CS62 Class 8: Stacks & Queues

Basic Data Structures

Stack: Queue:

Last in, first out

X

First in, first out

https://gohighbrow.com/stacks-and-queues/
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Agenda

From last class
* Complete discussion of DLL and comparison with ArrayLists

Today

e Stacks: conceptual; iImplementation

* Queues: conceptual; implementation

* Algorithmic & affordance analysis

* Using queues in the Java Collections Framework



DLL walkthrough



DoublyLinkedList(): Constructs an empty DLL

DoublyLinkedList<String> dll = new DoublyLinkedList<String>();

head = 7?27
tai1l = 2?27
sS1ize = ?2°7



DoublyLinkedList(): Constructs an empty DLL

DoublyLinkedList<String> dll = new DoublyLinkedList<String>();

head = nul.
tall = nul.
size = 0

’iWhat should happen?
dll.add(“CS062”);



add(E element):Inserts the specified element at the head of the doubly
linked list.

head tail

dll.add(“CS062")
size=1

iVVhatshoukjhappen?
dll.addFirst(“ROCKS”);



addFirst(E element):Inserts the specified element at the head of the
doubly linked list

head tail

dll.addFirst(“ROCKS”)
size=2

{VVhatshoukihappen?
dil.addLast(“!”);



addLast(E element):Inserts the specified element at the tail of the doubly
linked list

dll.addLast(“!”)
size=3

head tail

_

dil.add(1,“?”);




add(int index, E element):Adds element at the specified index

dil.add(1,“?”)
head tail Size=4

'What should happen?
dll.remove();




remove():Removes and returns the head of the doubly linked list

head tail

N\ _

dll.remove()
Size=3

EVVhatshoukjhappen?
dll.removelast();




removelast():Removes and returns the tail of the doubly linked list

head tail

N\ _

dll.removelast()
Size=2

dll.remove(1);




remove(int index):Removes and returns the element at the specified
Index

head tail

N

dll.remove(1)
size=1




Insert into DLL

Suppose x and t are references to
different Nodes in a doubly linked

list. What is the effect of the What if the code was in a different
following code fragment? order?

t.prev =X; X.next =t;

t.next = x.next; x.next.prev =t;

X.next.prev =1; t.next = x.next;

X.next =t t.prev = x;



Insert into DLL

Before

Suppose x and t are references to different
Nodes in a doubly linked list. What is the
effect of the following code fragment?

t.prev =x; y < ext
t.next = x.next;
X.next.prev = {;

X.next =1t;

It inserts t between x and x.next.

X X.next



Gibberish

Before
What if the code was in a different order? =
X.next = t;
X.next.prev =1,
t.neXt — X.nEXt; X X.next

t.prev =X,

It’s gibberish

X X.next



More Implementation:
Adding



Adding to the head of a DLL

Adding to head of SLL

//adds to the head of the list
public void add(E element) A
// Save the old node
Node oldHead = head;

// Make a new node and assign it to head. Fix pointers.
head = new Node();

head.element = element:
head.next = oldHead:

//increment size
size++:



Adding to the head of a DLL

* Inserts the specified element at the head of the doubly linked list.
k
* @param element
k the element to be inserted
*/
public void addFirst(E element) {
// Save the old node
Node oldHead = head;

// Make a new node and assign it to head. Fix pointers.
head = new Node();

head.element = element;

head.next = oldHead;

head.prev = null;

// 1f first node to be added, adjust tail to it.

if (tail == null) {
tail = head:;
} else {

oldHead.prev = head;

}

size++; // increase number of nodes in doubly linked list.




Insert element at the tail for doubly linked lists

public void addLast(E element) {
// Save old tail

// Make a new node and assign 1t to tail. Fix pointers.

// 1f first node to be added, adjust head to 1it.

