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1. CLR (Common Language Runtime)

The CLR is an abstraction over the Operating System and provides a virtual environment to execute .NET managed applications. It is somewhat similar to Java’s Virtual Machine (JVM). However the CLR implementations can run only under the windows platform. The CLR forms the environment in which all the compiled code (IL code) can be JIT compiled to native machine code. 

When executing a managed code, the CLR ensures that the system’s security policy is not violated. Also the CLR performs a memory and type safety check before running the code. The CLR also calls up the garbage collector to free up unused memory. 
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1. An introduction to the Common Language Infrastructure (CLI)

The ECMA Standard standardizes the Common Language Infrastructure (CLI) in which applications written in various high level languages may be executed in different system environments without the need to rewrite the application and make it environment specific. 
The Common Language Infrastructure (CLI) provides a specification for executable code and the execution environment (the Virtual Execution System, or VES) in which it runs. The Common Language Infrastructure (CLI)  uses the Common Type System (CTS). The CTS defines the rules for the CLI while declaring, using, and managing defined types. 
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2.1
.NET’s Common Type System (CTS)

The .NET platform uses the CTS to enable language interoperability. The CTS defines a hierarchy of data types to standardize all languages supported on the .NET platform. All .NET data types are derived from System.Object library. Hence all these defined types share the same ability to be serialized, referenced, collected etc irrespective of the original language chosen. 

Each predefined type in C# maps to a specific type in the compiled IL language. The same holds true for VB.Net, Managed C++, J++ etc. In fact all languages supported on the .NET platform will compile to the same IL based on the same set of data types. So really speaking, the choice of any Higher Level Language is really a matter of personal preference. When compiled, the IL will be the same, irrespective to the original HLL chosen. At present many independent Research groups are also trying to produce compiler for languages that target the .NET framework. The languages include Cobol, Eiffel, Python and Fortran.

For Example – The IL defines a basic type called Int32 which is a 32 bit signed integer. The same data type is represented by Integer in VB.Net and int in C#.

The hierarchy of data types in the CTS can be shown as follows –
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2.2 Compliance with the Common Language Specification (CLS)

For your code to be CLS compliant, it has to adhere to the following requirements.

· Your code must not use global methods or variables.

· All types appearing in a method must be defined in the CTS. All arrays must have elements that are CLS compliant types. Certain data types like sbyte, ushort, uint or ulong must not be used as public or protected members.

· Enumeration must be of type Int16, Int32 or Int64. Enumerations of any other types are not CLS compliant.

· No pointers permitted. In C# we can still use pointers (by using an unsafe code block). However the code will not be CLS compliant if used in public or protected methods.

The above listed requirements for CLS compliance apply only to public and protected members. We can still use non CLS compliant types in our private implementation but the assembly will be CLS compliant.

2. Structure of the metadata     
Streams in the Metadata –

At the most, five named streams can be present at one time in the metadata. 

#strings heap

A stream header with name #strings points to the representation of the string heap. The string heap contains class names, method names, field names etc. Each of the entry in the heap is represented by a UTF-8 encoded (and null terminated) string. (The stream however does not contain literal constants defined in any of the methods).

#blob heap 

A stream header with name #blob points to the representation of the string heap. The blob heap contains binary objects internal to the metadata. 

#GUID heap
The #GUID heap represents a sequence of 128 bit Globally Unique Identifiers.

#US heap
The #US heap represents all user defined strings, stored in Unicode format. The #US heap is actually a special case of #blob heaps. Hence even the #US heaps can be used for representation of the metadata’s internal binary objects.

#~ stream  
This is a representation of an optimized metadata stream. This #~ stream is an actual physical representation of metadata tables.

The header for the #~ stream is defined as follows –

	Field 
	Size (bytes)
	Offset
	Description

	
	
	
	

	Reserved
	4
	0
	Always set to 0

	Major Ver
	1
	4
	Major Version of table schema (set to 1)

	Minor Ver
	1
	5
	Minor Version of table schema (set to 0)

	Heap Sizes
	1
	6
	Bit vectors to indicate the offset sizes within the heaps. 

0x01 - 4 byte unsigned int for #string heap

0x02 - 4 byte unsigned int for #GUID heap

0x04 - 4 byte unsigned int for #blob heap

0x20 and 0x80 for special cases. 

	Reserved
	1
	7
	Bit count for the Record Index (maximal) to all metadata tables. Calculated at run time during metadata stream initialization.

	Valid Mask
	8
	8
	Bit vector to represent the tables that are present. All bits above 0x2B shall be set to zero. 

	Sorted
	8
	16
	Bit vector to represent the tables that are sorted.

	Rows
	4n
	24
	This is actually an array of unsigned integers (4 byte) to indicate the number of rows for each table present. Each of the integers indicate the number of records in each table marked as 1 in Valid Mask field.

	Tables
	??
	24 + 4n
	Detailed description given below.


Metadata Tables -

The metadata table schema defines 44 tables. Each metadata table has the following descriptor –

	Field 
	Type
	Description

	
	
	

	pColDefs
	Pointer to ?
	This is a pointer to an array of column descriptors.

	cCols
	BYTE
	Total number of columns in the table

	iKey
	BYTE
	The index of the key column

	cbRec
	WORD
	The size of a record in the table


The column descriptors (pointed to by the pColDef pointers) have the following structure –

	Field 
	Type
	Description

	
	
	

	Type
	BYTE
	??

	oColumn
	BYTE
	Offset for the column

	cbColumn
	BYTE
	Size of the column in bytes


TypeDef
.class public auto ansi MyCustomClass extends [mscorlib]System.Object {………………}

The above declaration defines a TypeDef metadata item. TypeDef items in the metadata are required to describe all classes, structs, enums defined in the assembly. 

Flags for the TypeDef item are – public, auto, ansi

TypeRef

To access any class defined outside current module, we have to use a TypeRef item from the metadata. 

FieldDef
Accessibility flags for metadata item FieldDef are public, static, assembly, family, famandassem, famorassem, private, privatescope.

MethodDef
The signature of a MethodDef item in the metadata is defined by its calling convention, return type and type of parameters. 
MemberRef

MemberRef items are members of TypeRefs. There are no separate FieldRef and MethodRef items in the metadata. MemberRef items account for references to both of them.

References –

· Programming Microsoft .Net by Jeff Prosise

· C# .Net Web Developer’s Guide by Syngress Publications

· Professional C# by Wrox Publications

· Inside IL .NET assembler by Serge Lidin

Web-Links –

· www.codeproject.com
· www.msdn.com
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