Topic 5: Abstract Classes & Interfaces

Classes seen so faoncrete classes -- completely specified

Abstract class: incomplete class, useless by jtsadfint for use as a
superclass.

Interface: a special limited kind of abstract class
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1. Abstract Classes

An abstract class is not completely specified.
e useless by itself
e can have subclasses
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Employee Example

parent class is useful on its own
we instantiat&Enpl oyee as well as sub-classes

AN AN AN

| salesperson | | Executive | | Unionized |
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Rationale For Abstract Classes

sometimes the parent class is more of a placeholder

[ Dog | | Horse | | Elephant |

"Animal" is a useful concept
no generic animals

Will never instantiaténi mal (create a plaidni mal object)
Some details left for subclasses to specify.
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Another Example

| LibraryItem |

[ Book | [ Magazine | | cD |
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UML For Abstract Classes

Li braryltem

(in italics)

or
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Li braryltem
{abstract}

Java For Abstract Classes

public abstract class Libraryltem{

}
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Real-Life Example (simplified)

component: something you can put in a GUI window

/

Component

setFont (..)
setColor(..)

VARAN

Button

Menu

TextComponent
set Text (..)
get Text (..)
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Extended Example: Exams

FFQuestion| MultChoiceQuestion||ShortAnswerQuestiod
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What's Common To All Questions?

 text of question
» weight (number of points)
* get & set methods for these
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What's Different For Every Question Type?

1. how you specify the answers
2. how you ask the question (dialog with user)

3. additional feature for multiple choice: list dfaices
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Expanded UML

Question

4#text : String

-weight : int
# means protected/ =9d ==

+getText ()

+setWeight( = wt :

: String
+getWeight() : int

int)

T T

MultChoiceQuestion

-choices :
-correctAnswer

String|[]

int

TFQuestion

ShortAnswerQuestion

-correctAnswer : boolean

-correctAnswer :

String|
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Asking a Question

True/False:
The capital of Quebec is Quebec City (enter T or F):

correct!

Short Answer:
What is the capital of Saskatchewan: Saskatoon

no, the answer is Regina

Multiple Choice:
What is the capital of Ontario?
a. London
b. Kingston
c. Toronto
enter the letter of your choice: b
no, the answer is Toronto
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ask methods

Question

#text String

-weight : int

+getText () String
+getWeight() : int
+setWeight ( wt : int)

7 T

MultChoiceQuestion
-choices String|[]
-correctAnswer : int
+ask () boolean
TFQuestion ShortAnswerQuestion
-correctAnswer boolean -correctAnswer String
+ask () boolean +ask () boolean
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Problem

public class Exam {
Question questions[];
i nt nunmQuesti ons;

public int givekExam() {
int score = O;
for (int i =0; i < numQuestions; i++) {
if (questions[i].ask())
score += questions[i].getWight();

} // end for
return score;
}

}
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One More ask Method

Need to put amask method intdQuest i on class.

What should it do??
It will never be called — just a placeholder
Every subclass will override.
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Solution: Abstract Method

public abstract class Question {

publ i c abstract bool ean ask();
} // end class Question

Abstract method:
* no body
* will never be called
* must be overridden by every concrete subclass
* more of a placeholder than a method
» only legal inside an abstract class

The abstract ask method requires/guarantees tbat subclass of
Quest i on will have anask method.
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Complete UML

Question

Htext :
-weight :

String
int

HgetText ()
HgetWeight ()
+setWeight (in wt
+ask():

bool ean

: String
: int

int)

yAY

T

RO

MultChoiceQuestion

-choices :
-correctAnswer

String|[]

int

Hask ()

: boolean

TFQuestion

-correctAnswer : boolean

+ask() : boolean
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ShortAnswerQuestion

-correctAnswer : String

+ask ()

: boolean
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Hierarchies of Abstract Classes

It is possible to have one abstract class extenthan
Only theconcrete classes must specify everything

public abstract class A {
public abstract void one();
public abstract int two();

}

public abstract class B extends A {
public void one() {..};
public abstract String three();

}

public class C extends B {
public int two() {..}
public String three() {..}

}
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Abstract Classes: Summary

* An abstract class is not completely specified

* An abstract class can't be instantiated
* An abstract class may contain abstract methodbddees)

» Concrete child classes must override these abstratttods
e An abstract class may contain attributes & conameéhods
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Concrete to Abstract

Abstract classes vary in how abstract they are.
One extreme: mostly concrete
* lots of data
* many concrete methods
» one abstract method to be filled in by subclasses

Other extreme: completely abstragt
* nodata

. only abstract methods Java calls this aimterface
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Interfaces

anlnterface is an abstract class that contains
only abstract methods — no data, no concrete methods
(may contain constants also)

an Interface is like a skeleton or template folaass
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Example: Stacks

Recall from 121: Stack is an abstract data type
operationspush, pop, i seEnpty
several ways to implement
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Stack Interface

public interface Stack {
public abstract void push(int i);
public abstract int pop();
public abstract bool ean isEnpty();
} // end interface Stack

Note: all methods in an interface are public anstraiot.
You can leave out those keywords

public interface Stack {
void push(int i);
int pop();
bool ean i sEmpty();

} // end interface Stack
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Terminology

You extend an abstract class:
public class TFQuestion extends Question {...

