and their meanings must be at the tip of your tongue if you
are to be successful on the exam.

.NET Remoting Architecture
Understanding the architecture of .NET Remoting will help you when working with this
technology. Remember that a lot of what happens is abstracted from the developer in an
effort to reduce the amount of coding work and make better use of development time.
This is true of any remote object architecture, whether it is .NET Remoting, Web Ser-
vices, Enterprise Java Beans, or any other development environment. The goal of these
architectures is to reduce the amount of time that you, the developer, have to spend
working on the remote and networking issues. Your development time should be spent
on making the objects as flexible as possible. These objects should encapsulate the busi-
ness logic, rather than the networking logic.

Having said all that, you should be aware of the background work that is done for
you in order to fully appreciate the significance of this technology. We will start off with
a simplistic overview of .NET Remoting. Figure 27-1 illustrates the overall process.

Let’s examine all the parts of Figure 27-1. (In the coming sections, we will look at
each in detail.) Two separate application domains are shown in Figure 27-1: the server
environment, where the remote object will be created, and the client environment,
which will make the call to the remote object. Under normal circumstances (without
remoting), these objects are unable to send messages to each other.

Here are the steps involved in remote calls:

1. The client object creates an instance of the server object.

2. The remoting system creates a proxy object that represents the server object, and
returns a reference to the proxy to the client.

3. The client makes a method call to the server object.

4. The remoting system that envelops the client will intercept the call, check the
request for type safety, and send the request over a channel to the server.

5. A channel on the server side listens for such calls and picks up the request.

Chapter 27: .NET Remoting
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Figure 27-1
.NET Remoting
overview
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6. The remoting system that envelops the server will then either create the object
or use a previously instantiated object and make the call to the object.

7. The server remoting system will put the response in a message to be returned
via a reverse process. The proxy object then returns the result of the call to the
client object.

That is the simplified process in a nutshell. Not much code is needed on either side to
make this work. We will examine the code required later on in this chapter. However, in
order for the entire system to work, many elements must cooperate. You must be sure
that the URI (Uniform Resource Identifier) is correct in order to be able to find the server
object. The configuration files on the client and the server side must also be absolutely
correct for the remote call to succeed. In order to be confident that you can accomplish
this, let’s break down the architecture even further.

The Remote Object
The remote object is the object that is considered to be the server. Typically, this object
will run on a server machine either hosted by Internet Information Server (IIS) or an-
other remoting host. The client does not call the actual methods of the remote object.
Instead the client calls the methods of a proxy object, which is a representative of the
server object.

A server object is one that inherits from MarshalByRefObject. This is the class
definition of a remote object:

public class MyRemoteServerObject: MarshalByRefObject

EXAM TIP Any remote object that can be passed by reference must inherit
from MarshalByRefObject.

Client Object and Proxies
The client object is the object that is considered to be the client. The client object will re-
quest a method invocation of a remote object. However, since the remote object can
never leave its application domain, the client must make the request of a proxy object.
To complicate things further, there are actually two proxy objects that are created:

• Transparent proxy The transparent proxy actually looks like the real remote
object, which means that it provides the implementation of the public methods
of the remote object. Using reflection, it reads the metadata of the assembly,
which makes the public methods known to the transparent proxy. Figure 27-2
shows the relationship between the client, the transparent proxy, and the real
proxy. The .NET Remoting framework provides the default proxy, which is
called TransparentProxy.
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• Real proxy The real proxy (RealProxy) is the object that knows how to send
the message on to the channel. Remember that the channel is responsible for the
wire transmission of the message. The real proxy is automatically generated by
.NET tools; however, you can customize this object to make it do what you want.
Suppose you want to log events as they happen through the process—you could
code the real proxy to do that for you. By default, the real proxy will locate the
sink (formatter), which can transform the message for channel transmission.

Formatters
The formatter is responsible for transforming the message so that it can be sent over the
network. To do this, it must serialize the parameters (the data of the method call) into a
format that the wire understands. There are two formatters that ship with the .NET
Framework:

• SOAP formatter:

System.Runtime.Serialization.Formatters.Soap.SoapFormatter

• Binary formatter:

System.Runtime.Serialization.Formatters.Binary.BinaryFormatter

By default, an HTTP channel uses a SOAP formatter to transport XML messages, and a
TCP channel uses sockets to transport binary messages using the binary formatter. You
can also create custom formatters or use third-party formatters.

EXAM TIP A formatter encodes and decodes the messages between a
server and a client over a channel. HTTP channels use SOAP formatters.

Chapter 27: .NET Remoting
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Figure 27-2
The client and
the proxies
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Channels
Channels are the objects that transport the messages over the wire (or, to be more correct,
across boundaries, whether they are application domains, processes, or computers). Two
types of channels are shipped with the .NET Framework:

• HTTPChannel Messages are transported to and from the remote object using
the SOAP protocol. The message is transformed into XML and serialized, and
SOAP headers are added to the stream. HTTP is the transport protocol and
SOAP and XML are the encoding protocols. The channel is found in the
following namespace:

System.Runtime.Remoting.Channels.Http

• TCPChannel Messages are transported to and from the remote object
using binary formatters. Messages are serialized into a binary stream and then
transported using the TCP protocol. The binary stream provides a faster and more
efficient process; however, you may need an HTTPChannel to bypass firewall
restrictions, and so forth. The channel is found in the following namespace:

System.Runtime.Remoting.Channels.Tcp

A channel listens for messages and is registered with the remoting infrastructure by
coding the following:

ChannelServices.RegisterChannel()

The client can select any channel that is available to communicate with the server object.

