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...our special individuality, as distinguisned from
our generic humanity.

— Oliver Wendell Holmes, Sr.

Every man of genius seesthe world at a different
angle from hisfellows.

— Havelock Ellis

Born under one law, to another bound.
— Lord Brooke
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In this chapter you will learn:

To create generic methods that perform identical
tasks on arguments of different types.

To create a generic Stack class that can be used
to store objects of any class or interface type.

To understand how to overload generic methods
with non-generic methods or with other generic
methods.

To understand the new () constraint of a type
parameter.

To apply multiple constraints to a type parameter.

The relationship between generics and
Inheritance.
< >
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Introduction

Motivation for Generic Methods
Generic Method Implementation
Type Constraints

Overloading Generic Methods
Generic Classes

Notes on Generics and Inheritance
Wrap-Up

<4 >
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e Generics

- New feature of C# 2.0
- Provide compile-time type safety
« Catch invalid types at compile time
- Generic methods
» A single method declaratiol
» A set of related methods
- Generic classes
* A single class declaration
* A set of related classes
- Generic interfaces
» A single interface declaration
» A set of related interfaces

<4 >
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e Overloaded methods

- Perform similar operations on different types of dda

- OverloadedPrintArray methods
e intarray
e double array
e char array

<4 >
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// Fig. 26.1: overloadedMethods.cs
// Using overloaded methods to print arrays of different types.
using System;

class overloadedMethods
{
static void Main( string[] args )
{
// create arrays of int, double and char
int[] intArray = { 1, 2, 3, 4, 5, 6 };
double[] doubleArray = { 1.1, 2.2, 3.3, 4.4, 5.5, 6.6, 7.7 };
char[] charArray = { 'H', "', 'L', 'L', '0" };

console.writeLine( "Array intArray contains:" );
PrintArray( intArray ); // pass an int array argument
console.WriteLine( "Array doubleArray contains:" );
PrintArray( doubleArray ); // pass a double array argument
console.writeLine( "Array charArray contains:" );
PrintArray( charArray ); // pass a char array argument

} // end main

// output int array
static void PrintArray( int[] inputArray )
{

Qutline

Declare three arrays df
different types

overloaded
Methods .cs

(1 of 2)

Method calls that invoke threg
separate methods that t
the same functionality

foreach ( int element in inputArray ) Accept anint array and
Console.write( element + " " ); «— | output its elements

Console.writeLine( "\n" );
} // end method PrintArray

<4 >
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30 8

31 // output double array Outline

32 static void PrintArray( double[] inputArray ) -

33 {

34 foreach ( double element in 1'nputAr'r'ay‘/)/ Accept adou_b1e array and

35 console.write( element + " " ); output its elements

36 overloaded
37 console.writeLine( "\n" ); Methods .cs
38 } // end method PrintArray

39 (2 of 2)

40 // output char array
41 static void PrintArray( char[] inputArray )

42 {

43 foreach ( char element in inputArray ) Accept achar array and
44 Console.write( element + " " ); <«— | output its elements
45

46 console.writeLine( "\n" );

47 } // end method PrintArray
48 } // end class Overloadedmethods

Array intArray contains:
123456

Array doubleArray contains:
1.1 2.2 3.3 4.45.56.6 7.7

Array charArray contains:
HELLO

<4 >
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e Study eachPrintArray method

- Array element type appears in two location
« Method header
« foreach statement header

e Combine threePrintArray methods into ont

- Replace the element types with a generic nante

- Declare onePrintArray method
» Display the string representation of the elementsfany array

<4 >
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static void PrintArray( E[] inputArray )
{

foreach ( E element in inputArray )
console.write( element + " " );

Console.writeLine( "\n" );
} // end method PrintArray

10
Qutline

PrintArray Method

<4 >
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 Reimplement Fig. 26.1 using a generic method

- Method calls are identical
- Outputs are identical

e Generic method declaration

- Type parameter lisl
» Delimited by angle brackets (< and > )
* Precede the method’s return type
« Contain one or more type parameters
- Separated by commas

<4 >
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// Fig. 26.3: GenericMethod.cs

