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The objective of the .NET platform is to provide component-based support for Web applications, Web services, and window applications that is easy to use and language neutral.

Here, by a component we mean a unit of deployment that houses classes (and other types) in such a way as to be reusable and self-describing.

A traditional monolithic executable is built by compiling source files into object files, and then linking those object files into a single executable file.  This is done, for example, with:

gcc –o myapp x.c y.o z.c

This command compiles x.c and z.c into the object files x.o and z.o, and then links x.o, y.o, and z.o into the executable file myapp.

If another executable requires y.o, a separate copy of y.o is linked into that executable.

On the other hand, during the 1990's, dynamically linked libraries (DLLs) came into widespread use.  A DLL is dynamically loaded at runtime when an executable needs it, instead of it being statically linked to the executable (prior to runtime) as an object file.  So instead of having an object file like y.o statically linked into an executable like myapp, we can have a DLL file y.dll, which is dynamically loaded at runtime when myapp requires it.  A single main-memory resident DLL can be shared by many executables.  Such a DLL is roughly what we have in mind when we talk about a .NET component, and part of the .NET objective is to address problems (such as DLL Hell) that arise with the use of these DLLs.  For windows, the evolution was from raw DLLs to COM components to .NET assemblies (we will shortly see what .NET assemblies are).

The .NET platform consists of:

1. The .NET Framework.

2. Compilers for .NET languages (such as C#, Visual Basic .NET, 

   managed C++, J#, and JSCRIPT.NET).

3. The Visual Studio 2008 IDE.

4. .NET Enterprise Servers (such as SQL Server 2008).

5. .NET Building Block Services (Web services that are usable for a

   fee paid to Microsoft).

The .NET Framework consists of:

1. The Common Language Runtime (CLR): A virtual machine that insulates 

   an executing .NET program from the operating system by providing 

   such services as loading assemblies, security checks, garbage 

   collection, threading, and exception handling.

2. The Framework Class Library (FCL): A set of classes and other types 

   (over 7,000 of them) that includes simple int, float, char, byte, 

   and Boolean types, the String class, the Object class, as well as 

   classes for ADO.NET and classes for ASP.NET.

Although the FCL types are implemented in C#, a program written in any .NET compliant language can use them (i.e., call a method in such a FCL class, derive a new class from such a FCL class, etc.).

When working within the .NET Framework, we compile source files into managed modules, and then link the managed modules into a (DLL or EXE) assembly.

A managed module can consist of:

1. Common Intermediate Language (CIL) code that the compiler generated 

   from source code. The CIL is an assembly language for the CLR.  It 

   is a cousin to Java bytecode and PASCAL P-code, although with the 

   execution of CIL code interpretation is strongly deemphasized in 

   favor of compilation into actual machine code.  At runtime, when a 

   method is first called, its CIL is compiled into actual machine 

   code.  This process is referred to as just-in-time (JIT) 

   compilation.

2. Type metadata that describes the classes (and other types) whose CIL code is contained within the module, and which can be used for compile-time and run-time type checking, as well as for other purposes.
3. A manifest (as described below).
An assembly is a logical grouping of managed modules and resource (data) files.  Assemblies are the units of reuse, versioning, and security in .NET, and are the .NET components.  It is the assembly that executes under (the protection of) the CLR.  

An assembly is either a DLL assembly or an EXE assembly.  A DLL assembly can be referenced by other assemblies, and its execution is caused by the execution of such referencing assemblies.  An EXE assembly is the root (entry point) assembly for an application, and is used to initiate the execution of that application. When coding in C#, an EXE assembly must contain at least one class that has an appropriately defined Main method.
The assembly file for an assembly has the extension .dll or .exe and is considered the primary module for the assembly.  The manifest for the primary module is called an assembly manifest and contains (among othet things) an entry for each of the modules in the assembly and an entry for each resource file in the assembly.. An important kind of assembly whose assembly file contains CIL code and type metadata is a single-file (as opposed to multi-file) assembly that consists of one file which is the (only) managed module for the assembly, and hence contains the CIL code and metadata for all of the types in the assembly. For a multi-file assembly, it is possible that the assembly file does not contain any CIL code or type metadata, as we shall see in Example 6 below. 
Examples of Assembly and Managed Module Generation

Using Command Line Tools

We will illustrate and elaborate upon the above concepts by using Notepad to edit some simple C# programs, and using the command line invocation of tools, such as csc (the C# compiler) and al (the assembly linker), to generate assemblies and managed modules from source code.

We will execute these tools from the Visual Studio 2008 command prompt, instead of from the DOS command prompt, so as to avoid using (and having to know) the full path of the tool programs.  

In the next handout, we will take a look at editing and compiling using the Visual Studio 2008 IDE.