EXAM TIP At least one channel must be registered with the remoting system
in order for a client to call on a remote object. Channels are registered in the
application domain.

Channel names must be unique within the application domain. In order to register
two HttpChannels, you must create unique names for each one. We will look at register-
ing channels in the coming sections.

EXAM TIP A channel cannot be registered more than once if it listens on the
same port. This means that different application domains on the same machine
cannot register the same channel on the same port.

Putting It All Together
Let’s look at the complete architecture picture, now that we have described the individ-
ual components of the structure in more detail. Figure 27-3 illustrates the complete pro-
cess from client method invocation to server method response.
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Steps for Invoking a Server Object’s Methods
Before we take a look at the code required to create client and server objects, let’s step
through the process. Keep the architecture in mind as we do this.

1. The client object registers a channel. This channel will provide the
communication link between the client and the remote object.

EXAM TIP The server object has to be listening on a similar channel.

2. The client activates the remote object. This can be done in one of three ways:

• Create a new instance using the new keyword:
ServerObject s = new ServerObject();

• Retrieve an existing remote object:
ServerObject s = (ServerObject) Activator.GetObject(
typeof(ServerObject), "<location>");
We will examine the <location> parameter in the next section.

• Create a new (client-activated) instance of the remote object:
ServerObject s = (ServerObject) Activator.CreateInstance( …);
We will fill in the parameters in the next section.

Figure 27-3
The complete
remoting process
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3. The framework creates the proxy object based on the information provided by
the activation request. At this point, we are working with local objects, since no
call has yet been made to the remote object. This is why proxies work—they are
local to the client object. The server object is remote from the client.

4. The client calls a method on the remote object. The proxy intercepts the
method call and sends it to the formatter.

5. The formatter converts the request to a transmission protocol and sends the
request (via a Message object) through the channel object.

6. At the server side, the framework works backwards through the process. The
formatter transforms the message to a call that can be understood by the object.

7. The object performs the action requested of it and sends the results through the
same process.

In the next section, we will look at the code that will accomplish this process.

Using .NET Remoting
Now that we have discussed the architecture of .NET Remoting, let’s put together a few
examples to see how this works. In this section, we will look at creating the component,
building a server, and coding a client to call the server’s methods. The code will be built
using Notepad and the command line in order to see the actual internal workings. We
will also discuss the difference between client-activated objects and server-activated ob-
jects. For the Microsoft exam, you will need to know how to code both of these activa-
tion techniques. We will finish this section off by looking at how the coding can be done
through Visual Studio .NET.

Building the Remote Object
Any object that will be called upon from a different application domain or machine
must be built as a remote object. This means that it must derive from Sys-
tem.MarshalByRefObject. Any object that derives from MarshalByRefObject
is not allowed to transverse application domains. A proxy is needed to communicate
with objects such as these.

EXAM TIP The MarshalByRefObject class allows access to objects across
application boundaries. The application must support remoting. Some of the
methods of the MarshalByRefObject class include CreateObjRef(),
which creates an object that contains all of the information to create the proxy;

GetLifetimeService(), which retrieves the object that controls the lifetime policy of the
remote object; and InitializeLifetimeService(), which gets a lifetime service object
to control the lifetime.
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To build the remote object, create a new class in Notepad as follows:

using System;
namespace HelloWorld
{

public class Hello: MarshalByRefObject
{

// constructor for remote object
public Hello()
{

// output to the console a message that indicates
// that we are in the constructor of the object.
System.Console.WriteLine ("We are in the constructor.");

}
// public method that the client will call
public string HelloWorld()
{

// output to the console a message that indicates
// that we are in the HelloWorld() method
System.Console.WriteLine ("We are in the HelloWorld() method.");
// return the Hello World string to the caller of the method
return "Hello World!";

}
}

}

Save the file as Hello.cs and compile the remote object as follows:

csc /t:library Hello.cs

You should find that you have Hello.dll in the same folder as Hello.cs after a suc-
cessful compilation.

In this example, we have created a library class with a single method, HelloWorld().
The class inherits from System.MarshalByRefObject, which supports the class be-
coming a remote, callable component. We have included a few console write lines that
will let us see the component moving from constructor to method call—these are for
demonstration only. Notice that the HelloWorld() method does not write out to the
console; rather, it returns the string to the caller of the method. It is a common mistake of
first-time remote-component coders to write to the console instead of returning the string.
Remember that your calling program will probably not be on the same machine as the re-
mote component, so writing to the console is only useful to the server computer—not to
the client computer.