// else fix next pointer to tail

// increase size



public void addLast(E element) {
// Save the old node
Node oldTail = tail;

// Make a new node and assign it to tail. Fix pointers.
tail = new Node();

tail.element = element;

tail.next = null;

tail.prev = oldTail;

// 1f first node to be added, adjust head to 1it.

if (head == null) {
head = tail;
} else {
oldTail.next = tail;
s
Slze++;



Running times



operation SLL time complexity DLL time complexity explanation

addFirst O(1) O(1) pointer manip

addLast O(n) O(1) SLL doesn’t have tail pointer
add(index) O(n) O(n) iterate through whole list
removeFirst O(1) O(1) pointer manip

removelast O(n) O(1) SLL doesn’t have tail pointer
remove(index) O(n) O(n) iterate through whole list
get(index) O(n) O(n) iterate through whole list
set(index) O(n) O(n) iterate through whole list

clear() O(1) O(1) pointer manip



What about ArrayLists?

operation SLL DLL ArrayList Explanation

addFirst O(1) O(1) O(n) Need to shift rest of array
addLast O(n) O(1) O*(1) Could call resize()

add(index) O(n) O(n) O(n) Need to copy/shift elements
removerirst O(1) O(1) O(n) Need to shift rest of array
removelast O(n) O(1) O*(1) Could call resize()
remove(index) O(n) O(n) O(n) Need to copy/shift elements
get(index) O(n) O(n) O(1) Just array indexing

set(index) O(n) O(n) O(1) Just array indexing

clear() 0(1) 0(1) o(n) Loop through array to set

= null



Space complexity?

» Space complexity is a measure of the total memory an algorithm/data
structure uses.

* Both linked lists and ArrayLists use O(n) space complexity
(where n I1s the number of items).

* However, linked lists are slightly higher, since there is additional
memory overhead since each element is a Node with pointers.

* InanArraylist, each elementisjustthe elementitself.



Stacks



Stacks

* Dynamic linear data structures.

* Elements are inserted and removed following the LIFO paradigm.
 LastIn, First Out: Remove the mostly added recent element.

* There is a sequential nature to the data.

* Metaphor of a stack of plates at the dining hall.
* Want a plate”? Pop the top plate.
 Add a plate? Push it to make it the new top.
* \Want to see the top plate? Peek.
* We want to make push and pop as time efficient as poss



Stack applications

The program’s call stack (this one is related to the hardware).

Back buttons in browsers.

Undo buttons in word processors.

Basic mechanisms in compilers, interpreters (see CS101).

Postfix expression evaluation (see HW4): 4 3+5*/71s357 * +
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Worksheet time!

1. Suppose you use a stack to perform an intermixed sequence of push and pop
operations. The push operations put the integers 0 through 9 in order onto the

stack. You can pop the top of the stack at any time. Which of the following
sequence(s) of pops are valid?

a. 4321098765

b. 4687532901 Hint: draw out the stack!

C. 2567489310

d. 0465381729



Worksheet answers!

1. Suppose you use a stack to perform an intermixed sequence of push and pop
operations. The push operations put the integers 0 through 9 in order onto the

stack. You can pop the top of the stack at any time. Which of the following
sequence(s) of pops are valid?

a. 4321098765 |Yes

b. 4687532901 Nobecause ofthe O

C. 2567489310 |Yes

d. 0465381729 Nobecause of the 1



Implementation of stacks

public interface Stack<E> {

public void push(E 1tem);

public E pop();

peek () ;

£

public

public boolean i1sEmpty ()

public int size();



Implementing stacks with ArrayLists

* Where should the top go to make push and pop as efficient as possible?
* The end represents the top of the stack.

* Jopush anelement, call ArraylList add(E element).
* Adds attheend: 0" (1)

* Jopopanelement, call ArrayList remove ().
* Removes and returns the element from the end: 0™ (1)

* Topeek,call ArrayList get(size()-1).
* Retrievesthe lastelement: O(1)



Implementing stacks with ArrayLists

Q: What if the front/beginning were to represent the top of the stack?
What are the run times?

push, pop would be O(n) and peek O(1).

This Is because adding/removing to the front requires shifting all the
elements to the right which takes O(n) time.

But indexing into an Array is always O(1).



Implementing stacks with singly linked lists

* Where should the top go to make push and pop as efficient as possible?
* The head represents the top of the stack.

