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Singly Linked Lists

Allow us to link to the next node In the list

Consider the following methods; which are guaranteed to touch every node?

1ndexOf(E e)

lastIndexOf(E e)

getFirst()
getLast()

And, can we even iterate in reverse? (without needing to actually reverse)

(: null

ot

o

+(

/)




Singly Linked Lists

Allow us to link to the next node In the list

Consider the following methods; which are guaranteed to touch every node?
1ndexOf(E e)
lastIndexOf(E e)
getFirst()
getLast()

Why must these touch every node but the others don’t?
What could we do to change that?
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Moving back in a Singly Linked List

It’s possible but not very efficient.

<E> moveBack(
(curr !'= firstNode)

{

pred = firstNode;
(pred.nextNode != curr) {
pred = pred.nextNode;

¥

return pred;

¥

return X




Doubly Linked Lists

Two modest changes to our singly linked list
addition of a tail sentinel node
a second link in each node to point to the previous node

Key advantages

all “last” methods will now execute in similar time to the “first” versions

can iterate in reverse

no longer need to track previous node when performing operations
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Sentinel Nodes Revisited

sentinel nodes are dummy nodes that hold a null value and indicate the
end of the list

Empty List
without sentinel nodes with sentinel nodes
(what we had been doing) (what we will continue to do)
LinkedlList String LinkedlList String
head = null head
(LinkedList) tail = null (LinkedList) G1l =
size = 0 size = 0
ListNode String ListNode String
value = null value = null
prevNode

nextNode

null prevNode =



LinkedList: Attributes

LinkedList<Es head: reference to the first node in the
— head : ListNode<E> IISt
- tail : ListNode<E> will be a null sentinel node when the list is
— S1ze . 1nt empty

tail: reference to the last node in the
list
will be a null sentinel node when the list is
empty
head and tail will point at each other

This i1s what Java’s linked list
representation looks like!



LinkedList: Methods

+ + + + + + + + + + + + +

LinkedL1st<E>

add(E e) : boolean

add(int index, E e) : void
addFirst(E e) : void
addLast(E e) : void
contains(Object o) : boolean
getFirst() : E

getLast() : E
1ndex0Of(Object o) : 1nt
1terator() : Iterator<E>
lastIndexOf(Object o) : 1int
remove(int index) : E
remove(Object o) : boolean
size() : 1nt

All the same methods as before

More complicated to implement in some
sense...

...but more efficient than singly linked lists



LinkedList: Add Methods

arguments: index to add at, element to adad
behavior: adds value to that position in the linked list

memory
>11.add( , "yeSHD; LinkedList String
>
neag =
(LinkedList) tail =
size =/1

ListNode String ListNode String ListNode String
value = null value = value = null
prevNode = null prevNode prevNode =

nextNode nextNode nextNode =/null



LinkedList: Add Methods

arguments: index to add at, element to add
behavior: adds value to that position in the linked list

1l.add(0, "yes");

>

(LinkedL1ist)
ListNode String

ListNode String ;ﬁlﬂﬁoze o ListNode String
value = null nextNode = null value =
prevNode = null prevNode

nextNode nextNode

memory
LinkedList String

ListNode String

value = null
prevNode

nextNode nul L



LinkedList: Add Methods

arguments: index to add at, element to add
behavior: adds value to that position in the linked list

1l.add(0, "yes");

>

(LinkedL1ist)
ListNode String

ListNode String vatue = ListNode String
prevNode =

value = null nextNode < value =

prevNode = null prevNode =

nextNode = nextNogde =

memory
LinkedList String

ListNode String

value = null
prevNode

nextNode nul L



LinkedList: Add Methods

arguments: index to add at, element to add
behavior: adds value to that position in the linked list

memory
ll.add(@, "yes"); LinkedList String
>
neaa =
(LinkedList) tail =
_ . size = 1
ListNode String
ListNode String vatue = ListNode String ListNode String
prevNode =
value = null nextNode < value = value = null
prevNode = null » prevNode = prevNode =
nextNode = nextNode = nextNode =/null



Exercise: Doubly Linked List Methods

public void clear()

deletes all the nodes and sets head to point to tail; 1sEmpty() should be true after
this

public void addLast(E e)

adds the element to the end of the list
public void reverse()

reverse the linked list, such that head points to the end and tail to the beginning
public void swap(ListNode nl, ListNode n2)

swaps those two nodes in the list, leaving the rest of the list unchanged

Write an iterator that iterates over the linked list In reverse