Building the Remote Server
Our next step is to create the remote server. For this example, we will create a simple con-
sole application that will instantiate a TCPChannel and register our remote component.

In Notepad, create the following console application:

using System;
// the following assembly includes the TcpServerChannel
using System.Runtime.Remoting;
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using System.Runtime.Remoting.Channels;
using System.Runtime.Remoting.Channels.Tcp;
namespace HelloWorld
{

public class HelloWorldServer
{

[STAThread]
public static void Main ()
{

// instantiate the channel object
TcpServerChannel tc = new TcpServerChannel (4242);
// register the channel to make it available to
// the remote object
ChannelServices.RegisterChannel (tc);
// register the remote object
RemotingConfiguration.RegisterWellKnownServiceType (

typeof(Hello), "HelloWorld",
WellKnownObjectMode.SingleCall);

// the server will remain running until the user presses
// any key on the console
System.Console.WriteLine ("To stop the application, press Enter.");
System.Console.ReadLine();

}
}

}

Let’s dissect the important lines of code:

TcpServerChannel tc = new TcpServerChannel (4242);

This line creates a new channel object, using a TCP channel, and creates it on port 4242.
Use port numbers greater than 1026 in order to avoid using a port number that a
well-known application may be using. For example, a web server uses port 80, an SMTP
mail server uses port 25, and so on.

EXAM TIP There are two channel types that ship with the .NET Framework—
TcpServerChannel and HttpServerChannel.

The next line of code looks like this:

ChannelServices.RegisterChannel (tc);

This line registers the channel so that the remote object will have a channel that it can
use for transmitting the response from the method call.

The following line registers the remote object in such a way that the client can find
the object:

RemotingConfiguration.RegisterWellKnownServiceType (
typeof(Hello), "HelloWorld",
WellKnownObjectMode.SingleCall);
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The parameters of the RegisterWellKnownServiceType() method include the
following:

• The type of class in the remote object—typeof(Hello) in the preceding
example.

• The name by which the client can call the remote object—"HelloWorld"
in this case. This is called the URI (Uniform Resource Identifier). For a TCP
channel, it is a simple string as seen here. For an HTTP channel, it is the actual
server location—"http://localhost/ServerApp" for example.

• The SingleCall mode means that a new instance is created for every
method call.

EXAM TIP There are two different well-known object modes for
server-activated objects: SingleCall, where there is a new instance for every
method call and no state is maintained between method calls, and Singleton,
where every method call uses the same instance of the remote object.

The last lines of the remote server code consists of console output lines that will allow
the server to continue running until the user presses ENTER on the console application.
The code demonstrates a hosting application—in our case a console application.

An alternative approach would be to create the remote object and register it in
Internet Information Server (IIS) as a web service object. In that case, you would have
created an HTTPServerChannel within the remote object itself. We will look at code
that does this later.

Save the file as HelloWorldServer.cs and compile it as follows:

csc /r:Hello.dll HelloWorldServer.cs

Building the Client
The client application is the last step for this demonstration. We will create a simple
console application that will create a TcpClientChannel object which will be used to
transmit the client’s request. We will then use the Activator class to find the remote
object and invoke its method. Here is the code:

using System;
using System.Runtime.Remoting.Channels;
using System.Runtime.Remoting.Channels.Tcp;
namespace HelloWorld
{

public class HelloWorldClient
{

[STAThread]
public static void Main()
{

ChannelServices.RegisterChannel (new TcpClientChannel());
Hello h = (Hello) Activator.GetObject (typeof(Hello),

"tcp://localhost:4242/Hello");
System.Console.WriteLine (h.HelloWorld());

P:\010Comp\All-in-1\443-6\ch27.vp
Monday, August 26, 2002 11:56:03 AM

Color profile: Generic CMYK printer profile
Composite  Default screen



MCAD/MCSD Visual C# .NET Certification All-in-One Exam Guide

14

All-In-One / MCAD/MCSD Visual C# .NET Certification All-in-One Exam Guide / Rempel & Lind / 222443-6 / Chapter
27

}
}

}

Let’s look at the key lines of code:

ChannelServices.RegisterChannel (new TcpClientChannel());

Notice that we do not select a port number here—any free port will do. The client is sim-
ply using the port as an exit mechanism for the remote call. On the server side, we will
connect to port 4242, which is where the server is running.

In the next line of code, the client instantiates the Hello object by using the
GetObject() method of the Activator class:

Hello h = (Hello) Activator.GetObject (typeof(Hello),
"tcp://localhost:4242/Hello");

Notice the parameters that are sent to the GetObject() method:

• typeof(Hello) tells the method the class type of the remote object.

• "tcp://localhost:4242/Hello" tells the method where to find the
remote object. We have selected the localhost (the local computer), port
4242 (where the component is registered and waiting for calls), and the URI
(Hello), a named identity.

EXAM TIP Now for the $64,000.00 question! The reference Hello h is what
type of variable? Remember that the client never talks to the remote object
directly. The variable h refers to the proxy object. Actually, it refers to the
transparent proxy object, which then communicates with the real proxy object.

