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Interfaces, iIncluding generic

iINterfaces
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Chapter aims

Sometimes programs appear to need multiple inheritance

- would like class to be subclass of more than one superclass.
Class in Java has only one superclass.

Multiple inheritance is permitted in limited way

- through use of interfaces.

We explore these here

- Including generic interfaces.

We also meet generic methods.
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Section 2

Example:

sSumming valuables
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Aim

AIM: To infroduce the idea of multiple inheritance and fake
a proper look at interfaces. We look closely at what

it means for a class to be a type, compare this with
intferfaces, and revisit method implementation.
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Summing valuables

Outline example which requires multiple inheritance

- would like class to be subclass of more than one superclass.

Wish to keep track of valuables of a person, calculate tofal value of
assets.

- E.g. houses, cars, jewellery, artwork, efc..

In unrelated project have inheritance hierarchy modelling buildings

— Including subclass House.

In another unrelated project have inheritfance hierarchy of vehicles
- Including subclass Car .

House and Car contain much information of use in new project

- SO reuse them.
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The Bui | di ng class and its subclasses

. I/ Representation of an abstract building.

. public abstract class Building

! |

[l ... Lots of stuff here about buildings in general.

. } /1 class Building

. |/ Representation of an office bl ock.

. public class O ficeBl ock extends Building

- A
[l ... Lots of stuff here specific to an office bl ock.

. } Il class OficeBlock
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it S U mm i n g Vq I U a b I es

001: // Representation of a house.

002: public class House extends Buil ding

003: {

004: // The nunber of bedroons in the house.
005. private int noOf Bedroons;

006:

007:

008: // Construct a house with a given nunber of bedroons.
009:  public House(int requiredNoCf Bedr oons)

010: {

011: noCOf Bedroons = requi redNoOf Bedr oons;

012: } // House

013:

014.
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it S U mm i n g Vq I U a b I es

[l Return the nunber of bedroons in the house.
public int getNoCOf Bedr oons()
{
return noCf Bedr oons;
} 11 get NoOf Bedr oons

[l ... Lots nore stuff here specific to a house.

. } /Il class House
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The Vehi cl e class and its subclasses

. I/ Representation of an abstract vehicle.

. public abstract class Vehicle

! |

[l ... Lots of stuff here about vehicles in general.

. } Il class Vehicle

. |/ Representation of a tractor.

. public class Tractor extends Vehicle

- A
[l ... Lots of stuff here specific to a tractor.

. } I1 class Tractor
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it S U mm i n g Vq I U a b I es

001: // Representation of a car.

002: public class Car extends Vehicle
003: {

004:. // The nunber of doors on the car.
005: private final int noOf Doors;

006:

007:

008: // Construct a car wth a given nunber of doors.
009:  public Car(int requiredNoCr Doors)

010: {

011: noCOf Doors = requi redNoOf Door s;

012: } /] Car

013:

014.
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it S U mm i n g Vq I U a b I es

[l Return the number of doors on the car.
public int getNoOf Doors()
{
return noOf Doors;
} Il get NoOf Door s

[l ... Lots nore stuff here specific to a car.

. } Il class Car

February 22, 2019 Java Just in Time - John Latham Page 12(0/0)



(it
=% The Val uabl eHouse and Val uabl eCar classes

e Other projects have lots of detail useful to calculating value of things

- but were not actudlly inferested in values

— did noft provide val ue() instance method.

e Shall add one to classes we are going o reuse

- don’t want fo change existing classes
x could interfere with previous projects.

- Instead make new subclasses of House and Car
+ Val uabl eHouse and Val uabl eCar .
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it

«+ The Val uabl eHouse and Val uabl eCar classes

Bui | di ng

AN

OfficeBlock

ValuableHouse

Vehi cl e

AN

Tractor

ValuableCar

+ value(): int

+ value( ): int

February 22, 2019
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(it
=% The Val uabl eHouse and Val uabl eCar classes

Also have other classes for other kinds of valuables
— Val uabl eBoat , Val uabl eArt Wor k, Val uabl eJewel l ery....

Have capability fo calculate value of house and car
- but do not have right relationship between them
- and other kinds of valuable items.

To calculate total value of some valuables
- like To have array of objects each modelling valuable item
— each with val ue() instance method.

The type of such array would have 1o be bj ect [ ]

— bj ect is only link between Val uabl eHouse and Val uabl eCar .

- Not every instance of bj ect has val ue() insfance method!

e S5O code to add up values of items would look something like this.. ..
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it leuq bleSFrGg menlll-quq

. (bject[] valuables;

. /] Code here to create and populate this array.

. int total = 0;
. for (Ooject soneVal uable : val uabl es)
i f (someVal uabl e instanceof Val uabl eHouse)
total += ((Val uabl eHouse)soneVal uabl e). val ue();
el se if (soneVal uabl e i nstanceof Val uabl eCar)
total += ((Val uabl eCar)soneVal uabl e). val ue();
el se if (soneVal uabl e i nstanceof Val uabl eArtWr k)
total += ((Val uabl eArtWrk)soneVal uabl e). val ue();

else if // One of these for every kind of val uable, ho hum
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>

Ll

«= The Val uabl eHouse and Val uabl eCar classes

-

Does this surprise you? Would it be a nice idea to be
able to say to the compiler in some simple way “trust me,
someVal uabl e has got a val ue() instance method, and |
want fo use it”? Or even more liberal, would it be nice if
the compiler frusted us in the first place and just allowed
us fo write code to invoke the val ue() insfance method of

sonmeVal uabl e without moaning at us that the class oj ect
does not have such an instance method?!

e Every time we add new kind of valuable
- have to remember to add another bit of code in places like above

- not acceptable position!
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The Val uabl e class

e INstead want Val uabl e class

— store Val uabl e objects in array of Val uabl e[ ] .

e Question: where should Val uabl e live in inheritance hierarchy?

e Could change approach completely

— puft Val uabl e af fop of Bui | di ng and Vehi cl e.
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The Val uabl e class

Valuable

+ value(): int

N

Building Vehicle

X =

OfficeBlock Tractor
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The Val uabl e class

e Removed need for classes Val uabl eHouse and Val uabl eCar

- but two bad things.

e Second bad thing is now have to consider meaning of value for

— O ficeBl ock, Tractor, ...

- but only care about value for House and Car .

Coffee  What is the first bad thing about this proposed inheri-
fime: tance hierarchy? (Hint: it would require us to do some-
thing which we have previously said we do not want fo

@ do.)
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The Val uabl e class

e 50O, QO back to idea of having classes Val uabl eHouse and Val uabl eCar .

e [0 get them related in most appropriate way
- like to make them subclasses of Val uabl e

— but not do thaft for other subbclasses of Bui | di ng and Vehicle.. ..
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The Val uabl e class

Building Valuable Vehicle

T el S

OfficeBlock Tractor

ValuableHouse ValuableCar

+ value(): int + value( ): int
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Inheritance: mulfiple inheritance

e \When class is subclass of another

- models Is a relationship.

e Sometimes can appear natural to view class
as subclass of more than one superclass.

