
public class February 11{
public static void main(String[] args) {

twoDArrays();
referenceTypes();
Topic t = new Topic(“Objects”);

}
}

 



An array of arrays

Since arrays are an ordered collection of elements of the same type
—and can be of any type---you can make an array of arrays.

This is known as a 2-dimensional array.



An array of arrays

To declare an array of type t, you write:

t[] name;

To initialize an array of type t, you can write:
t[] name = { list of elements of type t };



An array of arrays

So it shouldn't be surprising that to make an array of, for example, 
double arrays, we can do

double[][] doubleArray;

or 

double[][] doubleArray = { {1,2,3}, {4,5,6}, {7,8,9,10} };



An array of arrays
One often calls an array of arrays a “2dimensional array”

We can use them the same way as before, except we now use 2 
indices.

For example: 
 double[][] doubleArray = { {1,2,3}, {4,5,6}, {7,8,9,10} };

Now doubleArray[0] refers to the first array stored at the address of 
doubleArray.

This means that I can refer to an index of doubleArray!

i.e. doubleArray[0][1] refers to the element at index 1 of the first 
array stored at the address stored in dobuleArray.



Creating a 2d array.
As with 1d arrays, there are 2 ways you can set a 2d array.

The first is by making an initializer list (of arrays!) when you 
declare the variable. (This is what we did on the previous slide)

The second is by using the new keyword.

There are actually 2 ways to use the new keyword.



Creating a rectangular 2d array.
To create a rectangular 2d array, you can simply do:

double[][] doubleArray;
......
doubleArray = new double[size1][size2] ;

This will make size1 arrays of size2.

You can then set the values by referring to the 2 indices:

i.e. doubleArray[2][3] = 4.0;



Creating a “jagged” 2d array.
If you don't want a rectangular array, you can create each 
“subarray” separately.

For example:
double[][] doubleArray;
doubleArray = new double[size][] ;
//the above makes an array that will hold size arrays of doubles
//each of these arrays can have any size

//Then later you would do:
doubleArray[0] = new double[size2];
doubleArray[1] = new double[size3];



Writing equals on a 2d array
public static boolean array2dEquals(String[][] a1, String[][] a2) {
     if (a1.length != a2.length) {
          return false;
    }
     for (int i=0; i < a1.length; i++) {
           if (a1[i].length != a2[i].length) {
              return false;
           }
           for (int j=0; j < a1[i].length; j++ ) {
                    if (!a1[i][j].equals(a2[i][j])) {
                          return false;
                    }
            }
     }
         return true;
}



Writing equals on a 2d array
public static boolean array2dEquals(String[][] a1, String[][] a2) {
     if (a1.length != a2.length) {
          return false;
    }
     for (int i=0; i < a1.length; i++) {
           if (a1[i].length != a2[i].length) {
              return false;
           }
           for (int j=0; j < a1[i].length; j++ ) {
                    if (!a1.equals(a2)) { //careful not to do a1 != a2 
                          return false;
                    }
            }
     }
         return true;
}



Reference Types
•We know that there are two broad kinds of types in Java: 
primitive types and reference types
–We have already covered primitive types

•So far, we have mostly seen primitive types.
•
From now on, we will start working more with reference types.



Primitive vs. Reference Types (1)
•When declaring a variable, memory cells are allocated and 
associated with that variable, regardless of whether the type of 
the variable is a primitive type or a reference type
•What differs is the nature of what will be stored in those cells
•The declaration

int number;

creates a variable that holds a value of type int
–The purpose of a variable whose type is a primitive type is to store values
–The int value is stored directly in the memory cells that are allocated when 
the variable number is declared



Primitive vs. Reference Types (2)
•On the other hand, the declaration

int[] numbers;

creates a reference variable
–A reference variable is used to keep track of an object
–Declaring a reference variable does not create any objects, it merely creates a 
variable which can keep track of an object in memory
–The object must be created in a separate step
–When it is created, the object will not be stored in the memory cells that are 
allocated when the variable numbers is declared
–Instead, what will be stored in those cells is the reference to the object; the 
location, or address, in memory where the object is stored once it is created
–The object itself will be stored somewhere else in memory



Reference Variables

Reference variables store an address, not a value.

