
Chapter Goals

· To become familiar with using arrays and array lists

· To learn about wrapper classes, auto-boxing, and the enhanced for loop

· To study common array algorithms

· To learn how to use two-dimensional arrays

· To understand when to choose array lists and arrays in your programs

· To implement partially filled arrays

T To understand the concept of regression testing

In order to process large quantities of data, you need to collect values in a data structure. The most
commonly used data structures in Java are arrays and array lists. In this chapter, you will learn how to
construct arrays and array lists, fill them with values, and access the stored values. We introduce the
enhanced for loop, a convenient statement for processing all elements of a collection. You will see how to
use the enhanced for loop, as well as ordinary loops, to implement common array algorithms. The chapter
concludes with a technical section on copying array values.
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7.1 Arrays
In many programs, you need to manipulate collections of related values. It would be impractical to use a sequence of
variables such as data1, data2, data3��«��DQG�VR�RQ��7KH�DUUD\�FRQVWUXFW�SURYLGHV�D�EHWWHU�ZD\�RI�VWRULQJ�D�FROOHFWLRQ�
of values.

An array is a sequence of values of the same type. For example, here is how you construct an array of 10 floating-
point numbers:
RI[�HSYFPI?��A�
The number of elements (here, 10) is called the length of the array.

An array is a sequence of values of the same type.

The new operator merely constructs the array. You will want to store a reference to the array in a variable 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 double[], because the
element type is double. Here is the declaration of an array variable:
HSYFPI?A�HEXE�!�RI[�HSYFPI?��A��
That is, data is a reference to an array of floating-point numbers. It is initialized with an array of 10 numbers (see
Figure 7-1).

FIGURE 7-1 An Array Reference and an Array

You can also form arrays of objects, for example
&ERO%GGSYRX?A�EGGSYRXW�!�RI[�&ERO%GGSYRX?��A��
When an array is first created, all values are initialized with 0 (for an array of numbers such as int[] or double[]),
false (for a boolean[] array), or null (for an array of object references).

Each element in the array is specified by an integer index that is placed inside square brackets ([]). For example, the
expression
HEXE?�A�
denotes the element of the data array with index 4.

You can store a value at a location with an assignment statement, such as the following.
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HEXE?�A�!��������
Now the position with index 2 of data is filled with the value 29.95 (see Figure 7-2).

FIGURE 7-2 Storing a Value in an Array

You access array elements with an integer index, using the notation a[i].

To read out the data value at index 2, simply use the expression data[2] as you would any variable of type double:
7]WXIQ�SYX�TVMRXPR��8LI�ZEPYI�SJ�XLMW�HEXE�MXIQ�MW���
��������HEXE�?�A��
If you look closely at Figure 7-2, you will notice that the index values start at 0. That is,
HEXE?�A�MW�XLI�JMVWX�IPIQIRX�
HEXE?�A�MW�XLI�WIGSRH�IPIQIRX�
HEXE?�A�MW�XLI�XLMVH�IPIQIRX�
and so on. This convention can be a source of grief for the newcomer, so you should pay close attention to the index
values. In particular, the last element in the array has an index one less than the array length. For example, data
refers to an array with length 10. The last element is data[9].

If you try to access an element that does not exist, then an exception is thrown. For example, the statement
HEXE?��A�!�����������)6636�
is a bounds error.

Index values of an array range from 0 to length - 1. Accessing a nonexistent element results in a
bounds error.

To avoid bounds errors, you will want to know how many elements are in an array. The length field returns the
number of elements: data.length is the length of the data array. Note that there are no parentheses following
length²LW�LV�DQ�LQVWDQFH�YDULDEOH�RI�WKH�DUUD\�REMHFW��QRW�D�method. However, you cannot assign a new value to this
instance variable. In other words, length is a final public instance variable. This is quite an anomaly. Normally,
Java programmers use a method to inquire about the properties of an object. You just have to remember to omit the
parentheses in this case.
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Use the length field to find the number of elements in an array.

The following code ensures that you only access the array when the index variable i is within the legal bounds:
MJ����!�M�

�M��HEXE�PIRKXL�HEXE?MA�!�ZEPYI��
Arrays suffer from a significant limitation: their length is fixed. If you start out with an array of 10 elements and later
decide that you need to add additional elements, then you need to make a new array and copy all values of the
existing array into the new array. We will discuss this process in detail in Section 7.7.

