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Computer science is: automata theory

● The study of “abstract machines” (theoretical 
models of computers) and the computational 
problems that these machines can solve.

● Example: Turing machine. “Real” computers 
have the same computational power as Turing 
machines.
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Another example: Conway's Game 
of Life (see Assignment 4)

● infinite 2D grid of cells; cells can be dead or alive
● the evolution of the system is determined by its initial 

state (which cells are alive initially)
● 4 simple rules govern the life and death of cells
● this theoretical system is able to compute the solution 

to any problem that a “physical” computer can solve. 
(i.e. It is possible to use the Game Of Life as a 
programming language: constructing an appropriate, 
very complex, initial state is like writing a program!)
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Exercises related to variable scope



Which variables are in scope at 
points A, B and C?

public class ScopeExercise{
  public static void main(String[] args){
    
    int y = 1;
    int j = 0;
    j = j + y; /* Point A */

    for(int i = 0; i<2; i++){
y = y + i;

    i = someMethod(3); /* Point B */
    }

  }

  public static int someMethod(int k){
    /* Point C */ return k + 1; 
  }
}



Which variables are in scope at 
points A, B and C?

public class ScopeExercise{
  public static void main(String[] args){
    
    int y = 1;
    {int j = 0;
    j = j + y; /* Point A */ }

    for(int i = 0; i<2; i++){
y = y + i;

    i = someMethod(3); /* Point B */
    }

  }

  public static int someMethod(int j){
    int z = 2; /* Point C */ 
    return j + z; 
  }
}



class UselessObject{
   
  public int getSum(){
    return evenNumber + oddNumber;
  }

  public void incrementAll(int step){
    if(step%2 == 0){
      evenNumber = evenNumber + step;
      oddNumber = oddNumber + step;
    }
  }

  int evenNumber;
  int oddNumber;

}

Where are the variables in blue 
visible? (i.e. what is their scope?)
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Scope: fields

● Class fields are visible everywhere in a class, 
even if they are declared all the way at the 
bottom.
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In a method, local variables can 
hide class fields.

class UselessObject{
   
    int evenNumber;
    int oddNumber;
 

 public int getSum(){
    int evenNumber = 5;
    return evenNumber + oddNumber;
  }

  
}



Using the definition of UselessObject from 
the previous slide, what will this print?

(Don't forget about the default constructor)

  public static void main(String[] args){
    UselessObject a = new UselessObject();
    UselessObject b = new UselessObject();

    System.out.println(a.getSum() - b.getSum());

  }



What does this print?

class MoreScope{
  int j = 1;
  int i = 3;
 
  public int foo(int x){
    int i = 2;
    int k = 3;
    { int j = 3; }
    k = i + j + x;
    return k;
  }

  int y = 0;  

  public int bar(int i){
    return y + i * 2;
  }

  public int foobar(){
    return foo(5) + bar(1);
  }

  public static void main(String [] args){
    MoreScope x = new MoreScope();
    System.out.println(x.foobar());
  }
}
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class MoreScope{
  int j = 1;
  int i = 3;
 
  public int foo(int x){
    int i = 2;
    int k = 3;
    { int j = 3; }
    k = i + j + x;
    return k;
  }

  int y = 0;  

  public int bar(int i){
    return y + i * 2;
  }

  public int foobar(){
    return foo(5) + bar(1);
    // foo(5) is 8, and bar(1) is 2
  }

  public static void main(String [] args){
    MoreScope x = new MoreScope();
    System.out.println(x.foobar());
  }
}
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The ArrayList class
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For Assignment 4: ArrayList

An ArrayList is a Java object in which you can 
store values (the way you do with an array).

// creates an empty ArrayList for
// storing objects of type Reference Type

ArrayList<Reference Type> list 
         = new ArrayList<Reference Type>();
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Arrays vs. ArrayLists

String[] list = new String[5];

● Fixed size :(

● Available operations:

● get length
– list.length

● access elements
– list[2]

● update elements
– List[2] = “Hi!”

ArrayList<String> list = new    
ArrayList<String>();

● Flexible size  =)

● Available operations:

● get length
● access elements
● update elements
● insert and append 

elements
● remove elements
● and much more!



