
Honors Computer Programming 3-4 
Introduction To Chapter 13 

Array Lists and Arrays 

Chapter Goals 

 To become familiar with using   _________________________________________________________________________  

 To study   __________________________________________________________________________________________  

 To learn about   ______________________________________________________________________________________  

 To understand   ______________________________________________________________________________________  

 To implement   ______________________________________________________________________________________  

 To learn   ___________________________________________________________________________________________  

Array Lists 

Consider the Purse class.  You can add  ________  objects to the purse.  However, the purse doesn't actually remember the 

individual coins that you add, only the  ____________________ .  It would be more realistic if you could actually store the 

individual coins.  Fortunately, there is a better way of storing a  _______________  of objects:  the  ________________  class. 

An array list is a  ________________  of objects.  Every element of the sequence can be  __________________  separately.  Here 

is how you define an array list and fill it with coins: 

ArrayList coins = new ArrayList( ); 

coins.add(new Coin(0.1, "dime")); 

coins.add(new Coin(0.25, "quarter")); 

... 

 

To get objects out of the array list, use the  ________  method and specify which  ______________  in the array list you want to 

access.  For example,   coins.get(4)   retrieves the coin at position number 4.  The position number is called the  _________  

of the array list element. 

The return type of the get method is  ______________ .  You need to  ________  the returned reference: 

Coin aCoin = (Coin)coins.get(4); 

 

For unfortunate historical reasons, the positions of array lists are numbered, starting at position  ____ .  That is, 

coins.get(0) gets the first object 

coins.get(1) gets the second object 

coins.get(2) gets the third object 

etc. 

 

If you try to access a positon that does not exist, then an  _________________  is thrown.  For example, if coins holds ten 

objects, then the statement   Coin aCoin = (Coin)coins.get(20);   is a  _____________  error.  To avoid bounds errors, 

you will want to know how many elements are in an array list.  The  _________  method returns the number of elements. 



The most common bounds error is to use the following: 

int i = coins.size( ); 

aCoin = (Coin)coins.get(i);   // ERROR 

 

Suppose   coins.size( )   is 10.  There is no element with index  _____ .  Because the first element has index  ____ ,  the 

legal subscripts are  ____  through  _____ .  Thus  coins.get(10)   is a  _____________  error. 

It is very common to step through all elements of an array list.  For example, the following loop computes the  ________________  

of all coins:  

double total = 0; 

for (int i = 0;  i < coins.size( );  i++) 

{ 

   Coin aCoin = (Coin)coins.get(i); 

   total = total + aCoin.getValue( ); 

} 

 

It is not considered good style to write:  

for (int i = 0;  i <= coins.size( ) - 1;  i++)  // DON'T 

 

To replace an array list element with a new value, use the  _______  method.  

Coin aNickel = new Coin(0.05, "nickel"); 

coins.set(4, aNickel); 

 

This call sets position  ____  of the coins array list to aNickel,  ________________  whatever value was there before. 

The set method can only overwrite  ________________  values.  To add a new object to the end of the array list, call the  

________  method.  You can also insert an object in the  _____________  of a list.  You are reminded that the call  

coins.add(c); 

 

adds the coin object c to the array list at the  _______  of the list.  But the call  

coins.add(i, c); 

 

adds the coin object c at position i and  _________  all elements down one position in the array list.  This 

is illustrated in the diagram at the right.  After each call to the add method, the  _________  increases by 1. 

Conversely, the call   coins.remove(i)   removes  removes the element at position i  and  _________________  the size by 

1. 



Here is an implementation of the Purse class that uses an array list to store the coins.  This class will be enhanced in the next 

section.  

import java.util.ArrayList; 

 

public class Purse 

{ 

   /****************************** 

      Constructs an empty purse. 

   *******************************/ 

   public Purse( ) 

   { 

      coins = new ArrayList( ); 

   } 

    

   /*************************** 

      Add a coin to the purse. 

   ****************************/ 

   public void add(Coin aCoin) 

   { 

      coins.add(aCoin); 

   } 

    

   /************************************************* 

      Get the total value of the coins in the purse. 