— subclass inherits properties from each of ifs superclasses

- known as multiple inheritance.
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Inheritance: mulfiple inheritance

e But, problematic when two or more superclasses contain instance method
with same name and method parameters.

e £.O.

public class Superl

{

public void methodA()

{

} 11 methodA

} Il class Superl
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Inheritance: mulfiple inheritance

e ANnd separately:

public class Super?2

{

public void methodA()

{

} 11 methodA

} Il class Super2
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Inheritance: mulfiple inheritance

e Sometime later, could make subclass of both:

public class Sub extends Superl, Super?2

{

public void nmethodB()

{

met hodA() ;

Y /1 methodB

} Il class Sub
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Inheritance: mulfiple inheritance

Two issues — first ambiguity.

Which net hodA() is to be called from inside met hodB() ?

Many people regard potential for this problem as basis for view that
multiple inheritance is bad idea

— problematic inheritance hierarchy designs.

Superclasses are unrelated, each has method with unrelated intention

- but just happen to have same name.
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Inheritance: mulfiple inheritance

e Second issue — run time efficiency.

e \When virtual machine performing dynamic method binding

- needs to search inheritance hierarchy for every superclass
- hoping there is no conflict — or dealing with any found.

- Takes more fime than searching single inheritance hierarchy.
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Inheritance: mulfiple inheritance

e In practice, full multiple inheritance not very often required.

e S0, Java does not permit class to have more than one superclass

— every class, except | ava. | ang. Obj ect , has exactly one superclass

— bj ect has none.
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The Val uabl e interface

e SO how implement our design?

e Java does permit parfial multiple inheritance

- met it in context of graphical user interfaces.

Coffee You may recall that in Section ?? on page ?? we
fime: had a class Stopd ock that was both a JFrame and
an ActionLi stener. How was that mulfiple inheritance

@ achieved?
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The Val uabl e interface

e Our class Val uabl e contains just one instance method, val ue()

- and way we cdalculate value of house
very different to way we do for car.

- Would expect this of all subbclasses of Val uabl e
- so val ue() will be abstract method.

— So Val uabl e have to be abstract class.

e Java has special kind of piece of code - alternative to abstract class

— contfains only absftract methods.
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Interface: definition

e An interface is like class

— except all instance methods must be abstract methods

- only method interfaces are declared.

e The method implementations must be provided
by each non-abstract class that implements interface.

e £.Q.....

February 22, 2019 Java Just in Time - John Latham Page 32(0/0)



Interface: definition

i nport java.awt.event. ActionLi stener;
i nport j avax.sw ng. JFrane;

public class Stopd ock extends JFrame inplements ActionListener

{

public void actionPerformed(ActionEvent event)

{

} 11 actionPerforned

} Il class Stopd ock

e An instance of St opd ock is polymorphic

— itis a St opC ock, iIs a JFrame and is an Acti onLi st ener..
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A Interface: definition

Definition of interface has reserved word i nt er f ace instead of cl ass.

Can contain list of instance method headings

— each with no body - just semi-colon.

Can write reserved word abst r act in heading

— and in instance method headings.

But discouraged from doing so by Java language standard

- because all instance methods must be abstract.

And all instfance methods must be public

- also discouraged from writing that modifier.
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Interface: definition

e £E.g. What Acti onLi st ener interface might look like.

public interface ActionListener

{

voi d actionPerforned(ActionEvent e);
} Il interface ActionListener
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Interface: definition

e INnterfaces cannot contain constructor methods

- nor class methods.

e Any variables defined must be public st ati ¢ and final variables

- can omit those modifiers.

e Can be no private instance methods or variables

— obviously?
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The Val uabl e interface

Coffee  Obviously”? Why would it not make sense to have a pri-
vate instance method or variable in an inferface?

e Both classes and interfaces are types.. ..
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Class: is a type: and has three components

Type comprises three components

- set of values

- operations which can be performed on those values
- operation interface to those operations.

E.g. i nt is collection of numbers
- operations such as addition and multiplication
— operators such as + and *.

Distinction between operation and operation inferface not pedantic
- they are not same thing.

E.g. one day Java designers might permit proper multiplication symiool (x)
as alternative fo *

- without alfering meaning of multiplication.
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Class: is a type: and has three components

e Each class is tfype
- set of dll (references to) objects which are instances of class

- operations are method implementations of instance methods of class

- operation inferfaces are method interfaces.
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Interface: is a type

e An interface is type

- set of all (references 10) objects
which are instances of any class that implements the interface.

— Operations are method implementations of instance methods of
inferface

x provided by each class which implements interface.

- And operation interfaces is method interfaces defined in interface
x (and, in effect, redefined in each class that implements it).

e An interface defines only operation interfaces of type

- hence name - inferface.

e Can think of as interface contract

— any class that claims to implement it
obliged to supply operation implementations.
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The Val uabl e interface

. [/ Objects which have a val ue obtained via a val ue() method.
. public interface Val uable

|
[ The value of this Val uabl e.

int value();

. } /] interface Valuable
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it The Val u ab I e I_IO use Clqss

001: // Representation of a Valuable which is a house.

002: public class Val uabl eHouse extends House i npl enents Val uabl e
003: {

004: // A neasure of the value of the area the house is in.

005: private double |ocationDesirabilitylndex;

006:

007:

008: // Construct a Val uabl eHouse with a given nunber of bedroons

009: // and location desirability.

010:  public Val uabl eHouse(int requi redNoCf Bedr oons,

011: doubl e requiredLocationDesirabilitylndex)
012:

013: super (requi redNoCf Bedr oons) ;

014: | ocationDesirabilitylndex = requiredLocationDesirabilitylndex;
015: } // Val uabl eHouse
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SN Interface: method implementation

Non-abstract class which implements interface
- must supply method implementations
for abstract methods in interface.
As with making override of instance method in superclass

- danger of getting method parameter type wrong
x thus infroducing overloaded method instead

— or mistyping method name.

The override annotation @verri de extended in Java 6.0

- enables us to tell compiler we believe instance method is override or
iImplementation of one from superclass or interface.

E.g. defects when have got method implementation correct

- buft forgot to say that class implements inferface we had in mind!