EXAMPLE 1 (a single-file assembly containing one class, which is built from one source file, and which only references the mscorlib assembly):

First go to the Visual Studio 2008 command prompt by clicking on Start, All Programs, Microsoft Visual Studio 2008, Visual Studio Tools, Visual Studio 2008 Command Prompt.  You will then get the following command box:
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Next, use the DOS cd command to change directory to the one you want to work in.  In the below, we cd to the root directory of the C drive:
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At this point, we assume that we have created (using Notepad, for example) a C# source file named easy.cs.  To verify this, we display the source file from the command prompt (note that we created the file as Easy.cs, but case insensitivity allows us to ignore case in the file name):
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Next, to compile this source file into a module, and then link the module into an assembly, we enter csc easy.cs.  This will generate the assembly file easy.exe.  This assembly is called a single file assembly because it consists of only one file, namely easy.exe, which contains the one module and the manifest for the assembly.  Then we execute the assembly by entering easy (we also could have entered easy.exe).  Finally, in the below, we enter dir easy.* to see what was generated by the csc command.
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We can use the intermediate language disassembler ILDASM to take a peek inside the assembly.  We can do this from the command line prompt by entering ildasm easy.exe (note that you cannot just enter ildasm easy, i.e., ILDASM expects the name of an assembly file, not the name of an assembly).  ILDASM will display a listing of the manifest contents, as well as displaying a listing of the CIL code for each type defined in the assembly.  Optionally, it can also display metadata.
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If we click on MANIFEST, we will get a listing of the manifest contents.
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Note that the manifest lists all the modules in the assembly (in this case only easy.exe), as well as any other assemblies that are referenced by the assembly (in this case only mscorlib, which houses basic FCL classes, and whose reference was automatically included in the assembly by the compiler).

If we click on Easy, and then click on one of the listed methods, we will get a listing of the CIL code for that method.
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Entering CTL-M when in ILDASM will cause metadata tables to be displayed.
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Example 2 (a single-file assembly containing three classes, which is built from one source file, and which only references the mscorlib assembly):

easy2.cs

using System;

public class VeryEasy

{ public static void Easy()

  { Console.WriteLine("I am very easy");

  }

}

public class VeryVeryEasy

{ public static void Easy()

  { Console.WriteLine("I am very very easy");

  }

}

public class Easy2

{ public static void Main()

  { VeryEasy.Easy();

    VeryVeryEasy.Easy();

  }

}

csc easy2.cs

easy2

I am very easy

I am very very easy

Example 3 (a single-file assembly containing three classes, which is built from two source files, and which only references the mscorlib assembly):

easy3.cs

using System;

public class Easy3

{ public static void Main()

  { VeryEasy.Easy();

    VeryVeryEasy.Easy();

  }

}

easys.cs

using System;

public class VeryEasy

{ public static void Easy()

  { Console.WriteLine("I am very easy");

  }

}

public class VeryVeryEasy

{ public static void Easy()

  { Console.WriteLine("I am very very easy");

  }

}

csc /out:easy3.exe easy3.cs easys.cs

easy3

I am very easy

I am very very easy

Example 4 (a single-file assembly containing one class, which is built from one source file, and which references another assembly in addition to the mscorlib assembly):

csc /t:library easys.cs

csc /r:easys.dll /out:easy4.exe easy3.cs

easy4

I am very easy

I am very very easy

Example 5 (a single-file assembly containing one class, which is built from one source file, and which references two other assemblies in addition to the mscorlib assembly):

veryeasy.cs

using System;

public class VeryEasy

{ public static void Easy()

  { Console.WriteLine("I am very easy");

  }

}
veryveryeasy.cs

using System;

public class VeryVeryEasy

{ public static void Easy()

  { Console.WriteLine("I am very very easy");

  }

}

csc /t:library veryeasy.cs

csc /t:library veryveryeasy.cs

csc /r:veryeasy.dll,veryveryeasy.dll /out:easy5.exe easy3.cs

easy5

I am very easy

I am very very easy

ildasm easy5.exe
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Example 6 (a single-file assembly containing one class, which is built from one source file, and which references a multifile assembly, in addition to referencing the mscorlib assembly):

csc /t:module veryeasy.cs

csc /t:module veryveryeasy.cs

al /out:easys6.dll veryeasy.netmodule veryveryeasy.netmodule

csc /r:easys6.dll /out:easy6.exe easy3.cs

easy6

I am very easy

I am very very easy

ildasm easys6.dll
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Unlike any of the assemblies in the previous examples, the assembly file easys6.dll for the easys6 assembly consists only of a manifest(there are no classes listed because the easys6.dll file because the classes in the assembly are all defined, i.e.,their metadata and CIL provided, in the .netmodule files).  

Compare the above disassembly of easys6.dll to the following disassembly of easys.dll (from Example 4).

ildasm easys.dll
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Example 7 (same as Example 6, except the assembly file for the DLL assembly will contain one of the classes in addition to containing the manifest for the assembly):

csc /t:module veryeasy.cs

csc /addmodule:veryeasy.netmodule /t:library /out:easys7.dll veryveryeasy.cs

csc /r:easys7.dll /out:easy7.exe easy3.cs

easy7

I am very easy

I am very very easy

ildasm easys7.dll
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Example 8 (a multifile EXE assembly containing three modules):

csc /t:module veryveryeasy.cs

csc /addmodule:veryeasy.netmodule,veryveryeasy.netmodule /out:easy8.exe easy3.cs

easy8

I am very easy

I am very very easy

ildasm easy8.exe
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A DLL assembly that is not strongly named (which is the only kind we have seen so far) must be installed in the same directory as its referencing EXE assembly, or in a subdirectory of that directory.  In order for the DLL assembly to be installed in such a subdirectory (and for the loader to be able to find that DLL assembly when the EXE assembly is executed), we have to create a .config file for the EXE assembly.  That .config file must contain a probing element for that subdirectory.  We next modify Example 4 to illustrate this. 