   **************************************************/ 

   public double getTotal( ) 

   { 

      double total = 0; 

      for (int i = 0; i < coins.size( ); i++) 

      { 

         Coin aCoin = (Coin)coins.get(i); 

         total = total + aCoin.getValue( ); 

      } 

      return total; 

   } 

    

   private ArrayList coins; 

} 

 

Simple Array List Algorithms 

Finding a Value 

To find a value in an array list, check all  _____________  until you have found a  _____________ .  Note that this search may  

_________  to find a match.  This search process is called a  _____________________  search through the array list.  

public boolean find(Coin aCoin) 

{ 

   for (int i = 0; i < coins.size( ); i++) 

   { 

      Coin c = (Coin)coins.get(i); 

      if (c.equals(aCoin)) return true; // found a match 

   } 

   return false; // no match in the entire array list 

} 

 



Counting 

To count values in an array list, check all elements and count the  ______________ ,  until you reach the  ________  of the list.  

public int count(Coin aCoin) 

{ 

   int matches = 0; 

   for (int i = 0; i < coins.size( ); i++) 

   { 

      Coin c = (Coin)coins.get(i); 

      if (c.equals(aCoin)) matches++; // found a match 

   } 

   return matches; 

} 

 

Note that you must  _________________  the counter before the loop. 

Finding the Maximum or Minimum 

To compute the maximum or minimum value of an array list,  _______________  a candidate with the  ________________  

element.  Then compare the  ________________  with the remaining  ________________  and  ________________  it if you find 

a larger (or smaller) value.  

public Coin getMaximum( ) 

{ 

   Coin max = (Coin)coins.get(0); 

   for (int i = 1; i < coins.size( ); i++)  

   { 

      Coin c = (Coin)coins.get(i); 

      if (c.getValue( ) > max.getValue( )) 

         max = c; 

   } 

   return max; 

} 

 

Note that the loop starts with  _____  and not zero. 

The following is the updated version of the Purse class.  

import java.util.ArrayList; 

 

public class Purse 

{ 

   public Purse( ) 

   { 

      coins = new ArrayList( ); 

   } 

    

   public void add(Coin aCoin) 

   { 

      coins.add(aCoin); 

   } 

    

   public double getTotal( ) 

   { 

      double total = 0; 

      for (int i = 0; i < coins.size( ); i++) 

      { 

         Coin aCoin = (Coin)coins.get(i); 

         total = total + aCoin.getValue( );        

      } 

      return total; 

   } 

    



   public int count( ) 

   { 

      return coins.size( ); 

   } 

    

   public boolean find(Coin aCoin) 

   { 

      for (int i = 0; i < coins.size( ); i++) 

      { 

         Coin c = (Coin)coins.get(i); 

         if (c.equals(aCoin)) return true; // found a match 

      } 

      return false; // no match in the entire array list 

   } 

    

   public int count(Coin aCoin) 

   { 

      int matches = 0; 

      for (int i = 0; i < coins.size( ); i++) 

      { 

         Coin c = (Coin)coins.get(i); 

         if (c.equals(aCoin)) matches++; // found a match 

      } 

      return matches; 

   } 

    

   Coin getMaximum( ) 

   { 

      Coin max = (Coin)coins.get(0); 

      for (int i = 1; i < coins.size( ); i++)  

      { 

         Coin c = (Coin)coins.get(i); 

         if (c.getValue( ) > max.getValue( )) 

            max = c; 

      } 

      return max; 

   } 

    

   private ArrayList coins; 

} 

 

Storing Numbers in Array Lists  

Because numbers are not  _____________ ,  you cannot directly insert them into array lists.  Instead, you must use  

_____________  classes.  The classes  _____________ ,  ______________ ,  and  ______________  wrap numbers and truth 

values inside objects. 