Running the Remote Application
All the pieces are now in place, and we are ready to test our remote application. The
first step is to start the hosting server application, HelloWorldServer.exe (see Fig-
ure 27-4). In Figure 27-5, you can see that we have compiled all of our programs and
have started the client application.

Notice in Figure 27-5 that the server has responded with “Hello World!” indicating
that the client application has successfully sent a message to the remote server. You can
also examine the hosting application’s response to the method calls—recall that we in-
serted console output to indicate method calls. Figure 27-6 shows the console output
from the hosting server.

While you are in the process of developing remote components and testing them as we
have done in this example, it is a good idea to place System.Console.WriteLine
statements in your methods. By doing this, you can see what is happening as the remote
calls come through to the server object. Notice in our example that the constructor is
called and then the HelloWorld() method is called. By looking at the output, you can
see that we were successful in creating a remote component and building a remote server
for it to execute through.
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Figure 27-4 Starting the hosting server

Figure 27-5 Starting the client

Figure 27-6 Console output
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Configuring .NET Remoting
In this section, we will look at another method of hosting the remote component. As we
have mentioned, the remote component can be hosted by any type of application. In
our previous example, we created a server console class to host our component. In this
section, we will use IIS and take advantage of an HTTP channel for transmission.

In addition to exploring the technique for using a remote component in IIS, we will
look at the configuration file that can be created to provide information to the runtime
environment. We will also create our application within Visual Studio .NET in order to
take advantage of some of the shortcuts available developers.

Creating the Remote Object
Create the remote server object within Visual Studio .NET by following these steps:

1. Start a new class library application in Visual Studio. Name it
HelloWorldIIS.

2. Rename the Class1.cs module to Hello.cs, and adjust the code for the
class definition and the constructor. Be sure to make your new class inherit
from System.MarshalByRefObject:

public class Hello: System.MarshalByRefObject
{

public Hello()

3. Add the HelloWorld() method to the class file:

public string HelloWorld()
{

return "Hello World!";
}
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4. Build the remote object by selecting Build | Build HelloWorldIIS from the
menus.

Creating the Remote Object Configuration File
In order to specify the necessary operating parameters to the runtime environment, you
need to provide a configuration file for the remote object. This configuration file is
called web.config, and it looks like this:

<configuration>
<system.runtime.remoting>

<application>
<service>

<Wellknown mode="SingleCall"
type="HelloWorldIIS.Hello, Hello"
objectUri="Hello.soap" />

</service>
</application>

</system.runtime.remoting>
</configuration>

Place the web.config file in the same directory as the Hello.dll file. The configu-
ration file has a section for configuring the remoting instructions. Under the <service>
tag, you can see the information pertaining to the server mode, SingleCall, as well as
to the type and location (URI) of the remote object. The type includes the fully qualified
name of the remote object as its first parameter, and the executable filename as the second
parameter.

EXAM TIP The web.config file must be placed in the same directory as
the component.

Choosing the Mode
At this point, it is probably a good idea to discuss the differences between SingleCall
and Singletonmode. Either of these modes can be used when the object is server acti-
vated (that is, when the server is responsible for instantiating the object).
SingleCall mode objects are activated when the method call is received, and they

live until the method is complete. In other words, the object is only around as long as
the method is alive. As soon as the method is finished, the remote component is no lon-
ger available. There is no state maintained between calls (there can’t be—the object is
destroyed after the method call). Each client will receive a reference to its own server ob-
ject for the life of the method. This is a more scalable option, since any number of clients
can be added and, as long as the hardware and memory requirements do not explode,
the remoting environment will keep on making server objects for each client call. On
the downside, there is no state maintained between method calls, so that data that is cre-
ated or received during the method is destroyed when the method is finished.
Singleton mode objects are created after the first remote method call, and they

stick around for the duration of the hosting application. In other words, every client will
receive a reference to the same object as every other client receives. There is only ever a
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single instance of any particular remote component alive. This is an excellent solution
for sharing data between clients. One client can make a change that another client will
see, since they are looking at the same object. This is not a very scalable approach, but it
is good to use if you want to share objects between clients.

EXAM TIP You cannot mix modes for a single class. A class can only have
one mode—either SingleCall or Singleton.

Creating the Client
When we write the client code, we treat the remote object as if it were a local object (re-
member that we get a reference to a local proxy object). However, we must write code to
find out the type and the location of the remote object.

In this example, we will create a Windows application that has a button on the
screen. The button click event will cause a remote method call to the server object, which
will be deployed into IIS. Follow these steps to create the client application:

1. Start a new project and select Windows application. Name the application
HelloWinClient.cs.

2. Add a button to the form, and name the button btnCallRemote.

3. Add the following code to the click event of the button:

private void btnCallRemote_Click (object sender, System.EventArgs e)
{

Hello h = (Hello) Activator.GetObject (typeof (Hello),

"http://localhost:8080/HelloWorldIIS",

WellKnownObjectMode.Singleton);
MessageBox.Show(h.HelloWorld());

}

4. Add a reference to the server DLL. Right-click on the Windows application in
Solution Explorer and select Add Reference to Hello.dll. This will open the
Add Reference dialog box.

