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CLI Type System 

All types 

Reference types 
(allocated on 

managed heap) 

Pointers Value types 
(allocated in-place 

[with exceptions]) 

Classes Interfaces Arrays Delegates 

Simple types 
(Int32, Int64, 

Double, Boolean, 

Char, …) 

Nullables 

Enumerations Structures 

User defined structures 



Parameters 

value parameters (input parameters) 

 void Inc(int x) {x = x + 1;} 
 void f() { 
  int val = 3; 
  Inc(val); // val == 3 
 } 

- "call by value" 

- formal parameter is a copy of the 

 actual parameter 

- actual parameter is an expression 

- "call by reference" 

- formal parameter is an alias for the 

 actual parameter 

 (address of actual parameter is passed) 

- actual parameter must be a variable 

ref parameters (transient parameters) 

 void Inc(ref int x) { x = x + 1; } 
 void f() { 
  int val = 3; 
  Inc(ref val); // val == 4 
 } 



Declaration of Local Variables 

void foo(int a) { 
 int b; 
 if (...) { 
  int b; // error: b is already declared in the outer block 

  int c; 
  int d; 
  ... 
 } else { 
  int a; // error: a is already declared in the outer block (parameter) 

  int d; // ok: no conflict with d in the if block 

 } 
 for (int i = 0; ...) {...} 
 for (int i = 0; ...) {...} // ok: no conflict with i from the previous loop 

 int c; // error: c is already declared in a nested block 

} 
 
 
int e = 1, f; 
if (e == 1) { 
 f = 2; 
} 
e = f; // error: f is not initialized in every possible execution path 

 



Parameters 

value parameters (input parameters) 

 void Inc(int x) {x = x + 1;} 
 void f() { 
  int val = 3; 
  Inc(val); // val == 3 
 } 

- "call by value" 

- formal parameter is a copy of the 

 actual parameter 

- actual parameter is an expression 

- similar to ref parameters 

 but no value is passed by the caller. 

- must not be used in the method before 

 it got a value. 

out parameters (output parameters) 

 void Read (out int first, out int next) { 
  first = Console.Read(); 
  next = Console.Read(); 
 } 
 void f() { 
  int first, next; 
  Read(out first, out next); 
 } 

- "call by reference" 

- formal parameter is an alias for the 

 actual parameter 

 (address of actual parameter is passed) 

- actual parameter must be a variable 

ref parameters (transient parameters) 

 void Inc(ref int x) { x = x + 1; } 
 void f() { 
  int val = 3; 
  Inc(ref val); // val == 4 
 } 



CLI Type System 

All types 

Reference types 
(allocated on 

managed heap) 

Pointers Value types 
(allocated in-place 

[with exceptions]) 

Classes Interfaces Arrays Delegates 

Simple types 
(Int32, Int64, 

Double, Boolean, 

Char, …) 

Nullables 
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CLI Type Inheritance 

System.Object 
(C# keyword: object) 

user-defined classes 
(C# keyword: class) 

delegates 
(C# keyword: delegate) 

pointers 
(C#: Type *) 

System.Delegate 

System.MulticastDelegate 

System.ValueType 

System.Enum 

System.Array 

arrays 
(C#: Type[] or Type[,]) 

System.String 
(C# keyword: string) 

interfaces 
(C# keyword: interface) 

user-defined 

structures 
(C# keyword: struct) 

enumerations 
(C# keyword: enum) 

System.Int32 
(C# keyword: int) 

System.Int64 
(C# keyword: long) 

System.Double 
(C# keyword: double) 

System.Boolean 
(C# keyword: bool) 

… 

simple types 

System.Nullable 
(C#: Type?) 



CLI Type Inheritance 

System.Object 
(C# keyword: object) 

user-defined classes 
(C# keyword: class) 

delegates 
(C# keyword: delegate) 

pointers 
(C#: Type *) 
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System.Enum 

System.Array 
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interfaces 
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user-defined 
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System.Int32 
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System.Int64 
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System.Double 
(C# keyword: double) 

System.Boolean 
(C# keyword: bool) 

… 

simple types 

System.Nullable 
(C#: Type?) 

Interfaces are not inherited from 
System.Object, but 

System.Object members are 
callable/accessible via any interface 

type expression. 



CLI Type Inheritance 
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CLI Type Inheritance (Sealed Types) 

System.Object 
(C# keyword: object) 

user-defined classes 
(C# keyword: class) 

delegates 
(C# keyword: delegate) 

pointers 
(C#: Type *) 

System.Delegate 

System.MulticastDelegate 

System.ValueType 

System.Enum 

System.Array 

arrays 
(C#: Type[] or Type[,]) 

System.String 
(C# keyword: string) 

interfaces 
(C# keyword: interface) 

user-defined 

structures 
(C# keyword: struct) 

enumerations 
(C# keyword: enum) 

System.Int32 
(C# keyword: int) 

System.Int64 
(C# keyword: long) 

System.Double 
(C# keyword: double) 

System.Boolean 
(C# keyword: bool) 

… 

simple types 

System.Nullable 
(C#: Type?) 

sealed 

sealed 

sealed 

sealed 

sealed 

sealed 

sealed 

Optionally 
sealed 



Crossing Value/Reference Type Boundary 

System.Object 
(C# keyword: object) 

user-defined classes 
(C# keyword: class) 

delegates 
(C# keyword: delegate) 

pointers 
(C#: Type *) 

System.Delegate 

System.MulticastDelegate 

System.ValueType 

System.Enum 

System.Array 

arrays 
(C#: Type[] or Type[,]) 

System.String 
(C# keyword: string) 

interfaces 
(C# keyword: interface) 

user-defined 

structures 
(C# keyword: struct) 

enumerations 
(C# keyword: enum) 

System.Int32 
(C# keyword: int) 

System.Int64 
(C# keyword: long) 

System.Double 
(C# keyword: double) 

System.Boolean 
(C# keyword: bool) 

… 

simple types 

System.Nullable 
(C#: Type?) 

un/boxing 

un/boxing 

un/boxing 

un/boxing 