In summary, ArrayLists are like improved arrays 
for storing reference types

(You can't store primitive types in ArrayLists)



Using ArrayLists

// import statement

import java util.ArrayList;



Using ArrayLists

// create empty list for holding Strings

ArrayList<String> list = new ArrayList<String>();

// append two strings to the list

list.add(“London”);
list.add(“Cairo”);

// get length

int j = list.size();

// get the element with index 1

String myCity = list.get(1);



19

Exercise

● Write a method called “countCharacters” that 
has one parameter of type ArrayList<String>, 
called “names”, and returns the total length of 
all the strings in “names”.



public static int countCharacters(ArrayList<String> names){
  int sum = 0;

  for(int i = 0; i < names.size(); i++){
    String s = names.get(i);
    sum = sum + s.length();
  }

  return sum;
}

solution



Using ArrayLists

// insert a new String at index 1

list.add(1,”Montreal”);

// remove String at index 0

list.remove(0);

// change value at index 0 to “Boston”
list.set(0, “Boston”);



Using ArrayLists

// check if the list contains “Paris”
boolean hasParis = list.contains(“Paris”);

// check which index “Boston” is at
int index = list.indexOf(“Boston”);

// check if the list is empty
boolean empty = list.isEmpty();

// remove everything from the list
list.clear();



More info in the Java Standard Class Library:

http://download.oracle.com/javase/6/docs/api/



Write a class called WordSet representing a set of String objects 
which can contain an arbitrary number of Strings, limited only by 
the memory available to the Java Virtual Machine. 

A set is a collection of elements; however, unlike a list, a set 
cannot contain duplicate elements. Therefore, as its name 
implies, a WordSet object cannot contain duplicate Strings; that 
is, if one attempts to add a String to a WordSet, and the 
WordSet already contains an element which is equal to this 
String, the attempt will fail and the state of the WordSet will not 
change. 

All String comparisons performed in the methods defined in the 
WordSet class are done in a case-SENSITIVE manner.

Old exam question that we'll work on today...
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Aggregate objects: objects that have other objects 
as fields
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Review: Data Types

● Types are categories of data. There are two 
kinds of types:
● Primitive types: int, boolean, double, etc.
● Reference types: String, int[], Scanner, Fraction

● When you write a class to define a new kind of 
object, you are defining a new reference 
type – a new type of data.
● e.g. ArrayList<String> x; is a declaration of a variable x 

of type ArrayList<String>. 
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Review: class dependency

● If a method in class A uses methods or fields or 
objects defined in another class B, we say that 
A depends on B. 
● When we compile/run A, we need B to be on the 

classpath and we might need to use import 
statements in A

● We will use the dot operator to access methods 
from B inside A.
– e.g. int j = B.someMethod();



A special kind of dependency: aggregation

The WordSet class that we worked  has a field of 
type ArrayList<String>. This is an example of 
aggregation.

● Aggregation = “objects can contain other 
objects”

● A class whose instance variables are 
references to objects belonging to other 
classes is called an aggregate class



public class WordSet {
  private ArrayList<String> words;

  public WordSet() {
    words = new ArrayList<String>();
  }

  public boolean add(String word) {
    boolean result;

    result = false;
    if (word != null && !words.contains(word)) {
      result = words.add(word);
    }
    return result;
  }
   // rest of class omitted
}



public static void main(String[] args)
{
   
   Wordset a; // Point 1

   a = new Wordset(); // Point 2

   a.add(“Maja”); // Point 3

}

What does the contents of a look like in 
memory at each point?
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Exercise/Example: VetClinic

● The Client class and the Pet class serve to 
keep track of patients in a veterinary clinic

● These two classes depend on each other:
● A Pet has a species, a name, and doctor (all 

Strings), as well as a sex (boolean) and an owner 
(a Client).

● A Client has a name (String) and a bunch of pets 
(ArrayList<Pet>).
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To do

● Fill in the addPet method in the Client class.
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Command-line parameters
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Command-Line Arguments

● Recall the header of the main() method:
public static void main(String[] args)

Parameter of type String[]

● The header of the main() method states that 
the method accepts as parameters an array of 
String

● When we start the Java Virtual Machine, we can specify actual 
parameters that will be passed to our program

● The main() method of our program will receive these parameters through 
the String array parameter it accepts
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Command-Line Arguments

● To pass command-line parameters to the main() method when running a 
program from the command-line interface, simply write the parameters 
after the name of the class, like this:

java ProgramName p1 p2 p3 ...

Name of the class in 
which the main() 
method is declared

Strings to be passed as 
command-line parameters

The first String (p1) will be 
stored in position 0 of the array, 
the second String (p2) will be 
stored in position 1 of the array, 
and so on



public class EchoParameters2 {
  public static void main(String[] dogs) {
    
    System.out.println("Number of command line parameters " +
      " received: " + dogs.length);
    for (int i = 0; i < dogs.length; i++) {
      System.out.println("Parameter at position " + i + ": " +
        dogs[i]);
    }
  }
}

What is printed if we type “java EchoParameters2” 
in the terminal?

