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Todays Lecture:

 How to create your own classes and objects:
— Instance variables and instance methods
— Constructor methods, object creation
— Calling Methods
— Datahiding, access control
— Static fields and static methods
— Passing Objects, reference Types
e The predefined class String

* The predefined class StringBuffer



Data Abstraction

 In Javathere are three types of data values:
— primitive data values (int, double, boolean, etc.)
— arrays (actually a special type of object)
— objects

e Objectsin aprogram are used to represent

"real" (and sometimes not so real) objects
from the world around us.



ODbjects

e An object might represent a string of characters, a
planet, atype of food, a student, an employes, ...
anything that can't be (easlly) represented by a
primitive value.

e Just as 3isaprimitive value of typeint, every

object must also have atype. These types are
called classes.



Classes

A class describes a set of objects.

— |t specifies what information will be used to represent an
object from the set (e.g. name and salary for an
employee).

— |t also specifies what operations can be performed on such
an object (get the name of the student, update salary).



Parts of aclass:

* Name
e |Instance variables

— tell what kind of datais stored for an object of the class
e Constructor methods

— tell what happens when objects of the class are created
 |Instance methods

— tell what kind of operations can be performed on an
object of the class (an instance of the class)

o Static variables (Class variables)
o Static methods (Class methods)



Defining Classes:

 Defineaclassin aseparatefile called
Classname.java

e Thefile should bein the same folder as the
programs using objects of the class

o Compilethefile containing the class separately to
check for syntax errors



Elements of a Simple Class

» A class describes the data values used to
represent an object and any operations that
can be performed on that object.

e The datavalues are stored In Instance
variables, also known asfields, or data
members.

* The operations are described by instance
methods, sometimes called procedure
members.



cl ass Counter {

| nt val ue; [/
void reset() { value = 0; } [/
I nt get () { return val ue;} [/

void click() { value = (value + 1)

| nst ance vari abl e

mut at or net hod

accessor net hod

% 100: }



/] CounterTest.java - denonstration of class Counter
cl ass CounterTest {
public static void main(String[] args) {
Counter cl = new Counter(); //create a Counter
Counter c2 = new Counter(); //create anot her

cl.click(); // increment Counter cl
c2.click(); // increment Counter c2
c2.click(); // increnent Counter c2 again
Systemout.println("Counterl value is " +

cl.get());
Systemout.println("Counter2 value is " +

c2.get());
cl.reset();

Systemout.println("Counterl value is " +
cl.get());



variables in main()

cl
c2

Objects in memory
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value
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1 reset()
get()

class Counter

click()

The Heap
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| nstance variables and methods

 Asseeninthe Count er Test example,
you invoke an instance method by
expressions such as

cl.click()

e Y OuU can use the same notation to access an
Instance variable. So inmai n() of

Count er Test we could use
cl. val ue
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Data Hiding

e |tisdesirableto hidetheinner detalls of a
class (abstract data type) from the users of
the class.

* \We want to be able to determine the
correctness of a class without examing the
entire program of which it is a part.

e With our current class Counter we wish to
assert that the value is always between O
and 99.
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Accessing instance variables from outside the
class breaks data hiding.

cl ass CounterTest 2 {
public static void main(String[] args) {
Counter cl = new Counter(); //create a Counter
cl.value = 100; // breaks assunption about Counter

Systemout.println("Counterl value is " +
cl.get());
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A better Counter.

public class Counter {
private int val ue; /'l i1nstance vari able

public void reset() { value = 0; } // nutator nethod
public int get() { return value;} // accessor nethod

public void click() { value = (value + 1) % 100;}

15



public/private/default

e pri vat e methods/fields cannot be
accessed from outside of the class

e publ I ¢ methods/fields can be accessed
from anywhere

 default (no modifier) methods/fields have
package access. They can be accessed from
other classes in the same package.
— If you don't specify a package (see section
12.11), all classes in the same directory are part
of the same, default - unnamed package.
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Constructing objects

e Objects are created with
new Cl assNane()

* Thisallocates space for the object in the
heap (memory), and initializes the object by
Invoking the constructor for the class if
thereisone.

 |f thereisno constructor, by default all
fields are initialized (boolean fields are
false, all other primitives are 0, and
everything elseisintialized to null).
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Adding constructorsto Counter

public class Counter {

public Counter() { }
public Counter(int v) { value = v % 100; }

private int val ue; /'l 1 nstance vari abl e
public void reset() { value = 0; } [/ mutator nethod
public int get() { return value;} // accessor nethod

public void click() { value = (value + 1) % 100; }
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Using constructors.

cl ass CounterTest3 {
public static void main(String[] args) {
Counter cl = new Counter(); //a Counter starting at O
Counter c2 = new Counter(50); //one starting at 50

cl.click();

c2.click();

Systemout.println("Counterl value is " +
cl.get());

Systemout.println("Counter2 value is " +
c2.get());
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The default, no-arg constructor is only provided
when there are no user specified constructors.

