Comp 249

Linked Data Structure — Part A
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Java Linked Lists
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Nodes and Links in a ILinked List

Display 15.1 Nodes and Links in a Linked List

head

I

end marker




mple Linked List Class
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See LinkedListl.java

See LinkedList2.java
See LinkedList3.java
See LinkedList4.java


http://www.aimanhanna.com/concordia/comp249/LinkedList1.java.doc
http://www.aimanhanna.com/concordia/comp249/LinkedList2.java.doc
http://www.aimanhanna.com/concordia/comp249/LinkedList3.java.doc
http://www.aimanhanna.com/concordia/comp249/LinkedList4.java.doc

A Simple Linked List Class




A Simple Linked List Class
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An Empty IList Is Indicated by




Indicating the End of a Linked




Traversing a Linked List




Traversing a Linked List

Display 15.4  Traversing a Linked List

head

"rolls"
\_4-’

position

I

This reference is

S~ ___ position.getLink().

When position is at this last node,
position.getLink() == null.




Adding a Node at the

Display 15.5  Adding a Node at the Start

new Node("beer", 6, head)
creates this node and positions it
here.

—_—

head = new Node("beer", 6, head)
moves head to the new node.




Deleting the Head Node from a

Linked List
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ILinked Lists Copy Constructots and
clone Methods




Pitfall: Privacy lLeaks
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http://www.aimanhanna.com/concordia/comp249/LinkedList5.java.doc
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Node Inner Class vs.
Node Extetnal Class

See LinkedList6.java



http://www.aimanhanna.com/concordia/comp249/LinkedList6.java.doc

Adding and Deleting Nodes

Criyenl lierion widkidles pOS1tion i previous,
fele foﬂowlﬂg WONIRESIoICOUEVIlINAEICIC ThemOd et

location position:

previous.link = position.link;
position = position.link;

8 Noic: PEEVIOUS polilis io) irie nigcle peigic pOSition



Deleting a Node (Patt 1 of 2)

1. Existing list with the iterator positioned at “shoes”

"coat" —t» "orange juice" —>» "shoes" —p "socks" null
headvx previous positih
/

2. Bypassthe node at position from previous

previous.link = position.link; A

"coat" —F+—) ‘"orange juice" "shoes" ) "socks" null
headvx previouS positios
/




Deleting a Node (Patt 2 of 2)

"orange juice" ‘ "shoes" = "socks" m

Since no variable references the node "shoes" Java will automatically

recycle the memory allocated for it.

"coat" = "orange juice" = "socks" m

15-20



ing and Deleting Nodes
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Adding a Node between Two
Nodes (Part 1

1. Existing list with the iterator positioned at “shoes”

"coat" ‘ J(—H "orange juice" ‘ H "shoes" nuII’

head ) previous positon )

2. Create new Node with "socks" linked to "shoes"

temp = new Node (newData, position); // newData is "socks"

"coat" ‘ JF—H "orange juice" "shoes" nuII’

head ) previous ) position
temp socks




Adding a Node between Two
Nodes (Part 2 of 2

3. Make previous linkto the Node temp

previous.link = temp;

"coat" — orange juice" "shoes" null
head\ previous position
/
"socks"

temp 4

4. Picture redrawn for clarity, but structurally identical to picture 3

‘ "coat" J[—ﬂ "orange juice" H "socks" H "shoes" null ‘

head ) previousx temp‘x positiox
/




Variations on a LLinked List

pr ate class dewaYNode
{

private String item;
private TwoWayNode previous;
private TwoWayNode next;

e —— —m———



A Doubly Linked List

Display 15.21 A Doubly Linked List



http://www.aimanhanna.com/concordia/comp249/LinkedList10

Adding a Node to the Front of a

Doubly Linked List

2. Create new TwoWayNode linked to "coat”

TwoWayNode newHead = new Twnﬂayﬂudeilt:mﬂam: null, head):; // icemMams = "shirt"

|*' i

newHead

:I:I

. Set backward link and set new head

head.previous = newHead;
he=ad = newHead;

