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Object-Oriented Programming

Objects model entities from the problem domain.!
Objects communicate with each other by sending messagesg.!
The kinds of message an object can receive describe its behavior.!

Problem Domain

submits

Add | prop [Course [ section| Hrs )
S ?

takes C /
o

submits - takes
‘ Student }—»{ RequestedCourseList }4—{ Registrar ‘

Software Domain
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Characteristics of an Object

s801  pase) |

dentity

¥ State D the values stored
in an objectOs attributes!#™ ~| e
Bl Stable statethe values of oo e sarf s
the attributes are consistent
with the classOs invariants!
¥ Behavior D the set of operations visible in the objectOs API; de
the kinds of messages the object can receive!
Constructor B put the object in an initial stable state!
Accessor D retrieve state information; magyrghesized!
Mutator B change the state of the object (consistent with the
invariants)!
¥ Identity B unique for each object !
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UML: Class and Object Diagrams

Rectangl Rectangle :
Rectangle | ectangle UML class diagram:

“height:double -height:double

Notation Visibility
+setLength:void +setLength(newLength: 2
+getLength:double +getLength():double * public
+setHeightvoid +setHeight(newHeight:double):void . —
+getHeight:double | | +getHeight():double

private

74392 6F02A

selena:Student gopal:St_udent
hours = 0 hours = 0

a0 gpao
UML object diagram L year =
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Code Reuse: Composition (revisited)

Composition Where is the code reuse?!
A class is composed of one or more other classes.!

0 or more instances of!

BankAccount

UML leaves open how you represent!

public class BankAccount { a collection of things. Here we chgse
private Client client; ————alist!

private List<BankTransaction> transactions;
// other fields
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Code Reuse: Composition (revisited)

UML adornment!

{sections with enrollment < 6 are cancelled}.

CourseSection

<enrolls in

< teaches Instructor I
1
public class Student {

A CourseSection must
private CourseSection[] coursedsgedule;
// other data and method fields ... have 1lInstructor

public class Courses

on | |
private Student[] sectionRosteps

private Instructor instructorf
// other data and method fields ...

Here the programmer chose to
an array as the OcollectionO ty

public class Instructor {
private CourseSection[{ sectionsTaught;
// other data and method fields ..
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Code Reuse: Inheritance (revisited)

BankAccount

—balancerint

“serviceChargesint

+getAcciNumber:String

+makeDepositvoid
+makeWithdrawalint

!—&—\

Inheritance Where is the code reuse?!
A class inherits attributes and behavior!
from its parent (which inherits froits !

parent, and so on).!

// class body goes here

+stopCheckvoid

}

// class body goes here

]

public class CheckingAccount extends BankAccount (

public class InterestCheckingAccount
extends CheckingAccount {

~checkPrintingFeeint -minBalance:int

+getMinBalance:int
+seiCheckinterestRate:void}
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Code Reuse: Inheritance (revisited)

A CheckingAccount object
can provide public access to
the public belds it inherits fro|

BankAccount.!

ER

CheckingAccount chikacet;

public Bankaccount (
private it balance;
private String acctNumber;
private Clent client
private int serviceCharges;

public Siring getACaINumber(;
public int getBalance();

|7 | bt voia setgatanceq;
public void makeDeposit)
public int makeWithdrawal();

private boolean returmCancelledChecks

public CheckingAccount extends BankAccount {

public String getAcciNumber();

kacet getBal

chkacet stopCheck( check )

public void set@alance(;
public void makeDeposit):
publicint makeWithdrawal();

public void sendCancelledChecks();
[ >~ public void stopCheck();
public void generateMonthlyStatement(;
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Another inheritance hierarchy

What doescircle inherit !
from shape?!

If r1is areferencetoa!

Rectangle, what message

can | send it?!

ape
{abstrac} - -----

~shapeName:String

The name of an abstract
- = - | classis given in italics and
can be tagged with the
{abstract} propery.