February 22, 2019 Java Just in Time - John Latham Page 43(0/0)



it The Val u ab I e I_IO use CIGSS

[/ Calculate and return the value of this valuable item

@verride

public int value()

{

return (int) (getNoOf Bedroons() * 50000 * |ocationDesirabilitylndex);
} 11 valuable

[l Return a short description of this as a valuable item

@verride
public String toString()

{

return "House worth " + value();
} Il toString

. } /1 class Val uabl eHouse
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o MANCHEoT Th e Va | u a. b | e % r C I qss

001: // Representation of a Valuable which is a car.

002: public class Val uabl eCar extends Car inplenents Val uabl e
003: {

004: // A neasure of the value of the car in general.

005: private double streetCredibilitylndex;

006:

007:

008: // Construct a ValuableCar with a given nunber of doors

009: // and general desirability.

010:  public Val uabl eCar(int requiredNoO Doors,

011: doubl e requiredStreet Credibilitylndex)
012:

013: super (requi redNoOf Door s) ;

014: streetCredibilitylndex = requiredStreet Credi bilitylndex;
015: } // Val uabl eCar
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o MANCHEoT Th e Va. | u a. b | e % r C I qss

018: [/ Calculate and return the value of this valuable item
019: @verride

020: public int val ue()

021: {

022: return (int) (getNoOfDoors() * 2000 * streetCredibilitylndex);

023: } /1 valuable

024:

025:

026: Il Return a short description of this as a valuable item
027: @verride

028: public String toString()

029: {

030: return "Car worth " + val ue();

031: } /1 toString
032:

033: } // class Val uabl eCar
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it Th e Val ua b I €S CIqss

001: // Representation of a collection of Val uables.

002: public class Val uabl es
003: {
004: // The Valuables, stored in a partially filled array, together wth size.

005: private final Valuable[] val uableArray;

006: private int noO Val uabl es;

007:

008:

009: [/ Create a collection wth the given maxi mum si ze.
010:  public Val uabl es(int maxNoOf Val uabl es)

011: |

012: val uabl eArray = new Val uabl e[ maxNoOf Val uabl es] ;
013: noOr Val uabl es = 0;

014: } // Valuables
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it Th e Val ua b I €S Clqss

/1l Add a given Valuable to the collection (ignore if full).
publ i c voi d addVal uabl e(Val uabl e val uabl e)

{

i f (noOF Val uabl es < val uabl eArray. | ength)

{

val uabl eArray[ noOf Val uabl es] = val uabl e;
noCOr Val uabl es++;
FILoif
} /1 addVval uabl e
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it Th e Val ua b I €S Clqss

e NoO casting needed - all objects definitely of type Val uabl e

028: /] Calculate and return the total value of the collection.
029: public int total Val ue()

030: {

031: int result = 0;

032: for (int index = 0; index < noCOfVal uabl es; index++)

033: result += val uabl eArray[index].val ue();

034: return result;

035: } // total Val ue

February 22, 2019 Java Just in Time - John Latham Page 49(0/0)



it Th e Val ua b I €S CIGSS

[l Return a short description of the collection.

@verride
public String toString()

{

i f (noOFVal uabl es == 0)

return "Nothing val uabl e";

String result = valuableArray[0].toString();

for (int index = 1; index < noOf Val uabl es; index++)

result += String.format("%%", val uabl eArray[index]);

return result;
} Il toString
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it Th e Val ua b I €S CIqss

/| Create a Val uabl es collection, add Val uable itens and show result.
[l Purely for testing during devel opnment.
public static void main(String[] args)

{

Val uabl es val uabl es = new Val uabl es(5);
Il My first house -- | was so proud of its spare bedroom
[l and ‘value for noney’ area.

val uabl es. addVval uabl e( new Val uabl eHouse(2, 0.5));

[l My first car, not quite a ‘head turner’,

[l but its third door was handy when the main 2 got stuck.
val uabl es. addVal uabl e( new Val uabl eCar (3, 0.25));
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it Th e Val ua b I €S CIqss

[l 1t was nice to have a new car when | started work.
067: val uabl es. addVal uabl e( new Val uabl eCar (4, 1.0));
068:
069: [l Then | won the lottery! (Yeah, right.)
070: val uabl es. addVal uabl e( new Val uabl eHouse(6, 2.0));
071: val uabl es. addVal uabl e( new Val uabl eCar (12, 4.0));
072:

073: Systemout.printIin("M val uables are worth " + val uabl es. total Val ue());
074:

075: Systemout. println(val uabl es);

076: } // main

077:

078: } // class Val uabl es
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Console Input / Output

$ java Val uabl es

My val uabl es are worth 755500
House worth 50000

Car worth 1500

Car worth 8000

House worth 600000

Car worth 96000

$
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Section 3

Example:

Sorfing a fext file using an array
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Aim

AIM: To introduce the idea of total order and the Conpar abl e

inferface. We also meet the Arrays class.
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Sorting a text file using an array

e Program takes input text file

- produces text sorted line by line To another file.

e Not write yet another implementation of sort specific to this program

- Insfead generalize idea of sorting

— use something which can sort any array of any sortable items!
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Design: Sorting a list: total order

e A total order over some data

- relationship between pairs of data enables it to e sorted.

Every total order, <, has three properties:
(Antisymmeitric:) ifx<yandy=<x,thenx=y

(Transifive:) ifx<yandy=<zthenx=<z

(Total:) x=<yory=<x
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Design: Sorting a list: total order

e One way of modelling

- function takes a pair, (x,y) yields one of three states:

x X comes beforey.
x X and y have same placing.
x X comes affery.
e [Jypically implemented in Java by instance method conpar eTo()
— compares current instance with given other

- yields i nt : negative, zero, or positive.
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The Sort abl e interface?

e Could provide type — an interface -
for all kinds of things that can be sorted.

e Each class that implements it
would provide own implementation for comparing pairs of that kind.

e Could look like this.. ..
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it SO rtq b I e . j qva

001: // A type for all things which can be sorted.

002: public interface Sortable

003: {

004: /] This method nust provide a total order, and return:

005: /[ a negative int if this should be ordered before the given other,

006: // zero if they should have the same ordering or

007: /1 a positive int if this should be ordered after the given other.

008: int conpareTo(Sortable other);
009:
010: } // interface Sortable
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The Sort Arr ay class?

e Next would write general sorting class

- sort items in any kind of array of objects

- as long as implement Sor t abl e inferface.

e Could look like this.. ..

e Notice method parameter type: Sortabl e[ ].
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001: // Provides a class nethod for sorting an array of any Sortabl e objects.

002: public class SortArray
003: {

004: [/ Sort the given array fromindices 0 to noOltensToSort - 1.
005: public static void sort(Sortable[] anArray, int noOltensToSort)

006: t hrows Nul | Poi nter Exception, ArraylndexQut Of BoundsException
007: {

008: /| Each pass of the sort reduces unsortedLength by one.