// Using overloaded methods to print arrays of different types.
using System;

using System.Collections.Generic;

class GenericMethod
{
static void Main( string[] args )
{
// create arrays of int, double and char
int[] intArray = { 1, 2, 3, 4, 5, 6 };
double[] doubleArray = { 1.1, 2.2, 3.3, 4.4, 5.5, 6.6, 7.7 };
char[] charArray = { 'H', 'E', L', "L', '0" };

console.writeLine( "Array intArray contains:" );
PrintArray( intArray ); // pass an int array argument
console.writeLine( "Array doubleArray contains:" );
PrintArray( doubleArray ); // pass a double array argument
console.writeLine( "Array charArray contains:" );
PrintArray( charArray ); // pass a char array argumen

} // end Main

12
Qutline

GenericMethod.cs

(1 of 2)

Call generic method to
print out elements of
arrays of different type

<4 >
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24
25
26
27
28
29
30

31 } // end class GenericMethod

// output array of all types

. — | Generic method header
static void PrintArray< E >( E[J _inputArray )

{ ~_

13

foreach ( E &tement in inputAr
console.write( element + " " );

Console.writeLine( "\n" );
} // end method PrintArray

Use the type parameter as an identifier
in place of actual type names

GenericMethod.cs

Type parameter list

Array intArray contains:

123456

Array doubleArray contains:
1.1 2.2 3.3 4.4 5.5 6.6 7.7

Array charArray contains:
HELLDO

Output the elements in
an array of any type

<4 >
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e Type parameter

- An identifier that specifies a generic type name

- Used to declare return type, parameter types and tal variable
types

- Act as placeholders for the types of the argumentgssed to the
generic method

* Type Inferencing

- When complier determines that an exact match occun§ the type
parameter E of a method is replaced with a type ahe elements
In method call's argument, then the complier setspa call to the
method with that type as the type argument for thgparameter E

- Use explicit type arguments to indicate the exacype that should
be used to call a generic function

PrintArray< int >( intArray );

<4 >
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If you forget to include the type parameter list
when declaring a generic method, the compiler
will not recognize the type parameter names
when they are encountered in the method. Thi
results in compilation errors.

<4 >
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It Is recommended that type parameters be
specified as individual capital letters. Typically,
a type parameter that represents the type of an
element in an array (or other collection) i<
namedE for “element” or T for “type.”

<4 >
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If the compiler cannot find a single non-generic

or generic method dec
match for a method ca

aration that is a best
|, or If there are multiple

best matches, a compi

ation error occur.

<4 >
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* Type Constraints

- GenericMaximum method
o Determines and returns the largest of its three angments (of
the same type)
* The type parameter declares both the method’s retur type and
Its parameters
- Expressions like variablel < variable2 is not allowednless
the compiler can ensure that the operator < is praded for
every type that will ever be used in the generic ce

- Cannot call a method on a generic-type variable usks the
compiler can ensure that all types that will ever b used in
the generic code support that method

<4 >
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« IComparable< E > Interface

Allow objects of the same type to be compared
* Must implement the generic interfacelComparable<T >

IComparable < T > objects can be used with the sorting and
searching methods of classes in the
System.Collections.Generic namespace

The structures that correspond to the simple typeall implement
this interface

Must declare aCompareTo method for comparing objects

» Returns O if the objects are equal
* Returns a negative integer if intl is less than int2
« Returns a positive integer if intl is greater than int2

<4 >
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e Specifying Type Constraints
- IComparable objects cannot be used with generic code
by default
* Not all types implement interfaceIComparable<T >

» Restrict the types that can be used with a genermoethod or
class to ensure that they meet certain requiremer

- Known as a type constraint

» Restricts the type of the argument supplied to a
particular type parameter

- Thewhere clause specifies the type constraint for type
parameter T

<4 >
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C# provides several kinds of type constraints
» Class constraint

- Indicates that the type argument must be an objeatf a specific base class
or one of its derived classes

« Can specify that the type argument must be a referee type or a
value type

- Use the reference type constraintdlass)
- Use the value type constraintgtruct)
» Interface constraint

- Indicates that the type argument’s class must implaent a specific
interface

e Constructor constraint new()

