Lecture 3
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Stack ADT -

Last In First Out (LIFO)
Implementations in Java



Stack ADT: Illustration
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Implementing the Stack ADT in Java: Architecture

public interface Stack< E > {
public int size();

public boolean isEmpty();
public E top();

public void push( E e);
public E pop();

ArrayStack(E)



Implementing the Stack ADT using an Array

public class ArrayStackqd> implements Stack Af( f0&<\gﬂ" >
private fiqal int MAX CAPACITY = 1000;
private ] data; E _b S k
private int t; /x index of top %/ (AQM(MJ w r

public ArrayStack() {

data = (E[]) new Object [MAX CAPACITY]; gmk<s
t = =i W >

}

public int size() { return (t + 1); } (E[ OL_PC{[ ]
public boolean isEmpty() { return (t == -1); } 3 —
public (E top() { “h
if (isEmpty()) {®/* Precondition Violated x/ kt M’P b
else { return datalt]; } M e
o L wol st Wit @ Jao.
public void push(E e) {
Iif (size() == MAX=CAPACITY) {‘ /+ Precondition Violated */l}
else { t ++; datalt] = e; } {’
} e#{m
public E pop() {

E result;

if (isEmpty()) { /* Precondition Violated =/ }

else { result = datal[t]; datal[t] = null; t ——; }

return result; d\ O /

}

%2%




public class LinkedStack<E> implements Stack<E> ({
private SinglyLinkedList<E> 11ist;

Singly-Linked List Method
Slac’ Mathod Strategy 1 Strategy 2.
size list.size
{PY iSEmpty list.isEmpty
top list.first ' list.last
- push list.addFirst list.addl ast
pop list.removeFirst || list.removelast

Strategy 1

GglyLinkedList
head

&

OC‘) “ -;4" j/




. . Grack<S> 8 = vieo Stark<>()s
Stack ADT: Testing Alternative Implementations "L sedee sede

@Test
public void testh&ymorphicS?acks() {
s )= new ArrayStack<>();
"Alan%; /* dynamic binding =
"Mark) ; /* dynamic binding =x
"Toi"); /#* dynamic binding */
(s.size() == 3 && !s.isEmpty\));
quals ("Tom", s.top());

J W""‘ﬂg-/ﬁsﬁ[ehoﬂes

=_Rew LinkedStack<>();

o "Alan"); /* dynamic binding */
< "Mark"); /% dynamic binding x*/
\D ("Tom"); /* dynamic binding =/

asseftTrue(s.size() == 3 && !s.isEmpty());
asserxtEquals ("Tom", s.top());

implements,

ArrayStack(E) LinkedStack{E)

public class ArrayStack<E> implements Stack<E> {
private final int MAX CAPACITY = lQpO; 1k
private E[] data; P
private t; /+ index of top */ -
public ArrayStack() {
data = (E[]) new Object [MAX_ CAPACITY]; V‘(o &

public int size() { return (t + 1); }
public boolean isEmpty() { return (t == -1); } 49?

public E top() {
if (isEmpty()) { /*» Precondition Violated x*/ }
else { return datal[t]; }
}
public void push(E e) {
if (size() == MAX CAPACITY) { /+ Precondithon, Violated x/ .}
else { t ++; datalt] = e; } 0 (

l}mblic E p.op() { S%’ ’_JIT ' ..

E result;
if (isEmpty()) { /+ Precondition Violated x/ }
else { result = datalt]; /Adat
return result;

}
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Lecture 3

Part C

Stack ADT -
Algorithms using the Stack ADT



Algorithm using Stack: Reversing an Array
Sa — N
ot fh[

Pu;tlaiggt>atic void reverse (J | 1 ‘a/e(

[1 a) {
buffer = new ArrayStack<ﬁ§iﬁ; X

for (int i = 0; i < a.length; i ++)S{ YBIQ/Q(._[“AIM’, uwm'krt$>

buffer.push(alil); —
SergC ]

WW(€2%9%3>

or (int i = 0; i < a.length; 1 ++) {
alil = buffer.popl();

@Test

public void testReverseViaStack() {
String names = {"Alan", "Mark", "Tom"};
String[] expectedReverseOfNames = {"Tom", "Mark", "Alan"};
StackUtilities.reverse(names) ;
assertArrayEquals (expectedReverseOfNames, (names) ;

Integer ] numbers = {46, 23, 68};

Integer|[] expectedReverseOfNumbers= {68, 23, 46};
StackUtilities.reverse (numbers) ;

ssertArrayEquals (expectedReverseOfNumbers, | numbers) ;




Algorithm using Stack: Matching Delimiters

: : , : ) openings
public static boolean isMatched(String expression) { 01 2-
final String opening = " ([{"; N ;.( E{«. /E
final String closing = ")1}"; mg‘ ) 3 3.. ;
Stack<Character> openings = new LinkedStack<Character>();. 2

int i = 0; . ) -}\GMJF\W T 7 /) i
boolean foundError = false; / Ez& ll L7 l APtk

while (! foundError && i < expressi.on.length()) {
char ¢ = expression.charAt(i);

if (opening.index0Of(c) != -1) { openings. push(c) ‘
{‘ l/else if (closing.indexOf((c) != —19—-&—% C ‘48’

if (openings.isEmpty()) { foundError = true;

07” else {
if)(opening.indexOf(openings.tOP()) == closing.indexOf(c)) {
openings.pop ();
} ==0
else { foundError = true; openings

» Lédv&{j@ "Hf“a %tﬂg .