009: int unsortedLength = noOfItensToSort;

010: Il If no change is made on a pass, the main [ oop can stop.
011: bool ean changedOnThi sPass;

012: do

013: {

February 22, 2019 Java Just in Time - John Latham Page 62(0/0)



it SO"'A"GY- j qvq

014: changedOnThi sPass = fal se;

015: for (int pairLeftlndex = O;

016: pairLeftlndex < unsortedLength - 1; pairLeftl|ndex+t)
017:

018: if (anArray[pairLeftlndex].conpareTo(anArray[pairLeftlindex + 1]) > 0)

019: {
020: Sortabl e that WasAt Pai rLeftlndex = anArray|[ pairLeftlndex];

021: anArray[ pairLeftindex] = anArray[pairlLeftindex + 1];
022: anArray[ pairLeftlndex + 1] = that\WasAtPairLeftlndex;
023: changedOnThi sPass = true;

024: YILOif

025: Y Il for

026: unsortedLengt h- -;

027: } while (changedOnThi sPass);

028: Y Il sort

029:

030: } // SortArray
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The Sort Arr ay class?

Any class could implement Sort abl e, and obviously ob-
jects of different classes are different sizes. So, how does

the compiler know how big to make a variable of type
Sort abl e? (A tricky question, or a frick one?)
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sk The Sort Ar r ay class?

ldea of having inferface for any types that can e sorted is so good
- Java already has similar thing in standard API

— called Conmpar abl e rather than Sort abl e.

So no need for us to write own Sor t abl e interface.

Ordering provided by conmpar eTo() in class that implements Conpar abl e

- known as natural ordering for that class.

And API has beaten us fo idea
of having class method o sort array of Conpar abl e items!
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A Standard API: Arr ays

e java. util.Arrays provides various class methods fo perform complex

nmanipulations of arrays.
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A Standard API: Arrays: sort ()

One class method injava. util. Arrays called sort
- fakes array of bj ect s and sorts them into natural ordering.

- Ifems in array must all be type Conpar abl e
x and be mutually comparable

- or exception is thrown. (Sadly, parameter type is Qbj ect[] .)

Uses merge sort algorithm or quick sort

- both much more efficient than bubble sort.

The class has several more class methods called sort
- one for each array of primitive type.

And second version for each type, takes three method parameters
— array, and pair of i nt indices, fromand to.
- Enables sorting of partially filled arrays.
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The Sort class

Program works by
- reading lines from input info St ri ng array
- sort array

- print to ouftput file.

Can use Arrays. sort () because class St ri ng implements Conpar abl e.

Use array extension when storing lines.

Most of program similar to previous examples

- SO leave as coursework!
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] u
THE UNIVERSITY I ry I n g It
o MANCHESTER

e Not thorough fest: small file of examination results.

Console Input / Output

$ cat input.txt

Bear, Rupert 13. 7%
Smth, Janes 51. 5%
Brown, Margaret 68. 2%
Jones, Stephen  87. 9%
Jackson, Hel en  100%
$ java Sort input.txt output.txt
$ cat output.txt

Bear, Rupert 13. 7%
Brown, Margaret 68. 2%
Jackson, Helen  100%
Jones, Stephen  87. 9%
Sm th, Janes 51. 5%
$
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Coursework: Sort a text file

(Summary only)

Implement the program o sort a text file.
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Section 4

Example:

Translating documents
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Aim

AIM: To explore generic interfaces, observe that Conpar abl e
IS generic, see that String implements if, meet
equal s() from Obj ect and falk about consistency with

conpareTo(). We also infroduce generic methods, bi-
nary search, revisit Arrays and nofe that an interface
can extend another.
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Translating documents

e Program franslates documents from any language to any other!

- Okay, just changes each word for corresponding one,
according fto dictionary file.
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o MANCHEoT Trq n SI qti n g d OC u m e n ts

Class list for Translate

Class Description

Transl ate The main class containing the main method. [f makes an instance of
Di ctionary, from the file named as the first commmand line argument, then
reads the input document from the file named as the second argument,
and outputs the tfranslated document to the file named by the third.

Di ctionaryEntry | This contains a pair of words, the first is in the source language, and the
second is its translation in the farget language.

Di ctionary This contains an array of Di ctionaryEntry objects, and provides an in-
stance method to translate a single word.

Sear chArray This contains a class method to search any kind of Conpar abl e array — it is

used by Di ctionary to find the Di cti onaryEntry corresponding to a word
that needs translating.
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The Di cti onaryEnt ry class

e DictionaryEntry pairs fTwo words

- first from source language, second is franslation.

e Dictionary will use efficient search mechanism

— requires Di ctionaryEnt ry array to be sorted

— so Di ctionaryEnt ry needs to implement Conpar abl e.
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Interface: generic interface

e A generic interface is interface

- with type parameters.

Type parameters may e used as types
in declaration of abstract methods.

Works in same way as generic classes
— interface itself is raw type

- when supply type arguments identify parameterized type.
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Standard API: Conpar abl e interface

e java. |l ang. Conpar abl e provides type for objects
which can be compared with similar itfems

— enables general algorithms o be implemented
x e.g. sorting and efficient array searching.

e INnfroduced in Java 1.2

- Java 5.0: became generic interface.

e Has one instance method definition.

public interface Conparabl e<T>

{

int conpareTo(T 0);
} Il Comparabl e
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Standard API: Conpar abl e interface

Any non-abstract class that implements | ava. | ang. Conpar abl e
— must contain conpar eTo() method implementation

— providing total order for its objects.

The type parameter, T: type of objects that can be compared
- classes that (directly) implement Conpar abl e
typically supply own class name as type argument.
E.g. if Somed ass implements Conpar abl e<Somed ass>
- means SomeC ass provides conpar eTo()
enabling Soned ass objects fo compare with given other.

If class implements Conpar abl e

— order defined by conpar eTo() known as natural ordering.
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(it
== Standard API: St ri ng: implements Conpar abl e

e java.lang. String implements | ava. | ang. Conpar abl e

— conpareTo() provides lexicographic ordering
x dictionary order, based on values of characters.

e Since Java 5.0 Stri ng implements Conpar abl e<Stri ng>.

public final class String inplements Conparabl e<String>

{

@verride
public int conpareTo(String other)

{

} Il compareTo

} Il class String
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The Di cti onaryEnt ry class

Coffee  Why do you think that Stri ng is a final class?
fime:

e Generics is good!
- method parameter of conpareTo() in String defined to bbe Stri ng

— compiler checks any argumentis Stri ng.

e £.9.,say, fry fo compare String with | nt eger

- get compile time error

- prior to Java 5.0 conmpar eTo() could only test af run time, using cast!
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The Di cti onaryEnt ry class

e Define DictionaryEntry to implement Conpar abl e<Di cti onaryEntry>

— Di ctionaryEntry objects can be compared with each other

- comparison provides total order.
e Have to provide implementation within class.

e Also, extend Pair<String, String>!
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The Di cti onaryEnt ry class

001: // A word fromone |anguage, paired with the equival ent one from anot her.