- Indicate that the generic code can use operatarew to create new objects
of the type represented by the type parameter

e Must provide pub1ic parameter-less or default constructor

- Ensure that objects of the class can be createdtWwout passing
constructor arguments

» Multiple constraints to a type parameter
- Provide a comma-separated list of constraints in tawhere clause
» Class, reference type or value type constraint mudie listed first
- Only one of these types of constraints can be uséat each type

parameter
* Interface constraints are listed next
« The constructor constraint is listed last (if thereis one) < »

[0 2006 Pearson Education, Inc. All rights reserved.
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// Fig 26.4: MaximumTest.cs
// Generic method maximum returns the largest of three objects.

using System;

class MaximumTest

{

static void Main( string[] args )
{
console.writeLine( "Maximum of {0}, {1} and {2} is {3}\n",
3, 4, 5, Maximum( 3, 4, 5) );
console.writeLine( "Maximum of {0}, {1} and {2} 3 "

22
Qutline

MaximumTest.cs

(1 of 2)

6.6, 8.8, 7.7, Maximum( 6.6, 8.8, 7.7 ) );*
console.writeLine( "Maximum of {0}, {1} and {2} is {3
llpearll, llapp'lell, "Orange",

Maximum( "pear"”, "apple", "orange" )
} // end Main

// deneric function determines the
// largest of the IComparable objects

Call generic interface
type constraint
methodMaximum

<4 >
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23
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25
26
27
28
29
30
31
32
33

static T_Maximum< T. >( T x, Ty, T z ) where T :

T max

// compare y with

// compare z with max
if ( z.CompareTo( max ) > 0 )
max = z; // z is the largest

return max; // return largest object
} // end method Maximum

34 } // end class MaximumTest

Maximum of 3, 4 and 5 is 5

Maximum of 6.6, 8.8 and 7.7 is 8.8

Maximum of pear, apple and orange is pear

IComparable < T > 23
Qutline

is init\ally the largest

MaximumTest.cs

(2 of 2)

Indicates that this method

requires the type arguments

to implement interface
IComparable<T>

Uses type parameter T as

return type of the method

and as the type of the
method parameters

<4 >
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» Generic method may be overloaded

- By another generic method with:
« Same method name
» Different method parameters
- By non-generic methods with:
« Same method name
* Any number of parameters

» Compiler encountering a method call

- Searches for the method declaration that most precisely mdtes the
method name and argument types

- (Generates an error:

* Ambiguity due to multiple possible matches
* No matches

<4 >
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e Generic classes

Simple, concise notation to indicate the actual tyg(s)

At compilation time, C# compiler:
» Ensures the type safety
* Replaces type parameters with actual arguments
- Enable client code to interact with the generic class
Generic class declaration
e Class name
* Followed by a type parameter list
- Optional: constraint on its type parameter
Type parameter E
* Represents the element type that is manipulated
« Used throughout the class declaration to represent the elemt type

<4 >
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// Fig. 26.5: Stack.cs 26

//-Gener'ic class stack Type parameteE is used Outline
using System; throughout thestack class to

represent the element type
class Stack< E > ‘ / P yP

{ Stack.cs
private int top; // location of the top element

private E[] elements; array that stores Stack elements
Declareelements as

// parameterless constructor creates a Stack of the default size an array of type&
public stack() : this(C 10 ) // default stack size
{

// empty constructor; calls constructor at line 17 to perform init
} // end stack constructor

// constructor creates a Stack of the specified number of elements
public Stack( int stackSize )
{

if ( stackSize > 0 ) // validate stackSize

elements = new E[ stackSize ]; Initialize elements to

the appropriate size

else

elements = new E[ 10 ]; create 10 elements

top = -1; // Stack initially empty
} // end Sstack constructor

<4 >
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48

// push element onto the Stack; if successful, return true

// otherwise, throw FullStackException
public void Push( E pushvalue )
{

if ( top == elements.Length - 1 ) // Stack is full

throw new FullstackException( String.Format(
"Stack is full, cannot push {0}", pushvalue ) );

top++; // increment top

elements[ top ] = pushvalue; // place pushvalue on Stack

} // end method Push

// return the top element if not empty
// else throw EmptyStackException
public E Pop()

