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What is a Stack?What is a Stack?
Stores a set of elements in a particular orderStores a set of elements in a particular order

Accessed in LastAccessed in Last--InIn--FirstFirst--Out (LIFO) fashionOut (LIFO) fashion

Real life examples:Real life examples:
•• Pile of booksPile of books

•• PEZ dispenserPEZ dispenser

•• Cup trays in cafeteriaCup trays in cafeteria

CS examples: program execution stack, CS examples: program execution stack, 
parsing/evaluating expressionsparsing/evaluating expressions
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Stack Abstract Data TypeStack Abstract Data Type

push(push(oo): insert ): insert oo on top of stackon top of stack

pop( ): remove object from top of stackpop( ): remove object from top of stack

top( ): look at object on top of stack (but top( ): look at object on top of stack (but 
don’t remove)don’t remove)

size( ): number of objects on the stacksize( ): number of objects on the stack

isEmptyisEmpty( ): does (size = = 0)?( ): does (size = = 0)?
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Java Interface for Stack ADTJava Interface for Stack ADT

public interface Stack {public interface Stack {
public public intint size();size();
public public booleanboolean isEmptyisEmpty();();
public Object top() throwspublic Object top() throws

StackEmptyExceptionStackEmptyException;;
public void push (Object element);public void push (Object element);
public Object pop() throwspublic Object pop() throws

StackEmptyExceptionStackEmptyException;;
}}
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ArrayArray--based Stack Implementationbased Stack Implementation

Allocate array of some sizeAllocate array of some size
•• Maximum # of elements in stackMaximum # of elements in stack

Bottom stack element stored at index 0Bottom stack element stored at index 0

firstfirst index tells which element is the topindex tells which element is the top

increment increment firstfirst when element pushed, when element pushed, 
decrement when decrement when pop’dpop’d
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ArrayArray--based Implementationbased Implementation

public class public class ArrayStackArrayStack implements Stack {implements Stack {
private Object[] S;private Object[] S;
private private intint topIndextopIndex = = --1;1;
public void push(Object public void push(Object objobj) throws ) throws StackFullStackFull {{

if (size() == S.length)if (size() == S.length)
throw new throw new StackFull(“fullStackFull(“full”);”);

S[++topIndexS[++topIndex] = ] = objobj; }; }
public Object pop() throws public Object pop() throws StackEmptyStackEmpty {{

if (if (isEmptyisEmpty())())
throw new throw new StackEmpty(“emptyStackEmpty(“empty”);”);

Object Object elemelem = = S[topIndexS[topIndex];];
S[topIndexS[topIndex----] = null; ] = null; 

return return elemelem; }; }
}}
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AnalysisAnalysis

Each operation is Each operation is OO(1) running time(1) running time
•• Independent of number of items in stackIndependent of number of items in stack

•• push, pop, top, size, push, pop, top, size, isEmptyisEmpty

Space can be Space can be OO((nn) or may be much more) or may be much more
•• depends if depends if nn is known at initialization timeis known at initialization time
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Linked List Stack ImplementationLinked List Stack Implementation

BenefitsBenefits
•• Avoids maximum stack size restrictionAvoids maximum stack size restriction

•• Only allocates memory for stack elements Only allocates memory for stack elements 
actually usedactually used

HowHow
•• Allocate a node for each stack elementAllocate a node for each stack element

•• Nodes are chained together by reference to Nodes are chained together by reference to 
next node in the chainnext node in the chain
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Linked List NodeLinked List Node

public class Node {public class Node {
private Object element;private Object element;
private Node next;private Node next;
public Node(Object e, Node n) {public Node(Object e, Node n) {

element = e; next = n; }element = e; next = n; }
……
}}
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Linked List Stack ImplementationLinked List Stack Implementation
public class public class LinkedStackLinkedStack implements Stack {implements Stack {
private Node top = null;private Node top = null;
private private intint size = 0;size = 0;
public void push(Object public void push(Object elemelem) {) {

Node v = new Node();Node v = new Node();
v.setElement(elemv.setElement(elem););
v.setNext(topv.setNext(top););
top = v;top = v;
size++; }size++; }

public Object pop() throws public Object pop() throws StackEmptyStackEmpty {{
if (if (isEmptyisEmpty()) throw new()) throw newStackEmpty(“emptyStackEmpty(“empty”);”);
Object temp = Object temp = top.getElementtop.getElement();();
top = top = top.getNexttop.getNext();();
size size ----;;
return temp; }return temp; }

}}
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AnalysisAnalysis

All stack functions still All stack functions still OO(1)(1)
•• push, pop, top, size, push, pop, top, size, isEmptyisEmpty
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What is a QueueWhat is a Queue

Stores a set of elements in a particular orderStores a set of elements in a particular order

Accessed in FirstAccessed in First--InIn--FirstFirst--Out (FIFO) Out (FIFO) 
fashionfashion

Real life examples:Real life examples:
•• Waiting in line at cafeteriaWaiting in line at cafeteria

•• Waiting on hold for technical supportWaiting on hold for technical support

CS Example: Buffered I/OCS Example: Buffered I/O
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Queue ADTQueue ADT

enqueue(enqueue(oo): Insert object ): Insert object oo at at rearrear of queueof queue

dequeuedequeue( ): remove object from ( ): remove object from frontfront of of 
queuequeue

size( ): number of elementssize( ): number of elements

isEmptyisEmpty( ): size == 0?( ): size == 0?