The Double class is a typical number wrapper.  There is a  _________________  that makes a Double object out of a double 

value:  

Double d = new Double(29.95); 

 

Conversely, the  ____________________  method retrieves the double value that is stored inside a Double object.  

double x = d.doubleValue( ); 

 



Here is how you can add a floating-point number into an  ____________________ .  First  ________________  a wrapper object, 

then  _______  the object:  

ArrayList data = new ArrayList( ); 

double x = 29.95; 

Double wrapper = new Double(x); 

data.add(wrapper); 

 

To retrieve the number, you need to  ________  the return value of the  ________  method to  ____________  and then call the  

___________________  method:  

Double wrapper = (Double)data.get(0); 

double x = wrapper.doubleValue( ); 

 

As you can see, it is a hassle to use the wrapper classes in order to store numbers into an  ______________________ . 

Array lists offer two significant advantages over arrays. 

 array lists can  _________  or  __________  as needed. 

 the  ArrayList  class supplies methods for common tasks such as  ______________  and  ______________  elements. 

Java version 1.5 (sometimes referred to as Java 5.0) has some constructs that make handling array lists easier.  Consider the code: 

ArrayList<BankAccount> accounts = new ArrayList<BankAccount>( ); 

accounts.add(new BankAccount(1001); 

accounts.add(new BankAccount(1015); 

accounts.add(new BankAccount(1022); 

 

Under Java 5.0, the type  ArrayList<BankAccount>  denotes an array list of  _______________________ .  The angle brackets 

around the BankAccount type tell you that BankAccount is a  _______  parameter.  You can replace BankAccount with any 

other class and get a different  __________________  type.  For that reason, ArrayList is called a  ______________  class. 

Keep in mind that you cannot use  _______________  types as type parameters.  There is no  ______________________  or  

____________________ . 

Wrappers and Auto-Boxing 

Starting with Java 5.0, conversion between primitive types and the corresponding wrapper classes is  _________________ .  This 

process is called  ______________________ .  If you assign a number to a Double object, the number is automatically "put into a 

box", namely a   _______________  object. 

Double d = 29.95;   // auto-boxing;  same as  Double d = new Double(29.95); 

 

Conversely, starting with Java 5.0, wrapper objects are automatically "unboxed" to  _________________  types.  

double x = d;   // auto-unboxing;  same as  double x = d.doubleValue( ); 

 

With older versions of Java before 5.0, you need to call a method such as doubleValue, intValue, or booleanValue for 

unboxing. 

Auto-boxing even works inside  _________________  expressions.  For example, consider    Double e = d + 1;  .  It means: 

 auto-box  d  into a  _____________ 

 add  ____ 

 auto-box the result into a new  ___________ 

 store a reference to the newly created wrapper object in  _____ 



If you use Java 5.0 or higher, array lists of numbers are straightforward.  Simply remember to use the  _____________  type when 

you declare the array list, and then rely on auto-boxing. 

ArrayList<Double> data = new ArrayList<Double>( ); 

data.add(29.95); 

double x = data.get(0); 

 

With older versions of Java, using wrapper classes to store numbers in an array list is a considerable hassle because you must 

manually box and unbox the numbers. 

No matter which Java version you use, you should know that storing wrapped numbers is quite inefficient.  The use of wrappers is 

acceptable for  ____________  array lists, but you should use  ____________  for long sequences of numbers or characters. 

Declaring and Accessing Arrays 

An  ___________  is a fixed-length sequence of value of the  __________  type, which can be an  ___________  type or a  

_______________  type.  For example, here is how you  _______________  an array of ten double values:  

new double[10] 

 

In most cases, you will want to store a  ________________  to the array in a  ________________  so that you can access it later.  

The type of an array variable is the element type followed by  _______ .  In this example, the type is  ______________ .  Here is 

the declaration:  

double[ ] data = new double[10]; 

 

Arrays differ from array lists in two aspects: 

 An array has a  _____________  length.  In contrast, an array list starts out with length  ____ ,  grows 

when you  _______  elements, and shrinks when you  _____________  them. 

 An array has elements of a specified  ________  whereas an array list holds a collection 

of  __________  references. 

When an array is first created, all values are initialized to  ____  (for an array of numbers of type 

________  or type  _________________  ),  a value of  _________   (for an array of type  _______________  ), 

or a value of  _________  (for an array of  _____________  ). 

To change a value in the data array, you need to specify which  ______________  in the array you want to access. 

