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Chapter 9
Polymorphism

reading: 9.3 - 9.4
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Polymorphism

 polymorphism: Ability for the same code to be used
with different types of objects and behave differently with
each.

e System.out.println canprint any type of object.
« Each one displaysin its own way on the console.
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Coding with polymorphism
* A variable of type T can hold an object of any subclass of T.

Employee ed = new Lawyer();

* You can call any methods from the Employee class on ed.

* When a method is called on ed, it behaves as a Lawyer.

System.out.println (ed.getSalary()) ; // 50000.0
System.out.println (ed.getVacationForm()) ; // pink

Copyright 2008 by Pearson Education



— Polymorphism and
parameters

* You can pass any subtype of a parameter's type.

public class EmployeeMain {
ibiouiei st calis Ton e e e A Shm st gt A e e R
Lawyer lisa = new Lawyer();

Secretary steve = Secretary () ;

printInfo(lisa) ;

printInfo (steve) ; \\\\\\\\\\\\\\$
}

public static void printInfo (Employee empl) {

System.out.println("salary: " + empl.getSalary()):;

syatbemvontiprintinitMidays s i e amp S ge bV acat 1 onbDavs ()5

Sy aemral e R Eni e b ot et e e at Ao RO e
(

System.out.println();

}

OUTPUT:

i s Ry ST VAV G AAG) 05 M s N B S SN BN DAV RAS)
v.days: 15 Vorda e lhe
v.form: pink v.form: yellow
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Polymorphism and arrays

* Arrays of superclass types can store any subtype as elements.

public class EmployeeMainZ {
public static void main(String[] args) {
Employee[] e = { new Lawyer(), new Secretary(),
new Marketer (), new LegalSecretary() 1}

Fordant rasilyaniidiailangthy gy
System.out.println("salary: " + e[i].getSalary()):;
System.out.println("v.days: " +

e[i] .getVacationDays()) ;
System.out.println();
}

}

Output:
Salarye v B H0E00
wndasinnlb
salary: 50000.0
v.days: 10
salary: 60000.0
Monkannsneevinf)
salary: 55000.0
i v.days: 10
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A polymorphism problem

e Suppose that the following four classes have been declared:

public class Foo {
public void methodl () {
Systemsontiprintin it too 1N

}

public void method2 () {
SYe emBowt s R oawwe s

}

pub by sStringitoSteing i
return "foo";

}
}

T e e e A e e e
public void method2 () ({
SYetemyont iprintEnmth bari iy
}
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A polymorphism problem

oS O N T R SO R M e W e R I e i
public void methodl () {
System.out.println ("baz 1");

}
pabliicuSEringitostringi)iy
S Y A AR b P

}
}
public class Mumble extends Baz {

publieordvmetbhod2:ivang
A RO SR Y P RIS R WA I Ve S NS R

}
}

* What would be the output of the following client code?

Foo[] pity = {new Baz (), new Bar(), new Mumble(), new Foo() };

iEonevi Ml shm e U A s o sa A NS Yoo Rminl i, o
System.out.println (pity[i]);
pity[i] .methodl () ;
pity[i] .method2 () ;

AN PR = N NS E Iy £f Oy o2 Y AUy
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Diagramming the classes

/:/

* Add classes from top (superclass) to bottom (subclass).

e Include all inherited methods.

o) e

—_

Foo

method1
method?2
toString

CI}.

|

Bar

{methodf)
method2
{toString)
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foo 1
har 2
foo

|

Baz

method1
{method?2)
toString

I

Mumble

{methodf)
method2
{toString)

haz 1
foo 2
haz

haz 1
mumhle 2
haz
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Finding output with tables

method Foo Bar Baz Mumble
methodl Fee | eo baz 1 baz
method?2 foo 2 bar 2 foo 2 mumble 2
tostring | too foo baz baz
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Polymorphism answer

Foo[] pity = {new Baz (), new Bar(), new Mumble(), new Foo() };
Tor rntaay =l e s b el e ng i s

System ot iprintintprtyEi]ys

pityv Ernlvmethodt);

pity[1i] .method2 () ;

System.out.println () ;

)
e Output:

baz
Bazail
fooi2

foo
foo
bar

N -

baz
ezl
mumble 2

o6
Fooiil
foo 2
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Another problem

*» The order of the classes is jumbled up.
* The methods sometimes call other methods (tricky!).

