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Introduction to Generics
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The ArrayList Class




The ArrayList Class

‘Trie zige aype of 2ol AREAYLASTE riitisi ve vl chigy agpe (o
1 c ! \ . ) .

~ - . ) -+ r iI 9 ) 5 - D

IS ST OIS HESSIOIRaN PO | oWt AL [AVA PEOVIEES
) > -+ ) -+ 'I - r‘ 5 '\‘ - . -

AVLOIIALCHYOXIRCARARIRI OISO NPT MAILNES




Using the Arraylist Class

PCIASHOIIOWS
ArraylList<BaseType> alList =
new ArraylList<BaseType>()



Using the Arraylist Class

ArrayL:.st<Str:|.ng> l:l.st =
new ArrayList<String>(20);
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Using the Arraylist Class
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list.add ("something") ;
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Using the Arraylist Class
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list.set(index, "something else");
String thing = list.get(index);



Tip: Summary of Addmg to an
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Tip: Summary of Adding to an

Arraylist
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Tip: Summary of Adding to an
Arraylist
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Methods in the Class
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Some Methods in the Class
ArraylList (Patt 1 of 11)

Display 14.1  Some Methods in the Class ArrayList

CONSTRUCTORS

public ArraylList<Base_Type>(int initialCapacity)

Creates an empty ArrayList with the specified Base_Type and initial capacity.

public ArraylList<Base_Type>()

Creates an empty ArrayList with the specified Base_Type and an initial capacity of 10.

(continued)
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Some Methods in the Class
Arraylist (Part 2 ofill)

Display 14.1  Some Methods in the Class ArrayList

public Base_Type set( int index, Base_Type newElement)

Sets the element at the specified index to newElement. Returns the element previously at that position,
but the method is often used as if it were a void method. If you draw an analogy between the ArrayL-
ist and an array a, this statement is analogous to setting a[index] to the value newElement. The
index must be a value greater than or equal to @ and less than the current size of the ArrayList. Throws
an IndexOutOfBoundsException if the index is not in this range.

public Base_Type get(int index)

Returns the element at the specified index. This statement is analogous to returning a[index] for an
array d. The index must be a value greater than or equal to 0 and less than the current size of the
ArrayList. Throws IndexOutOfBoundsException if the index is not in this range.

(continued)




Some Methods in the Class
Arraylist (PPatt 5 of 11)

Display 14.1  Some Methods in the Class Arraylist

public boolean add(Base_Type newElement)

Adds the specified element to the end of the calling ArrayList and increases the ArrayList’s size by
one. The capacity of the ArrayList is increased if that is required. Returns true if the add was success-
ful. (The return type is boolean, but the method is typically used as if it were a void method.)

public void add( int index, Base_Type newElement)

Inserts newElement as an element in the calling ArrayList at the specified index. Each element in the
ArrayList with an index greater or equal to index is shifted upward to have an index that is one
greater than the value it had previously. The index must be a value greater than or equal to © and less
than or equal to the current size of the ArrayList. Throws IndexOutOfBoundsException if the index
is not in this range. Note that you can use this method to add an element after the last element. The
capacity of the ArrayList is increased if that is required.

(continued)
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Some Methods in the Class
Arraylist (PPatt 4 of 11)

Display 14.1  Some Methods in the Class ArrayList

public Base_Type remove(int index)

Deletes and returns the element at the specified index. Each element in the ArrayList with an index
greater than index is decreased to have an index that is one less than the value it had previously. The
index must be a value greater than or equal to @ and less than the current size of the ArrayList. Throws
IndexOutOfBoundsException if the index is not in this range. Often used as if it were a void
method.

(continued)
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Some Methods in the Class
Arraylist (PPatt 5 of 11)

Display 14.1 Some Methods in the Class ArrayList

protected void removeRange(int fromIndex, int tolIndex)

Deletes all the element with indices /such that fromIndex < /i< toIndex. Element with indices greater
than or equal to toIndex are decreased appropriately.

public boolean remove(Object theElement)

Removes one occurrence of theElement from the calling ArrayList. If theElement is found in the
ArrayList, then each element in the ArrayList with an index greater than the removed element’s
index is decreased to have an index that is one less than the value it had previously. Returns true if
theElement was found (and removed). Returns false if theElement was not found in the calling
ArrayList.

public void clear()

Removes all elements from the calling ArrayList and sets the ArrayList’s size to zero.

(continued)




Some Methods in the Class
Arraylist (PPatt 6 of 11)

Display 14.1  Some Methods in the Class ArraylList

public boolean contains(Object target)

Returns true if the calling ArrayList contains target; otherwise, returns false. Uses the method
equals of the object target to test for equality with any element in the calling ArrayList.

public int indexOf(Object target)

Returns the index of the first element that is equal to target. Uses the method equals of the object
target to test for equality. Returns —1 if target is not found.

public int lastIndexOf(Object target)

Returns the index of the last element that is equal to target. Uses the method equals of the object
target to test for equality. Returns —1 if target is not found.