—:' S
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Deleting a Node from a IDoubly
Linked List (1

1. Existing list with an iterator referencing "shoes"

T T

null "coat" "shoes” "socks” null

headv positioN/

2. Bypass the "shoes" node from the next link of the previous node

position.previous.next = position.next;

null "coat" "shoes” "socks” null

headv positioN/




Deletmg a Node from a Doubly

3. Bypass the "shoes" node from the previous link of the next node
and move position off the deleted node

position.next.previous = position.previous;
position = position.next;

P

null "coat" "shoes” "socks” null

headw positios

4. Picture redrawn for clarity with the "shoes" node removed since
there are no longer references pointing to this node .

null "coat" "socks”

headv positio:x




Inserting a Node Into a Doeubly
Linked List (1

1. Existing list with an iterator referencing "shoes"

/\/\

null "coat" "shoes” "socks” null
headv positioN/

2. Create new TwoWayNode with previous linked to "coat" and next to "shoes"

TwoWayNode temp= new TwoWayNoc (newData, position.previous, position);

// newData = "shirt"
null "coat" "shoes” "socks” null
head B "shirt" —
temp position

\




Inserting a Node Into a Doubly
Linked List (2 of 2)

. Set next link from "coat" to the new node of "shirt"

4. Set previous link from "shoes” to the new node of "shirt"

position.previous = temp;

15-30
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Java

edList?7
edList8.java

See
See



http://www.aimanhanna.com/concordia/comp249/LinkedList7.java.doc
http://www.aimanhanna.com/concordia/comp249/LinkedList8.java.doc

Pitfall: The clone Method Is Protected in

e L T



Tip: Use a Type Parameter Bound for a Better




Tip: Use a Type Parameter Bound for a Better




Tip: Cloning is an ""All ot Nothing' Affair




Exceptions




Pitfall: Using Node instead of Node<T>

o CICELRLES tric ACl
O, 1 <)

- - [y ~Q ' = = AQQ = X/ ! o --“\ 25 e -
CVCHNINIAA OESICICIT O CSSACCHIAN A CHA MILEIS LEATOE

(% d ] n

8 Lodic for migsing KT wihieol 2 progiiol rit tiges tiodes yidol oyple

- - Q. - Q. Q) =y ey kil 4 —— QQ - =3 el ¢ "' 11 = T -

PAANCICIS OISR ITAND CICTOIANICSSAC CIOIAE O CSTRMTINCOTHCCH




A Generic Linked List: the equals Method
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Iteratotrs




Iteratotrs

See LinkedList9.java



http://www.aimanhanna.com/concordia/comp249/LinkedList9.java.doc

A LLinked List with an
Iterator (Part 1 of 6)

Display 15.17 A Linked List with an Iterator

import java.util.NoSuchElementException;

public class LinkedList2 This is the same as the class in Displays 15.7 and
{ 15.11 except that the List2Iterator inner class
private class Node and the iterator () method have been added.

{
private String item;
private Node link;

<The rest of the definition of the Node inner class is given in Display 15.7.>

}//End of Node inner class

(continued)

15-41



A LLinked List with an
Iterator (Part 2 of 6)

Display 15.17 A Linked List with an Iterator

B
W

If the 1list is altered any iterators should invoke restart or
the iterator's behavior may not be as desired.

* An inner class for iterators for LinkedList2.