5. Add a reference to System.Runtime.Remoting.
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6. Add the following using statements to the Windows application:

using System.Runtime.Remote;
using System.Runtime.Remoting.Channels;
using System.Runtime.Remoting.Channels.Http;
using HelloWorldIIS;

7. Add the following code to the form constructor to create a channel:

public Form1()
{

InitializeComponent();
HttpChannel c = new HttpChannel();
ChannelServices.RegisterChannel (c);

}

8. Set the Windows project as the startup project—right-click on HelloWinClient
and select Set as Startup Project.

9. Build the project.

At this point, everything is ready. You just need to create the configuration file for the
client and deploy the component to the Internet Information Server (IIS).
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Creating the Client Configuration File
In order for the client to communicate with the remoting system (in this case IIS), you
need to create a configuration file for the client with the information that it needs. This
file will be called HelloWinClient.exe.config, and it will provide the channel in-
formation to the executable file.

EXAM TIP The client configuration file is named after the executable file and
placed in the bin directory with the client executable. For example, if the
client executable is HelloWinClient.exe, the configuration file is
HelloWinClient.exe.config.

Create the configuration file as follows:

<configuration>
<system.runtime.remoting>

<application name="HelloWinClient">
<channels>

<channel type="System.Runtime.Remoting.Channels.Http.HttpChannel,
System.Runtime.Remoting" />

</channels>
</application>

</system.runtime.remoting>
</configuration>

The configuration file uses an <application> tag to identify the name of the client
class. The channel information is provided by the <channel> tag. The first attribute
tells the client what type of channel to use, and the second parameter associates the
namespace with the channel.

Setting Up IIS to Host the Server
The last step is to set up IIS to host the remote server component. Start by mapping out
the directory structure for the actual component. The following files must be placed in
the structure:

<path>IISTest\Server\HelloWorldIIS.cs
<path>IISTest\Server\Web.config
<path>IISTest\Server\bin\HelloWorldIIS.dll
<path>IISTest\Client\HelloWinClient.exe
<path>IISTest\Client\HelloWinClient.exe.config

Set up the IIS server by following these steps:

1. Open Internet Services Manager. In Windows 2000, you can select Start |
Settings | Control Panel | Administrative Tools | Internet Services Manager. You
will see the Internet Information Services window shown in Figure 27-7.
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2. Double click on Default Web Site in the left pane. Right-click on the Default
Web Site and select New | Virtual Directory. You will see the Welcome screen of
the Virtual Directory Creation Wizard. Click Next.

3. Create the alias for the virtual directory. This can be given any name you
choose. For this example, call it IISTest. Click Next.

Figure 27-7 The Internet Services Manager
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4. Enter the physical path to the remote object directory—<path>\IISTest
\Server in our example. Click Next.

5. Set any security settings in the next window. The default settings allow a user to
read and run scripts, but you can modify those permissions through this
window. Click Next when you are done.

6. Click Next to finish the Wizard program. You will now see your virtual
directory listed under the Default Web Site (see Figure 27-8).
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The final step is to test the client application. Click the Call Remote Method button
on the form, and you will see a message box that displays the output from the server ob-
ject’s HelloWorld() method.

Client-Activated Objects
So far we have discussed server-activated objects and reviewed the difference between
Singleton and SingleCall activation modes. The third type of remoting object is

Figure 27-8 The new virtual directory
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the client-activated object (CAO). In this case, the client application creates the remote
object for exclusive use (this is very similar to the COM world).

EXAM TIP Singleton activation mode means that there is only a
single instance of the object running and all clients access that object. The
SingleCall activation mode means that every client gets their own object,
which is destroyed at the end of the method call.

Although this may seem to be the same as using SingleCall for server-activated
objects (SAO), it is not. With SAO objects, there is no state maintained between method
calls. The object is destroyed when the method is finished. A client-activated object
maintains state between method calls, and the state maintained is exclusively for the
calling client—no other clients will have access to the state data, since there is a unique
object for every client.

To make the client-activated object ready for client activation, modify the configura-
tion file on the server as follows:

<service>
<activated type="HelloWorldIIS.Hello, Hello" objectUri="Hello.soap" >
</activated>

</service>

You will also need to modify the client configuration file:

<client url="http://localhost:8080">
<activated type="HelloWorldIIS.Hello, Hello" />

</client>

The final step is to make sure that the client uses the new keyword to instantiate the re-
mote object.

How do you know when to use server-activated (SingleCall or Singleton) or
client-activated objects? Consider the following questions when making the design de-
cision:

1. Does every client calling the method need its own instance of the object and its
own data maintained between method calls? If yes, then you need a client-activated
remote object.

2. Can multiple clients use the same server object? If yes, then you need a server-
activated Singleton remote object.

3. Do you have a lot of clients accessing the server object, and there is no need for
maintaining state between method calls? If yes, then you can use a server-activated
SingleCall remote object.