Since they only store an address, if ``someone” else 
changes what is at the address, the reference variable 
“will not know”



Creating Objects (1)
•Declaring a reference variable is a separate operation from  
creating an object whose address in memory will be stored in 
that reference variable
•In general, we use the new operator to create an object:

numbers = new int[10];

•There are two situations where we create objects without using 
the new operator:
–When we use array initializer lists
–The first time we use a String literal, a String object representing this 
literal is automatically created



Creating Objects (2)
•When we create an object using the new operator, additional 
memory cells are allocated
–The object is stored in these additional memory cells
–These memory cells are not the same as the memory cells allocated when 
reference variables are declared
–The address of the memory cells in which the object is stored will be stored 
in a reference variable



Reference Types: Initialization
•The assignment

number = 42;

writes the value 42 into the memory cells allocated to variable 
number

•On the other hand, when the assignment
numbers = new int[10];

is executed, the following happens:
–A new array of  int is created; it uses some memory cells
–The variable numbers gets assigned the address of the memory cells that 
contain the array of int object
–We say that the contents of the reference variable is a reference or a pointer 
to the real object



Primitive Types: Assignment
•Consider the following code fragment:

int i1, i2 = 8;
i1 = 6;
i2 = i1;

•When the last line of the above fragment is executed, the 
contents of variable i1 is copied into i2
•Because the type of these variables is a primitive type, the 
respective contents of these variables are their actual values
–Thus, the value of i1 is copied into i2

•If the value of i2 is modified afterwards, the value of i1 stays 
the same



Reference Types: Assignment
•Now, consider the following code fragment:

int[] a1, a2 = {2, 3, 5};
a1 = new int[3];
a1 = a2;

•When the last line of the above fragment is executed, the 
contents of variable a2 is copied into variable a1
•However, because the type of these variables is a reference type, 
the respective contents of these variables are the addresses of 
objects in memory, not the objects themselves
–Thus, the address stored in a2 is copied into a1

•There is still only one object involved here, but its address in 
memory is stored in two different variables



Keeping track of variables
A good way to keep track of variables, especially with 
references, is by making a table of all the variables in memory at 
the moment.

Java actually does something similar!

Your table should be a list of all variables and should include the 
following information:

Variable name, Variable type, The method the variable is in, 
Variable value



Example: Swap method
public static void main(String[] args) {
       int x = 3;
      int y=5;
      swap(x,y);
     System.out.println(x,y);
}

public static void swap(int a, int b) {
      int temp = a;
       a = b;
      b = temp;
}



Example: Swap method 2
public static void main(String[] args) {
       int[] x = {3,4};
      int[] y={5,6};
      swap(x,y);
     System.out.println(x,y);
}

public static void swap(int[] a, int[] b) {
      int[] temp = a;
       a = b;
      b = temp;
}



Example: Swap method 3
public static void main(String[] args) {
       int[] x = {3,4};
      int[] y={5,6};
      swap(x,y);
     System.out.println(x,y);
}

public static void swap(int[] a, int[] b) {
      for (int i=0; i < a.length; i++) {
            int temp = a[i];
           a[i] = b[i];
          b[i] = temp;
     }}



Aliases (1)
•When the address in memory of one object is stored in two or 
more different variables, we say that the variables are aliases
•We need to be careful when working with aliases
–Aliasing has side-effects that we need to be aware of

•Because the variables contain the address in memory of the 
same object, the result of changing the object using one of its 
aliases will be reflected through the other aliases
–Recall that the object is not stored in the reference variables; instead, the 
reference variables specify where to find the object in memory
–Thus, changing the object is not the same as changing the contents of the 
reference variable which contain the address of this object



Aliases (2)
•To "de-alias" the variables, we simply need to store the address 
of a different object in one of them by using an assignment 
statement
•Note that aliasing is only a property of reference types; it is not 
a property of primitive types



Comparing Objects (1)
•Among the comparison operators, only == and != are defined 
for reference types
–If you try to compare two reference variables using <, <=, >, or >=, the 
compiler will report an error