Self Check

1. Self Check 7.1 What Elements Does the Data Array Contain after these Statements?

What elements does the data array contain after the following statements?
HSYFPI?A�HEXE�!�RI[�HSYFPI?��A��
JSV��MRX�M�!����M��HEXE�PIRKXL��M���HEXE?MA�!�M���M��

2. Self Check 7.2 Describe Output or Error with these Array Code Segments

What do the following program segments print? Or, if there is an error, describe the error and specify
whether it is detected at compile-time or at run-time.

a. HSYFPI?A�E�!�RI[�HSYFPI?��A�
7]WXIQ�SYX�TVMRXPR�E?�A��

b. HSYFPI?A�F�!�RI[�HSYFPI?��A�
7]WXIQ�SYX�TVMRXPR�F?��A��

c. HSYFPI?A�G��
7]WXIQ�SYX�TVMRXPR�G?�A��

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

Syntax 7.1: Array Construction

syntax 7.1
new typeName[length]

example 1
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RI[�HSYFPI?��A�

Purpose

To construct an array with a given number of elements

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

Syntax 7.2: Array Element Access

syntax 7.2
arrayReference[index]

example 2

data[2]

Purpose

To access an element in an array

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

Common Error 7.1: Bounds Errors

Common Error 7.1

The most common array error is attempting to access a nonexistent position.
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HSYFPI?A�HEXE�!�RI[�HSYFPI?��A�
HEXE?��A�!��������
���)VVSV�SRP]�LEZI�IPIQIRXW�[MXL�MRHI\�ZEPYIW���������
When the program runs, an out-of-bounds index generates an exception and terminates the program.

This is a great improvement over languages such as C and C++. With those languages there is no error
message; instead, the program will quietly (or not so quietly) corrupt the memory location that is 10
elements away from the start of the array. Sometimes that corruption goes unnoticed, but at other times,
the program will act flaky or die a horrible death many instructions later. These are serious problems that
make C and C++ programs difficult to debug.

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

Common Error 7.2: Uninitialized Arrays

Common Error 7.2

A common error is to allocate an array reference, but not an actual array.
HSYFPI?A�HEXE��
HEXE?�A�!�����������)VVSV�HEXE�RSX�MRMXMEPM̂IH�
Array variables work exactly like obMHFW�YDULDEOHV²WKH\�DUH�RQO\�UHIHUHQFHV�WR�WKH�DFWXDO�DUUD\��7R�
construct the actual array, you must use the new operator:
HSYFPI?A�HEXE�!�RI[�HSYFPI?��A��

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

Advanced Topic 7.1: Array Initialization

Advanced Topic 7.1

You can initialize an array by allocating it and then filling each entry:
MRX?A�TVMQIW�!�RI[�MRX?�A��
TVMQIW?�A�!����
TVMQIW?�A�!����
TVMQIW?�A�!����
TVMQIW?�A�!����
TVMQIW?�A�!�����
However, if you already know all the elements that you want to place in the array, there is an easier way.
List all elements that you want to include in the array, enclosed in braces and separated by commas:
MRX?A�TVMQIW�!�_����������������a��
The Java compiler counts how many elements you want to place in the array, allocates an array of the
correct size, and fills it with the elements that you specify.
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If you want to construct an array and pass it on to a method that expects an array parameter, you can
initialize an anonymous array as follows:
RI[�MRX?A�_����������������a�

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

7.2 Array Lists
Arrays are a rather primitive construct. In this section, we introduce the ArrayList class that lets you collect objects,
just like an array does. Array lists offer two significant conveniences:

· Array lists can grow and shrink as needed

· The ArrayList class supplies methods for many common tasks, such as inserting and removing elements

Let us define an array list of bank accounts and fill it with objects. (The BankAccount class has been enhanced from
the version in Chapter 3. Each bank account has an account number.)
%VVE]0MWX&ERO%GGSYRX"�EGGSYRXW�!�RI[�%VVE]0MWX&ERO%GGSYRX"���
EGGSYRXW�EHH�RI[�&ERO%GGSYRX�������
EGGSYRXW�EHH�RI[�&ERO%GGSYRX�������
EGGSYRXW�EHH�RI[�&ERO%GGSYRX�������

The ArrayList class manages a sequence of objects.

The type ArraList<BankAccount> denotes an array list of bank accounts. The angle brackets around the
BankAccount type tell you that BankAccount is a type parameter . You can replace BankAccount with any other
class and get a different array list type. For that reason, ArrayList is called a generic class . You will learn more
about generic classes in Chapter 17. For now, simply use an ArrayList<T> whenever you want to collect objects of
type T. However, keep in mind that you cannot use primLWLYH�W\SHV�DV�W\SH�SDUDPHWHUV�²�WKHUH�LV�QR�ArrayList<int>
or ArrayList<double>.

The ArrayList class is a generic class: ArrayList<T> collects objects of type T.

When you construct an ArrayList object, it has size 0. You use the add method to add an object to the end of the
array list. The size increases after each call to add. The size method yields the current size of the array list.