front( ): look at object at front of queuefront( ): look at object at front of queue
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Queue Interface in JavaQueue Interface in Java

public interface Queue {public interface Queue {
public public intint size();size();
public public booleanboolean isEmptyisEmpty();();
public Object front() throws public Object front() throws QueueEmptyQueueEmpty;;
public void public void enqueueenqueue (Object element);(Object element);
public Object public Object dequeuedequeue() throws () throws QueueEmptyQueueEmpty;;

}}
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ArrayArray--based Queue Implementationbased Queue Implementation

Array of fixed sizeArray of fixed size

Index array element for front and rear of Index array element for front and rear of 
queuequeue

Indices “wrap around” when they cross end Indices “wrap around” when they cross end 
of arrayof array
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Array Queue ImplementationArray Queue Implementation

public class public class ArrayQueueArrayQueue implements Queue {implements Queue {
private Object[] Q;private Object[] Q;
private private intint size=0;size=0;
private private intint front=0, rear = 0;front=0, rear = 0;
public void public void enqueue(Objectenqueue(Object o) {o) {

if (size( ) == if (size( ) == Q.lengthQ.length) throw) throw
new new QueueFull(“fullQueueFull(“full”);”);

Q[rear] = o;Q[rear] = o;
rear = (rear + 1) % rear = (rear + 1) % Q.lengthQ.length;;
size++;size++;

}}
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List Queue ImplementationList Queue Implementation

Head and tail node references for front and Head and tail node references for front and 
rear of queuerear of queue

Insert at tail, remove from headInsert at tail, remove from head
•• Remove from tail too slow for singly linked listRemove from tail too slow for singly linked list

——Updating tail reference with new tail takes Updating tail reference with new tail takes 
full traversalfull traversal

•• So use tail of list for rear of queueSo use tail of list for rear of queue
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List Queue ImplementationList Queue Implementation

public class public class ListQueueListQueue
implements Queue {implements Queue {
private Node head = null;private Node head = null;
private Node tail = null;private Node tail = null;
private private intint size = 0;size = 0;
. . . . . . 

}}
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List QueueList Queue
public void public void enqueue(Objectenqueue(Object objobj) {) {
Node node = new Node node = new Node(objNode(obj, null);, null);
if (size == 0) if (size == 0) 

head = node;head = node;
else else 

tail.setNext(nodetail.setNext(node););tail = node;tail = node;
size++;size++;

}}public Object public Object dequeuedequeue() {() {
Object Object objobj = = head.getElementhead.getElement();();
head = head = head.getNexthead.getNext();();
sizesize----;;if (size == 0) if (size == 0) 

tail = nulltail = null
return return objobj;;}}
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AnalysisAnalysis

All queue operations are All queue operations are OO(1)(1)
•• size( ), size( ), isEmptyisEmpty( )( )

•• enqueueenqueue( ), ( ), dequeuedequeue( ), front( )( ), front( )
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DoubleDouble--ended Queueended Queue

Sometimes called “Sometimes called “dequedeque” (” (dekdek) ) 

Similar to stack and queueSimilar to stack and queue
•• Allows insertion and removal at both ends of Allows insertion and removal at both ends of 

the queuethe queue

•• Stack or queue is easily implemented using a Stack or queue is easily implemented using a 
dequedeque
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DequeDeque ADTADT

insertFirst(insertFirst(ee) : insert element at front) : insert element at front
insertLast(insertLast(ee) : insert element at rear) : insert element at rear
removeFirstremoveFirst( ) : remove first element( ) : remove first element
removeLastremoveLast( ) : remove element at rear( ) : remove element at rear
first( ) : examine first elementfirst( ) : examine first element
last( ) : examine last elementlast( ) : examine last element
size(size(ee) : number of elements in ) : number of elements in dequedeque
isEmptyisEmpty( ) : size == 0?( ) : size == 0?
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Doubly Linked ListDoubly Linked List

Singly linked list inefficient for removing Singly linked list inefficient for removing 
from tailfrom tail

Has Has prevprev reference as well as next referencereference as well as next reference

Can use Can use sentinelsentinel nodes to reduce the special nodes to reduce the special 
casescases
•• node has no element, just next or node has no element, just next or prevprev

referencereference
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DequeDeque ImplementationImplementation

public class public class MyDequeMyDeque implements implements DequeDeque {{
DLNodeDLNode header, trailer;header, trailer;
intint size;size;
public public MyDequeMyDeque() {() {

header = new header = new DLNodeDLNode();();
trailer = new trailer = new DLNodeDLNode();();
header.setNext(trailerheader.setNext(trailer););
trailer.setPrev(headertrailer.setPrev(header););
size = 0;size = 0;

}}
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DequeDeque ImplementationImplementation

public void public void insertFirst(ObjectinsertFirst(Object o) {o) {
DLNodeDLNode second = second = header.getNextheader.getNext();();
DLNodeDLNode first = first = 

new new DLNode(o,headerDLNode(o,header, second);, second);
second.setPrev(firstsecond.setPrev(first););
header.setNext(firstheader.setNext(first););
size++;size++;

}} Could be null if no sentinels
(trailer could also be null)
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DequeDeque (no sentinels)(no sentinels)

public void public void insertFirst(ObjectinsertFirst(Object o) {o) {
DLNodeDLNode second = header;second = header;
DLNodeDLNode first = new first = new DLNode(oDLNode(o, null, second);, null, second);
header = first;header = first;
if (second == null)if (second == null)

trailer = first;trailer = first;
elseelse

second.setPrev(firstsecond.setPrev(first););
size++;size++;

}}
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DequeDeque AnalysisAnalysis

All operations still All operations still OO(1)(1)

Doubly linked listDoubly linked list
•• nodes slightly largernodes slightly larger

•• more references to keep up to datemore references to keep up to date