What is printed if we type “java EchoParameters2 
a b”?



Number of command line parameters  
received: 0



Number of command line parameters  
received: 2
Parameter at position 0: a
Parameter at position 1: b
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The String Class and String 
Objects
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String Methods

• The String class defines several methods which you may use 
to manipulate String objects. Here are some of them:

● public String(String original): (Constructor) Initializes a newly 
created String object so that it represents the same sequence of characters as 
the argument; in other words, the newly created String is a copy of the 
argument String

● public char charAt(int index): Returns the char value at the 
specified index

● public int compareTo(String anotherString): Compares two 
strings lexicographically

● public boolean equals(Object anObject): Compares this String 
to the specified object



String s = “Java”;
s = “HTML”;

What happens in memory when 
the following code is executed?
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Immutability of String Objects

● String objects are immutable
● This means that once a String object is created, its 

state cannot change
● None of the String methods can change the state 

of a String object, nor can any other method 
defined in any other class

● Methods that seem to change a String object in 
fact create a new String object from the original 
target String



What does this do?

  public static void main(String[] args){
    String s1 = "Hi!";
    String s2 = new String("Hi!");
    String s3 = "Hi!";
    System.out.println("s1 == s2 is " + (s1 == s2));
    System.out.println("s1.equals(s2) is " + s1.equals(s2));
    System.out.println("s1 == s3 is " + (s1 == s3));
    System.out.println("s1.equals(s3) is " + s1.equals(s3));

  }



s1 == s2 is false
s1.equals(s2) is true
s1 == s3 is true
s1.equals(s3) is true



What does this do?

  public static void main(String[] args) {
    String s;
    
    s = "hello";
    
    System.out.println("The character at position " 

+
      s.length() + " of String " + s + ": " +
      s.charAt(s.length()));
  }
}



Run time error



What is the difference between 
these two statements?

● list.length;

● list.length();
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Array Length and String Length

● When we retrieve the length of an array, we 
access its length field

● However, when we retrieve the length of a 
String, we call its length() method



public class ObfuscatedHaiku2 {
  public static void main(String args[]) {
    String s1 = new String("\t Windows Vista crashed.");
    String s2 = "\t Windows Vista crashed.";
    String today = "\t Caturday \t";
    boolean answer;

    answer = s1.equals(s2) && s1 != s2;
    today = today.substring(2, 11);
    today = today.replace('C', 'S');

    if (answer && today.equals("Saturday") ) {
      System.out.println(s1 + "\n\t I am the" +
                         " Blue Screen of Death.");}
      System.out.println("\t No one hears your screams.");
    }
  
}

What is the value of answer? What is today?
Will we see a haiku?



 No one hears your screams.
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Extra slides illustrating access modifiers, 
encapsulation, constructor overloading

We have covered these topics before; you are responsible for 
reading the extra examples in this section.
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Access Modifiers (public/private)

● When declaring a member of a class 
(methods and variables), we can use an 
access modifier (or visibility modifier)

● Access modifiers affect scope: 
● they are used to control which methods can refer 

to certain members of a class
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Access Modifiers: Account Class

public class Account {
  private int number;
  private double balance;
  private boolean status;
  
  public Account(int accountNumber) { /* ... */  }

  public int getNumber() { /* ... */ }
  public double getBalance() { /* ... */ }
  public boolean isOpen() { /* ... */ }

  public void deposit(double amount) { /* ... */ }
  public boolean withdraw(double amount) { /* ... */ }
  public boolean close() { /* ... */ }
}
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Access Modifiers

● When a member is public, you can refer to it in 
any method defined in any class using the . 
(dot) operator

● When a member is private, you can refer to it 
only in methods that are defined in the same 
class
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Access Modifiers (Warning)

● Note that if you do not explicitly declare an 
access modifier, the default is an access 
modifier that is neither public nor private



class Fraction {
  public int numerator;
  public int denominator;
  public boolean isPositive;

  public Fraction(int top, int bottom){
    numerator = top;
    denominator = bottom;    
    int product = top * bottom;

    isPositive = true;
    if(product < 0)
      isPositive = false;
  }

  public int getNumerator(){
    return numerator;
  }

  public int getDenominator(){
    return denominator;
  }

}

Redundant 
methods, because 
numerator and 
denominator can be 
accessed with “dot” 
operator from 
anywhere.



