Stack and Queue



But first..
Deleting a Node



Delete a Node

e \Want to delete the node containing 2

e Need a reference to the previous node

Node A Node Node Node
3 / 1 » null
next next




Delete a Node

e Update that node's next to bypass the
deleted node

e Don't have to update deleted node

* The list no longer refers to this node

Node
Node Node Node
/ nuII
next next




Delete a Node

* [he deleted node will be garbage
collected

* \We no longer have a reference to this

object
Node I
v‘
Node Node Node
——————————””””)' nu"
next next




Stack and Queue

e Data structures with specific purposes
 Restricted features

e All operations are very efficient
e |nefficient operations are not allowed

e \We'll build a stack and queue using linked
lists



Stack



Stack

e LIFO
e |Last in First out

e [he last element
pushed onto the stack
IS the first element to
be popped off the stack

e Only the element on the
top of the stack can be
accessed



Stack Methods

e Push
e Add an element to the top of the stack
* Pop

e Remove the top element of the stack



Stack Usage

e Create a new empty Stack

stack

public static void main(String[] args) {
Stack<Integer> stack = new Stack<>();
stack.push(1);
stack.push(2);

stack.push(3);
int x = stack.pop();




Stack Usage

e (Call push to add an element to the top

stack

public static void main(String[] args) {
Stack<Integer> stack = new Stack<>();
=>stack.push(1);
stack.push(2);

stack.push(3);
int x = stack.pop();

}



Stack Usage

e (Call push to add an element to the top

stack

public static void main(String[] args) {
Stack<Integer> stack = new Stack<>();
stack.push(1);

=>stack.push(2);
stack.push(3); 22
int x = stack.pop();

}



Stack Usage

e (Call push to add an element to the top

stack

public static void main(String[] args) {
Stack<Integer> stack = new Stack<>();
stack.push(1);
stack.push(2);

=>stack.push(3);
int x = stack.pop();

}




Stack Usage

e Call pop to remove the top element from
the Stack

stack

public static void main(String[] args) {
Stack<Integer> stack = new Stack<>();

stack.push(1);

stack.push(2);

stack.push(3); 22 X
I:§>in’c X = stack.pop();

}



Stack Implementation

public class Stack<T> {
private LLNode<T> top;

e We'll mplement a
_ Stack class using a
publlc.Stack(z { | i :
y o etop = Uty linked list as an
pUblli_EN\(;geingu’igrg Zak:\i)LENodeo(value, this.top); InStance Varlable

this.top = temp;
}

blic T pop() 4 e Stack uses the linked

if (this.top == null) {

| elstyrn Ut ist and adapts its

T temp = this.top.getValue();

this.top = this.top.getNext(); methOdS tO Implement

return temp;

push and pop




Stack Implementation

push

public class Stack<T> {
private LLNode<T> top;

public Stack() { e Prepend the new
S element to the front of
public void push(T value) {

LLNode<T> temp = new LLNode<>(value, this.top); -
this.top = temp; ! ) ’ i the ||St
I3

public T pop() {
if (this.top == null) {
return null;
} else {
T temp = this.top.getValue();
this.top = this.top.getNext();
return temp;

}




Stack Implementation

public class Stack<T> { pOp

private LLNode<T> top;

Jublic Stack() e Remove and return the

this.top = null,;

} first element In the list

public void push(T value) {

LLNode<T> temp = new LLNode<>(value, this.top);

| this.top = temp; e |f the Stack is empty,
oublic T pop() { return null

if (this.top == null) {
return null;

} 631'T'e’cémp = this.top.getValue(); = RemOve the element by

this.top = this.top.getNext(): : 3
etun temp; updating this.top to refer
to the second node In

the list




Stack Usage

e Pushing to a Stack

Creates d Ilnked IISt public static void main(String[] args) {
: Stack<Integer> stack = new Stack<>();
W|th the pUShed stack.push(3); ~

stack.push(7);

elements stack.push(2);




Stack Usage

e [o push a value, prepend
a new node with that value

public static void main(String[] args) {

. : Stack<Int tack = Stack<>():
e The old list, in the red box, Stack.push(3)s o MR
is reused and unchanged k2

stack.push(-5);

e Only created a node and
updated a reference

Node Node Node




Stack Usage

e Same efficiency
When —5 |S pOpped public static void main(String[] args) {

Stack<Integer> stack = new Stack<>();
stack.push(3);

e Only update a e )
stack.push(-5);
reference to refer to int x = stack.pop():

the second node
Instead of the first

top \
Node Node Node Node




Stack Usage

e The node with value 5 Is

eﬁeCtlvely removed from public static void main(String[] args) {
. . Stack<Integer> stack = new Stack<>();
the list by updating the stack.push(3);
. stack.push(7);
reference stored in top stack.push(2);
stack.push(-5);
* The node will be e x = stack.popl);