Example 9 (installing a DLL assembly in a subdirectory of an EXE assembly that references it):

mkdir subeasys

cd subeasys

csc /t:library /out:easys9.dll C:\easys.cs

cd ..

csc /r:subeasys\easys9.dll /out:easy9.exe easy3.cs

notepad easy9.exe.config

Enter in notepad:

<configuration>

  <runtime>

    <assemblyBinding xmlns="urn:schemas-microsoft-com:asm.v1">

      <probing privatePath="subeasys" />

    </assemblyBinding>

  </runtime>

</configuration>

Exit from notepad.

easy9

I am very easy

I am very very easy

A strongly-named assembly is an assembly that has a public key, a private key, and a version number associated with it.  In the next example, we modify Example 6 so as to see that a strongly-named DLL assembly can be installed in an arbitrary directory.

Example 10 (creating a strongly-named DLL assembly and installing it in a directory that is not a subdirectory of the referencing EXE assembly):

C:\>sn /k easykeyfile.snk 

Microsoft (R) .NET Framework Strong Name Utility  Version 2.0.50727.42

Copyright (c) Microsoft Corporation.  All rights reserved.

Key pair written to easykeyfile.snk

C:\>al /keyfile:easykeyfile.snk /t:library /out:easys10.dll /version:1.0.0.0 veryeasy.netmodule veryveryeasy.netmodule 

Microsoft (R) Assembly Linker version 8.00.50727.42

for Microsoft (R) Windows (R) .NET Framework version 2.0.50727

Copyright (C) Microsoft Corporation 2001-2003. All rights reserved.

C:\>sn –T easys10.dll
Public key token is 62c9edd8303ed44e
mkdir subexe

cd subexe

csc /r:C:\easys10.dll /out:easy10.exe C:\easy3.cs

notepad easy10.exe.config

Enter in notepad:

<configuration>

  <runtime>

    <assemblyBinding xmlns="urn:schemas-microsoft-com:asm.v1">

     <dependentAssembly>

      <assemblyIdentity

        name="easys10"

        publicKeyToken="62c9edd8303ed44e"

        culture=""/>

        <codeBase

          version="1.0.0.0"

          href="C:\easys10.dll"/>

     </dependentAssembly>

    </assemblyBinding>

  </runtime>

</configuration>
Exit from notepad.

easy10

I am very easy

I am very very easy

Please note in the above that we execute easy10 from the subexe subdirectory.

Note also that if we make any changes in the strongly-named easys10.dll, easy10.exe won't run.  This would not be the case if easy10.dll were not strongly-named.

A shared assembly (i.e., a public as opposed to private assembly) is an assembly that is installed in the Global Assembly Cache (GAC).  Note that only strongly-named assemblies can be installed in the GAC.  A shared assembly can be referenced by an EXE assembly that does not have a .config file, no matter in which directory the EXE assembly is installed.  Also, different versions of a shared assembly can execute side-by-side in the GAC (instead of one version replacing the other –opening the gates to DLL Hell).  Since a particular EXE assembly will reference a specific one of these versions, the presence of the other versions will not cause any problems for that EXE assembly.  This provides the .NET solution to the DLL Hell problem.  The following example is a modification of Example 10, in which we install the DLL assembly into the GAC, so as to avoid needing the .config file.

Example 11 (creating a shared assembly): 

sn /k easykeyfile11.snk
al /keyfile:easykeyfile11.snk /t:library /out:easys11.dll /version:1.0.0.0 veryeasy.netmodule veryveryeasy.netmodule

gacutil /i easys11.dll
cd subexe

csc /r:C:\easys11.dll /out:easy11.exe C:\easy3.cs

del C:\easys11.dll

easy11

I am very easy

I am very very easy

Note that in the above, we deleted the local copy of easys11.dll, just to prove that it was obtainable from the GAC.  In general, we want to keep the local copy, so that we can reference it from future csc command executions.

Example 12 (using the csc keyfile option and C# attributes in the creation of a strongly-named assembly):

easys12.cs

using System;

using System.Reflection;

[assembly:AssemblyVersion("1.0.0.0")]

public class VeryEasy

{ public static void Easy()

  { Console.WriteLine("I am very easy");

  }

}

public class VeryVeryEasy

{ public static void Easy()

  { Console.WriteLine("I am very very easy");

  }

}

sn /k keyfile12.snk

csc /t:library /keyfile:keyfile12.snk easys12.cs
We can then use the strongly-named assembly easys12.dll in any way appropriate to a strong assembly.