•Moreover, when used to compare reference variables, the == 
and != operators check whether the two reference variables refer 
to the same object in memory
–In other words, for reference variables, the == and != operators check 
whether the addresses stored in them are the same 
–In yet other words, the == and != operators check whether two reference 
variables are aliases for the same object
–But two different objects, stored at different addresses, can have the same 
contents…



More on Comparing Objects
•To see check whether two objects have the same contents, we 
need to compare their contents manually
–For arrays, this can be done using a loop to verify whether all elements are 
the same
–For other kinds of objects (like Strings), we can use the equals() method

•In fact, the reason Strings cannot be compared using the == 
and != operator is because String is a reference type
–Therefore, when applied to String variables, the == and != operators check 
whether the variables contain the address in memory of the same String 
object
–But two String variables could contain the addresses of two different 
String objects which consist of the same characters in the same order



More on Comparing Objects (2)
–In such a case, the expression involving the == operator would evaluate to 
false, even though the Strings really are equal
–Again, never use the == and != operators to compare Strings for equality 
(or inequality) unless you are really sure of what you are doing; always use 
the equals() method to compare Strings



The null Literal Value
•Sometimes, we want a reference variable to contain a special 
value to indicate that the variable intentionally does not contain 
the address in memory of a valid object
•The literal value null can be used for this purpose
–Like the boolean literals true and false, null is not technically a 
reserved word, but you cannot use it for any purpose other than as a literal 
value for reference variables
–null can be assigned to reference variables of any type

•A reference variable containing the value null is sometimes 
said to "point nowhere"
–In memory diagrams, null is often represented with a ground symbol



Using null
•One can assign null to a reference variable like one assigns an 
int literal like 42 to a variable of type int

int[] a;
a1 = null;

•One can check whether or not a reference variable contains the 
value null like one checks whether or not a variable of type int 
contains any value represented by an int literal like 42

if (a == null) {
// do something

} else {
// do something else

}



null-Related Caveats
•The address stored in a reference variable is always either the 
address in memory of a valid object of that variable's type, or 
null

–In Java, you cannot store an arbitrary memory address in a reference 
variable, nor manipulate memory addresses directly

•If you attempt to use access an object using a reference variable 
which contains null, your program will crash:

int[] a = null;
a[0] = 1; // a1 contains null: crash!

•When this occurs, the error message will mention that the 
program threw a NullPointerException
–The error message should also mention which line in your program caused 
the latter to crash



NullPointerDemo.java
• public class NullPointerDemo {
•   public static void main(String[] args) {
•     int[] a = null;
•  
•     System.out.println("Attempting to retrieve the " +
•       "element stored at index 0 of an array through a " 

+
•       "null reference variable...");
•     System.out.println("The value stored at index 0 of " 

+ 
•       "this array is: " + a[0]);
•   }
• }

What will happen if we run this program?

• 1
• 2
• 3
• 4
• 5
• 6
• 7
• 8
• 9
• 1

0
• 1

1



Garbage Collection (1)
•When there are no more reference variables containing the 
address of an object, the object can no longer be accessed by the 
program
•It is useless, and therefore called garbage
•Java performs automatic garbage collection periodically
–When garbage collection occurs, all the memory allocated to store garbage 
objects is made available so it be allocated to store new objects

•In other languages, the programmer has the responsibility for 
performing garbage collection
•Always ensure you do not lose the last reference to an object 
you still need



Garbage Collection (2)
•On the other hand, if you no longer need an object, you should 
make sure that none of your reference variables contain its 
address in memory
–You can do this by assigning null to the reference variables which contain 
the address of this object
–This is so that the memory it occupies can be reclaimed by the garbage 
collector and reused to store new objects



Defining your own types!
• So far, we have worked with types that are already defined for 

us.
•
• In the following several classes, we will discuss ways to work 

with objects that we define ourselves!