Managing the Lifetime of a Server Object
By default, a remote server object lives a certain amount of time and then is set to null
and made available for garbage collection. The “certain amount of time” depends on the
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activation type of the server component. In order to give the developer control over the
lifetime of a server component, the remoting framework has included a lifetime-man-
agement mechanism called remote leasing.

A client application can register with the lease manager in order to be notified when a
server object is about to be destroyed. The lease manager will notify the client and then
wait a designated amount of time for the client to respond. The client will return the
amount of time that it wants the server to be kept alive (if necessary), and the lease man-
ager will adjust the time to live for the server object.

A client class must implement the ISponsor interface before it can take advantage
of the lifetime-management lease manager:

public class RemoteClient: ISponsor

There is a single method defined in the ISponsor interface—Renewal(). The lease
manager will call this method when the lifetime of the server component needs to be
updated.

The client instantiates a new leasing manager:

ILease lease = (ILease) servercomponent.InitializeLifetimeService();

In the preceding line, servercomponent is the remote server object reference.
The client then registers with the lease manager to receive lifetime updates:

// A TimeSpan object is used to control the hours, minutes and seconds
//  for the lease notification
lease.Register (this, new TimeSpan(0, 0, 5);

The last step is to implement the Renewal() method and provide the details of the
renewal to the lease manager:

public TimeSpan Renewal (ILease ls)
{

TimeSpan ts = new TimeSpan (0, 0, 5);
return ts;

}

That’s all there is to it! The lease manager will notify the client of an object’s impend-
ing destruction, and the client will send back a TimeSpan object that tells the leasing
manager to inform the runtime environment that the server will live for the amount of
time specified.

Final Considerations
Since there is so much to consider with this type of remote-method invocation, we will
summarize the concepts and design considerations presented throughout this chapter.

EXAM TIP Use this section as a final study guide for the topic of .NET Remoting.
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Performance Considerations
You should consider the type of channel to use when configuring .NET Remoting. There
are two types shipped with the .NET Framework—TCP and HTTP. Performance is af-
fected as follows:

• The HTTP protocol must negotiate connection information (host to host) in
order to function. This makes it a slower solution than using TCP.

• The TCP channel provides the fastest throughput; however, it may not be the
solution for network communication through firewalls.

Two types of formatters are provided with the .NET Framework: the SOAP formatter
and the binary formatter:

• The binary formatter is faster and more efficient because it uses a binary stream
of data.

• The SOAP formatter is slower since it has to handle the SOAP protocol.

Both formatters can be used over an HTTP channel, but for the best performance, use
a binary formatter over a TCP channel. Remember, though, there may be circumstances
that make it impossible to use a TCP channel.

.NET Remoting vs. Web Services
In the next chapter, you will be looking at creating XML web services that allow remote
objects to be hosted as web applications and allow communication using HTTP and
SOAP protocols. When considering whether to use .NET Remoting over Web Services,
consider the following:

• A .NET Remoting server object can be hosted by any type of application—Web
Services need a web server, such as Internet Information Server.

• XML web services are tied directly to HTTP and SOAP formatting. This may not
always be the best solution. You must analyze the requirements fully before
making the decision between .NET Remoting and Web Services.

• A .NET Remoting server object can maintain state between method calls.

Having said all that, you might be wondering why you would ever use XML web ser-
vices. Well, hold on to your hats. In the next chapter, you will see a lot of the complexity
of remote objects eliminated through the use of Web Services. You will also see that
many solutions can take advantage of the HTTP and SOAP capabilities of Web Services.

The bottom line is that you must look at the user requirements thoroughly before
making the decision. If you need a flexible, fully controllable solution (one for which
you can create your own plug-ins), then maybe .NET Remoting is for you. However, if
your needs are for fast development over common platforms, then XML web services
will be the right solution.
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If you are asked on a Microsoft exam which technique to use, remember to examine
the surrounding elements:

• What is the physical connection?

• What protocols can be used?

• How fine-tuned do the networking components have to be?

These are all questions that will help you in the final design decision.

Points To Remember
The following list will help when considering .NET Remoting:

• A remoting host is needed on the remoting server in order to provide a runtime
environment for your remote object. This can be any application, such as a
console application, web server, and so forth.

• IIS can be the remoting host. However, only objects using the HTTP channel
can be used for IIS. Either formatting option will work with IIS.

• Configuration files can be changed without recompiling the components.
However, configuration can also be done programmatically. This might create a
more secure solution in some cases. If configuration is done programmatically,
then the component needs to be recompiled when the information changes.

• Activation is the process that determines how and when remote objects are
created.

• Server-activated objects have their lifetime controlled by the server. When the
client makes the first call, the object is activated. SingleCall mode means
that a new instance is given to each client requesting the object. Singleton
mode means that a single instance of the object is created, and every client
communicates with that instance.

• Client-activated objects have their lifetime controlled by the client. The server
object is created when the client creates the proxy.

• Remotable objects must inherit from System.MarshalByRefObject.

Summary
In this chapter, we have investigated .NET Remoting, a mechanism for gaining access to
objects running in separate and distinct application domains. There are many tech-
niques for doing this. We looked at Windows Services in the last chapter, which is a way
to create applications that run in the background, waiting for client requests for their
services. In the next chapter, you will find out how to create XML web services, another
method for requesting services of a remote application.

