CS 142

Lecture 11: Polymorphism

It means I'm rewriting

: Just a second “ -
Mercutio, do you - d it the way it should have
have a minta? Will. I'm refactoring some What does that mean? been written in the first place,

of my code. but it sounds cooler.

Thanks to Marty Stepp and Stuart Reges for parts of these slides.
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Polymorphism

e 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.

e CritterMain can interact with any type of critter.

« Each one moves, fights, etc. in its own way.
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Coding with polymorphism

® Avariable 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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Polymorphism and parameters

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

public class EmployeeMain {

O e o e A O o B s B AN B A 6 b P R pa
Lawyer lisa = new Lawyer();
Secretary steve = new Secretary():;

printInfo(lisa);
printInfo (steve) ; t:::::::::::::tk*
}

public static voilid printInfo (Employee empl) ({

S I AT AP A Si e ool e el s Dl eA e e A A e o o R S i S P A e e

System.out.println("v.days: " + empl.getVacationDays{()):

System.out.println("v.form: " + empl.getVacationForm()):;
(

A = 1O b v M ol e BN b

}

OUTPUT:
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Polymorphism and arrays

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

public class EmployeeMain2 ({
PUbLEC S a bl caviol e Al i (o e B L a L S e
Employee[] e = { new Lawyer(), new Secretary(),
new Marketer (), new LegalSecretary() };

RO A (R O e B el R See R e <A AU =Y Vo (Y 0 N IR by o S
System.out.println("salary: " + e[i] .getSalary()):
System.out.println("v.days: " + e[i] .getVacationDays())
Sy:stemyoutieprintlin: ()

Output:

Salary 5000050
Virday s ks

S aibarya s S 0E00ES0
v.days: 10
salary: 60000.0
S S S oAb
salary: 55000.0
YN RS BVl Bt 10
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"Polymorphism mystery"

 Figure out the output from all methods of these classes:

public class Snow {
publie vordimethod2:() =y
Sy et emzoutrprrnt iniSnow: s 2 0
)

publirecivord method3 ()
system:out printlinfSnow 3%)5
}

)

public class Rain extends Snow {
plilolEEeE e cnciEod ey
A E e onea Eio e M el AR A R R D
}

publicvold method2:¢)
hAchE i oNa e o n A AR el O AP SR B SR
}
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"Polymorphism mystery"

ONEE B A B el I e Al B Y - e SO B R e S A B R e
public void method2 () {
System.out.println("Sleet 2");
super.method?2 () ;
method3 () ;

}

publircsreidismc Ehod3sbrt
sSystemseutsprintln(iiclcof 3y
}

}

public class Fog extends Sleet {
pulblrcvor damethoddticy=y
ST obe Ok bk b ) AR oS FrE AL R
}

publ¥civordrmethod3ut)
Systemyeoltsprrntiln(lFaog 5
}
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Technique 1: diagram

» Diagram the classes from top (superclass) to bottom.

Snow
method?2
method3
Rain Sleet
method1 method?2
method?2 method3
(method3) T
Fog
method1
(method2)
method3




Technique 2: table

method Snow Rain Sleet Fog
methodl Reaxn Bogzl
method?2 | Snow 2 Razns2 Sleet 2 Sleet 2
SHOW2 SO
method3 () method3 ()
method3 | Snow 3 Snow 3 Sleet 3 Bacs

,—

Italic - inherited behavior
Bold - dynamic method call
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Mystery problem, no cast

Snow var3 = new Rain();
var3.method2 () ; // What's the output?

e If the problem does not have any casting, then:

1. Look at the variable's type.
If that type does not have the method: ERROR.

2. Execute the method, behaving like the object's type.
(The variable type no longer matters in this step.)
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Example 1

* What is the output of the following call?

Snow varl

varl.method?2 () ;

e Answer:

Sleet 2
Snow 2
Sleet 3

variable
= new Sleet () ; Snow
method?2
method3
4 :
object
Rain Sleet
method1 method?2
method?2 method3
(method3) T
Fog
method1l
(method?2)
method3

11



e — T
Example 2

* What is the output of the following call?

variable
Snow var?2 = new Rain|(); Snow
varZ2.methodl () ;
method?2
method3
e Answer: : 4
object
Ral I
ERROR ain Sleet
(because snow does not method1 method2
have a methodl) method?2 method3
(method3) T
Fog
method1
(method?2)
method3
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Mystery problem with cast

Snow var2 = new Rain();
((Sleet) var2) .method2 () ; IR AN ol S BV Oy DE R 0 OF i

 If the problem does have a type cast, then:

5%

Look at the cast type.
If that type does not have the method: ERROR.