 
• Our types can consist of many different other types as 

variables.
•
• In a sense, they are just composite types.
•



• For example, if I wanted to define the 
type Human, I could decide that a Human 
consists of :

•
• 1 name
• 2 legs
• 2 arms
• 1 torso
• 1 head (unless it's Zaphod Beeblebrox)
• 2 feet
•



• Of course, if we wanted to do this in 
Java, we would have to define each of the 
types, Leg, Arm, Torso, Head, etc.

•
• Head could consist of 
•
• Brain, Eyes, Ears, Nose, Mouth



• The brain stores lots of information, so it 
may consist of 

•
• int age
• String name
• String[] friendsList
• String[] knowledgeList
• Neuron[] allNeurons
•
• etc.
•



• For starters, to make your own type in Java, 
you create a class with the name of the type 
you want to create.

•
• For example:
•
• public class Person {
•
•
• }
•



• Inside the class, you list all the other 
variables you want to store and give them 
names

•
• public class Person {
•        string name;
•        private Arm leftArm;
•        private Arm rightArm;
•        public Brain brain;
•          ....
• }
•



• In addition to storing attributes, your type 
can perform behaviors which will (usually) 
use or modify these attributes.

•
• For example, a person may have a behavior 

called “wave” which performs an action on 
his leftArm

•



• These behaviors are created using a method.
•
• Note that these methods are similar to 

before, but they do NOT have the word 
static before them.



• public class Person {
•        String name = “Dan”;
•        private Arm leftArm;
•        private Arm rightArm;
•        public Brain brain;
•
•        public void introduceSelf() {
•              System.out.println(“Hi, my name is 

” + name + “ . It is a pleasure to meet you”);
•         }
• }



• Now that you have created this type, you can 
use it in any other class the way we make 
other objects/variables. Note that your class 
will be a reference type.

•
• 1)Declare a variable of type Person
• 2)Create a new instance of the variable using 

the new keyword.
• 3)You can now access some of its attributes 

and behaviors.



• public class PersonDemo {
•        public static void main(Strings[] args) {
•             //declare a variable and create a 

person
•             Person scarecrow = new Person();
•
•             //call the behaviour introduceSelf()
•             p.introduceSelf();
•             //access the member variable brain 
•             // and create a new brain
•             scarecrow.brain = new Brain();
•       } }



You mean I didn't have to cross 
that yellow road? Who knew it 
could be so easy to get a brain



• Public vs. Private:
•
• Whenever you write the modifier public 

before either an attribute or behavior, it 
means that that attribute is accessible from a 
different class or instance.

•
• In other words, you can use it as we did in 

the previous example.



• Public vs. Private:
•
• If an attribute or behavior is private then we 

can only use if from the specific instance of 
the class. (Note: if you don't write anything 
then private is the default)



• public class Person {
•        string name;
•        private Arm leftArm;
•        private Arm rightArm;
•        public Brain brain;
•          ....
• }
•
• Suppose I saved the above in Person.java. Now I write a program
•
• public class PersonTest {
•     public static void main(String[] args) {
•            Person p = new Person();
•            System.out.println(p.name); ------->Compile-time error:
•                                               Trying to access private field from another 

class
•      }}

•



• Constructors:
•
• In Java, there is one special type of method 

called a constructor.
•
• A constructor is called exactly one time for 

every object you create with the new 
keyword.

•
• There is a default constructor for each object 

you create. You can also write your own.



• public class Person {
•     String name = “Dan”;
•     Brain brain;
•      public Person() {
•             brain = new Brain();
•       }
• }
•
• Interesting things to notice:
•   1)Name is the same as the class
•   2) No return type!



• Constructors:
•
• The main use of a constructor is to initialize 

the attributes that are part of the object.
•
• In the previous case, want to make sure that 

every Person has a Brain, so we initialize it.



• Constructors with arguments:
•
• You can also create constructors with 

arguments. For example:
•
• public class Person {
•     String name;
•      boolean isMale;
•      public Person(String theName, boolean isBoy) {
•            name = theName;
•            isMale = isBoy;
•     }
• }



• Constructors with arguments:
•
• Now to use this constructor, you add the 

arguments right after the new keyword.
•
• Person p = new Person(“Darcy Tucker”, false);




