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Warm Up

Without looking at our code from the last 
lecture, let’s write a Cat class.

Fields:
• String name

• double age

Methods:
• Constructor v1, passing in the name and the age

• Constructor v2, passing in the name (age is 0.0)

• birthday() – increases the cat’s age by 1.0.
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REFERENCE TYPES

References to objects
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Reference Types Are Back!

Just when you thought you were safe…
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Objects Behave Like Arrays

Primitive types: float, int, double, boolean, char, 
long, short, byte

• Variables of primitive types store the actual value

Reference types: arrays, every other type
• Variables store an address to the actual value in 

memory.
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Declaring Object Variables

Variable declaration:
Cat kitty;

No new Cat object is created. Only a place to 
store a memory address to a Cat.
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kitty
Cat



Creating the Object in Memory

This happens with the new keyword.
Cat kitty;

kitty = new Cat("Mittens");

Picture in your mind:
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kitty
Cat .name "Mittens"

.age 0.0



Variable Assignment

Cat kitty = new Cat("Mittens");

Cat mittens = kitty;
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kitty
Cat .name "Mittens"

.age 0.0

mittens
Cat



Variable Assignment

Cat kitty = new Cat("Mittens");

Cat mittens = kitty;

mittens = new Cat("Whiskers", 3.0);
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.name "Whiskers"
.age 3.0

kitty
Cat

mittens
Cat

.name "Mittens"

.age 0.0

mittens
Cat

Why are you 
storing a 

reference to me 
in a variable 

called mittens?



Variable Assignment

Cat kitty = new Cat("Mittens");

Cat mittens = kitty;

mittens = new Cat("Whiskers", 3.0);

mittens = kitty;

1010
.name "Whiskers"
.age 3.0

kitty
Cat

mittens
Cat

.name "Mittens"

.age 0.0

mittens
Cat

Nothing refers to 
Whiskers any more!



Garbage Collection

At some point, Java will notice and will perform 
garbage collection to free up that memory.
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kitty
Cat

mittens
Cat

.name "Mittens"

.age 0.0

mittens
Cat

PS: Whiskers got picked up by the 
garbage collector! Fortunately, the 
collector is a subroutine and will 
give Whiskers a forever home.



Aliases

Can change an object from any of its references:
kitty.birthday();

(OR mittens.birthday())
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Cat .name "Mittens"
.age 1.0

Cat

kitty

mittens
kitty and mittens are known as 

aliases of each other. They point to 
the same place in memory.



Comparisons

Using == to compare reference types means you 
are comparing their memory addresses.

You need to write your own .equals() method for 
a class if you want to compare their values.

• e.g., kitty == mittens  true, because they point 
to the same place in memory 

• If I create another Cat called "Mittens" with the 
same age and put it into a variable called cat, 
kitty == cat  false
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null

You can use null to mean that a reference type is 
referring to nothing. (This is sometimes useful.)

kitty = null;
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Cat .name "Mittens"
.age 1.0

Cat

kitty

mittens



Checking for null

You can check if a reference type is pointing to 
nothing using ==.

if (kitty == null) {

kitty = new Cat("Paws", 0.6);

}
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Arrays of Reference Types

Let's create space for five references to Cats.
Cat[] catArray = new Cat[5];

By default, the elements point to null:
System.out.println(catArray[0]);
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Passing Reference Types

Recall: Parameter passing works just like an 
assignment statement.

• The value of the actual parameter (the value 
when calling the method) is copied into the 
method's formal parameter (the variable name in 
the method).

• This means when passing reference types, we are 
copying the address to the object.
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Example
public static void ageCat(Cat cat) {

// this changes the value pointed to by cat

cat.birthday();

}

In the main method:
Cat c = new Cat("Harvey", 0.4);

ageCat(c); // Harvey is now 1.4 years old.

18



Example 2
public static void replaceCat(Cat cat) {

cat = new Cat("Angry cat", 2.0);

}

In the main method:
Cat c = new Cat("Harvey", 0.4);

replaceCat(c); // c still points to Harvey

/* Angry cat eventually runs away when Java does 

garbage collection to reclaim the memory Angry cat 

was taking up. :-( */
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Exercise

Write a .equals(Cat) method for the Cat class 
that returns true if and only if both cats have the 
same name and age.
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Exercise

Write a CatRescue class:
1. Stores an array of Cats waiting to be adopted.

2. Takes an int in its constructor to represent the 
capacity of the cat rescue shelter.

3. Has an addCat(Cat) method which adds a cat to 
the shelter (i.e., adds it to the next available spot 
in the array). Returns true if successful. If shelter 
is full, don't do anything and return false.

4. Has an adopt() method which returns the oldest 
cat in the shelter, removing it from the shelter.
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STRINGS AS REFERENCE TYPES

Stupid details about Java
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Strings (Yet Again)

Strings are reference types, like all other objects

They're special in some ways that are useful, but 
maybe confusing:

• No need to use new keyword to create in 
memory. Special "<contents>" syntax.

You can actually go new String("some string"), but that is 
redundant because "some string" already creates the 
String.
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Strings Are Special

Printing Strings
• Java has made it so that when you print a String, 

you print its contents, not a reference (unlike if 
we tried to print a Cat).

Immutability
• You can never change the contents of a String 

once it's created.
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Immutability

Whenever you perform an operation that results 
in a String, a new String is created.

• Check the String API. They all return a new 
String!

http://docs.oracle.com/javase/7/docs/api/java/lang
/String.html
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Why .equals()?

Sometimes, == seems to work for Strings in Java
String s = "abcd";

System.out.println("abc" + "d" == s);

// this prints true for me

It's because Java takes advantage of String 
immutability to avoid creating extra Strings in 
memory if there's already one with the value we 
want. But there is no guarantee of this.
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.equals() vs ==

It's unpredictable when Java will create a String 
object in memory, and when not.

String s = "abcd";

String s2 = new String("abcd");

System.out.println(s.equals(s2)); // true

System.out.println("abc" + "d" == s); // true

System.out.println("abc" + "d" == s2); // false

Therefore, always use .equals() to compare the 
values of Strings.
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