002: public class DictionaryEntry extends Pair<String, String>

003:
004: {
005:
006:
007:
008:
009:

i mpl ement's Conpar abl e<Di ctionaryEntry>

[l Constructor is given the words.

public DictionaryEntry(String sourceLanguageWrd, String targetlLanguageWr d)

{

super ( sour ceLanguageWor d, target LanguageWord);

} /1 DictionaryEntry
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e [he conpareTo() method implementation based only on first word

- every word in input searched for in Di cti onary

— search requires Di cti onar yEnt ry objects sorted by word looking for.

[l Return negative if this first word is less than other’s first word,
Il zero if they are the sane, or positive if this one is the greater.
@verride
public int conpareTo(Di ctionaryEntry other)
{

return getFirst().conpareTo(other.getFirst());
} Il conpareTo
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The Di cti onaryEnt ry class

e conpareTo() helps efficiently find location of certain Di cti onaryEntry

— but also have equal s() .
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A Standard API: Obj ect : equal s()

e java. |l ang. Ohj ect confains instance method equal s()

- designed to model equivalence between tTwo objects.

publ i ¢ bool ean equal s( Coj ect ot her)

{

return this == other;
} Il equals
¢ Isinherited by all other classes

- by default all objects have finest notion of equivalence

x Two objects are equivalent if and only if are equal
x 1.e., dre same object.

e Often too fine

- many classes override with appropriate equivalence.
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§tc|ndard API: Conpar abl e interface: conpareTo()
and equal s()

e A class that implements j ava. | ang. Conpar abl e

- ought to have method implementation of conpar eTo()
consistent with equal s() .

o |
X. equal s(y)
always same as

X. conmpar eTo(y)
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The Di cti onaryEnt ry class

e Follow recommendation: equivalence consistent with conpareTo() .

e Two DictionaryEntry objects equivalent if and only if first words equivalent

- regardless of second words

- deliberately circumstances for getting zero from conpar eTo() .
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AR The D Ct | Onar yEnt ry Clqss

[l Return true if and only if this and other have the sanme first word.
022: [/ Unless other is not a DictionaryEntry,
023: [/ in which case del egate to superclass.
024: @verride
025:  public bool ean equal s(Cbj ect other)
026: {
027: if (other instanceof DictionaryEntry)
028: return conpareTo((DictionaryEntry)other) == 0;
029: el se
030: return super.equal s(other);
031: } // equals
032:

033: } // class DictionaryEntry
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The Di cti onaryEnt ry class

If we changed the method parameter of equal s() to be
of type DictionaryEntry instead of bject, would it sfill
override the one from (bj ect as we intended? Or would it

instead be an overloaded method? \What have we writ-
ten that would cause a compile time error if we made
that mistake?

February 22, 2019 Java Just in Time - John Latham Page 89(0/0)



The Di cti onary class

e Dictionary uses partially filled array to store Di cti onar yEnt ry objects

— data read from Buf f er edReader passed to constructor method.

e Some code similar to previous examples

- but use generic method Arrays. copyd ()
to make new bigger array when existing one full.
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Method: generic methods

A generic method is method
- with type parameters
- written in angled brackets before return type.

Similar to generic class type parameters
- but apply only fo method.

When write method call
- supply type arguments for type paramefters.

Generic methods may be defined inside generic or non-generic class.

May be instance methods or class methods
- of most use as class methods:

- generic features of instance methods
usually best achieved via generic class type parameters.
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Method: generic methods

public static <T1l, T2> void nyCGenericMethod(T1[] anArray, T2 aVal ue)
{

. Code here that uses Tl and T2 as types.

. Sonme restrictions apply,

. such as we cannot neke instances of T1, or T2.
} Il myGenericMet hod

Date[] aDateArray = ...
String aString = ...

MyCl assW t hGeneri cMet hod. <Dat e, String>nyCGenericMethod(aDateArray, aString);

e Note type arguments written affer dof:

- not class fype parameters.
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Method: generic methods

e Peculiarity —if calling method from within same class
- have 1o use class name and dot (class method)

— or this reference (instance method).

e But good news!

- usually can omit type arguments completely

- compiler can nearly always work them out. ;-)

February 22, 2019 Java Just in Time - John Latham Page 93(0/0)



A Standard API: Arrays: copyd ()

e java.util.Arrays provides (since Java 6.0) another class method copy

- makes copy of array.

¢ |s generic method

- can handle any kind of reference type array.

e [he new array returned can be bigger / smaller than originadl

— array elements same as original for array index posifions in common.
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A Standard API: Arrays: copyd ()

public static <T> T[] copyO (T[] original, int newLength)
{
T[] result = ... nake a new array of |ength newLength,
. Where result[i] = original[i]
for all 0 <=1 < mn(original.length, newLength)
return result;
} Il copyO™r

e The type parameter, T — type of array elements.

e (Uses reflection to get around restrictions on use of type parameters.)

e Class also has more class methods copyOf

- one for each array of primitive type.
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A Standard API: Arrays: copyd ()

e Useful for array extension:

SoneType[] nyArray = new SoneType[ | NI TI AL_SI ZE] ;

if ... myArray is now full and | need nore room
myArray = Arrays. copyOf (myArray, nyArray.length * RESIZE FACTOR);
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o MANCHEoT The D. Ct i Onar y Clqss

. inport java.io.BufferedReader;

. inmport java.io.|OException;

. inport java.util.Arrays;

. /] Reads a translation dictionary froma given BufferedReader,
. [/ and provides a translateWrd met hod.

. public class Dictionary

-

Il W store the DictionaryEntries in a partially filled array,
[l and use array extension as required.