class Fraction {
  private int numerator;
  private int denominator;
  private boolean isPositive;

  public Fraction(int top, int bottom){
    numerator = top;
    denominator = bottom;    
    int product = top * bottom;

    isPositive = true;
    if(product < 0)
      isPositive = false;
  }

  public int getNumerator(){
    return numerator;
  }

  public int getDenominator(){
    return denominator;
  }

}

Now these methods 
are necessary 
because numerator 
and denominator 
cannot be accessed 
with “dot” operator 
from anywhere 
except inside the 
Fraction class.



class Fraction {
  private int numerator;
  private int denominator;
  private boolean isPositive;

  public Fraction(int top, int bottom){
    numerator = top;
    denominator = bottom;    
    int product = top * bottom;

    isPositive = true;
    if(product < 0)
      isPositive = false;
  }

  private int getNumerator(){
    return numerator;
  }

  private int getDenominator(){
    return denominator;
  }

}

Now there's no way to 
access numerator 
and denominator from 
outside of the 
Fraction class.

These two methods 
are once again 
redundant.
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class Fraction {
  private int numerator;
  private int denominator;
  private boolean isPositive;

  public Fraction(int top, int bottom){
    numerator = top;
    denominator = bottom;    
    int product = top * bottom;

    isPositive = true;
    if(product < 0)
      isPositive = false;
  }

  private int getNumerator(){
    return numerator;
  }

  private int getDenominator(){
    return denominator;
  }

}

These are accessor 
methods.

We need to write 
mutator methods if 
we want to be able to 
change the values of 
these variables from 
outside Fraction.
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Encapsulation

● Accessing instance variables directly (or 
enabling direct access to instance variables) 
is dangerous and considered bad practice

● Most instance variables should only be accessible via 
accessor and mutator methods (like 
● It ensures that programmers who use the classes you write can only 

access instance variables in ways you control

● In order to protect against direct access:
● Instance variables should be private
● All access and modifications to variables should be done via accessor 

and mutator methods
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Reread the “ACCESS MODIFIERS AND 
SCOPE” section in General Instructions and 

Regulations for Assignments
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Constructors

● Every object has a constructor, a special kind 
of method that is used to create a new object 
with the “new” keyword.
● Constructors do NOT have a return type
● Constructors must have the same name as the 

class they are in
● If no constructor is defined in a class, Java will use 

a default constructor.



class UselessObject{
  int evenNumber = 4;
  int oddNumber = 5;
  
  /* no constructor */

  public int getSum(){
    return evenNumber + oddNumber;
  }

  public void incrementAll(int step){
    if(step%2 == 0){
      evenNumber = evenNumber + step;
      oddNumber = oddNumber + step;
    }
  }

}

Default constructor will 
NOT overwrite the 
values in blue.
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Method overloading: Constructors 
can also be overloaded

public class Account {
  // Member variable declarations
  public Account(int accountNumber, String ownerName) {
    number = accountNumber;
    balance = 0.0;
    status = true;
    owner = ownerName;
  }
  
  public Account(int accountNumber, String ownerName,
    double initialAmount) {
    number = accountNumber;
    balance = initialAmount;
    status = true;
    owner = ownerName;
  }
  // Other declarations
}
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Summary 

● By now, you should understand the scope rules for formal 
method parameters, local method variables and class fields.

● Access modifiers (public/private) affect the scope of class fields 
and methods.
● Access modifiers provide programmers with control over how a class 

can be used by external parties – very important for program design.

● Reread the General Instructions and Regulations for Assignments, so 
you know which rules to follow for A4.

● Assignment 4 will be using method/constructor overloading: 
review the relevant material from Unit 5.
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Extra slides about static variables

We have covered these topics before; you are responsible for 
reading the extra examples in this section.
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Class Variables 
(a.k.a. static variables)

● There is only one copy of a class variable 
for the entire class, and this copy is shared 
by all objects that belong to this class

● If one object changes the value of a static 
variable, then all objects that belong to the 
same class see and access the new value
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Static variables

● You can think of static variables as shared 
memory among all the instances of a class.



