Topic 32 - Polymorphism




Clicker 1

* What is output by the following code?
Critter c1 = new Hippo(7);
System.out.print(cl.toString());

A. 7

B. ?

C. null

D. No output due to a syntax error
E. No output due to a runtime error



—— Polymorphism

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

e System.out.println can print any type
of object.

« Each one displays in its own way
on the console.

eCritterMain can interact with any type
of critter.

- Each one moves, fights, etc.
in its own way. 3



——

Coding with polymorphism

* A variable of type T can refer to an object
of type T and any descendants of T.

Erittay el = w0 Loaepe e

* You can call any methods from the Critter
class on c1.

* When a method is called on c1, it behaves as a

Hippo:
System.out.println (cl.getColor) ; // GRAY
System.out.println(ecl.toString()) Ll
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Polymorphism and parameters

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

publErecliass s CrriterMaydn
EUb e S ie i ncE e e eo et el B e Cp
Hippo henry = new Hippo(7):;
Bird angry = new Bird();

printInfo (henry)
printInfo (angry) ;
} \

publicEstaticivord iprinbinfoitCritterierit)y |

sSystemsountsprantintlecat 2tk serir Soatit));
A T S A B ey S e e e I e e G o Yoty P MO oMo oo Y20
System:outiprant In(" move: "+ crit ‘getMove ());

(

System.out.println () ;

}
}

OUTPUT???



el
Polymorphism and arrays

e Arrays of superclass types can store any subtype as elements.
public class CritterMainZ2 {

pubEicystaricivoidimaintsbring S args)ad
Critter[] crits = { new Bird(), new Vulture(),
new Hippo(7), new Ant(true) };
FOE A CEI e rSer i B eriEs i
R O e R PR P e e Gt e e g e EC O o)
System.out.println(" move: " + crit.getMove());

Syatemz ot prin Elna e

Output:



A polymorphism problem

publiciclassiFooy
public void methodl () {

System.out.println("foo 1");

}
pablicsvaord methodZ )

System.out.println ("foo 2");

}

B O AN e S e LR 6 e O R onE G e A (v
1= B N A e A AN O S
}
}

public class Bar extends Foo {
public void method2 () {

Sy stemrontiprinElntbar =2

}

public class Baz extends Foo {
public void methodl () {
S R LA M M G e [ e

}

ANl o AR e R S E e B O o e S O XN DN N 9 1 ot (9 Rt
R R e =
}
}

public class Mumble extends Baz {
public void method2 () {
O AP S I AOHD B B o A A e (AR S AN G Ao
}
}




——

A pol

}

;/morphism problem

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

Foo[]
G = e e R O O S SR R )
System.out.println (foos[i]) ;

FoT

foos[i] .methodl () ;
foos[i] .method2 () ;

System.out.println () ;

{

OO S I W B Lz R e T SR e B A (s ssnew s Mimodr e G e P oot~

method

Foo

Bar

Baz

Mumble

methodl

method?

EoStEing




‘/25§,,f%f”fl,——
Diagramming the classes

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

e Include all inherited methods.

Foo
rrethod1 fon 1
method fon 2
toString foo

£|}.
| |

Bar Baz
frmethocf) fon 1 method1 haz
triethod har 2 (rmethoc2) fon 2
(tostring) foo toString haz
Mumble
(rmethoci) haz 1
ffoSting) haz




——

Finding output with tables

method Foo Bar Baz Mumble
methodl EE R o ez baz 1
method? N S Bl Re e mumble 2

toString | foo RO baz baz




Polymorphism answer

N A b o e e ) O A e T o oS B A e B e B o Ao e R E e AL R R S o oy e o MR ey e e Z ol e o £
S o R A D e P S OV G Y RO M DR A B e S o
SystemrontsprintintEoosiFil)s
foos[i] .methodl () ;
S A T 2 Rl LV P AU 0] o
S AASE RS I S YOR TN oh o Bak il to ] &) v

)
e Qutput:

baz
SO Zavl
BRI

foo
foo
bar

N -

baz
e B
mumble 2

EOE)
Ee @Rl
FoeE2

15
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Another problem

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

public class Lamb extends Ham ({
publicavesddrbbyad
S O IN M S A B S A TR AR ) R
}

}

public class Ham {

oAt e e U
System.out.print ("Ham a oty
b();

}

) B R A A B A S o oay
System.out.print ("Ham b R 0

}

publicaSEring s tostring st
S A AR A B e

}

15



,,—””ﬁ/;?/i;”‘

Another problem 2

public class Spam extends Yam ({
o A r e e A e S S e el
A B o O VB A S M O R B SO SE s © AT
}

}

public class Yam extends Lamb {
oL O B e T o Bt e Mete b A ke |
System.out.print ("Yam a A
super.a() ;

}

b eSS A e S O SR F A A e R e A oot
e S e e
}

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

Ham[] food = {new Lamb (), new Ham(), new Spam(), new Yam() };
I A S o K oA Ry el § 5 A R Sy S O T 010 sl N =D (O REH R RPe Byl o9 S |

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

food[i].a() ;

Sy stemionEaprintinstss; // to end the line of output
food[i] .b () ;
e R T b e SR e BN A AR e // to end the line of output

SyrsbemsouEprint FrtRy

13



Class diagram

Ham
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b
toString)

Lamb
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b
fastring

Yam

ag
i}
toString

Spam

a()
b
tostring()
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Polymorphism at work

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

publsiceasssHams s

pabliiervwoidrantay
A e e OIS T e M e s AR R ke
b();

}

publEicmvodadi el
A A T A B A O e M1 B oo o S UHE o 6 R
}

;2188 SHE R eI Chpa sh aTe SR piSIC e mn Mo o R
Db A e BT

}
}

public class Lamb extends Ham ({

public void b() {
System.out.print ("Lamb b i B0
}

}

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

15



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

16



The answer

Ham[] food = {new Lamb (), new Ham(), new Spam(), new Yam() };
ol aernre e amne aeE o oo rere Ea i e e

e e A SR e VAR e i T A L e

OO | S PR A o

OO | SA T R O o ki

i e Sl e e B M
}

e Qutput:
Ham
Ham a Lamb Db
Lamb b

Ham
Ham a
Ham b

Yam
Yam a Ham a Spam b
Spam b

Ham b

Yam
Yam a Ham a Lamb b
Lamb b

157



——

Overriding Object's
equals Method

* The Object class contains this method:

pPUblle booledn cailals (O ject ebj)
rtetiurn this —= ob )  }
* many classes override this method

* many students mistakenly overload the
method

* many headaches when placing objects in
data structures

18



~— Overriding Object's

equals Method

eoverriding equals correctly follows
a pattern

»So, it isn't that hard, if you follow
the pattern

*Override equals for
a Standard Playing Card

*Override equals for a Snake Critter
» Demo array of Critter objects

53]