(continued)
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Some Methods in the Class
Arraylist (PPatt 7 of 11)

Display 14.1  Some Methods in the Class ArrayList

ENT (SIZE AND

public boolean isEmpty()

Returns true if the calling ArrayList is empty (that is, has size 0); otherwise, returns false.

(continued)
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Some Methods in the Class
Arraylist (Patt 8 of 11)

Display 14.1  Some Methods in the Class ArrayList

public int size()

Returns the number of elements in the calling ArrayList.

public void ensureCapacity(int newCapacity)
Increases the capacity of the calling ArrayList, if necessary, in order to ensure that the ArrayList can

hold at least newCapacity elements. Using ensureCapacity can sometimes increase efficiency, but its
use is not needed for any other reason.

public void trimToSize()

il

Trims the capacity of the calling ArrayList to the ArrayList’s current size. This method is used to save
storage space.

(continued)
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Conversion between Arrayl.ist
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Object[] toArray(),

zielel

Type[] toArray (Typel[] a)

See ArrayList3.java
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Some Methods in the Class
Arraylist (PPatt 9 of 11)

Display 14.1  Some Methods in the Class ArrayList

public Object[] toArray()

Returns an array containing all the elements on the list. Preserves the order of the elements.

public Type[] toArray(Type[] a)

Returns an array containing all the elements on the list. Preserves the order of the elements. Type can be
any class types. If the list will fit in a, the elements are copied to a and a is returned. Any elements of a
not needed for list elements are set to null. If the list will not fit in a, a new array is created.

(As we will discuss in Section 14.2, the correct Java syntax for this method heading is

public <Type> Type[] toArray(Typel[]l a)

However, at this point we have not yet explained this kind of type parameter syntax.)

(continued)




Some Methods in the Class
ArraylList (Part 10 of 11)

Display 14.1  Some Methods in the Class ArrayList

public Object clone()
Returns a shallow copy of the calling ArrayList. Warning: The clone is not an independent copy. Subse-
quent changes to the clone may affect the calling object and vice versa. (See Chapter 5 for a discussion of

shallow copy.)

(continued)
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Some Methods in the Class
ArraylList (Part 11 of 11)

Display 14.1  Some Methods in the Class ArrayList

EQUALITY

public boolean equals(Object other)

If other is another ArrayList (of any base type), then equals returns true if and only if both
ArraylLists are of the same size and contain the same list of elements in the same order. (In fact, if
other is any kind of list, then equals returns true if and only if both the calling ArrayList and
other are of the same size and contain the same list of elements in the same order. Lists are discussed in

Chapter 16.)
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Why ate Some Parameters of Type
Base Type and Othets of type Objecit




The "For Each" Loop

ArrayL:l.st) | ‘ -
See ArrayList4.java
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Passing Arrayl.ist as Method

See ArrayList5.java
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Tip: Use trimToSize to Save Memoty
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Pitfall: The clone method Makes a Shallow
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Parameterized Classes and Generics
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Nonpatameterized ArraylList and Vector
Classes




Generics




Generics

Sample<String> sl =
new Sample<String>() ;

See Genericl.java
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A Class Definition with a Type

Parameter

Display 14., A Class Definition with a Type Parameter

public class Sample<T>

{
private T data;

public void setData(T newData)
{

data = newData; T is a parameter for a type.

3

public T getData()
{

return data;

3

14-36
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Tip: Compile with the =X13int Option
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A Generic Ordered Pair Class
(Part 1 of 4)

Display 14.5 A Generic Ordered Pair Class

public class Pair<T>

1

g { _ R Constructor headings do not

; private : 1 '"Sta _ include the type parameter in
private T second; angular brackets.

public Pair()

{
first = null;
second = null;

}

public Pair(T firstltem, T secondItem)
{

first = firstItem;
second = secondItem;

(continued)




A Generic Ordered Pair
Class (Part 2 of 4)

Display 14.5 A Generic Ordered Pair Class

15 public void setFirst(T newFirst)
16 {

17 first = newFirst;

18 }

public void setSecond(T newSecond)

{

second = newSecond;

3

public T getFirst()
{

return first;

}

(continued)
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A Generic Ordered Pair Class
(Part 3 of 4)

Display 14.5 A Generic Ordered Pair Class

27 public T getSecond()
28 {

29 return second;
30 }

31 public String toString()

32 {

33 return ( "first: " + first.toString() + "\n"
34 + ""second: " + second.toString() );
35

36
(continued)
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A Generic Ordered Pair
Class (Part 4 of 4)

Display 14.5 A Generic Ordered Pair Class

37 public boolean equals(Object otherObject)