That is done with the  _______  operator:  

data[4] = 9; 

 

Now the position with  _________  4 is filled with the value 9.  This is an advantage over array lists.  The  _______  notation is 

more compact that calls to the  _______  and  ________  methods. 

As with array lists, the positions in arrays are numbered starting at  _____ .  That is, the legal positions for the data array are from  

____________ ,  the first position  to  ____________ ,  the tenth position. 

As with array lists, it is an  __________  to try to access nonexistent positions:  

int x = 10; 

double y = data[x];    // ERROR 

 



There is no  ______________ .  Remember the array has length  _____ ,  so the index values range from  ____  to  _____ .  When 

an invalid index is detected during execution of a program, an  ________________  is generated and the program will  

__________________ . 

Another common error is to forget to  _______________  the array variable:  

double[ ] data;   // not initialized 

data[0] = 9;      // ERROR 

 

When an array variable is defined, it must be initialize with an array such as  __________________  before any array elements can 

be accessed. 

An array has an instance variable  ____________  which you can access to find out the size of the array.  For example, here is how 

to find out the lowest price in an array of prices:  

double lowest = data[0]; 

for (int i = 1;  i < data.length;  i++) 

   if (data[i] < lowest) 

      lowest = data[i]; 

 

Note that there are no  __________________  following length.  That is because length is an  ____________________  and not 

a  _____________ .  The variable length is declared as  _______________________  so you cannot change its value. 

Unfortunately, the Java syntax for determining the number of elements in an array, an array list, and a string are not at all 

consistent. 

Data Type Number of Elements 

Array a.length 

Array list a.size( ) 

String a.length( ) 

 

You can initialize an array by allocating it and then filling the array.  This method is illustrated in the table, below left.  However, 

you can instead list all elements that you want to include in the array, enclosed in braces and separated by commas.  This is 

illustrated in the table, below right. 

int[ ] primes = new int[5]; 

primes[0] = 2; 

primes[1] = 3; 

primes[2] = 5; 

primes[3] = 7; 

primes[4] = 11; 

int[ ] primes = {2, 3, 5, 7, 11}; 

 

Copying Arrays 

Array variables work just like object variables -- they hold a  _______________  to the actual array. 

If you copy the reference, you get another reference to the  _________  array:  

double[ ] data = new double[10]; 

<code to fill the array> 

double[ ] prices = data; 

 

 

 



If you want to make a true copy of an array, call the  ____________  method:  

double[ ] prices = (double[ ])data.clone( ); 

 

Note that you have to  _______  the return value of the clone method from 

the type  _____________  to the type  ________________ . 

 

 

Occasionally, you need to copy elements from one array into another array.  You can use 

the  ___________________________  method for that putpose:  

System.arraycopy(from, fromStart, to, toStart, count); 

 

 

 

 

 

Partially Filled Arrays 

Suppose you write a program that reads a sequence of numbers into an array.  How many numbers will the user enter?  

Unfortunately, you now run into a problem.  You need to set the  ________  of the array before you know how many elements you  

________ .  Once the array size is set, it cannot be  _________________ . 

To solve this problem, you can sometimes make an array that is guaranteed to be larger than the largest possible number of entries, 

and  _______________  fill it.  Here is an example:  

final int DATA_LENGTH = 100; 

double[ ] data = new double[DATA_LENGTH]; 

 

Then keep a companion variable that tells how many  _______________  in the array are actually  _________ .  It is an excellent 

idea to always name this companion variable by adding the suffix  __________  to the name of the array:  

int dataSize = 0; 

 

Now  ____________________  is the capacity of the array data, and  __________________  is the current size of the array.  

Keep adding elements into the array, incrementing the  ________  variable each time:  

data[dataSize] = x; 

dataSize++: 

 

That way, dataSize always contains the correct  __________________________ .  When inspecting the array elements, you must 

be careful to stop at  __________________ ,  not at  _____________________ .  

for (int i = 0;  i < dataSize;  i++) 

   sum = sum + data[i]; 

 



If you run out of space in the array, you need to  _________________  a larger array and  __________  elements into it:  

if (dataSize >= data.length) 

{ 

   // make a new array of twice the size 

   double[ ] newData = new double[2 * data.length]; 

 

   // copy over all elements from data to newData using System.arrayCopy 

   System.arraycopy(data, 0, newData, 0, data.length); 

 

   // abandon the old array and store in data a reference to the new array 

   data = newData; 

} 

 

The  ____________________  class handles the above process automatically.  If you are collecting  ________________ ,  you 

should generally use  an ArrayList. 