Using .NET Remoting, you can create client applications that work with a configura-
tion file to retrieve information about the server object. You can also bypass configura-
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tion files by registering the remote object and providing the location of the server object
programmatically. You can have the client activate the object or you can create an object
that is self-activating.

The architecture of .NET Remoting allows for different protocols for transmis-
sion—we have looked at HTTP and TCP, but anything can be plugged into these appli-
cations. The framework for .NET Remoting is so flexible that most remote method
invocations, no matter which protocol is used or type of objects are required, can be ac-
commodated. You have seen that it is also possible to create your own channels, prox-
ies, and formatters, and plug them into the architecture. You will not be asked to do that
for the Microsoft exam, but you should be aware of the flexibility of this architecture.

Test Questions

1. You have developed a remote object library class for deployment into a console
application. The console application will remain running on the server computer
and respond to client requests for the remote object. However, when you try to
run the remote hosting application, you receive an application exception. The
following is the code for the hosting application:

using System;
using System.Runtime.Remoting;
using System.Runtime.Remoting.Channels;
using System.Runtime.Remoting.Channels.Tcp;
namespace ChatServer
{

public class ChatServerHost: MarshalByRefObject
{

[STAThread]
public static void Main ()
{

TcpServerChannel tc = new TcpServerChannel (4242);
ChannelServices.RegisterChannel (tc);
RemotingConfiguration.RegisterWellKnownServiceType (

typeof(Chat), "ChatServer", WellKnownObjectMode.SingleCall);
System.Console.WriteLine ("To stop the application, press Enter.");
System.Console.ReadLine();

}
}

}

Here is the code for the remote object:

using System;
using ChatServerHost;
namespace ChatServer
{

public class Chat
{

public Chat()
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{
}
public string Talk(string message)
{

return message;
}

}
}

What is the most likely cause of the exception error?

A. The remote object class is missing a using declaration.

B. The format of the Talk() method is incorrect.

C. The Talk() method is not called from the hosting application.

D. The remote object class is not capable of receiving remote method calls.

E. The remote hosting class is not capable of receiving remote method calls.

2. In order to have your server component accept method calls that pass the
object by value, your remote server object must implement which interface?

A. IUnknown

B. IMarshalByValue

C. IMarshalByRef

D. ISingleCall

E. ISerializable

3. You are in charge of creating a remote object that will return database records
to the caller of the method. You want to ensure that the object keeps track of
the number of requests, and writes the number out to the database. Which
activation mode would you use?

A. SingleCall

B. Singleton

C. Client-activated

D. Server-activated

4. You have created a remote object, ChatServer.dll, that is to be deployed to
an IIS server. You need to create a configuration file that will provide location
and type information. Which file would you create?

A. web.config

B. machine.config

C. application.config

D. ChatServer.exe.config
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5. You need to create a configuration file for the client component that will gain
access to your ChatServer.dll server component running on the IIS server.
Which of the following configuration file entries is correct?

A.
<configuration>

<system.runtime.remoting>
<application name="ChatServerClient">

<channels>
<channel

type="System.Runtime.Remoting.Channels.Tcp.TcpChannel,
System.Runtime.Remoting"

/>
</channels>

</application>
</system.runtime.remoting>

</configuration>

B.
<configuration>

<system.runtime.remoting>
<application name="ChatServerClient">

<channels>
<channel

type="System.Runtime.Remoting.Channels.Http.HttpChannel,
System.Runtime.Remoting" />

</channels>
</application>

</system.runtime.remoting>
</configuration>

C.
<configuration>

<system.runtime.remoting>
<application>

<service>
<Wellknown mode="Singleton"

type="ChatServer.ChatServer, Chat"

objectUri="Chat.soap" />
</service

</application>
</system.runtime.remoting>

</configuration>

D.
<configuration>

<system.runtime.remoting>
<application>

<service>
<Wellknown mode="SingleCall"

type="ChatServer.ChatServer, Chat"

objectUri="Chat.soap" />
</service

</application>
</system.runtime.remoting>

</configuration>
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6. Which of the following formatters can be used over an HTTP channel. Choose
all that apply.

A. SOAP formatter.

B. RPC formatter.

C. Binary formatter.

D. DCOM formatter.

7. You are developing a remote component that will make a call to a Customer
database and return a customer’s account number to the caller of the method.
You have built the server object and will deploy it as an XML web service. The
method public int GetCustomerAccount() uses a stored procedure to
retrieve a given customer’s account number and returns the number to the
calling component. You must decide what type of activation to use. Which of
the following is the best choice?

A. SingleCall

B. Singleton

C. Client-activated

D. Server-activated

8. You need to create a configuration file for the client component that will gain
access to your ChatServer.dll server component running via a console
application. Which of the following configuration file entries is correct?

