Building Java Programs

Chapter 9
Lecture 9-3: Polymorphism

reading: 9.2
self-check: #5-9
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Polymorphis

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

« System out. println can print any type of object.
« Each one displays in its own way on the console.

» CritterMin can interact with any type of critter.
« Each one moves, fights, etc. in its own way.
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" Coding with bolymorphism

e A variable of type T can hold an object of any subclass of T.

Enpl oyee ed new Lawyer () ;

* You can call any methods from Enpl oyee on ed.
* You can not call any methods specific to Lawyer (e.g. sue).

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

System out. println(ed.getSalary()): /1 50000.0
System out. println(ed. get Vacati onForm()); /1 pink
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5olymorphism and parameters

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

public cl ass Enpl oyeeMain {
public static void main(String[] args) {
Lawyer |isa = new Lawer();
Secretary steve = new Secretary();

printlnfo(lisa);
printlnfo(steve);
) -

public static void printlnfo(Enployee enpl) {
Systemout.println("salary =" + enpl.getSalary());
System out. println("days ' + enpl . getVacati onDays());
Systemout.printin("form=" + enpl.getVacationForm));
Systemout. println();

}
}
OUTPUT:
salary = 50000.0 salary = 50000.0
vacati on days = 21 vacati on days = 10
vacation form = pink vacation form = yel | ow
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Polymorphism and arrays

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

publ i c cl ass Enpl oyeeMai n2 {
public static void main(String[] args)

Enpl oyee[] e = { new Lawyer (), new Secretary(),
new Marketer(), new Legal Secretary() };
for (int i =0; i <e.length; i++) {
Systemout.printin("salary: " + e[i].getSalary());
Systemout.println("v.days: " + e[i].qgetVacationDays());
\ Systemout. println();
}
}
Output:
sal ary: 50000.0
v. days: 15
sal ary: 50000.0
v.days: 10
sal ary: 60000.0
v. days: 10
salary: 55000.0
v. days: 10
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Polymorphism problems

* 4-5 classes with inheritance relationships are shown.

* A client program calls methods on objects of each class.

* You must read the code and determine the client's output.

* We always place such a question on our final exams!
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" A polymorphism problem

* Assume that the following four classes have been declared:

public class Foo {
public void nmethodl() {
Systemout.printin("foo 1");
}

public void nmethod2() {
Systemout.println("foo 2");
}

public String toString() {
return "foo";
}

}

public class Bar extends Foo {
public void nmethod2() {
Systemout.println("bar 2");
}

- -
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Tpolymorphism pblem

public class Baz extends Foo {
public void nmethodl() {
\ Systemout.println("baz 1");

public String toString() {
return "baz":
}
}

public class Miunbl e extends Baz {
public void nmethod2() {
\ Systemout. println("nunble 2");

}

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

Foo[] pity = {new Baz(), new Bar(), new Miunble(), new Foo()};
for (int i =0; i <pity.length; i++) {
Systemout.printin(pity[i]);
pity[i].nmethodl();
pity[i].nmethod2();
Systemout. println();
}
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Diagramming the classes

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

e Include all inherited methods.

Foo
method? fon 1
rnethod foo 2
toString fon

.ﬁl':.

Bar Baz
{rmethody) foo 1 method1 haz 1
method2 (methoc?)
tar 2 foo 2
fiostring) foo toString haz
Mumble
(method{) haz 1
tostring) haz
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Finding output with tables

method Foo Bar Baz Mumble
methodl (foo 1 foo 1 baz 1 baz 1
met hod2 |[(foo 2 bar 2 foo 2 munbl e 2
toString |foo f oo baz baz
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Polymorphism answer

Foo[] pity

for (int i O; I < pity.length;
Systemout.printin(pity[i]);
pity[i].methodl();
pity[i].nmethod2();
Systemout. println();

}
e Qutput:

baz
baz 1
foo 2

f oo
foo 1
bar 2

baz
baz 1
munbl e 2

f oo
foo 1
foo 2
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{new Baz(), new Bar(), new Munbl e(),

s g e |

new Foo()};
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Another problem

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

public class Lanb extends Ham {

public void b() {

\ Systemout.print("Lanb b 5 B
}

public class Ham {
public void a() {
Systemout.print("Hama ");

b();

public void b() {
Systemout.print("Hamb ");

}
public String toString() {
\ return "Hani;

}
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Another proble 2

public class Spam extends Yam {
public void b() {
Systemout. print("Spamb )

} }
public class Yam extends Lanb {
public void a()

Systemout.print("Yama ");
super. a();

ublic String toStrin
e return "%anf; 90 {

}

» What would be the output of the following client code?
Hani{] food = {new Lanb(), new Han(), new Spam(), new Yan()};

for (int i =0; i < food.length; i++) {
Systemout.printin(food[i]);
food[i].a();
Systemout.println(); /Il to end the |ine of output
food[i].Db();
Systemout. println(); // to end the |ine of output

Systemout.println();
}
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Class diagram
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Polymorphism at work

e Lanb inherits Hanls a. a calls b. But Lanb overrides b...

public class Ham {
public void a() {
Systemout.print("Hama ");

b();

public void b() {
Systemout.print("Hamb ");

}
public String toString() ({
\ return "Hani;

}

public class Lanb extends Ham {
public void b() {
\ Systemout.print("Lanb b S

}

* Lanb's output from a:
Ham a Lanb b
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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 Lanb b Lanb b Spam b
toString | Ham Ham Yam Yam
— . 16
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Hanf] food = {new Lanb(), new Han{), new Span(), new Yan()};
for (int i =0; I < food.length; i++) {

Systemout.println(food[i]);
food[i].a();
food[i].Db();
Systemout. println();
}
e QOutput:
Ham
Ham a Lanmb b
Lanb b
Ham
Ham a Ham b
Ham b
Yam
Yam a Ham a Spam b
Spam b
Yam
Yam a Ham a Lanmb b
Lanb b
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