I/ The initial size and resize factor of that array.
private static final int | NITIAL_ARRAY SIZE = 50, ARRAY_RESI ZE FACTOR = 2;

[l The array for storing the entries, and a count of the nunber of them
private final DictionaryEntry[] dictionaryEntries;
private final int noOD ctionaryEntries;
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o MANCHEoT The D. Ct i Onar y Clqss

Il Read lines fromthe given BufferedReader, split each into tab separated
[l pairs, create a DictionaryEntry for it and add to dictionaryEntries.
public Dictionary(BufferedReader Input) throws | OException, RuntineException

{

Di ctionaryEntry[] dictionaryEntriesSoFar
= new DictionaryEntry[I N TI AL_ARRAY SI ZE];

int noO D ctionaryEntriesSoFar = 0;

String currentlLine;

while ((currentLine = input.readLine()) !'= null)

{
String[] linelnParts = currentLine.split("\t");
Di ctionaryEntry dictionaryEntry

= new DictionaryEntry(linelnParts[0], linelnParts[1]);
if (noOFDictionaryEntriesSoFar == dictionaryEntriesSoFar.|ength)

di ctionaryEntri esSoFar
= Arrays. copyOf (dictionaryEntriesSoFar,

di ctionaryEntriesSoFar. |l ength * ARRAY RESI ZE FACTCR);

dictionaryEntriesSoFar[noCfDictionaryEntriesSoFar] = dictionaryEntry;
noOf Di ctionaryEnt ri esSoFar ++;

} /1 while
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o MANCHEoT The D. Ct i Onar y Clqss

[l Sort the array to allow for efficient searching of it.
Arrays.sort(dictionaryEntriesSoFar, 0, noO'DictionaryEntriesSoFar);

noOFDictionaryEntries = noOfDictionaryEntriesSoFar,
dictionaryEntries = dictionaryEntriesSoFar;

} /1 Dictionary
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The Di cti onary class

e [The compiler able to figure out type parameter for generic method

- method call equivalent fo

di ctionaryEntri esSoFar
= Arrays. <Di ctionaryEntry>copyCf
(dictionaryEntri esSoFar,
di ctionaryEntriesSoFar.|ength * ARRAY RESI ZE FACTOR);

Why did we use two local variables in the constructor
method which we copied into the instance variables af
the end of it — could we insfead have used the instance
variables directly throughout the constructor method?
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The Di cti onary class

e [ranslating given word
— array search for matching Di cti onaryEntry
- If found, return paired second word

- else refurn given word with square brackets around.

e Generalise efficient array search to work for array of any Conpar abl e type
— write in separate reusable Sear chAr ray class

— class method sear ch() , fakes three method parameters:

x array, number of items in array, entry to look for.
x Returns array index of object matching
x Or negative number if no such object in array.

e [or efficient searching to work, array must be sorted by natural ordering
- ensured so at end of constructor method.
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o MANCHEoT The D. Ct i Onar y Clqss

[l Transl ate one word.
public String translateWrd(String word)
{
int dictionaryEntrylndex
= SearchArray. search(dictionaryEntries, noO D ctionaryEntries,
new D ctionaryEntry(word, null));
if (dictionaryEntrylndex < 0)
return "[" + word + "]";
el se
return dictionaryEntries[dictionaryEntrylndex].getSecond();
} Il translateWrd

. } /] class Dictionary
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Design: Searching a list: binary search

e Searching for item in list, previously seen linear search

- If items sorted in known total order can use binary search
+ far more efficient
* put more complicated.

e [wo indices | owand hi gh

— start off iIndexing first and last elements of data

- Item looking for always between | owand hi gh, if present.

- Look half way between

x May be what looking for?

x |f less than wanted one, move | ow up

x ofherwise move hi gh down.

x If | owand hi gh meet - item is not there.
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Design: Searching a list: binary search

list = ... itens are stored in the list in ascending order
searchltem= .. the itemwe wish to find in |ist
int |owndex =0
int highlndex = list.length - 1
int mdlndex = (| om ndex + highlndex) / 2
while | owm ndex < highlndex && Iist[mdlndex] != searchltem
if list[mdlndex] < searchltem
| omf ndex = mdlndex + 1
el se
hi ghl ndex = mdindex - 1
m dl ndex = (| ow ndex + highlndex) / 2
end-whi | e

I f list[mdlndex] == searchltem

. you found it
el se
. Ssearchltemis not in the |ist
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The Sear chArr ay class

e Class method infended to handle any type of Conpar abl e items

- SO generic method
- single type parameter — ArrayType.

- Require that type argument supplied (or implied)
x IS class / interface that implements / extends Conpar abl e.
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Interface: extending another interface

e An interface can extend another

— abstract methods and class constants in superinterface
+ Inherited in subinterface.

e For polymorphism:

- (references to) instances of class which implements subinterface
x members of superinterface type as well.

e Inferfaces can extend many other interfaces.
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Class: generic class: bound type parameter:
extends some inferface

o A type parameter may be declared to extend some known type

- may be class or interface.
e Use reserved word ext ends even if known type is interface.

e An interface is type just as class is.

- Type can be extension of another through inheritance

x Py being subclass of another class
x subinterface of another interface
x Or class that implements an interface.

e If knOwnN type is inferface

— compiler checks supplied type argument is
x class which implements the inferface
x or is tThat interface
x Or interface that extends it.
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(it
~Method: generic methods: bound type parameter

e [he type parameters of generic method can be bound type parameters.

e £.9. class method: return largest element of array

— of items Conpar abl e with themselves.. ..
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(it
~Method: generic methods: bound type parameter

public class MaxArray

{

public static <ArrayType extends Conparabl e<ArrayType>>
ArrayType get Max(ArrayType[] anArray)
throws ||l egal Argument Excepti on

{

try

{
ArrayType result = anArray[0];

for (int index = 1; index < anArray.length; index++)

if (result.conpareTo(anArray[index]) < 0)
result = anArray[index];
return result;

I otry
catch (Arrayl ndexQut Of BoundsException e)

{ throw new ||| egal Argument Exception("Array must be non-enpty", e); }

catch (Nul | Poi nter Exception e)
{ throw new ||| egal Argunent Exception("Array nust exist", e); }

} Il get Max

} Il class MaxArray

February 22, 2019 Java Just in Time - John Latham Page 109(0/0)



(it
~Method: generic methods: bound type parameter

e ANd called:

String[] aStringArray = { "the", "cat", "vaporized", "on", "the", "
String maxI nAStringArray = MaxArray. get Max(aStringArray);

e [he compiler figured out type argument

- above method call equivalent to
String maxI nAStringArray = MaxArray. <String>get Max(aStringArray);
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The Sear chArr ay class

Why ‘vaporized” and not ‘sat’? (There is a good reason —

look af the “test data’ carefully.)
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it The Se al C h Ar I ay Clqss

001: // Provides an efficient search for a Conparable in a sorted Conparable[].
002: public class SearchArray

003: {

004: [/ Use binary search to find searchltemin anArray which nmust be sorted.
005: // Returns a negative nunber if not present, or array index.