Make sure the object's type is the cast type or is a subclass of the cast
type. If not: ERROR. (No sideways casts!)

Execute the method, behaving like the object's type.
(The variable / cast types no longer matter in this step.)

13
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Example 3

* What is the output of the following call?

variable
Snow var?2 = new Rain|(); Snow
((Rain) var2) .methodl () ;
method?2
t method3
o Answer: tds )
object
e Rain Sleet
method1 method?2
method?2 method3
(method3) T
Fog
method1l
(method?2)
method3

14
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Example 4

* What is the output of the following call?

variable
Snow varz2 = new Rain|() ; Snow
((Sleet) var2) .method2():;
method?2
method3
e Answer: : 4
object cast
ERROR Rain Sleet
(because the object's method1 method2
type, Rain, cannot method2 method3
be cast into Sleet) e T
Fog
method1
(method?2)
method3

15
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Casting references

® Avariable 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 wversion

. 16
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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"); Lok
((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) linda) .getVacationForm() // pink (Lawyer's)

T 17
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Exercise: BankAccount

How can we make sure that every bank account gets
a unique id?

pUbEEEY e s s e BankACCoRRE

private String name;
private int id;

public BankAccount (int accountNumber) ({
id = accountNumber; // give number to account

}

pubkEresintyget ) // return this account's id
return id;

}

A— 18
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Static members

e static: Part of a class, rather than part of an object.
* Obiject classes can have static methods and fields.
* Not copied into each object; shared by all objects of that class.

class

state:
private static int staticFieldA

private static String staticFieldB

behavior:
public static void someStaticMethodC ()

public static void someStaticMethodD ()

object #1 object #2 object #3
state: state: state:
int field2 int fieldl int fieldl
double field?2 double field2 double field2
behavior: behavior: behavior:
public void method3 () public void method3 () public void method3 ()
public int method4 () public int method4 () public int method4 ()
public void methodb () public void methodb () public void methodb ()

A—
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Static fields

private static type name;

or,
private static type name = value;

* Example:

private static int theAnswer = 42;

o static field: Stored in the class instead of each object.
* A "shared" global field that all objects can access and modify.
* Like a class constant, except that its value can be changed.

20
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Accessing static fields

® From inside the class where the field was declared:

fieldName // get the value
fieldName = value; // set the wvalue

®* From another class (if the field is public):
ClassName . fieldName // get the value
ClassName. fieldName = value; // set the value

» generally static fields are not pubblic unless they are final

® Exercise: Write the working version of Giraffe.

21
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BankAccount solution

e e e e R O e s Hh el e e

// static count of how many accounts are created
// (only one count shared for the whole class)
private static int objectCount = 0;

// fields (replicated for each object)
private String name;
private int id;

public BankAccount () {
objectCount++; // advance the id, and
id = objectCount; // give number to account

public fnt iget D // return this account's id
return id;

}

,— 22
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Static methods

// the same syntax you've already used for methods
public static type name (parameters) {
statements;

}

e static method: Stored in a class, not in an object.

* Shared by all objects of the class, not replicated.

* Does not have any implicit parameter, this;
therefore, cannot access any particular object's fields.

® Exercise: Make it so that clients can find out how many total
BankAccount objects have ever been created.

T 23
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BankAccount solution

public class BankAccount {

// static count of how many accounts are created
// (only one count shared for the whole class)
| Oh i s el s N M S A 0 Y A o) O g 4 SYeH s o Dhia N B O

// clients can call this to find out # accounts created
public static int getNumAccounts () ({

return objectCount;
}

// fields (replicated for each object)
Pl aEe S r R rrane:,
Pl e e R e

eribiEEeREenedel @ ornprEs ey
objectEountrf; // advance the id, and
id = objectCount; // give number to account

}

pubEle i Ent get T // return this account's id
Jee R eeclt

}

S 2
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