A.
<configuration>

<system.runtime.remoting>
<application name="ChatServerClient">

<channels>
<channel

type="System.Runtime.Remoting.Channels.Tcp.TcpChannel,
System.Runtime.Remoting" />

</channels>
</application>

</system.runtime.remoting>
</configuration>

B.
<configuration>

<system.runtime.remoting>
<application name="ChatServer">

<channels>
<channel

type="System.Runtime.Remoting.Channels.Http.HttpChannel,
System.Runtime.Remoting" />

</channels>
</application>

</system.runtime.remoting>
</configuration>
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C.
<configuration>

<system.runtime.remoting>
<application>

<service>
<Wellknown mode="Singleton" type="ChatServer.ChatServer, Chat"

objectUri="Chat.soap" />
</service

</application>
</system.runtime.remoting>

</configuration>

D.
<configuration>

<system.runtime.remoting>
<application>

<service>
<Wellknown mode="SingleCall" type="ChatServer.ChatServer, Chat"

objectUri="Chat.soap" />
</service

</application>
</system.runtime.remoting>

</configuration>

9. You have developed a remote object library class for deployment to a web
server. You have established that your configuration files are correct, and now
you feel that your component classes may have an error. The following is the
code for the remote object:

using System;
using System.Runtime.Remoting;
using System.Runtime.Remoting.Channels;
using System.Runtime.Remoting.Channels.Http;
namespace HelloServer
{

public class Hello: MarshalByRefObject
{

public Hello()
{
}
public string HelloWorld(string message)
{

return message;
}

public static void Main()
{

HttpChannel c = new HttpChannel (4242);
RemotingConfiguration.RegisterWellKnownServiceType {

Type.GetType("HelloServer"), "Hello",
WellKnownObjectMode.SingleCall);

}
}

What is the most likely cause of the exception error?

A. You are missing a using declaration.

B. You have used the wrong channel type.

C. You have used the wrong activation mode.
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D. You have not registered the channel.

E. There is no error.

10. Which of the following activation requests would you use in client code to have
a client-activated remote object?

A. ServerObject s = new ServerObject();

B. ServerObject s = (ServerObject) Activator.GetObject ( …);

C. ServerObject s = (ServerObject) new ServerObject();

D. ServerObject s = (ServerObject)
Activator.CreateInstance(…);

11. To which namespace does the Activator class belong?

A. System

B. System.Remoting

C. System.Remote

D. System.Remoting.Activation

12. You have developed a remote object library class for deployment to a web
server. You have established that your configuration files are correct, and now
you feel that your component classes may have an error. When you try to run
the remote hosting application, you receive an application exception. The
following is the code for the remote object:

using System;
using System.Runtime.Remoting;
using System.Runtime.Remoting.Channels;
using System.Runtime.Remoting.Channels.Http;
namespace HelloServer
{

public class Hello: MarshalByRefObject
{

public Hello()
{
}
public string HelloWorld(string message)
{

return message;
}

public static void Main()
{

HttpChannel c = new HttpChannel (4242);
ChannelServices.RegisterChannel (c);
RemotingConfiguration.RegisterWellKnownServiceType {

Type.GetType("HelloServer"), "Hello",
WellKnownObjectMode.SingleCall);

HttpChannel d = new HttpChannel (4242);
ChannelServices.RegisterChannel (d);
RemotingConfiguration.RegisterWellKnownServiceType {

Type.GetType("GoodbyeServer"), "Goodbye",
WellKnownObjectMode.SingleCall);

}
}
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What is the most likely cause of the exception error?

A. You are missing a using declaration.

B. You have used the wrong channel type.

C. You have registered the channels incorrectly.

D. You have not registered the channel.

E. There is no error.

13. To which namespace does the HttpChannel class belong?

A. System.Remoting

B. System.Runtime.Remoting.Channels.Http

C. System.Runtime.Remoting

D. System.Runtime.Remoting.Channels

14. Which line of code will register a channel?

A. ChannelServices.Register (channel);

B. ChannelServices.RegisterChannel(4242);

C. ChannelServices.Register (4242);

D. ChannelServices.RegisterChannel(channel);

15. In which directory does the <application_name>.exe.config file belong?

A. In the bin directory of the application.

B. In the root directory of the application.

C. In the \Winnt\System32 directory.

D. In the \Program Files\Microsoft.NET directory.

Test Answers

1. D. The remote object class must extend MarshalByRefObject.

2. E.

3. B. Singleton mode means that there is a single instance of the component
and state is maintained between method calls.

4. A.

5. B. The client uses an HTTP channel to access an IIS server.

6. A, C.

7. A. There is no need to maintain state between calls. This is the most scalable
option.

8. A.
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9. D.

10. D.

11. A.

12. C. Only one channel registration is allowed.

13. B.

14. D.

15. B.

Chapter 27: .NET Remoting

35

All-In-One / MCAD/MCSD Visual C# .NET Certification All-in-One Exam Guide / Rempel & Lind / 222443-6 / Chapter
27

P
A

R
T

V

P:\010Comp\All-in-1\443-6\ch27.vp
Monday, August 26, 2002 11:56:06 AM

Color profile: Generic CMYK printer profile
Composite  Default screen