garbage collected

tOp \

Node

o« Node Node Node
"G
' 3 = null
A iR




Stack Efficiency

public class Stack<T> {
private LLNode<T> top;

public Stack() {
this.top = null;
}

public void push(T value) {

LLNode<T> temp = new LLNode<>(value,

this.top = temp;
}

public T pop() {
if (this.top == null) {
return null;
} else {
T temp = this.top.getValue();
this.top = this.top.getNext();
return temp;

e push and pop are both very
efficient

 They take the same amount of
time regardless of the size of
this.top); the Stack

e We call these O(1) operations

e Compare to other linked list
algorithms

e sjze, toString, find, append all
depend on the size of the list
and have O(n) runtime






Queue

e FIFO
e First Iin First out

e The first element enqueued
iInto the queue is the first
element to be dequeued
out of the queue

e Elements can only be added
to the end of the queue

e Only the element at the front
of the queue can be
accessed



Queue Methods

e Enqueue
e Add an element to the end of the queue
e Dequeue

e Remove the front element in the queue



Queue Usage

e Create a new empty Queue

public static void main(String[] args) A{ queue
=>Queue<Integer> queue = new Queue<>();
queue.enqueue(1);

queue.enqueue(2);
queue.enqueue(3); front DECH
int x = queue.dequeue();




Queue Usage

e Call enqueue to add an element to the
pback of the queue

public static void main(String[] args) A{ queue
Queue<Integer> queue = new Queue<>();

=>queue.enqueue(1);
queue.enqueue(2);
queue.enqueue(3); front EI L

int x = queue.dequeue();

}



Queue Usage

e Call enqueue to add an element to the
pback of the queue

public static void main(String[] args) A{ queue
Queue<Integer> queue = new Queue<>();

queue.enqueue(1);

=>queue.enqueue(2) ;
queue.enqueue(3); front EI DECH
int x = queue.dequeue();

}



Queue Usage

e Call enqueue to add an element to the
pback of the queue

public static void main(String[] args) A{ queue
Queue<Integer> queue = new Queue<>();

queue.enqueue(1);
queue.enqueue(2);
int x = queue.dequeue();

}



Queue Usage

e (Call dequeue to remove and return the first
element in the queue

public static void main(String[] args) A{ queue
Queue<Integer> queue = new Queue<>();

queue.enqueue(1);

queue.enqueue(2);

queue.enqueue(3); front DECH
=>int x = queue.dequeue();

}



public class Queue<A> {

private LinkedListNode<A> front; -
private LinkedListNode<A> back; I I lp el I len a IOn

public Queue() {
this.front = null;

| thisIback - m; e We'llimplement a Queue

public void enqueue(A value) {

if (this.back o= nutD) ¢ In a similar way to Stack

this.back = new LinkedListNode<>(value, null);
this.front = this.back;
} else {

this.back.setNext(new LinkedListNode<>(value, null)); ® USG a Ilnked ||St aS an

this.back = this.back.getNext();

, ! Instance variable

public A dequeue() {
if (this.front == null) {

eqenErurn nutts e Store all the values in the

A toReturn = this.front.getValue(); - th | k d | 't

this.front = this.front.getNext();

if (this.front == null) { queue In e In e IS
this.back = null;

I3

return toReturn;




public class Queue<A>

private LinkedListNode<A> front; -
private LinkedListNode<A> back; I I lp el I len a IOn

public Queue() {
this.front = null;

} this.back = null; e We need to work with both

public void enqueue(A value) { ends of the linked list to build

if (this.back == null) {

this.back = new LinkedListNode<>(value, null);
this.front = this.back; d queue
} else {

this.back.setNext(new LinkedListNode<>(value, null));

} this.back = this.back.getNext(); e \We could jUSt store the head
} of the list..

public A dequeue() {
if (this.front == null) {
return null:

Felse { e But we have to append to

A toReturn = this.front.getValue();

this.front = this.front.getNext(); EBf]C]lJEBLJEB d \/EiILJEB

if (this.front == null) {
this.back = null;

! turmn toReturn; e Append needs to get to the
end of the list first

e That's slow! O(n)




public class Queue<A> { o
private LinkedListNode<A> front;
private LinkedListNode<A> back; I I ll) el I l(;n a IOn

public Queue() {
this.front = null;

| thislback = nul; e |[nstead, store references
P ehiss ok a1 to both the first and last

this.back = new LinkedListNode<>(value, null);

th%s.front = this.back;. . n()de in the ||St

e enqgueue is now O(1)

public A dequeue() {
if (this.front == null) {

etse ¢ e Update the next

A toReturn = this.front.getValue(); f f th | _t

this.front = this.front.getNext();

if (this.front == null) { re erence O e aS
this.back = null;