{
if ( top == -1 ) // Stack is empty

throw new EmptyStackException( "Stack is empty, cannot pop" );

top--; // decrement top

\

— ] Incrementtop

return elements[ top + .. // return top value
by e ISR T o Decrementtop counter

49 } // end class Stack

to indicate the new
top position and
return the original tof
element

27
Qutline

Stack.cs

Throw exception
if stack is full

counter to indicate
the new top

position and store
the argumen

~—| Throw exception if
stack is empty

<4 >
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// Fig. 26.6: FullstackException.cs
// Indicates a stack is full.
using System;

Create customize
class FullstackException : ApplicationException exception for when

{ the stack is full

/

// parameterless constructor
public FullstackException() : base( "sStack 1is full" )
{

// empty constructor
} // end FullstackException constructor

// one-parameter constructor
public FullstackException( string exception ) : base( exception )
{
// empty constructor
} // end FullstackException constructor
} // end class FullStackException

28
Qutline

Fullstack
Exception.cs

<4 >
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// Fig. 26.7: EmptyStackException.cs
// Indicates a stack is empty

using System;
<« |
class EmptyStackException : ApplicationException

{

Create customize
exception for when
the stack is empty

// parameterless constructor

public EmptyStackeException() : base( "Stack is empty" )

{

// empty constructor
} // end EmptyStackException constructor

// one-parameter constructor

public EmptyStackException( string exception ) : base( exception )

{

// empty constructor
} // end EmptyStackException constructor
} // end class EmptyStackException

29
Qutline

EmptyStack
Exception.cs

<4 >

[1 2006 Pearson Education,
Inc. All rights reserved.



© 0 N O Ol WON PP

N NNNNNRRRERRERERRPR R PR
O R WOWNRPFPO O OM~NOO UM WNIERO

// Fig. 26.8: StackTest.cs 30

// Stack generic class test program. Outline
using System;

class StackTest

{

// create arrays of doubles and ints StackTest.cs
static double[] doubleElements =
new double[]{ 1.1, 2.2, 3.3, 4.4, 5.5, 6.6 }; (L of 7)

static int[] intElements =
new int[]{ 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 };

static Stack< double > doubleStack; // stack stores double objects
static Stack< int > intStack; // stack stores int objects

static void Main( string[] args ) Create and I_nStantlateS a
{ stack ofint and a

doublestack = new Stack< double >( 5 ); // stack of doubtes stack ofdouble
intStack = new Stack< int >( 10 ); // Stack of ints

TestPushDouble(); // push doubles onto doubleStack
TestPopDouble(); // pop doubles from doubleStack

TestPushInt(); // push ints onto intStack
TestPopInt(); // pop ints from intStack ‘\\\\\\\\\\
} // end Main

Manipulate the two stacks

A\~

<4 >
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32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48

// test Push method with doubleStack
static void TestPushDouble()

{

// push elements onto stack
try
{

console.writeLine( "\nPushing elements onto doubleStack" );

// push elements onto stack
foreach ( double element in doubleElements )

{

P

31
Qutline

StackTest.cs

(2 of 7)

Console.write( "{0:F1} ", element );
doubleStack.Push( element ); // push onto doubleStack
} // end foreach
} // end try
catch ( FullstackException exception )

{

Push the elements of
doubleElements into
doubleStack

console.Error.writeLine(Q); <
Console.Error.wWriteLine( "Message: " + exception.Message );
Console.Error.writeLine( exception.StackTrace );

} // end catch

} // end method TestPushDouble

Exception handling for
when the stack is full

<4 >
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55
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58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

// test Pop method with doubleStack
static void TestPopDouble()
{

// pop elements from stack
try
{

console.writeLine( "\nPopping elements from doubleStack" );

double popvalue; // store element removed from stack

// remove all elements from Stack

32
Qutline

StackTest.cs

(30f7)

while ( true ) <
{
popvalue = doubleStack.Pop(); // pop from doubleStack
Console.write( "{0:F1} ", popvalue );
} // end while

