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Building Java Programs

Chapter 9
Polymorphism

reading: 9.3 - 9.4
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YOU KNOW THIS METAL I SPEND MOSTOF MY LFE| | BUT TODAY, THE PATTERN
RECTANGLE FULL OF PRESSING BUTTONS TO MAKE | | OF LIGHTS 1S ALL WROMG!
UTTLE LIGHTS? THE PATTERN OF LIGHTS OH GOD! TRY

K YEAH. sooNDs | | msnor  RuTIONS!
O ( O G'a)D HELPING! (
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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
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parameters

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

public class EmployeeMain {
publicicstaticvord marn(SetrEngl args)

}

Lawyer

lisa = new Lawyer();

printInfo (lisa) ;

Secretary steve = Secretary () ;

printInfo (steve) ;

public static void printInfo (Employee empl) {

}
OUTPUT:

salary:
v.days:
v.form:

System
System
System
System

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

ONEHTE Y oaaatian ph o Y S o o Bva SR s e S o b ol S A S e e S O DS BVA S B S
.out.println("v.form: " + empl.getVacationForm());
oMbl e A e A )

50000.0 sallary: 5000020
135 Y ciaasannG)
aidmk v.form: yellow

Copyright 2008 by Pearson Education



"”/;,fff”f:;—“

”4555’—————————‘ﬂﬁﬁw n
Polymorphism and arrays

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

public class EmployeeMainZ?2 {
pUbl e sttt crvord matn (St ng gy
Employee[] e = { new Lawyer(), new Secretary(),
new Marketer (), new LegalSecretary() 1}

Forn b Sy i =0 e Al angihy Ayt
System.out.println ("salary: " + e[i].getSalary()):;
S cEc e e e e
e[i] .getVacationDays()) ;
e S I DR B R BBl A e
}

}

Output:
salary: 50000.0
O e A e B
S SR G
YA L e
salary: 60000.0
VA o BVAS e )
salary: 55000.0
i v.days: 10
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A polymorphism problem

e Suppose that the following four classes have been declared:

oibleHibe e i e To
Pl E e tidmeiheoddE T
SyisiEemsonEsprlnn it Eoe e
}

il e ouiel imolioddi(]
Syistemiont iprintln ol

}

ciblonE e CHe ol B se e ol e
e e e M P

}
}

public class Bar extends Foo {
pililoilile ilviouie e hie o DT
Syistemiout iprintinbar iy
}
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A polymorphism problem

Pliiilie selvai s ol e ol o o
public void methodl () {
SNicEe T elihstpusiinttnt it ab it
}
pabiEEs S i aim R SR
e R R
}
}
public class Mumble extends Baz {

publiiteisvord ame Ehod2: ()2
S biciebiuiemdimbibm i tinde AR R

}
}

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

ol I i s BN e BB R el h i e Wi B D Rbinla i ol DI BB b Bl oo 2 (1 s

A0 e B b B et O e e s o Ml B VAl SN 0O B B 0 Ao e s o B
S onsieibheiimbidhp il o
pity[i] .methodl () ;
pity[i] .method2 () ;

SNsiEc e shaneln B
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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



Finding output with tables

method Foo Bar Baz Mumble
methodl Eelel i Foe baz I baza
method?2 Ho@ 7 loas 2 oc mumble 2

teString o0 Foo baz baz

B 10
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baz
baz
foo

e 16)
foo
bar

baz
baz

mumble 2

foo
foo

pity
G

e Output:

9
2
i
2
i

1

foo 2
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Polymorphism answer

new Mumble (),

{new Baz (), new Bar/(),

1 < pity.length;
System.out.println (pityl[i1])
pity[i] .methodl () ;
PR e th od 2 i

NS e st e e

menrtee i



"”/;,fff”f:;—“

J—
Another problem

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

public class Lamb extends Ham ({
eNbicH NSRRI e o e et
System.out.print ("Lamb b R
}

}

EtiloiiieeRidisicule v
prlodsRe et AR
System.out.print ("Ham a e
b();
}

plilisiEieivioliehllondimi
System.out.print ("Ham b o o
}

jenbionin et et oY e sl HO H e e e i o B
return "Ham";
)

Bl 1k
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Another problem 2

public class Spam extends Yam {
il ersaer st iR
A NI O e C B B O P S S R © e

}

public class Yam extends Lamb {
jenbion et ohie B Gt
SyisEenolE RN e
super.a() ;

}

ohb e e e B IO e Gl Y
Y B A G e = B
}

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

Ham[] food = {new Lamb (), new Ham(), new Spam(), new Yam() };
et i A i e @ el Rl el s AT

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

food[i] .a() ;

icHE S el lba o AR LR R B // to end the line of output
food[i] .b() ;
System.out.println () ; // to end the line of output

System.out.println();
}
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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...

public class Ham {
prbildenviondirartnaad
S e Tt oiniionss npb S e B

b();
Ik

publresvoidabil) ]
SRVASHE S (o bt o st gn i e PR e o) e
}

publiesString oSt ring ()
oy =k B P ey R e » Ao AR
}

}

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

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

Bl k]
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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 Lamb b Spam:b
toString | Ham Ham Yam Yam
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The answer

Eeinii iinhe ocliistinl inie i mib s e e i

For(ant g =clsasaiiood Slengths
A S S e SR A A A e B e R
e ole N o
el
Shvisine il ozt ohiban sl b))

}

e Output:
Ham
Ham a Lamb b
Lamb b

Ham
s
Ham Db

Yam
Yam a Ham a Spam b
Soeimaile

Eiamsle

Yam
Yam a Ham a Lamb b
Lamb b
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new Spamf(),

{

new Yam{() };
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Casting references

* 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 theRealEd = (Lawyer) ed;
FheRea g iove ()= // ok

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