006: public static <ArrayType extends Conparabl e<ArrayType>>

007: int search(ArrayType[] anArray, int noOfltems, ArrayType searchltem
008: throws |11 egal Argument Exception

009: {

010: if (anArray == null)

011: t hrow new | | | egal Argument Exception("Array nmust exist");

012: if (noOfltens > anArray. | ength)

013: t hrow new | | | egal Argument Exception("Data |length > array |ength:

014: + noOfItens + " " + anArray. | ength);
015: if (noOfltems == 0)

016: return -1;

017:
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it The Se al C h Ar I ay Clqss

int | owndex = O;
019: int highlndex = noOfltens - 1;
020: int mdlndex = (I owndex + highlndex) / 2;
021: while (I ow ndex < highlndex & ! anArray[ m dl ndex].equal s(searchltem)
022: {
023: i f (anArray[ m dl ndex]. conpareTo(searchltem < 0)
024: | oM ndex = m dl ndex + 1:
025: el se
026: hi ghl ndex = mdl ndex - 1;
027: m di ndex = (1 ow ndex + highlndex) / 2;
028: } Il while
029: i f (anArray[ m dl ndex] . equal s(searchltem)
030: return mdl ndex;
031: el se
032: return -1;
033: } /] search
034:
035: } // SearchArray
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0 The Tr ansl| at e class

. inmport java.io.BufferedReader;
: import java.io.FileReader;

. inport java.io.FileWiter;

. inmport java.io.|OException;

: import java.io.PrintWiter;

. /]l Programto translate a docunment from one | anguage to anot her.

. /] Translation dictionary file is first argunent.

. /Il Input file is the second argunment, output is the third.

. public class Translate

i
[l The main nethod reads lines fromthe dictionary and stores them
[l via the Dictionary constructor. Then it reads lines fromthe input file,
[l translates each word and wites it to the output file.
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it .rr\GEP-T-r Eir155| Elt e (:|<1555;

public static void main(String[] args)

{

Buf f eredReader input = null;
PrintWiter output = null;

try
{
if (args.length != 3)
t hrow new ||| egal Argument Excepti on
("There nust be exactly three arguments:”

+ " dictfile infile outfile");

[ The dictionary.
Di ctionary dictionary

= new Di ctionary(new BufferedReader (new Fi | eReader (args[0])));

I nput = new BufferedReader (new Fi | eReader(args[1]));
output = new PrintWiter(new FileWiter(args[2]));
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it The TI’ anS| at e CIGSS

/| Read the Iines and transl ate each word.

String currentlLine;
while ((currentLine = input.readLine()) != null)

{

String wordDelimter ="";
for (String word : currentLine.split(" "))

{

out put.print(wordbDelimter);
if (! word.equals(""))
out put. print(dictionary.translateWrd(word));
wordDelimter =" ",
} Il for
output.printlin();

} /1 while

Y1 otry
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it .rr1€E!-T-r Eir155| Eit e ‘::I(]SSS;

catch (Exception exception)
050: {
051: Systemerr. println(exception);
052: } /1 catch
053: finally
054: {
055: try { if (input !'= null) input.close(); }
056: catch (| OException exception)
057: { Systemerr.printIn("Could not close input " + exception); }
058: if (output !'= null)
059: {
060: out put . cl ose();
061: i f (output.checkError())
062: Systemerr. println("Sonething went wong with the output");
063: YOO
064: Y /I finally
065: Y /1 main
066:

067: } // class Translate

February 22, 2019 Java Just in Time - John Latham Page 117(0/0)



The Tr ansl at e class

The binary search idea was a good one - it is soO much
faster than the linear search we used in earlier chapters.

Do you think that the idea has already made it to the
Java API? Check out the Arrays class.
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1

Z

Trying it

e For fun — use a ‘dictionary of opposites’.

Console Input / Output

$ cat opposites. txt

(Qutput shown using multiple colums to save space.)
the a boy girl many no penni es pounds
after Dbefore light heavy all none wil | wont
dul | bri ght j ack jill and nor pl ay wor k
make destroy | ook [isten t henmsel ves ot hers no yes
makes  destroys a many pounds pennies
hands feet you me wor k pl ay
$
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e [ranslate’ some well known cliches.

Console Input / Output

$ cat input.txt
all work and no play makes jack a dull boy
whi | e many hands make |ight work

i f you | ook after the pennies

the pounds wi |l ook after thenselves

$ java Transl ate opposites.txt input.txt output.txt

$ cat output.txt

none play nor yes work destroys jill many bright girl
[while] no feet destroy heavy play

[if] me |isten before a pounds
a pennies wont |isten before others

Coffee  Would it be difficult fo improve the program by making it
able to handle capitalization and punctuation?
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~Zoursework: Minimum and maximum Conpar abl e

(Summary only)

Write a generic method to find the minimum and maximum itfems in an array
of Conpar abl e item:s.
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Section

Example:

Sorfing valuables
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Aim

AIM: To infroduce the idea that a class can implement many
inferfaces, and explore what it means for an interface

to extend another. We also take another look at having
consistency between conpar eTo() and equal s() .
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Sorting valuables

e Revisit valuables example

- add instance method to Val uabl es
sort array into descending order by value.

e [he classes, Bui | di ng, Car, House O fi ceBl ock, Tract or and Vehi cl e
same as in previous version.
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The Val uabl eHouse class?

e Can stafe Val uabl eHouse implements Conpar abl e<Val uabl e>

as well as Val uabl e

- SO can sort with respect fo other Val uabl es.
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(it
~Interface: a class can implement many interfaces

e A class can extend at most one other class
- but may implement any number of interfaces

- interfaces listed, with commas between,
after reserved word i npl enent s.

e £.9. StopCd ock which automatically stops and starts
when mouse moved out of / back in to window.. . .
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(it
~Interface: a class can implement many interfaces

i nport | ava.awt . ActionLi stener;
i nport |ava.aw . MouselLi st ener;
i nport | avax.sw ng. JFrane;

public class StopC ock extends JFrame
i npl ement's ActionLi stener, Museli stener
{

Il actionPerformed is specified in the interface ActionListener
public void actionPerformed(ActionEvent event)

{

} Il actionPerformed

. Various nmethods here, as specified in MuseListener.

} Il class StopC ock
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The Val uabl eHouse class?

e \Want Val uabl eHouse to be comparable with any ofther Val uabl e

- make it implement Conpar abl e<Val uabl e>.

- Give definition of conpar eTo() .
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i VC] I uq ble H ouse .jGVG 'frqg men‘l‘

001: // Representation of a Valuable which is a house.

002: public class Val uabl eHouse extends House

003: i mpl enent's Val uabl e, Conpar abl e<Val uabl e>
004: ...
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The Val uabl eHouse class?

e Dong!!ll This isn’t going to work!