} node to a new node and

return toReturn;

update back to the new
node




public class Queue<A> {

private LinkedListNode<A> front; -
private LinkedListNode<A> back; I I lp el I len a IOn

public Queue() {
this.front = null;

| thislback = ol  Dequeue Is very similar to

public void enqueue(A value) {

if (this.back == null) { pOp

this.back = new LinkedListNode<>(value, null);
this.front = this.back;
} else {

this.back.setNext(new LinkedListNode<>(value, null)); ® We need tO traCk and
this.back = this.back.getNext();
update both references
ublic A dequeue -
T (ahis. front = nut) ¢ (front and back) if we

}else {

A toReturn this.front.getValue(?; dequeue the IaSt element

this.front = this.front.getNext()

if (this.front == null) {
this.back = null;

¥

return toReturn;




Queue Usage

. Letls Walk thrOUgh thIS Usage Of public static void main(String[] args) {
Queue<Integer> queue = new Queue<>();

d CJLJEBLJEB queue.enqueue(3);

queue.enqueue(7);

queue.enqueue(2);

® *Abbrev'ated memOry d|agram* int x = queue.dequeue();

X = queue.dequeue();
X = queue.dequeue();

e front and back initially refer to ¥ = queve.dequeve();
null

front back

null null



Queue Usage

- Eﬂqueuelng the flrSt Value WI” public static void main(Stringl[] args) A

Queue<Integer> queue = new Queue<>();

replace the nulls stored in front -5 queue. enqueue (3) ;

queue.enqueue(7);

Elr]Cj t)Ei(:l(A queue.enqueue(2):

int x = queue.dequeue();
X = queue.dequeue();

 Front and back both refer to the X = Queue.deduevel);
same node

back

!

Node
front /
null



Queue Usage

2 Enqueue agaln by Creatlng d public sta’;ic void main(Stringl] args)(§
] ueue<lnteger> queue = new Queue<>();
new node and updating back to . 3ueue.enqu2uezg‘;‘; ’
. gqueue.enqueuel(/);
refer to this node queue. enqueue(2) ;

int x = queue.dequeue();
X = queue.dequeue();

e Front still refers to the first node X = quee.dequeuel);

back

Node

Node
front / 3
null
next



Queue Usage

e Notice that each time we engueue,

public static void main(String[] args) {

we do the same amount of work queve.enquaae (3 o dueness
queue.enqueue(7);
e Stack and Queue operations do e e eue )
not depend on the size of the data Joeve. dequete ().

queue.dequeue();

structure

back

Node Node Node
front / 3
null
next



Queue Usage

” When we dequeuev we Update public static void main(String[] args) {
Queue<Integer> queue = new Queue<>();

the reference stored in front queue. enqueue(3) ;

queue.enqueue(7);
queue.enqueue(2);

5 The dequeued nOde W|” be => int x = queue.dequeue();

X = queue.dequeue();

garbage collectea x = queue.dequeve()

X = queue.dequeue();
}

back
front

N\

Node Node Node



Queue Usage

e Deqgueue again to remove 7

public static void main(String[] args) {
Queue<Integer> queue = new Queue<>();

e Another node is garbage reve.cnaveue (7).
queue.enqueue(2);
(3()"63(}t€3(j int x = queue.dequeue();

=>x = queue.dequeue();
X = queue.dequeue();

X = queue.dequeue();

}

back

!

Node

X == ‘ ‘/

front




Queue Usage

e \When the last value iIs

public static void main(String[] args) {

dequeued, both front and back queve. enqueue(sts Quetess )
ueue.enqueue(/);
are ESEyt t() r]LJII gu:u:.gngu:u:(Z);

int x = queue.dequeue();
X = queue.dequeue();

e [he whole linked list Is garbage  IEadebiaibminitt

X = queue.dequeue();

collected }
front back
null null

Node

Node

12 =




Queue Usage

 You should be careful to never dequeue from _ , _ _ |
public static void main(String[] args) {

an empty queue Queue<Integer> queue = new Queue<>();
queue.enqueue(3);
e Or pop from an empty stack queue.enqueue(7);
queue.enqueue(2);
: : : : int x = queue.dequeue();
e Most implementations will throw an exception X = queue.dequeue():

: , X ueue.dequeue();
e Qurs returns null, then crashes since null can't = x gueue.degueue();
}

be stored in a variable of a primitive type

e null is the lack of a reference. int stores a front back
value, not a reference so it can't be null l l
null null

Node

Node Node

X == ?7?

NG /' >
program crashes A‘ 'A