If we had added only the constructor

public Counter(int v) { value = v % 100; }

then creating a Counter with

Counter nmyCounter = new Counter();

would be a syntax error. There no longer isa
constructor that takes zero arguments. 2



The ADT Stack 1n Java

o A stack Isadata structure that supports
three operations. push, pop, and top.

e Thefollowing is an implementation of a
generic stack In Java.
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public class Stack {
private StackEl enent top;
private I nt count=0;
public void push(Object obj){
St ackEl enent el enent = new St ackEl enent (obj ) ;
el ement . next = top;
top = el enent;

count ++;
}
public Qbject pop(){
1f(top == null) return null;

(bj ect obj] = top.val ue;
top = top. next;
count - -;

return obj;

}



cl ass StackEl enent {
(bj ect val ue;
St ackEl enent next;
St ackEl ement ( Obj ect obj )
{
val ue = obj;
next = null;

}



public class StackTest {
public static void main(String[] args)
{
Stack stack = new Stack();
st ack. push(" Testi ng");
st ack. push(" One");
System out. println(stack. pop());
System out. println(stack. pop());
System out. printl n(stack. pop());



Static fields and methods

« Static methods don't operate (implicitly) on
an instance of the class containing the
method.

o Likewise, static fields are not part of an
object, they are instead part of the class,
hence also called class variables.
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Adding a static method and a static field to Counter.

public class Counter {

private int val ue;
private static int howany = O;

public Counter(){ howwany++; }

public void reset() { value = 0; }

public int get() { return val ue; }

public void click() { value = (value + 1) % 100; }
public static int howvany() { return howMany; }
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/'l CounterTest2.java - denonstration of a static field

cl ass CounterTest2 {
public static void main(String[] args) {
System out . printl n(Count er. howivany());
Counter cl = new Counter();
Counter c2 = new Counter();

cl.click();
c2.click();
c2.click();

Systemout.println("Counterl value is "

+

cl.get()); //prints Counterl value is 1

Systemout.println("Counter2 value is "

+

c2.get()); //prints Counter2 value is 2

System out . printl n(Counter. howiany());

[l prints 2
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Objects in memory

class Counter
variables in main()
| howMany, 2
reset
cl | vaue| 1 0
c2 T~ get()
click()

value 2

The Heap
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Calling Methods

e methods in the same class
— just use the name

— works for
e Instance method to instance method
e Instance method to static method
e but NOT static method to instance method

* |nstance methods
— objectReference.methodName()

e class methods
— ClassName.methodName()
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INstance to Instance

e We could implementcl i1 ck() inCount er
with

void click() { value = (get() + 1) % 100; }

 Thiscall toget () Isoperating on the same

Count er object asthe one used to invoke
click().
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Scope

* The scope of class and instance variablesis
the entire class, regardless of where the
declaration appears.

 Local variables can hide class/instance
variables (have the same name). The local
variable takes precedence. Y ou can still

access the clasg/instance variables with the
keywordt hi s.
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Notice that in the following, if you read from top

to bottom, we use value before encountering the
definition.

cl ass Counter {
void reset() { value = 0; }

I nt get() { return val ue; } [/ current val ue
void click() { value = (value + 1) % 100; }
| nt val ue; /10 to 99
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Accessing hidden instance variables using the
keyword this

public class Counter {
public Counter() { }
public Counter(int value) {
this.value = value % 100; }
private int val ue; /'l 1 nstance vari abl e
public void reset() { value = 0; } [/ mutator nethod
public int get() { return value;} // accessor nethod

public void click() { value = (value + 1) % 100;}
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The scope of the class variable x, overlaps the
scope of the local variable x.

/| /| Scope2.ava:. class versus |l ocal scope
cl ass Scope2 {
public static void main(String[] args) {

Int x = 2;
Systemout.println("local x =" + X);
Systemout.println("class variable x ="

+ Scope2. X);
}

static int x = 1;
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Why not static to Instance?

* \When calling one instance method in the
same class from another in the same class,
they both operate on the same, implicit
object.

* \When executing a static method there isNO
Implicit object being operated on, hence
calling an instance method in the same class
using only the method names, doesn't
specify what object to operate on. -



When executing the call to howMany() below, what
Counter object is being manipul ated?