+setShapeName(newName:String):void
+getShapeName():String
+getSurfaceArea()double - - - - - -
+getPerimeter()double

T

- = - - [Abstract methods are
also shown in talics.

Rectangle Circle. Triangle
-length:double -radius:double -side1:double
~height:double ~side2:double

-side3:double

+getLength():double

+getHeight():double

+setLength(newLength:double):void|

+setHeight(newHeight double):void

o int):doub
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[+getside1(:double
[+getSide2():double

[*getside3(:double




Polymorphism: a form of code reuse

| PolymorphismAllow a block of code to be used with different types of dlata !

Substitution principlewe can ! 1 // create N monitor references
Substitute instances of a subclass org Monitor [] monitor =
an instance of its superclass! 4 7/ populate array with Monitor instances
monitor[0] = new Pr eMonitor();
Dynamic bindingthe runtime new TemperatureMonitor ();
PR N 1 new RadiationMonitor();
System will bind an bject referenge o  nonicor (5] - how bumtostonttor 0
to a specibc object at the time of the ¢ // andsoon..

Monitor[ N 1;

method callt 11 // now have each one do a regular checkup
Wontor 12 for = 1 it

13
14

etk 15 ) Monitor[i] is bound to a speciPc type|

(e.g..PressureMonitor,
[% HumidityMonitor) at runtime, ensurin
‘ ‘ ‘ ‘ that the correct version of the methods is|
] ] ]I ]I invoked.!
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A Shapes Hierarchy

LetOs start with an ADT description and see how to
map it to a class dePnition.!

ADT Shape

Description
A shape object represents a geometric shape. Every shape has a name (the K
shape it is), a surface area, and a perimeter. Surface area and perimeter are
determined by characteristics particular to a kind of shape. An object created ]
one kind of shape cannot become another kind of shape. The dimensions of &
shape must be greater than 0.!

Invariants

1. Every shape has a name. The default name is OUnknown.O!

2. The dimensions of a shape must be greater than 0. The default size for a
dimension is 1.0. !
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Shape: Mapping attributes to data fields

ADT Shape!

Class variables!
DEFAULT_SIZEa constant, the default size for a

Instance variables!

shapeNam&tring the name of this type of shape!

shape is 1.0!

DEFAULT_NAME String the default shape name is OUnknopnO!

An[abstradt class cannot be instantiated! !

because it is not complete!

public GbstracDclass Shape {

Jrx
* The default size used in constructing a shape
*/

protected static final double DEFAULT SIZE = (double) 1.0;
protected static final String DEFAULT_NAME = "Unknown";

private String shapeName;

/
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Access Levels

Modiper! | Class! | Package! Subclass] World!

public! Y! Y! Y! Y!
protected! Y! Y! Y! N!
private! Y! N! N! N!

Preventing misuse is the key!!
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Shape: mapping operations to methods

constructor()! /rx
Ipre-condition: none!

o * of unknown  shape type.
Iresponsibilities: default | «,
constructor - initialize |public shape() {
shapeNamm this.shapeName = DEFAULT_NAME;

DEFAULT_NAME! }
Ipost-condition: the shape

* Construct a generic instance

is initialized!
Ireturns: nothing!
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Shape: mapping operations to methods

setShapeName( String newName !/ **
Ipre-condition: newName is not null * Reset the shape name for
or empty! * this <tt>Shape</tt>.
Iresponsibilities: resethapeNameo | * @param name  the name of this
newName, if newName is valid, * kind of shape
*/

Ipost-condition: this shapeOs nal
String newName ) {

otherwise make no change!
oisotected void setShapeName (
set to newName, if valid!
if ( newName.trim().length()

Ireturns: nothing!
== 0)

[~
shapeName = DEFAULT NAME;
Any comments about thig?! else
shapeName =

new String(newName) ;

}
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Shape: mapping operations to methods

Jr%

constructor( String name )!
Ipre-condition: name is not null or * Construct a <tt>Shape</tt>
emptyl * whose type is specified in
,' . R * the argument.
Iresponsibilities: initializeshapeName | . @param name the name of this
to name, if name is valid, *kind of shape
otherwise use! Iy

public Shape( String name ) {
setShapeName ( name ) ;

}

! IDEFAULT_NAME!
Ipost-condition: the shape is

initialized!