The following program implements a DataSet class that stores an arbitrary number of elements.  We test it with a program that 

feeds in 10,000 random numbers.  

import java.util.Random; 

 

/***************************************************************** 

   This program tests the DataSet class by adding 10,000 numbers 

   to the data set and computing the average. 

******************************************************************/ 

public class DataSetTest 

{ 

   public static void main(String[] args) 

   { 

      Random generator = new Random( ); 

      DataSet data = new DataSet( ); 

      final int COUNT = 10000; 

      System.out.println("Adding " + COUNT + " random numbers."); 

      for (int i = 0; i < COUNT; i++) 

      { 

         double x = generator.nextDouble( ); 

         data.add(x); 

      } 

       

      double average = data.getAverage( ); 

      System.out.println("average = " + average); 

   } 

} 



 

/*********************************************************** 

   This class computes the average of a set of data values. 

************************************************************/ 

public class DataSet 

{ 

   /******************************** 

      Constructs an empty data set. 

   *********************************/ 

   public DataSet( ) 

   { 

      final int DATA_LENGTH = 100; 

      data = new double[DATA_LENGTH]; 

      dataSize = 0; 

   } 

    

   /************************************ 

      Adds a data value to the data set 

      @param x a data value 

   *************************************/ 

   public void add(double x) 

   { 

      if (dataSize >= data.length) 

      { 

         // make a new array of twice the size 

         double[ ] newData = new double[2 * data.length]; 

          

         // copy over all elements from data to newData 

         System.arraycopy(data, 0, newData, 0, data.length); 

          

         // abandon the old array and store in data a reference to the new array 

         data = newData; 

      } 

       

      data[dataSize] = x; 

      dataSize++; 

   } 

 

   /******************************************************* 

      Gets the average of the added data. 

      @return the average or 0 if no data has been added 

   ********************************************************/ 

   public double getAverage( ) 

   { 

      if (dataSize == 0) return 0; 

      double sum = 0; 

      for (int i = 0; i < dataSize; i++) 

         sum = sum + data[i]; 

       

      return sum / dataSize; 

   } 

    

   private double[ ] data; 

   private int dataSize; 

} 

 



Two-Dimensional Arrays 

Arrays and array lists can store  ________________  sequences.  Occasionally, you want to store collections that 

have a  ________________________  layout.  The traditional example is the tic-tac-toe board. 

Such an arrangement, consisting of  __________  and  ___________________ ,  is called a two-dimensional 

array or  ______________ .  When constructing a two-dimensional array, you specify how many rows and 

columns you need.  In this case, ask for  ______  rows and  ______  columns:  

final int ROWS = 3; 

final int COLUMNS = 3; 

char[ ][ ] board = new char[ROWS][COLUMNS]; 

 

This yields a two-dimensional array with  _____  elements as illustrated at the right. 

 

 

To process a particular element, specify  ______  subscripts in  ______________  

brackets:  

board[i][j] = 'x'; 

 

When  _______________  or  _________________  a two-dimensional array, it is common to use two nested loops.  For example, 

this pair of loops sets all elements in the array to  _____________ .  

for (int i = 0; i < ROWS;  i++) 

   for (int j = 0;  j < COLUMNS;  j++) 

      board[i][j] = ' '; 

 

Here is a class and a test program for playing tic-tac-toe.  This class does not check whether a player has won the game.  That is 

left as an exercise. 

import javax.swing.JOptionPane; 

 

/*************************************************************** 

   This program tests the TicTacToe class by prompting the user 

   to set positions on the board and printing out the result. 

****************************************************************/ 

public class TicTacToeTest 

{ 

   public static void main(String[] args) 

   { 

      char player = 'x';                  // X gets the first move 

       

      TicTacToe game = new TicTacToe( ); 

      while (true) 

      { 

         System.out.println(game);                     // calls game.toString( ) 

          

         String input = JOptionPane.showInputDialog("Row for " + player + " (Cancel to exit)"); 

          

         if (input == null)               // quit the game? 