}

You implement an interface:
public class ArrayStack inplenents Stack {...
}
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A Stack Implementation

public class ArrayStack inplenments Stack {
private int elements[];
private int toplndex;

public ArrayStack() {
el ements = new int[100];
topl ndex = -1;

} I/ end constructor

public void push(int i) {...}
public int pop() {...}

public bool ean isEnmpty() {
return toplndex == -1;
} // end isEnpty
} // end class ArrayStack
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Another Stack Implementation

public class LinkedStack inplenments Stack {
/1 private instance variable: head of linked I|ist

public LinkedStack() {

} }).end constructor

public void push(int i) {...}
public int pop() {...}

public boolean isEnpty() {

} }}-end i SEnpty

} // end class LinkedStack
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Using Stacks (1)

Stack s = new ArrayStack();

s.pﬁéﬁ(x);
s. push(y);
z = s.pop();

constructor is only mention of whi@®t ack implementation used

to change implementation, just change which coosiricalled

CISC 124, Winter 2016, Topic 5: Abstract Classelsi@rfaces

28




Using Stacks (2)

public static void push5(Stack theStack) {
for (int i =1; i <= 5; |i++)
t heSt ack. push(i);

Parameter can be of any class that implem@inésck.
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Multiple Inheritance Revisited

recall: a class casxtend only one other class
but a class cammplement many interfaces

distinction between abstract classes & interfaces
is Java's answer to multiple inheritance

Syntax:
public class String extends Qbject
i npl ements Conparable, Serializable {....}
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Example: Comparable Interface

To motivate, think about how to write a generalgmse sorting method
(sorts any array of objects).

First try:
public static void sortArray(Object array[]) {
/] selection sort

for (int i =0; i <array.length-1; i++) {
int mnlndex = i;
for (int j =i+1; | < array.length; j++) {
if (array[j]@array[m’nlndex])
m nl ndex =j;
} // end for j

/1 swap el enents at minlndex and i
Obj ect tenp = array[m nlndex];
array[m nlndex] = array[i];
array[i] = tenp;
} /1 end for i
} /1 end sortArray

Doesn't compile. Why? "<" operator not defined for objects
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Second Try

Useconpar eTo instead of "<"

public static void sortArray(Object array[]) {
/'l selection sort
for (int i =0; i <array.length-1; i++) {
int mnlndex = i;
for (int j =i+1;, j < array.length; j++) {
if (array[j].conmpareTo(array[m nlndex]) < 0)
m nl ndex = j;
} // end for j
/1 swap el enents at mnlndex and i
Obj ect tenp = array[ m nl ndex];
array[m nlndex] = array[i];
array[i] = tenp;
} /1 end for i
} /1 end sortArray

Doesn't compileCbj ect class doesn't havecanpar eTo method.
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Solution: the Comparable Interface

Many classes haveconpar eTo method, but some don't.
No defaultconpar eTo method inside thébj ect class.

/'l part of java.lang package

i nterface Conparabl e {
i nt conpareTo(Obj ect other);
}

Many (but not all) API classes implemeZdanpar abl e.

BlueJ: version oEnpl oyee implementingConpar abl e
(gets a warning but runs anyway -- more detaiks lett course)
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Corrected Sorting Method

public static void sortArray(Conparable array[]) {
/1 selection sort

for (int i =0; i < array.length-1; i++) {
int mnlndex = i;
for (int j =i+1; j < array.length; j++) {

if (array[j].conpareTo(array[m nlndex]) < 0)
m nl ndex = j;
} /1 end for j
/1 swap el enents at minlndex and i
bj ect tenmp = array[m nl ndex];

array[m nlndex] = array[i];
array[i] = tenp;
} /1 end for i

} // end sortArray
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Compiler Warnings

public static void sortArray(Conparable array[]) {
i.fll(array[j].corrpareTo(array[m' nl ndex]) < 0)

} //'é.nd sort Array

Java versions after 1.4 will give you a warningudeing
Conpar abl e like this

For now, you may ignore.

Later: generic version.
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API Sorting Methods

API classAr r ays provides useful static methods for arrays
(search, sort, fill with value, etc.)

includes:
static void sort(Qbject[] a)

static void sort(Object[] a,
int from
int to)

(run-time check to make sure all objects implen@ntpar abl e)
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Using Arrays.sort

i mport java.util.Arrays;
public class TrySort {
public static void mai n(Strlng a[]) {
Enpl oyee payroll[] = ....;
Arrays. sort(payroll);
} /1 end TrySort

works just like my sort method
(but faster -- merge sort)

Uses Enpl oyee classconpar eTo method
(Java termnatural ordering)
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Wrapper Classes

What if you want to sort an array ioht s orchar s? Not objects.

Solution: wrapper classes
Example:l nt eger (inj ava. | ang)

public final class Integer inplenments Conparable {
private int val ue;
public Integer(int v) { value = v; }
int intValue() { return value; }

/'l plus useful static methods:

public static int parselnt(String s) {
[/ translates s into an int & returns it
}

}

Important note: all wrappers classes are immutable
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Conversions (old way)

Before Java 1.5, all conversions had to be madkcékp

int primnt;

I nt eger intbject;

i”nbeject = new Integer(primnt); // "boxing
|.o.ri.rrint = intQbject.intValue(); // "unboxing
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Conversions (new way)

Starting with Java 1.5, Java will do most conversiautomatically

int prinnt;
| nt eger intQbject;
intOGbject = primnt; // automatic "boxing"
primint = intCbject; // automatic "unboxing"
i nt Gbj ect = 15;
primnt = 3;
I nteger sum = intQbject + primnt;
System out. println(sunm;
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Other Wrapper Classes

Char act er forchar
Doubl e fordoubl e
Bool ean for bool ean
etc...

Documented in Java API
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