38 {

39 if (otherObject == null)

40 return false;

41 else if (getClass() != otherObject.getClass())
42 return false;

43 else

44 {

45 Pair<T> otherPair = (Pair<T>)otherObject;
46 return (first.equals(otherPair.first)

47 && second.equals(otherPair.second));
48

49

50

14-42



Using Our Ordered Pair
Class (Part 1 of 3)

Display 14.6  Using Our Ordered Pair Class
1 import java.util.Scanner;

public class GenericPairDemo

.[

public static void main(String[] args)

{

Pair<String> secretPair =
new Pair<String>("Happy", "Day");

2
3
4
5
6
7
8
9

Scanner keyboard = new Scanner(System.in);
System.out.println("Enter two words:");
String wordl = keyboard.next();
String word2 = keyboard.next();
Pair<String> inputPair =

new Pair<String>(wordl, word2);

R R R R
2rWNRO

(continued)

14-43



Using Our Ordered Pair
Class (Part 2 of 3)

Display 14.6  Using Our Ordered Pair Class

15 if (inputPair.equals(secretPair))

16 {

17 System.out.println("You guessed the secret words");
18 System.out.println("in the correct order!™);

19 }

20 else

21 {

22 .println("You guessed incorrectly.");
23 .println("You guessed");

24 .println(inputPair);

25 .println("The secret words are");

26 .println(secretPair);

27

28

29
(continued)
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Using Our Ordered Pair
Class (Part 3 of 3)

Display 14.6  Using Our Ordered Pair Class

SAMPLE DIALOGUE

Enter two words:

two words

You guessed incorrectly.
You guessed

first: two

second: words

The secret words are
first: Happy

second: Day

14-45



Pitfall: A Genetic Constructor Name Has No

e Parameter

Pair<String> pair =
new Pair<STring> ("Happy", "Day"):



Pitfall: A Primitive T'ype Cannot be Plugged
in for a Type Parametes
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Automatic Boxing (Patt 1 of 3)

Display 14.7  Using Our Ordered Pair Class and Automatic Boxing

1 import java.util.Scanner;

public class GenericPairDemo?2
{
public static void main(String[] args)

{

Pair<Integer> secretPair =

new Pair<Integer>(42, 24);
\ Automatic boxing allows you to

Scanner keyboard = new Scanner(System.in); UY2¢2 int argument for an
System.out.println("Enter two numbers:"); Lnteger parameter.
int nl = keyboard.nextInt();
int n2 = keyboard.nextInt();
Pair<Integer> inputPair =
new Pair<Integer>(nl, n2);

2
3
4
5
6
7
8
9

PR R R R
AW NP

(continued)
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Automatic Boxing (Patt 2 of 3)

Display 14.7  Using Our Ordered Pair Class and Automatic Boxing

15 if (inputPair.equals(secretPair))

16 {

17 System.out.println("You guessed the secret numbers');
18 System.out.println("in the correct order!");

19 }

20 else

21 {

22 . .println("You guessed incorrectly.");
23 . .println("You guessed");

24 . .println(inputPair);

25 . .println("The secret numbers are);
26 . .println(secretPair);

27

28

29
(continued)
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Automatic Boxing (Patt 5 of 3)

Display 14.7  Using Our Ordered Pair Class and Automatic Boxing

SAMPLE DIALOGUE

Enter two numbers:

42 24

You guessed the secret numbers
in the correct order!

14-50



Pitfall: A Class Definition Can Have Mote
d'han One Type Patametes




Example of Multiple Type Parametets
(Part 1 of 4)

Display 14.8  Multiple Type Parameters

1 public class TwoTypePair<T1l, T2>
2 {
3
4

private Tl first;
private T2 second;

public TwoTypePair()

{
first = null;
second = null;

3

public TwoTypePair(T1l firstItem, T2 secondItem)

{
first = firstItem;

second = secondItem;

(continued)




Example of Multiple Type Parameters

(Part 2 of 4)

Display 1.8  Multiple Type Parameters

15
16
17
18

19
20
21
22

23
24
25
26

public void setFirst(T1l newFirst)
{

first = newFirst;

}

public void setSecond(T2 newSecond)
{

second = newSecond;

¥

public T1 getFirst()
{

return first;

}

(continued)
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Example of Multiple Type Parameters
(Part 3 of 4)

Display 14.8  Multiple Type Parameters

27 public T2 getSecond()
28 {

29 return second;

30 }

31 public String toString()
32 {
33 return ( "first: " + first.toString() + "\n"
34 + "second: " + second.toString() );
35
36
(continued)
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Example of Multiple Type Parameters
(Part 4 of 4)

Display 14.8  Multiple Type Parameters

37 public boolean equals(Object otherObject)

38 {

39 if (otherObject == null)

40 return false;