Pop the elements of
doubleETements off
doubleStack

} // end try
catch ( EmptyStackException exception )
{ <

console.Error.writeLine(Q);
Console.Error.wWriteLine( "Message: + exception.Message );
Console.Error.writeLine( exception.StackTrace );
} // end catch
} // end method TestPopDouble

Exception handling for
when the stack is empty

T

<4 >
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75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

// test Push method with intStack
static void TestPushInt()

{

// push elements onto stack
try
{

Console.writeLine( "\nPushing elements onto intStack" );

// push elements onto stack
foreach ( int element in intElements )

{

P
<

33
Qutline

StackTest.cs

(4 of 7)

Console.write( "{0} ", element );
intStack.Push( element ); // push onto intStack
} // end foreach
} // end try
catch ( FullstackException exception )

{

Push the elements of
intElements into
theintStack

console.Error.writeLine(Q); <
Console.Error.writeLine( "Message: " + exception.Message );
Console.Error.writeLine( exception.StackTrace );

} // end catch

} // end method TestPushInt

Exception handling for
when the stack is full

<4 >
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98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

// test Pop method with intStack
static void TestPopInt()

{

// pop elements from stack
try
{

Console.writeLine( "\nPopping elements from intStack" );
int popvalue; // store element removed from stack

// remove all elements from Stack
while ( true )

{
popvalue = intStack.Pop(); // pop from intStack

34
Qutline

StackTest.cs

(50f7)

Console.write( "{0} ", popvalue );
} // end while

} // end try

Pop the elements of
intElements off
intStack

<4 >
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115 catch ( EmptyStackException exception ) 35

116 { T | Exception handling for

117 console.Error.writeLine(Q); when the stack is empty
118 Console.Error.writeLine( "Message: " + exception.Message );

119 Console.Error.writeLine( exception.StackTrace );

120 } // end catch

121} // end method TestPopInt StackTest.cs

122 } // end class StackTest
(6 of 7)
~ Pushing elements onto doubleStack
1.1 2.2 3.3 4.4 5.5 6.6
% Message: Stack is full, cannot push 6.6
5 at Stack 1.Push(E pushvalue) in
C:\Examples\ch25\Fig25_05\Stack\Stack.cs:1ine 32
at StackTest.TestPushDouble() 1in
C:\Examples\ch25\Fig25_05\Stack\StackTest.cs:1ine 39

Popping elements from doubleStack
- 5.54.43.32.21.1
Message: Stack is empty, cannot pop
: at Stack 1.Pop() in C:\Examples\ch25\Fig25_05\Stack\Stack.cs:1ine 44
at StackTest.TestPopDouble() in
C:\Examples\ch25\Fig25_05\Stack\StackTest.cs:Tine 63

<4 >
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Pushing elements onto intStack

1234567891011
Message: Stack is full, cannot push 11
at Stack 1.Push(E pushvalue) 1in
C:\Examples\ch25\Fig25_05\Stack\Stack.cs:1ine 32
at StackTest.TestPushInt() in StackTest.cs
C:\Examples\ch25\Fig25_05\Stack\StackTest.cs:1ine 87

Qutline

(7 of 7)
Popping elements from intStack
10987654321
Message: Stack is empty, cannot pop
at Stack 1.Pop(Q) in C:\Examples\ch25\Fig25_05\Stack\Stack.cs:1line 44
at StackTest.TestPopInt() in
C:\Examples\ch25\Fig25_05\stack\StackTest.cs:1ine 111

<4 >
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// Fig 26.9: StackTest.cs

// Stack generic class test program. Outline
using System; [
using System.Collections.Generic;

class StackTest
{ StackTest.cs
// create arrays of doubles and ints
static double[] doubleElements = (1 of 5)
new double[]{ 1.1, 2.2, 3.3, 4.4, 5.5, 6.6 };
static int[] intElements =
new int[]1{ 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 };

static Stack< double >doublestack; // stack stores double objects

static Stack< int >intStack; // stack stores—i ] ]
Create and instantiates

stack ofint and a
stack ofdouble

static void Main( string[] args )