1 ¥hj public void testMatchingDelimiters() {
} assertTrue (StackUtilities.isMatched(""
return !foundError && Openlngs isEmpty () ; assertTrue (StackUtilities.isMatched ("{

= assertFalse(StackUtllltles isMatched
4&\ / assertFalse (StackUtilities.isMatched




Algorithm using Stack: Calculating Postfix Expressions
St d=20| ¢

Sketch of Algorithm

o When input is an operand (i.e., a number), push it to the stack.
o When input is an operator, obtain its two operands by popping
off the stack twice, evaluate, then push the result back to stack.

o When finishing reading the input, there should be only one
number left in the stack.

Input 1:

Input 2: //"4;
Input 3: + >
Inpt/x;)l:(54+6| =5+46 4. o5 N
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Queue ADT -
First In First Out (FIFO)
Implementations in Java
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Implementing the Queue ADT in Java: Architecture

public interface Queue< E > {
public int size();
public boolean isEmpty();
public E first();
public void enqueue( E e);
public E dequeue();

implements implements

ArrayQueue(E) | CircularArrayQueue(E) | LinkedQueue(E)



Implementing the Queue ADT using an Array dﬁt&) Y

C—

public class ArrayQueue<E> implements Queue<E> { Y 4q
private final int MAX CAPACITY = 1000;
private E[] data;
private dint r; /* rear index x*/
public ArrayQueue() {
= data = (E[]) new Object [MAX CAPACITY];
o B = =15
}
- public int size() { return (r + 1); (l)

. public boolean isEmEtz() { return (r == =1.) } OC[)
- public E first() {

if (isEmpty()) { / recond:LtJ.on Violated =/ } M)

else { return dat f
) -ko/‘ ng

public void engueue(E e)
|if (size() == MAX_ CAPACITY) /+ Precondition Violated x/

}else T % atalzl — e} 0(() P #75’ f/ﬂ)

public E dequeue() { k
« if (isEmpty()) { /+ Precondition Violated x*/ } O(A
else { [ ) #"t

E result = data[0];
for (int i = 0; i < r; 1 ++) { datali
datalr] = null; r —--; L, ‘a )

return result;




Implementing_the Queue ADT using a SLL

Sy
public class LinkedQueue<E> implements Queue<E> ({ D use Sl msiad
private SinglyLinkedList<E> 1list; @!Ke W #

Singly-Linked List Method
‘ueueiiethod Strategy 1 Strategy 2
size list.size
isSEmpty list.isEmpty
first list.first list.last
enqueue list.addLast list.addFirst
dequeue list.removeFirst | list.removelast

Strategy 1

GglyLinkedList
head

2

Strategy 2




Stack ADT: Testing Alternative Implementations

@Test

public void testPolymorphicQéeues () {
Queue<String> g new ArrayQueue<> () ;
g.enqueue|"Alan")|; /# dyna;nic binding */
asrenqueue | "Mark" /* dynamic binding */

implements,

ArrayQueue(E) | CircularArrayQueue(E) | LinkedQueue(E)

Ne e

public class ArrayQueue<E> implements Queue<E> { g.enqueue|"Ton")); /# dynamic binding =/
private final int MAX_CAPACITY = 1000; assertTrue (q.sifze() == 3 && !q.isEmpty());
private E[] data; , assertEquals lan", qg.first());
private int r = -1; /x rear index x/ W
public ArrayQueue() { 8 “
data = (E[]) new Object [MAX CAPACITY]; g(=)new LinkedQueue> () ;
}r =1 glenqueue["Alan"); /* dynamic binding =/
public int size() { return (r + 1); } qg. enqueue :"Mark"); /* dynamlc blndlng */
public boolean isEmpty() { return (r == -1); } gJenqueue|"Ton"); /# dynamic binding */
public & #izsell i assertTrue (q.size() == 3 && !q.isEmpt ;
if (isEmpty()) { /* Precondition Violated */ } (Q"’ (l x i PEV (1§
else { return data[0]; } assertEquals ("Alan", g.first());
} }
public void enqueue(E e) {
if (size() == MAX _CAPACITY) { /* Precondition Violated x/ }

else { r ++; datalr] = e; }
}
public E dequeue() {

if (isEmpty()) { /* Precondition Violated */ }

else {
E result = datal0];
for (int i = 0; i < r; 1 ++) { datal[i]l = datal[i + 11; }
datalr] = null; r ——;

return result;
}
}
}