41 else if (getClass() != otherObject.getClass())

42 return false;

43 else

44 {

45 TwoTypePair<Tl, T2> otherPair =

46 (TwoTypePair<T1l, T2>)otherObject;

47 return (first.equals(otherPair.first)

48 && second.equals(otherPair.second));

49

50 \‘\\‘~

51 The first equals is the equals of the type T1. The
second equals is the equals of the type T2.
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Using a Generic Class with Two
Type Parameters (Part 1 of 2)

Display 14.9  Using a Generic Class with Two Type Parameters

1 import java.util.Scanner;

public class TwoTypePairDemo
{
public static void main(String[] args)
{
TwoTypePair<String, Integer> rating =
new TwoTypePair<String, Integer>("The Car Guys", 8);

Scanner keyboard = new Scanner(System.in);
System.out.println(

"Our current rating for " + rating.getFirst());
System.out.println(" is " + rating.getSecond());

System.out.println("How would you rate them?");
int score = keyboard.nextInt();
rating.setSecond(score);

(continued)
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Using a Generic Class with Two
Type Parameters (Part 2 of 2)

Display 14.9  Using a Generic Class with Two Type Parameters

15 System.out.println(

16 "Our new rating for " + rating.getFirst());

17 System.out.println(" is "

18 }
19 1}

SAMPLE DIALOGUE

Our current rating for The Car Guys
is 8

How would you rate them?

10

Our new rating for The Car Guys

is 10

+ rating.getSecond());

14-57



Pitfall: A Generic Class Cannot Be an

Exception Class
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Bounds for Type Parametets
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Bounds for Type Parametets
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public class Two<Tl extends Classl, T2 extends
Class2 & Comparable>



A Bounded Type Parameter

Display i4.10 A Bounded Type Parameter

public class Pair<T extends Comparable>

{

private T first;
private T second;

public T max()
{

if (first.compareTo(second) <= 0)
return first;

else
return second;

}

<All the constructors and methods given in Display 14.5
are also included as part of this generic class definition>




Tip: Generic Interfaces







Generic Methods

See Generic5.java


http://www.aimanhanna.com/concordia/comp249/Generic5.java.doc

th Generic Classes

Inheritance w
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See Generic6.java
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A Derived Generic Class
(Part 1 of 2)

Display i4.11 A Derived Generic Class

public class UnorderedPair<T> extends Pair<T>

{
public UnorderedPair()

{
setFirst(null);
setSecond(null);

}

public UnorderedPair(T firstItem, T secondItem)

{
setFirst(firstItem);

setSecond(secondItem);

(continued)

14-66



A Derived Generic Class
(Part 2,01 2)

Display 1.1 A Derived Generic Class

13 public boolean equals(Object otherObject)

14 {

15 if (otherObject == null)

16 return false;

17 else if (getClass() != otherObject.getClass())

18 return false;

19 else

20 {

21 UnorderedPair<T> otherPair =

22 (UnorderedPair<T>)otherObject;
23 return (getFirst().equals(otherPair.getFirst())
24 && getSecond() .equals(otherPair.getSecond()))
25 I

26 (getFirst().equals(otherPair.getSecond())
27 && getSecond() .equals(otherPair.getFirst()));
28

29

30




Using UnoetderedPait (Past 1 of 2)

Display 14.12  Using UnorderedPair

public class UnorderedPairDemo
{
public static void main(String[] args)
{
UnorderedPair<String> pl =
new UnorderedPair<String>("peanuts", "beer");
UnorderedPair<String> p2 =
new UnorderedPair<String>("beer", "peanuts");

1
2
3
4
5
6
7
8

(continued)
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Using UnoerderedPait (Patt 2 of 2)

Display 14.12  Using UnorderedPair

9 if (pl.equals(p2))

10 {

11 System.out.println(pl.getFirst() + " and " +
12 pl.getSecond() + " is the same as");
13 System.out.println(p2.getFirst() + " and "

14 + p2.getSecond());

15

16

17

SAMPLE DIALOGUE?

peanuts and beer is the same as
beer and peanuts
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Pitfall: Restrictions with Generics
A Type Parametetr Cannot Be Used

GO A CROTMIKERANG NGO
T object = new T();
T[] a = new T[10];



Pitfall: Pitfall: Restrictions with Generics
An Instantiation of a Generic Class
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See Generic7.java


http://www.aimanhanna.com/concordia/comp249/Generic7.java.doc

Pitfall: Pitfall: Restrictions with Generics
An Instantiation of a Generic Class

1 For instance: ArrayList<ArrayList<Car>> aTable =
new Anayhst<Anayhst< Car>>(3);

See ArrayList6.java


http://www.aimanhanna.com/concordia/comp249/ArrayList6.java.doc

Generic Wildcards

pPllcction o1 a class to:
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