"

public class List2Iterator _—
{

private Node position;
private Node previous;//previous value of position

public List2Iterator()
{

position head; //Instance variable head of outer class.
previous = null;

}

public void restart()
{

position head; //Instance variable head of outer class.
previous = null;

(continued)




A Linked List with an
Iterator (Part 3 of 6)

Display 15.17 A Linked List with an Iterator

27 public String next()

28 {

29 if (thasNext())

30 throw new NoSuchElementException();

31 String toReturn = position.item;
32 previous = position;

33 position = position.link;

34 return toReturn;

35 }

36 public boolean hasNext()
37 {
38 return (position != null);
39 }
(continued)
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A Linked List with an
Iterator (Part 4 of 6)

Display 15.17 A Linked List with an Iterator

40 /%%

41 Returns the next value to be returned by next().

42 Throws an IllegalStateExpression if hasNext() is false.
43 *

44 public String peek()

45 {

46 if (!hasNext())

47 throw new IllegalStateException();
48 return position.item;

49

(continued)
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A Linked List with an
Iterator (Part 5 of 6)

Display 15.17 A Linked List with an Iterator

/%

Adds a node before the node at location position.
previous is placed at the new node. If hasNext() is
false, then the node is added to the end of the list.
If the list is empty, inserts node as the only node.
public void addHere(String newData)

<The rest of the method addHere is Self-Test Exercise 11.>

wwx
Changes the String in the node at location position.
Throws an IllegalStateException if position is not at a node,

-t
w

public void changeHere(String newData)
<The rest of the method addHere is Self-Test Exercise 13.>

(continued)
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A Linked List with an
Iterator (Part 6 of 6)

Display 15.17 A Linked List with an Iterator

62 /‘;‘r‘}.‘
63 Deletes the node at location position and
moves position to the "next" node.
Throws an IllegalStateException if the list is empty.

*/
public void delete()
<The rest of the method delete is Self-Test Exercise 12.>
}//End of List2Iterator inner class

_ If 1ist is an object of the class
private Node head; LinkedList2, then

list.iterator () returns an

public List2Iterator iterator() iterator for 1ist.

{

return new List2Iterator();

¥

<The other methods and constructors are identical to those in Displays 15.7 and 15.11.>

15-46



Using an Iterator (Patt 1 of 6)

Display 15.18  Using an Iterator

public class IteratorDemo
{
public static void main(String[] args)

{
LinkedList2 list = new LinkedList2();

LinkedList2.List2Iterator i = list.iterator();

list.addToStart("shoes");
list.addToStart("orange juice");
list.addToStart("coat");

(continued)
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Using an Iterator (Patt 2/ ot 6)

Display 15.18

10
11
12
13
14

15
16
17
18

Using an Iterator

System.out.println("List contains:");

i.restart();

while(i.hasNext())
System.out.println(i.next());

System.out.println();

i.restart();

i.next();

System.out.println("Will delete the node for " + i.peek());
i.delete();

(continued)
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Using an Iterator (Patt 5 of 6)

Display 15.18  Using an Iterator

19 System.out.println("List now contains:");
20 i.restart();

21 while(i.hasNext())

22 System.out.println(i.next());

23 System.out.println();

24 i.restart();

25 i.next();

26 System.out.println("Will add one node before
27 i.addHere("socks");

28 System.out.println("List now contains:");

29 i.restart();

30 while(i.hasNext())

31 System.out.println(i.next());

+ i.peek());

(continued)
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Using an Iterator (Patt 4 of 6)

Display 15.18  Using an Iterator

32 System.out.println();

33 System.out.println("Changing all items to credit card.');
34 i.restart();

35 while(i.hasNext())

36 {

37 i.changeHere("credit card");

38 i.next();

39 }

40 System.out.println();

41 System.out.println("List now contains:");
42 i.restart();

43 while(i.hasNext())

44 System.out.println(i.next());

45 System.out.println();

46

47
(continued)
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Using an Iterator (I’att 5 of 6)

Display 15.18  Using an Iterator

SAMPLE DIALOGUE

List contains:
coat

orange juice
shoes

Will delete the node for orange juice
List now contains:

coat

shoes

(continued)
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Using an Iterator (I>att 6 of 6)

Display 15.18  Using an Iterator

Will add one node before shoes
List now contains:

coat

socks

shoes

Changing all items to credit card.

List now contains:
credit card
credit card
credit card

15-52



The Java Iterator Interface