Ireturns: nothing!

Encapsulatehe work to be done within!
methodsetShapeName () andreuseit!

Copyright © 2007 Pearson Education, Inc. Publishing as Pearson Addison-Wesley

Design Principle

¥ The principle of information hiding is the
hiding of design decisions in a computer
program that are most likely to change,
thus protecting other parts of the program
from change if the design decision is
changed. "

¥ The protection involves providing a stable
interface which shields the remainder of the
program from the implementation (the
details that are most likely to change)."
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Shape: abstract methods

/ * ok
* Get the surface area of this <tt>Shape</tt>.
* @return the surface area of this <tt>Shape</tt>

*/
public double getSurfaceAreal();
/x*

* Get the perimeter of this <tt>Shape</tt>.
* @return the perimeter of this <tt>Shape</tt>
*/

public double getPerimeter();

An|abstract methqgd is tagged as abstracttandothave an implementation. It is
here to force compliance in the interface of implementing subclasses. That is
subclasses will have the same API, even if their implementations are different
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Rectangle: subclassing and code reuse

[

public class Rectangle |extends Shape| {
private double length;
private double height;

Shape. Use OextendsO to have of

ARectangle Ois a kind ofO
class extend another class.!

S
* Construct a <tt>Rectangle</tt> object
* using the default size for its dimensions.

*/
Must be Prst thing done in the construct

public Rectangle ()
super ("Rectangle") ;

I
setLength ( Shape.DEFAULT SIZE ) Reuse existing methods fo!
setHeight ( Shape.DEFAULT_ SIZE ) /| do common work!

}

// other class stuff

Invoke superclass constructor.! L
r!

}
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Rectangle: concrete classes

Rectangle provides implementations of the two abstract methods
inherited fromshape. SinceRectangle is not declared abstract and
implements all inherited abstract methods, it is concrete and can be
instantiated.!

T
* Get the surface area of this <tt>Rectangle</tt>.

* @return the surface area of this <tt>Rectangle</tt>;
*/

public double getSurfaceAre
return this.length * this.height;

Declaredabstract in!
} classshape
/o
* Get the perimeter of this <tt>Rectangle
* @return the perimeter of this <tt>Rectangle</tt>;
*/
public double getPerimeter() {

return 2 * this.length + 2 * this.height;

}

Copyright © 2007 Pearson Education, Inc. Publishing as Pearson Addison-Wesley

9/9/09



Method Overriding

¥ Implemented methods inherited from an
ancestor may not be what the subclass needs.

¥ Example:Object

BPAll Java classes hao®ject as an ancestor; it is
at the root of the Java inheritance hierarchy!

B Two methods inherited frombject are
toString () andequals (). The
implementation provided bybject is usually not
what a subclass neells.
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Rectangle in the inheritance hierarchy rooted
at Object

Object

+oSting(:sting | __ _ _ ] [Two of the methods 1
+equals(o:Object):boolean inherited from Object
ZE Shape

{abstract)

A g Rectangle Rectangle will need to
override inherited methods
[~ | tostring() and equals() to
meet its distinct needs.

An overridden method is one that is inherited and ng¢eds
a different implementation in the subclass. The method

in the subclasmusthave the same return type and
signature as the overridden method from the ancesto

=
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Method Overriding: toString()

package shapeExamples; =
import gray.adts.shapes.*; (i) Class nameis gray.ao T
®

import javax.swing.JOptionPane;

Jxx

* lllustrate the use of the inherited toString() method.
o
public class ShapeEx2
N . ThetoString () method as|!
F‘Jb;l:tsi“f”rvzli :a;"_é :tf“:?_[] args ) { inherited fromobject oply !
fectangle r = mew Rectanglel)s knows about an objectOs type |
String output; and identity. !