            System.exit(0); 

         int row = Integer.parseInt(input); 

          

         input = JOptionPane.showInputDialog("Column for " + player); 

         int column = Integer.parseInt(input); 

          

         game.set(row, column, player);   // make a move 

          



         if (player == 'x')               // toggle the player 

            player = 'o'; 

         else 

            player = 'x'; 

      } 

   } 

} 

 

/***************************** 

   A 3 x 3 Tic-Tac-Toe board. 

******************************/ 

public class TicTacToe 

{ 

   /***************************** 

      Constructs an empty board. 

   ******************************/ 

   public TicTacToe( ) 

   { 

      board = new char[ROWS][COLUMNS]; 

       

      // fill with spaces 

      for (int i = 0; i < ROWS; i++) 

         for (int j = 0; j < COLUMNS; j++) 

            board[i][j] = ' '; 

   } 

    

   /*********************************************************** 

      Sets a field in the board. The field must be unoccupied. 

      @param i the row index 

      @param j the column index 

      @param player the player ('x' or 'o') 

   ************************************************************/ 

   public void set(int i, int j, char player) 

   { 

      if (board[i][j] != ' ') 

         throw new IllegalArgumentException("Position occupied"); 

      board[i][j] = player; 

   } 

    

   /******************************************************** 

      Creates a string representation of the board such as 

      |x  o| 

      |  x | 

      |   o| 

      @return the string representation 

   *********************************************************/ 

   public String toString( ) 

   { 

      String r = ""; 

      for (int i = 0; i < ROWS; i++) 

      { 

         r = r + "|"; 

         for (int j = 0; j < COLUMNS; j++) 

            r = r + board[i][j]; 

         r = r + "|\n"; 

      } 

      return r; 

   } 

    

   private char[ ][ ] board; 

   private static final int ROWS = 3; 

   private static final int COLUMNS = 3; 

} 

 



The Enhanced for Loop 

Java version 5.0 introduces a shortcut for a common loop type.  Often, you need to  _________________  through a sequence of 

elements -- such as an  ____________  or an  _____________________ .  The enhanced  ______  loop makes this process easy to 

program. 

Suppose you want to  _________________  all data values in an array data.  Here is how you would use the enhanced for loop 

to carry out that task.  

double[ ] data = ...; 

double sum = 0; 

for (double e : data) 

{ 

   sum = sum + e; 

} 

 

The loop is executed for each  ________________  in the array data.  At the beginning of each loop iteration, the  _________  

element is assigned to the variable  _____ .  Then the  ________________  is executed.  You should read this loop as "for each e 

in data". 

You don't have to use the "for each" construct to loop through all elements in an array.  You can implement the same loop with a 

regular  ______  loop and an explicit  ___________  variable.  

double[ ] data = ...; 

double sum = 0; 

for (int i = 0;  i < data.length;  i++) 

{ 

   double e = data[i]; 

   sum = sum + e; 

} 

 

Note an important difference between the "for each" loop and the regular for loop.  In the "for each" loop, the  ______________  

variable e is assigned values  data[0], data[1], and so on.  In the regular for loop, the  __________  variable i is assigned 

values  0, 1, and so on. 

You can also use the enhanced for loop to visit all elements of an array list.  For example, the following loop computes the total 

value of all accounts.  

ArrayList<BankAccount> accounts = new ArrayList<BankAccount>( ); 

double sum = 0; 

for (BankAccount a : accounts) 

{ 

   sum = sum + a.getBalance( ); 

} 

 

This loop is equivalent to the following regular for loop.  

double sum = 0; 

for (int i = 0;  i < accounts.size( );  i++) 

{ 

   BankAccount a = accounts.get(i); 

   sum = sum + a.getBalance( ); 

} 

 

The "for each" loop is designed to traverse the elements of a collection from  __________________  to  _______ .  Sometimes you 

don't want to start at the beginning or you may need to traverse the collection  _________________ .  In those situations, use the 

regular for loop. 