Example

public class DemonstrationObject{
  public int i;
  private static int counter = 0;

  public DemonstrationObject(int number){
    i = number;
    counter++;
  }

  public static int getCounter(){
    return counter;
  }
}



Example

public static void main(String[] args){
  System.out.println(DemonstrationObject.getCounter());

  DemonstrationObject x = new DemonstrationObject(5);
  DemonstrationObject y = new DemonstrationObject(1);

  System.out.println(DemonstrationObject.getCounter());
}

counter 0



Example

public static void main(String[] args){
  System.out.println(DemonstrationObject.getCounter());

  DemonstrationObject x = new DemonstrationObject(5);
  DemonstrationObject y = new DemonstrationObject(1);

  System.out.println(DemonstrationObject.getCounter());
}

counter 1
i 5

x



Example

public static void main(String[] args){
  System.out.println(DemonstrationObject.getCounter());

  DemonstrationObject x = new DemonstrationObject(5);
  DemonstrationObject y = new DemonstrationObject(1);

  System.out.println(DemonstrationObject.getCounter());
}

counter 2

y

i 5

x

i 1
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Static Method Restrictions

● Class methods cannot access the instance 
variables defined in the class without 
specifying the name of a reference variable 
and using the “.” operator

● Same with instance methods.
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Why static methods can't use instance 
variables/method without “.” operator.
● Static methods can be used without being 

attached to a particular object.
● Even if no objects from a class have been created, 

you can use static methods from that class.
● That's the whole point of being static.

● If a method uses instance variables/methods 
without the “.” operator, it is using data from 
the object it belongs to.
● That's what it means to be an instance method.
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Extra slides about classpath: this is not 
examinable material but it's very useful for 
assignments and understanding how Java 

programs run.

You DO need to know when/where to use import 
statements for the exam.
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Review: classpath, import and 
packages

● Every Java class belongs to a package.
● All the classes you write in this course below to one 

special “unnamed” package.

● The classpath is a list of places in which the compiler 
looks for packages.

● Every Java class has access to:
● Classes in its own package (if their locations are on the 

classpath)
● Classes in the java.lang package (on the classpath by 

default)
– Examples of classes: String, System
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Review: classpath, import and packages

To use a class from a package other than 
java.lang or your current class' package, you 
have to add an import statement to your 
program.

● If the package is in the Standard Class Library, 
you don't have to change your classpath

● If the package is NOT in the Standard Class 
Library, you have to add it to your classpath
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Extra slides about the this reserved word



public class Point 
{
  public int x = 0;
  public int y = 0;

  //constructor
  public Point(int a, int b) 
  {
    x = a;
    y = b;
  }
}

public class Test
{
  public static void main(String[] args)
  { 
     Point p1 = new Point(1,-1);
     Point p1 = new Point(0,5);
  }
}



Every class has access to a 
“self-reference” 

via reserved word this.



this in Memory

x

this

1p1

this

p2

Point

Point

y -1

y 5

x 0

public class Point 
{
  public int x = 0;
  public int y = 0;

  //constructor
  public Point(int a, int b) 
  {
    x = a;
    y = b;
  }
}

public class Test
{
  public static void 
  main(String[] args)
  { 
     Point p1 = new Point(1,-1);
     Point p1 = new Point(0,5);
  }
}



public class Point 
{
  public int x = 0;
  public int y = 0;

  //constructor
  public Point(int a, int b) 
  {
    x = a;
    y = b;
  }
}

public class Point 
{
  public int x = 0;
  public int y = 0;

  //constructor
  public Point(int x, int y) 
  {
    this.x = x;
    this.y = y;
  }
/* In this version, we reuse 
the variable names x and y in 
the constructor (which hide 
both instance variables). The 
this keyword gives us access to 
the hidden instance variables 
*/
}

Two versions of the Point class
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The this Reserved Word 
● this is a way for an object to refer to itself in its own 

instance methods.

● It represents a memory address.

● this.i = 5 is read as “assign 5 to the field i of the calling object”

● What is the calling object?

● Point a = new Point(5,5); // the calling object is a

● Fraction grade = new Fraction(4,3);
Fraction bonus = new Fraction(1,4);
bonus.add(grade); // the calling object is bonus
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The this Reserved Word 
● this cannot be assigned to. 

● Bad: this = somePoint;

● this is like an instance variable, but it's not really an instance 
variable: you cannot access the this of a particular instance.

● Bad:  Point b = new Point(1,1);
    Point a = b.this; 
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Uses of the this Reserved Word

• Some uses of the this reserved word include:
● Referring to the instance variables of the object a method is called on 

when there are local variables or parameters which have the same 
name (line in our Point example)

● Checking if a reference variable refers to the same object as the one 
the instance method is called on

● Passing a reference to the object an instance method is called on to 
another method

● Returning a reference to the object is method is called on
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