Coffee  Why not?
fime:
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The Val uabl e interface

e How does Java know every Val uabl e implements Conpar abl e<Val uabl e>?

e Make change to all Val uabl e classes

- but that won’t satisfy Java:

* 1IN future another class could be written that implements Val uabl e
but not Conpar abl e<Val uabl e>.

e \Wanft fo state every Val uabl e must implement Conpar abl e<Val uabl e>

- make Val uabl e extend Conpar abl e<Val uabl e>.
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it Th e Va. | ua b | e i nllle rche

001: // njects which have a value obtained via a value() method.
002: public interface Val uabl e extends Conparabl e<Val uabl e>

003: {

004: Il The val ue of this Val uable.
005: int value();

006:

007: } I/ interface Val uable

e Every class that implements Val uabl e
must also provide method implementation for conpar eTo() .
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it .rr1€E!\VﬁEl| LJEil)I Eifﬁk)lJfS‘Ef‘C:|(]5;5;

Il Representation of a Valuable which is a house.
publ ic cl ass Val uabl eHouse extends House inplenents Val uabl e
{
Il A measure of the value of the area the house is in.
private doubl e | ocationDesirabilitylndex;

/] Construct a Val uabl eHouse with a given nunber of bedroons
/1 and location desirability.
publ i ¢ Val uabl eHouse(i nt requiredNoOf Bedr oons,

doubl e requiredLocati onDesirabilitylndex)

super (requi r edNoOf Bedr oons) ;

| ocationDesirabilitylndex = requiredLocationDesirabilitylndex;
} /1 Val uabl eHouse

February 22, 2019 Java Just in Time - John Latham Page 133(0/0)



it The Val u ab I e I_IO use Clqss

/] Calculate and return the value of this valuable item
@verride

public int value()

{

return (int) (getNoOf Bedrooms() * 50000 * |ocationDesirabilitylndex);
} /1 valuable

Il Return a short description of this as a valuable item
@verride
public String toString()
{
return "House worth " + value();
} /1 toString
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it The Val u ab I e I_IO use Clqss

Il Return negative if this value is greater than other’s val ue,
035: // zero if they are the same, or positive if this value is the |esser.
036: @verride
037: public int conpareTo(Val uabl e ot her)
038: {
039: return ot her.value() - value();
040: } // conpareTo

e Override equal s()

— make consistent with method implementation of conpar eTo() .
e Nofe method parameter of equal s() has to be type hj ect .

e Two Val uabl es equivalent if have same value

- regardless of kind of valuable and/or inner details
x Appropriate for fhis program.
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it The Val u ab I e I_IO use CIGSS

[l Return true if and only if this and other have the sane val ue.

[l Unless other is not a Valuable, in which case del egate to supercl ass.
@verride

publ i ¢ bool ean equal s( Obj ect other)

{

if (other instanceof Valuable)

return conpareTo((Val uabl e)other) ==

el se

return super.equal s(other);
} Il equals

. } I/ class Val uabl eHouse
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The Val uabl eHouse class

e That was simple way of ensuring equal s()
consistent with conpar eTo() for Val uabl es

- two Val uabl es equivalent if have same value.

e But if compare Val uabl eHouse with O fi ceBl ock

- will get definition of equivalence from (probably) Bui | di ng.
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The Val uabl eCar class

e Same modifications made 1o Val uabl eCar .

e Also ofher classes that implement Val uabl e

— Val uabl eBoat , Val uabl eArt Wor k, Val uabl eJewel | ery efc..
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it Th e Val ua b I €S Clqss

import java.util.Arrays;

Il Representation of a collection of Valuables.
public class Val uabl es

{
I/ The Val uables, stored in a partially filled array, together with size.
private final Valuable[] val uabl eArray;
private int noCf Val uabl es;

Il Create a collection with the given nmaxi num si ze.
publ i ¢ Val uabl es(i nt maxNoOf Val uabl es)
{
val uabl eArray = new Val uabl e[ maxNoOf Val uabl es] ;
noCf Val uabl es = 0;
} /1 Val uabl es
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it Th e Val ua b I €S CIGSS

I/ Add a given Valuable to the collection (ignore if full).
public void addVal uabl e( Val uabl e val uabl e)

{

i f (noCFVal uabl es < val uabl eArray. | engt h)

{

val uabl eArray[ noOf Val uabl es] = val uabl e;

noOf Val uabl es++:
YOOt
} /1 addVal uabl e

I/ Calculate and return the total value of the collection
public int total Val ue()
{
int result = 0;
for (int index = 0; index < noOfVal uabl es; index++)
result += val uabl eArray[index].val ue();
return result:
} /1 total Val ue
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it Th e Val ua b I €S Clqss

/] Return a short description of the collection.
@verride
public String toString()

{

i f (noCfVal uabl es == 0)

return "Nothing val uabl e";

String result = valuableArray[0].toString();

for (int index = 1; index < noOVal uabl es; index++)

result += String.format("%%", val uabl eArray[index]);
return result;

Y /] toString
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it Th e Val ua b I €S CIqss

054: /] Sort the collection into order by val ue.
055: public void sort()

056: {

057: Arrays. sort(val uabl eArray, 0, noOf Val uabl es);
058: } /] sort

e Works because array elements of val uabl eArray mutually comparable.
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it Th e Val ua b I €S CIqss

/| Create a Val uables collection, add Valuable itens, sort, and show result.

Il Purely for testing during devel opment.
public static void main(String[] args)

{

Val uabl es val uabl es = new Val uabl es(5);

Il My first house -- | was so proud of its spare bedroom
Il and ‘value for noney’ area.
val uabl es. addVal uabl e( new Val uabl eHouse(2, 0.5));

Il My first car, not quite a ‘head turner’,
[l but its third door was handy when the main 2 got stuck.
val uabl es. addVal uabl e( new Val uabl eCar (3, 0.25));

[/ 1t was nice to have a new car when | started work.
val uabl es. addVal uabl e( new Val uabl eCar (4, 1.0));
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it Th e Val ua b I €S Clqss

077: [l Then | won the lottery! (Yeah, right.)

078: val uabl es. addVal uabl e( new Val uabl eHouse(6, 2.0));

079: val uabl es. addVal uabl e( new Val uabl eCar (12, 4.0));

080:

081: Systemout.println("M valuables are worth " + val uabl es.total Val ue());
082:

083; val uabl es. sort ();

084:

085: System out . println(val uabl es);
086: + /1 main

087:

088: } // class Valuables
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Console Input / Output

$ java Val uabl es

My val uabl es are worth 755500
House worth 600000

Car worth 96000

House worth 50000

Car worth 8000

Car worth 1500

$
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Coursework: Analysis of conpar eTo() and
equal s()

(Summary only)

Undertake an analysis of previous uses of conpar eTo() and equal s() instance
methods.
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Concepts covered in this chapter

e Each book chapter ends with a list of concepts covered in it.

e Each concept has with it
- a self-test question,

- and a page reference to where it was covered.

e Please use these to check your understanding before we start the next
chapter.
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