// use methods defined in Rectangle and Circle
r.setlength( 4 );
r.setHeight ( 5 );
output = "Class name is " + r.getClass().getName() + "\n";
output += "r.toString() produces " + r.toString() + "\n";
JoptionPane. showMessageDialog( null, output,
"overridden toString() example for Rectangle",
JOptionPane.INFORMATION MESSAGE );
System.exit( 0 );
}
)
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Rectangle: Overridden toString()

x
@ Class name ks gray.adts.shapes. Rectangle Output produced using the overriddenstring ()
L e S method provided teectangle and the code from !
[ox] Listing 1.6.!

/**
* Returns a <tt>String</tt> object representing this
* <tt>Rectangle</tt>Os value.
* Overridden from <tt>Object</tt>.
* @return a string representation of this object
*/
public String toString() {
return this.getShapeName () + ": this.length = " +
length + " height = " + this.height;
}

Thetostring () method as overridden kectangle.
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3D Shapes and Interfaces

¥ A Java class caextendonly one other class!

¥ A Java class camplemenibneor moreinterfaces!

¥ A Javainterface is like an abstract class in whiali methods are
labeled abstract. That is, no method in an interface may have
implementation!

¥ A marker interface speciPesio methods and instead is a
collection point for the methods of two or more other interfaces
marks the implementing class as having a particular capability
examplesCloneable andSerializablel
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The ThreeD Interface

¥ Problem: We want to specify classes for 3D
shapes and want to guarantee they all conform
to a common API, but JavaOs single inheritang
restriction seems to get in the way!

¥ Solution: Create ar'hreeD interface
specifying the common API and let our classes
for 3D shapes implement it!
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UML: Extends and Implements

-~ O—

[Extending 2D shapes to 3D shaj !

ThreeD
{interface}

“setDepth:void
— - +getDepth:double
UML inheritance diagram B! double

ATILE Gl lRectangu\arPnsm ] leImder ]
The dotted line indicates a !
class implements an interface.! ! !
For exampleCylinder extends!| \‘t-z====—=—=—=—-—-——————
Circle and implementShreeD.! implements

extends

See next slide!
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Implements: WhatOs it look like in Java?

package gray.adts.shapes;
import java.io.*;

/**
* A <tt>RectangularPrism</tt> has three dimensions:
* length, height and depth.
*/

public fina ass—ReetangularPrism (e€xtends Rectangle
implements ThreeD’ {

private double depth;
. . . // lots of other good stuff
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Polymorphism with Shapes

// Create a bunch of different kinds of shapes

Rectangle rectangle = new Rectangle( 3.4, 4.5 );

Circle circle = new Circle(4.2);

RectangularPrism rectPrism = new RectangularPrism( 5.3, 6.6, 7.2 );
Cylinder cylinder = new Cylinder(3.5, 19.5 );

// Create an array to store any object that Ois a kind of© Shape
Shape []bunchOshapes = new Shape (417
String output = "\n";

// populate the array of shapes with the shape objects
(0] = rectangle; bunchOshapes [l
121 = cisn; bunchOshapes[3

for ( int i = 0; i < bunchOshapes.length; i++ ) (

tput +- bunchOshapes[il . tastring() Lo

tput += "\tsurface area - .format (bunchOshapes[i] .getSurfaceArea()); output +-
\n\tperimet 5263 fornit (banahoshapes (L] - gecherinater ()

shape is being referenced for edatnchosh [i1. hod ()
and invoke the corresponding method tfoat klnd of object.

Dynamic bindingb the runtime system will determine what kind of [~
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Important Design Issues

¥ Abstract class!

¥ Abstract method!

¥ Interface!

¥ Extends, implements!
¥ Inheritance!

¥ Polymorphism!

¥ Dynamic binding!
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