* fJTopush anelement, calladd (E element).
* Adds atthe head: O(1)

* fJopop anelementcall, remove ().
* Removes and retrieves from the head: O(1)

* Topeek,callget (0).
* Retrievesthe head: 0(1)



Implementing stacks with singly linked lists

Q: What if the last node was to represent the top of the stack”? What are
the run times?

push, pop, peek would all be O(n)

This is because we need to iterate through all the SLL's . next pointers.



public class ArrayListStack<E> implements Stack<E>, Iterable<E> {
private ArraylList<E> arraylist;
public void push(E item) { arraylList.add(item); }
public E pop () { return arrayList.remove (arraylList.size()-1); 1}
public E peek () { return arrayList.get (arraylList.size()-1); }
public boolean 1sEmpty () { return arraylList.isEmpty(); }

public int size() { return arraylList.size(); }

J

public class LinkedStack<E> implements Stack<E>, Iterable<E> {
private SinglyLinkedList<E> linkedList;
public void push(E item) { linkedList.add(item); }
public E pop() { return linkedList.remove(); }
public E peek () { return linkedList.get (0); }
public boolean 1sEmpty () { return linkedList.isEmpty(); }

public i1nt size() { return linkedList.size(); }




Implementing stacks with linked lists

* Where should the top go to make push and pop as efficient as possible?
* The head represents the top of the stack.

* Jopush anelement, calladdFirst (E element).
* Adds atthe head: O(1)

* fJopop anelement, call removeFirst ().
* Removes and retrieves from the head: O(1)

* Topeek,callget (0).
* Retrieves the head’s element: O(1)



Implementing stacks with linked lists

If the tail were to represent the top of the stack, we’d need to use
addLast (E element), removelast (),andget (size()-1) to

have O(1) complexity.

Guaranteed constant performance but memory overhead with
pointers.



Stack Operation & Run Time Summary

ArrayLists:end SLList: head DLList: head or tail
push add O*(1) addFirst O(1) addFirst/addLast O(1)
pop remove 0O%(1) removeFirst O(1) removeFirst/removelLast O(1)
peek get (size-1) O(1) get (0) 0O(1) get (0) /get (size-1) O(1)

Dueto Arravylists not needing additional memory overhead of pointer maintenance,
they are preferred for stack implementation.



Queues
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* Dynamic linear data structures.
* FIFO: First In, First Out.

* Remove the least recent element.

* There is a sequential nature to the data.

* Metaphor of a line of people waiting to buy tickets.
* Just arrived? Enqueue person to the end of line.
* Firstto arrive? Dequeue person at the top of line.
* We want to make engueue and dequeue as time efficient as possible.



Modern queue applications

* Music playlist

* Streaming data buffers (Netflix, Hulu, etc.)

* Asynchronous data transfer (file I/0, sockets)
* Requests In shared resources (printers)

* Waiting times at calling center
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Worksheet time!

2. Suppose you use a queue to perform an intermixed sequence of enqueue and

dequeue operations. The enqueue operations put the integers 0 through 9in order

In the queue. You can dequeue at any time. Which of the following sequence(s) of
dequeues are valid?

a. 4321098765
b. 0123456789 ,

Hint: draw out the queue!
c. 0465381729

d. 0123567984



Worksheet answers!

2. Suppose you use a queue to perform an intermixed sequence of enqueue and

dequeue operations. The enqueue operations put the integers 0 through 9in order

In the queue. You can dequeue at any time. Which of the following sequence(s) of
dequeues are valid?

a. 4321098765 No

b. 0123456789 Yes

c. 0465381729 No

d. 0123567984 No



Implementation of queues

public interface Queue<E>{

public void enqueue (E i1tem);

public E dequeue() ;

public E peek();

public boolean 1sEmpty ()

public int size();



Implementing queue with ArrayLists

* Where should we engqueue and dequeue elements?

* fJoengqueue an element, calladd () attheend of ArraylList
*+ 07 (1)

* fJo dequeue an element, call remove (0)
* 0(n)

* What if we add at the beginning and remove from end?
* Now dequeue is cheap (07 (1) (but enqueue becomes expensive (0(n)).



Implementing queue with singly linked list

* Where should we enqueue and dequeue elements?

* To engueue an element, call add () atthe head of SLL
* 0(1)

* o degueue an element, call remove (size () -1)
* O(n)

* What if we add at the end and remove from beginning?

* Now dequeue is cheap (0(1)) but enqueue becomes expensive (0(n)).
* 0(1) for both if we have a tail pointer.



Implementing queue with doubly linked list

* Where should we enqueue and degueue elements?