D10 SN e VoSN Ry o S D v s Al Aa i A i el
pabEieaa
System.out.print ("Lamb b S
}

}

public class Ham ({
oybl il eithsiohive Mo G Mt
System.out.print ("Ham a M
b();
}

euiisEal el e lis Ilo W V!
Sy stemyowbuprant bt Hamwh o
}

public String toString() {
A R AL T RN i A (A
}
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Another problem 2

public class Spam extends Yam {
public void b () {
System.out.print ("Spam b Wi

}

public class Yam extends Lamb ({
public void a() {
System.out.print ("Yam a W
super.a() ;

}

public String toString() {
304 = 1 I 4 1 O AR = D A A
}

}
» What would be the output of the following client code?

Ham[] food = {new Lamb (), new Ham(), new Spam(), new Yam() };
R B AN S I 6 M e e g M S RSV T MO XY G R A A g I I W

System.out.println (food[1i]) ;

food[i] .a() ;

Svetemiout printin ) // to end the line of output
food[i] .b() ;
Sveteniontiprintin ) // to end the line of output

System.out.println () ;
}

Bl IR
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Class diagram

Ham

a(
bQ
toString()

Lamb

al
b0
toString()

Yam

al)
b()
toString()

Spam

al
b0

- toString()
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Polymorphism at work

e Lamb inherits Ham's a. a callsb. But Lamb overrides b...

pubrevelias sy Ham v
bl e o da
System.out.print ("Ham a e

b();
}

obl ol Mieliohiie L ol D!
Sy s temyontiprint (hHams I
}

RIS E G S S R A
return "Ham";
}

}

public class Lamb extends Ham ({
public void b() {
System.out.print("Lamb b s
}

}
* Lamb's output from a:
Ham a Lamb b
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The table

method Ham Lamb Yam Spam
a Ham a Ham a Yam a Yam a
b () b () Ham a Ham a
b () b()
b Ham b Lamb b Bamb: b Spam b
tostrang - Ham Ham Yam Yam
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The answer

Ham[] food = {new Lamb (), new Ham(),

Tor antay s et oocikengths;
WA SIS UM N N S RN i SR s I B Y M RS M
Food el atys
SN D1 i M oM oW £y e
System.out.println (),

}

e Output:
Ham
Ham a Lamb b
Lamb b

Ham
Ham a
Ham Db

Yam
Yam a Ham a Spam b
Spam b

Ham Db

Yam
Yam a Ham a Lamb b
Lamb Db
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new Spam(),

{

new Yam{() };
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Casting references

e A variable can only call that type's methods, not a subtype's.

Employee ed = new Lawyer();
int hours = ed.getHours{():; // ok; this is in Employee
ed.sue () ; // compiler error

 The compiler's reasoning is, variable ed could store any kind of
employee, and not all kinds know how to sue..

* To use Lawyer methods on ed, we can type-cast it.

Lawyer theRealkEd = (Lawyer) ed;
theRealEd.sue () ; // ok

((Lawyer) ed) .sue(); // shorter version

£ 18
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More about casting

* The code crashes if you cast an object too far down the tree.

Employee eric = new Secretary():;
((Secretary) eric).takeDictation("hi"); // ok
((LegalSecretary) eric).filelegalBriefs(); // exception

// (Secretary object doesn't know how to file briefs)

* You can cast only up and down the tree, not sideways.

Lawyer linda = new Lawyer();
((Secretary) 1linda) .takeDictation("hi"); // error

e Casting doesn't actually change the object's behavior.
It just gets the code to compile/run.

( (Employee) 1linda).getVacationForm () // pink (Lawyer's)
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