// CounterTest2.java - denonstration of a static field
cl ass CounterTest2 {
public static void main(String[] args) {

System out. printl n(Counter. howvany()); // prints 2

}
}

Answer: Thereisn't one. So trying to call get() from within

howMany() like we did from within click() won't work. -



Theclass St ri ng

e Stringisastandard Javaclass. Values

from the class String are called objects, so
"hel | 0" isan object from the class

String.
« Wecanasosay " hel | 0" Isan instance of
theclassSt r i ng.

 Theclass St r i ng has instance methods

that operate on an instance of class String.
For example: | engt h() andchar At () .«



An example using String

Write aprogram that determinesif aStringisa
palindrome.

Pseudocode

conpare the first character with the [ ast character
| f they are not equal then return fal se

conpare the second character with the next to | ast
| f they are not equal then return false

continue until mddle two characters are conpared
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Refined Palindrome Pseudocode

set left to index the leftnost or first character
set right to index the rightnost or |ast character
while left is less than right
conpare the left charcter with the right character
| f they are not equal then return false
| ncrenent |eft
decrenent right
end of the while | oop
return true
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public class Palindrone {
public static void main(String[] args) {
String strl = "eye", str2 = "bye";
System out. println("Palindronme detection");
Systemout.println(strl + "
+ 1 sPal i ndrone(strl));
Systemout.println(str2 + "
+ 1 sPal i ndrone(str2));
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static boolean isPalindrome(String s) {

Int left = 0;

int right = s.length() - 1;
while (left <right) {

1 f (s.charAt(left)
return false;
| ef t ++;
right--;
}

return true;

= s.charAt(right))
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String 1s a bit special
Because strings are so common, Java has two

pieces of special syntax for the class String.

— There is syntactic support for string
concatenation.

— There Is syntactic support for creating string
literals.
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String concatenation

The operator + Is overloaded to implement
concatenation of strings.

"hello, " + "worl d"

IS equivalent to

"hello, ".concat("world")
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String literals
String literals are supported.

String s = "hell 0"

IS equivalent to

char[] tenmp={"h","e ,"I","I","0"};
String s = new String(tenp);



Strings are immutable

* Instances of theclassSt ri ng are

Immutable. This means once created, a
St r 1 ng object cannot be changed.

 Oneimplication of thisisthat in the
following code fragment:

String s = "sone string";

... soneFunction(s)...

we know for certain that when the function
returns, s will still be” sonme string”.
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A mutable class - StringBuffer

StringBuffer is another standard Java class for
representing strings. Unlike String, instances
of the class StringBuffer are mutable. The
class StringBuffer has mutator methods -
operations (instance methods) that actually
change the object.
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class StringBufferlnsert {
public static void main(String[] args) {
StringBuffer sbuf = new StringBuffer("sonme string");
sbuf.insert(sbuf.length() / 2, "nmutable ");
System out . println(sbuf);

Prints:

sone nutable string
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Passing Objects to methods

class StringBufferlnsert {
public static void main(String[] args) {
StringBuffer sbuf = new StringBuffer("sonme string”);
| nsertl nTheM ddl e(sbuf, "nutable ");
System out. println(sbuf);

}
static void insertlnTheM ddl e(StringBuffer buffer,

String insertThis)

buffer.insert(buffer.length() / 2, insertThis);
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variables in main()

shuf

"some string"

The Heap
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variables in main() variables in insertinMiddle()

shuf \ buffer

"some string"”

The Heap
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variables in main() variables in insertinMiddle()

shuf \ buffer

"some mutable string"

The Heap
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Call by Value

 Although you can modify an object that Is
passed to a method, you still cannot modify
avariable that is areference type variable (a
class or array).

 Thereisadifference between modifying an
object, and modifying avariable, when the
variable is a reference (anything other than
aprimitive type in Java).
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[/ Nodi fyParaneters.java - you can't nodify the actual
) arg even when it 1s a reference
cl ass Modi fyParaneters {
public static void main(String[] args) {
StringBuffer sbuf = new StringBuffer("testing");

Systemout.println("sbuf is now" + sbuf);
nodi fy(sbuf);
Systemout.println("sbuf is now" + sbuf);

}
static void nodify(StringBuffer sb) {

sb = new StringBuffer("doesn't work");

}
Prints:

sbuf is now testing
sbuf is now testing 53



variablesin main() variables in modify()

shuf \ sh

"testing"

The Heap
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variablesin main() variables in modify()

shuf \ sh

"testing"

"doesn't work"

The Heap
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Symbolic Constants

public class Counter {

public Counter() { }
public Counter(int v) { value = v % MODULUS; }

private i nt val ue; /'l 1nstance vari abl e
public void reset() { value = 0; } [/ mutator nethod
public int get() { return value;} // accessor nethod
public void click() { value = (value + 1) % MODULUS,; }

private static final Int MODULUS = 100;
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