{

doubleStack = new Stack< double >( 5 ); // Sstack of doubles
intStack = new Stack< int >( 10 ); // Stack of ints

// push doubles onto doubleStack
TestPush( "doublestack", doubleSstack, doubleElements );

37

a

// pop doubles from doubleStack

TestPop( "doublestack”, doublesStack ); to testStack

Call generic methodg

// push ints onto intStack
TestPush( "intstack™, intStack, intElements );
// pop ints from intStack

TestPop( "intsStack"”, intStack );

} // end Main < }

[1 2006 Pearson Education,
Inc. All rights reserved.
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46
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49
50
il
52
53

static void TestPush< E >( string name, Stack< E > stack,

IEnumerable< E > elements )

38
Qutline

{ \

// push elements onto stack

Generic method to push
element onto stack

try
{

Console.writeLine( "\nPushing elements onto

// push elements onto stack
foreach ( E element in elements )

{

P
<

StackTest.cs

+ name );

(2 of 5)

Push the elements of an

Console.write( "{0} ", element );
stack.Push( element ); // push onto stack
} // end foreach
} // end try
catch ( FullstackException exception )

{

console.Error.writeLine(); <

array into its
corresponding stack

Exception handling for

console.Error.writeLine( "Message: "
console.Error.writeLine( exception.StackTrace );
} // end catch
} // end method TestPush

+ exception.Message );

when the stack is full

<4 >
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63
64
65
66
67
68
69
70

static void TestPop< E >( string name, Stack< E > stack )

{

Qutline

// push elements onto stack \

Generic method to pop

try element off stack

{
console.writeLine( "\nPopping elements from " + name ); StackTest.cs
E popvalue; // store element removed from stack (3 of 5)

// remove all elements from Stack
while ( true )

{
popvalue = stack.Pop(); // pop from stack

39

Pop the elements of an arra

Console.write( "{0} ", popvalue ); <
} // end while

} // end try

off its corresponding stac

K

<4 >
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71 catch ( EmptyStackException exception )

72 { Seree———

Exception handling for
when the stack is empty

40

T

73 console.Error.writeLine();

74 Console.Error.writeLine( "Message: " + exception.Message );
75 Console.Error.writeLine( exception.StackTrace );

76 } // end catch

77 } // end TestPop
78 } // end class StackTest

Pushing elements onto doubleStack
1.1 2.2 3.3 4.4 5.5 6.6
Message: Stack is full, cannot push 6.6
at Stack 1.Push(E pushvalue) 1in
C:\Examples\ch25\Fig25_05\Stack\Stack.cs:1ine 35
at StackTest.TestPush[E](String name, Stack 1 stack, IEnumerable’l
elements) in C:\Examples\ch25\Fig25_05\Stack\StackTest.cs:1line 44

~ Popping elements from doublestack
1 5.54.43.32.21.1
§ Message: Stack is empty, cannot pop
: at Stack 1.Pop() in C:\Examples\ch25\Fig25_05\Sstack\Stack.cs:1ine 49
at StackTest.TestPop[E](String name, Stack 1 stack) in
C:\Examples\ch25\Fig25_05\Stack\StackTest.cs:1line 67

StackTest.cs

(4 of 5)
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Pushing elements onto intStack

1234567891011
Message: Stack is full, cannot push 11
at Stack 1.Push(E pushvalue) in
C:\Examples\ch25\Fig25_05\stack\Stack.cs:1ine 35
at StackTest.TestPush[E](String name, Stack 1 stack, IEnumerable 1 StackTest.cs
elements) in C:\Examples\ch25\Fig25_05\Stack\StackTest.cs:1ine 44

Qutline

Popping elements from intStack (5 of 5)
10987654321
Message: Stack is empty, cannot pop
at Stack 1.pop() 1in C:\Examples\ch25\Fig25_05\Stack\Stack.cs:1ine 49
at StackTest.TestPop[E](String name, Stack 1 stack) in
C:\Examples\ch25\Fig25_05\stack\StackTest.cs:1ine 67
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e Generics and inheritance

- Generic classes can be derived from a non-generi@asses
- Generic classes can be derived from another genemtasses
- Non-generic classes can be derived from a generiasses
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