Introduction to Algorithms and
Data Structures

L ecture 10 - An Introduction to Self-
Referential Objects and Linked Lists

Values and Memory

» When we declare a variable x by writing
I nt X;
we are allocating alocation in memory for
an integer value x. Any referenceto x in
the program refers to the integers stored at
that location, e.g.,

X = b5;




How do Java Objects Work?

» When we declare an object x by writing
| nt eger X;

we are allocating a location in memory to
store a memory address— at which the
object x will be located if we allocate
memory for it.

» To alocate storage for the object, we write

X = new I nteger();

ODbjects and Self-References

» We can define a class of objects in which one of
the propertiesis another object of the same class:
public class Sel fReference {

private int myDat a;
private doubl e yourDat a;
Sel f Ref er ence soneoneEl sesDat a;

}

» Every object of the class SelfReference contains
the address at which another object is stored.




What isa Linked List?

» A linked list isacollection of data items that
include a pointer to the next dataitem in the
collection.

» Each item in the collection is called a node and
contains both data as well as a pointer to the next

node on thelist.
list

Basic List Operations

The basic operations performed on the list
include:

— Creating a new node
— Inserting a node at the front of the list
— Inserting a node at the end of the list

— Inserting a new node after an existing node on
the list

— Determining if avaueis stored on the list
— Removing a node from the list




The Node class

/1 The structure for the node - separately
/1 defined because it is self-referencing
public class Node {

private int data;

private Node next;

public int getData() {
return data;

public Node getNext() {
return next:;

public void setData(int x) {
Systemout.println("inside setData");
data = x;

public void setNext(Node p) {
next = p;




TheLi nkedLi st class

public class LinkedList {
private Node listStart;

/1l list() - The default constructor - Starts
/1 the list as enpty
public LinkedList() {

listStart = null;

/1 list() - An initializing constructor that

/1 creates a node and places in it the

/1 initial value
public LinkedList(int x) {
listStart = new Node();

listStart. setData(x);
listStart.setNext(null);




/1 newNode() - Creates a new node with a zero
/1 as data by default
publi c Node newNode() {

Node p = new Node();

p. set Dat a(0) ;

p.setNext(null);

return p;
}
/1 newNode() - Creates a new node with the
/1 paranmeter x as its val ue

public Node newNode(int x) {
Node p = new Node();
p. set Dat a( x) ;
p. set Next (null);

return p;
}
/1 addFront() - Inserts a new node containing x
/1 at the front of the |ist

public void addFront(int x) ({
Node p = newNode(Xx);
p.setNext(listStart);
listStart = p;
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/1l addRear() - Inserts a new node containing x
/1 at the rear of the list
public void addRear(int x) {

Node p, aq;

/1 Scan through the list to find the end
/1 g points to the | ast node
for (p =listStart, g = null; p !'= null
g =p, p=p.getNext())

/1 Invariant - p nmust be NULL so we use it to
/1 hold a pointer to the new node

p = newNode(Xx);

g. set Next (p);
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/1l insertAfter() - Insert value x in a new
/1 node to be inserted
/1 after p
public void insertAfter(int x, Node p) {
Node g = newNode(X);
g. set Next (p. get Next ());
p. set Next (q);

}
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/1l isXThere() - |Is there a node on the list
I cont ai ni ng x?
publ i c bool ean i sXThere(int x) {
Node p = listStart;

if (p == null)
return false;
el se {
/1 Scan through the list |ooking for x
while (p !'= null && p.getData() != x)
p = p.getNext();




/1l Invariant - either p contains x or we have
/1 gone through the entire |ist
if (p == null)
return(fal se);
el se
return true;

/1 find() - Get the node containing X
public Node find(int x) {

Node p;
/1 Scan through the list |ooking for x
for (p =1listStart; p != null && p.getData()!= x;

p = p.getNext())

if (p!'=null)
/'l p contains x
return p;
el se
/1 We searched through the whole list and
/1 x wasn't there
return(null);




/!l renmovenode() - Rempve the node containing X
/1 fromthe Iist
public void renmoveNode(int x) {

Node p, Q;

/1 Scan through the list - is x there?
for (p =1listStart, q = null;
p'!=null & p.getData() != x;
p = p.getNext())

/1 1f so, remove it
if (p!'=null) {
if (g == null)
/1 x is at the front
/'l Re-adjust the pointer to the
/1 front of the list
listStart = p.getNext();
el se
/1 Splice it out of the list
g. set Next (p. get Next ());




Tracing r enpvenode

q Ha&mw\* _
] 5/ 8|1 2/
p
listStart .
a3 5|1 8] 2]
0/
g.setNext(p.getNext())
listStart /////«\\\
o sl | 8|7 2|
p/”

listStart /\

o 5| | 8|
o’
listStart
g 5 of 2|1




/1 writeLinkedList() - Wite the data contents

/1 of every node on the
/1 list
public void witeLinkedList() {

Node p;

for (p=IlistStart; p !'= null;

p = p.getNext())
Systemout.println(p.getData());

Rewriting List Operations Using
Recursion

 Listscan also betraversed recursively.

* Thesimple caseiswhen thelist’sreference
isnull.

* Inother case, you do what needs to be deon
with the first node and recursively act on the
rest of the list (sometimes acting on the last
node as well).




/1 travLinkedList() - Traverse a |ist

/1 recursively using the
/1 function trav
public void travLi nkedList() {

if (listStart !'= null)

trav(listStart);
Systemout.println();

/1l trav() - The auxiliary traversa
/1 function that is used
I recursively.
private void trav(Node p) {
if (p'=null) {
Systemout.print(p.getData() + "\t");
trav(p.getNext());




The Test Li nkedLi st class

public class TestLinkedList {
public static void main(String[] args) {
Li nkedLi st myLi nkedLi st = new Li nkedLi st ();

nmyLi nkedLi st.writeLinkedList();

nmyLi nkedLi st. addFront (12);
nmyLi nkedLi st.writeLinkedList();
Systemout.println();

nmyLi nkedLi st. addRear (1) ;
nmyLi nkedLi st.renoveNode(12);
nmyLi nkedLi st.writeLinkedList();