* Joengqueue an element, call addLast ()
* 0(1)

* Jodeqgueue an element, call removeFirst ()
* 0(1)

* What if we engueue at the head and dequeue from tail?
« StilLO(1).
* In practice, "jJumping"’ around the memory can increase significantly the running time



Queue Operation & Run Time Summary

ArrayList SLList: head SLList (with tail) DLL

enqueue add O+(1) addFirst O(1) addLast O(1) addLast O(1)

dequeue remove (0) O(n) remove(size-1) O(n) removeFirst O(1) removeFirst O(1)

A SLList with a tail pointer is the most efficient implementation of a queue, since
you don’t need to maintain unused prev pointers like a DLL.



Implementation of queues

See: https://github.com/pomonacs622026sp/code/tree/main/lLecture8/basic
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Worksheet time!

* Think of a common real-life application for a stack.
* How would it change if we used a queue?

* Think of a common real-life application for a queue.
* How would it change if we used a stack?



Worksheet time!

Match the description to the Java code snippet.

. To-do list

.. Inserts atask into a to-do list

.. Retrieves a task from a to-do list

.. Reverse charactersin a word

.. Alistof to-do lists

.. Inserts ato-do listinto a list

. Queue<Queue<String>> gz =

. Queue<String> gl =

. String s =

. Stack<Character> sl =

. g2.enqueue (gl) ;

new Queue<Queue<String>>();

new Queue<String> () ;

- gl.enqueue (“Pay bills.”);

gl .dequeue () ;

new Stack<Character> () ;




Worksheet time!

Match the description to the Java code snippet.

. To-do list .. g2 .enqueue (gl) ;

. Inserts a task into a to-do list ., Queue<Queue<String>> g2 =

.. Retrieves a task from a to-do list , }Queue<8tring> gl =

{

.. Reverse characters in a word *gl.enqueue (“Pay bills.”);

. Alist of to-do lists 2 String s = gl.dequeue ()

.. Inserts ato-do listinto a list * Stack<Character> sl = new

new Queue<Queue<String>>();

new Queue<String> () ;

Stack<Character> () ;




Using stacks/queues from the
Java Collections Framework (JCF)
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Deqgue In Java Collections

Do not use the deprecated Stack class
Queue Is an interface

* Use the Deqgue Interface over the Queue Interface

Degque qgueue

Degue queue

LinkedList and ArrayDegue Implement Deque

new ArrayDeque(); //preferable

new LinkedList(); //also works

https://docs.oracle.com/javase/8/docs/api/java/util/Deque.html



https://docs.oracle.com/javase/8/docs/api/java/util/Deque.html

Lecture 8 wrap-up

e Stacks: LIFO (lastin, first out).
* Queues: FIFO (firstin, first out).
* Darwin Part |l due Tue 11:59pm

* Thisis the last lecture that will be on Checkpoint 1!

* [f you have SDRC accommodations, let them know ASAP (schedule a proctoring time)

Resources

o Stacks & queues from the textbook: https://algs4.cs.princeton.edu/13stacks/

* Oracle Queue: https://docs.oracle.com/javase/8/docs/api/java/uti/Deque.html

* See slides following this for 2 more practice problems

Worksheet partially lifted from https://www princeton.edu/courses/archive/fall18/co 6/precepts/p15-stacks-queue acks-and-Queues-Workshee
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Bonus practice problem

* Write a method isBalanced that given a String of parentheses and curly brackets, it determines
whether they are properly balanced. For example, it should return true if given "[()KK[()()])}" and
false for "[(])".



Bonus answer

private boolean isBalanced(String input) {
Stack<Character> stack = new Stack<>();
for (char parenthesis : input.toCharArray()) {

if (parenthesis =="'(' || parenthesis =="[" | | parenthesis =="{') {
stack.push(parenthesis);
} else {

if (stack.isEmpty()) {
return false;

}
char top = stack.pop();

if (parenthesis ==")' && top !="("' | | parenthesis =="]' && top I="[' || parenthesis == "}' && top !='{') {
return false;
}
}
}

return stack.isEmpty();



Bonus practice problem 2

What does the following code fragment do to the queue g7
Stack<String> stack = new Stack<>();
while (!g.isEmpty()) {
stack.push(g.dequeue());

}
while (!stack.isEmpty()) {

g.enqueue(stack.pop());



Bonus answer 2

It inverts the queue, i.e., flips the order of the queue (the first element in the queue is now the last).
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