To get objects out of the array list, use the get method, not the [ ] operator. As with arrays, index values start at 0.
For example, accounts.get(2) retrieves the account with index 2, the third element in the array list:
&ERO%GGSYRX�ER%GGSYRX�!�EGGSYRXW�KIX����
As with arrays, it is an error to access a nonexistent element. The most common bounds error is to use the following:
MRX�M�!�EGGSYRXW�WM̂I���
ER%GGSYRX�!�EGGSYRXW�KIX�M�����)VVSV�
The last valid index is accounts.size() - 1.

To set an array list element to a new value, use the set method.
&ERO%GGSYRX�ER%GGSYRX�!�RI[�&ERO%GGSYRX�������
EGGSYRXW�WIX����ER%GGSYRX��
This call sets position 2 of the accounts array list to anAccount, overwriting whatever value was there before.
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The set method can only overwrite existing values. It is different from the add method, which adds a new object to
the end of the array list.

You can also insert an object in the middle of an array list. The call accounts.add(i, a) adds the object a at position
i and moves all elements by one position, from the current element at position i to the last element in the array list.
After each call to the add method, the size of the array list increases by 1 (see Figure 7-3).

FIGURE 7-3 Adding an Element in the Middle of an Array List

Animation: Inserting into an Array List

Conversely, the call accounts.remove(i) removes the element at position i, moves all elements after the removed
element down by one position, and reduces the size of the array list by 1 (see Figure 7-4).

FIGURE 7-4 Removing an Element from the Middle of an Array List

Animation: Removing from an Array List

The following program demonstrates the methods of the ArrayList class. Note that you import the generic class
java.util.ArrayList, without the type parameter.
GL���EVVE]PMWX�%VVE]0MWX8IWXIV�NEZE�
�
����MQTSVX�NEZE�YXMP�%VVE]0MWX��
��
��������
�������8LMW�TVSKVEQ�XIWXW�XLI�%VVE]0MWX�GPEWW��
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�������
����TYFPMG�GPEWW�%VVE]0MWX8IWXIV�
����_�
����TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
����_�
�������%VVE]0MWX&ERO%GGSYRX"�EGGSYRXW�
��� ������!�RI[�%VVE]0MWX&ERO%GGSYRX"���
�������EGGSYRXW�EHH�RI[�&ERO%GGSYRX�������
�������EGGSYRXW�EHH�RI[�&ERO%GGSYRX�������
�������EGGSYRXW�EHH�RI[�&ERO%GGSYRX�������
�������EGGSYRXW�EHH����RI[�&ERO%GGSYRX�������
�������EGGSYRXW�VIQSZI����
���
�������7]WXIQ�SYX�TVMRXPR�w7M̂I��x���EGGSYRXW�WM̂I����
�������7]WXIQ�SYX�TVMRXPR�w)\TIGXIH���x��
�������&ERO%GGSYRX�JMVWX�!�EGGSYRXW�KIX����
�������7]WXIQ�SYX�TVMRXPR�w*MVWX�EGGSYRX�RYQFIV��x�
���������������JMVWX�KIX%GGSYRX2YQFIV���
�������7]WXIQ�SYX�TVMRXPR�w)\TIGXIH������x��
�������&ERO%GGSYRX�PEWX�!�EGGSYRXW�KIX�EGGSYRXW�WM̂I�������
�������7]WXIQ�SYX�TVMRXPR�w0EWX�EGGSYRX�RYQFIV��x�
��� ��������PEWX�KIX%GGSYRX2YQFIV���
�������7]WXIQ�SYX�TVMRXPR�w)\TIGXIH������x��
�����a�
���a�
�
GL���EVVE]PMWX�&ERO%GGSYRX�NEZE�
�
�������
������%�FERO�EGGSYRX�LEW�E�FEPERGI�XLEX�GER�FI�GLERKIH�F]�
������HITSWMXW�ERH�[MXLHVE[EPW��
������
���TYFPMG�GPEWW�&ERO%GGSYRX�
���_�
����������
�� ��'SRWXVYGXW�E�FERO�EGGSYRX�[MXL�E�̂IVS�FEPERGI��
�� ��$TEVEQ�ER%GGSYRX2YQFIV�XLI�EGGSYRX�RYQFIV�JSV�XLMW�EGGSYRX�
���������
������TYFPMG�&ERO%GGSYRX�MRX�ER%GGSYRX2YQFIV�
������_�
��� ��EGGSYRX2YQFIV�!�ER%GGSYRX2YQFIV��
��� ��FEPERGI�!����
������a�
���
����������
���������'SRWXVYGXW�E�FERO�EGGSYRX�[MXL�E�KMZIR�FEPERGI��
��� ��$TEVEQ�ER%GGSYRX2YQFIV�XLI�EGGSYRX�RYQFIV�JSV�XLMW�EGGSYRX�
��� ��$TEVEQ�MRMXMEP&EPERGI�XLI�MRMXMEP�FEPERGI�
���������
������TYFPMG�&ERO%GGSYRX�MRX�ER%GGSYRX2YQFIV��HSYFPI�MRMXMEP&EPERGI�
������_�
��� ��EGGSYRX2YQFIV�!�ER%GGSYRX2YQFIV��
��� ��FEPERGI�!�MRMXMEP&EPERGI��
������a�
���
����������
��� ��+IXW�XLI�EGGSYRX�RYQFIV�SJ�XLMW�FERO�EGGSYRX��
��� ��$VIXYVR�XLI�EGGSYRX�RYQFIV�
���������
������TYFPMG�MRX�KIX%GGSYRX2YQFIV��
������_�
��� ��VIXYVR�EGGSYRX2YQFIV��
������a�
���
����������
��� ��(ITSWMXW�QSRI]�MRXS�XLI�FERO�EGGSYRX��
��� ��$TEVEQ�EQSYRX�XLI�EQSYRX�XS�HITSWMX�
���������
������TYFPMG�ZSMH�HITSWMX�HSYFPI�EQSYRX�
������_�
��� ��HSYFPI�RI[&EPERGI�!�FEPERGI���EQSYRX��
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��� ��FEPERGI�!�RI[&EPERGI��
������a�
���
����������
��� ��;MXLHVE[W�QSRI]�JVSQ�XLI�FERO�EGGSYRX��
��� ��$TEVEQ�EQSYRX�XLI�EQSYRX�XS�[MXLHVE[�
���������
������TYFPMG�ZSMH�[MXLHVE[�HSYFPI�EQSYRX�
������_�
���������HSYFPI�RI[&EPERGI�!�FEPERGI���EQSYRX��
��� ��FEPERGI�!�RI[&EPERGI��
������a�
���
����������
��� ��+IXW�XLI�GYVVIRX�FEPERGI�SJ�XLI�FERO�EGGSYRX��
��� ��$VIXYVR�XLI�GYVVIRX�FEPERGI�
���������
������TYFPMG�HSYFPI�KIX&EPERGI��
������_�
��� ��VIXYVR�FEPERGI��
������a�
���
������TVMZEXI�MRX�EGGSYRX2YQFIV��
������TVMZEXI�HSYFPI�FEPERGI��
����a�
�
3YXTYX�
��7M̂I����
��)\TIGXIH����
��*MVWX�EGGSYRX�RYQFIV�������
��)\TIGXIH�������
��0EWX�EGGSYRX�RYQFIV�������
��)\TIGXIH�������

Self Check

3. Self Check 7.3 How do you Construct an Array/Array List of Strings?

How do you construct an array of 10 strings? An array list of strings?

4. Self Check 7.4 What is the Content of this Array List after these Add/Remove Calls?

What is the content of names after the following statements?
%VVE]0MWX7XVMRK"�REQIW�!�RI[�%VVE]0MWX7XVMRK"���
REQIW�EHH��%���
REQIW�EHH�����&���
REQIW�EHH��'���
REQIW�VIQSZI����

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

Common Error 7.3: Length and Size
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Common Error 7.3

Unfortunately, the Java syntax for determining the number of elements in an array, an array list, and a
string is not at all consistent. It is a common error to confuse these. You just have to remember the
correct syntax for every data type.

Data Type Number of Elements

Array a.length

Array list a.size()

String a.length()

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

Quality Tip 7.1: Prefer Parameterized Array Lists

Quality Tip 7.1

Parameterized array lists, such as ArrayList<BankAccount>, were introduced to the Java language in
2004. Versions of Java prior to version 5.0 had only an untyped class ArrayList. The untyped array list
can hold elements of any class. (Technically, it KROGV�HOHPHQWV�RI�W\SH�2EMHFW��WKH�³ORZHVW�FRPPRQ�
GHQRPLQDWRÚ�RI�DOO�-DYD�FODVVHV���:KHQHYHU�\RX�UHWULHYH�DQ�HOHPHQW�IURP�DQ�XQW\SHG�DUUD\�OLVW��WKH�
compiler requires you to use a cast:
%VVE]0MWX�EGGSYRXW�!�RI[�%VVE]0MWX��������9RX]TIH�%VVE]0MWX�
EGGSYRXW�EHH�RI[�&ERO%GGSYRX�������������3/{GER�EHH�ER]�SFNIGX�
&ERO%GGSYRX�E�!��&ERO%GGSYRX�E�KIX�������2IIH�GEWX�
The cast is needed because the compiler does not keep track of the objects that were inserted into the
array list, and the array list get method has return type Object.

Untyped array lists are still a part of the Java languaJH²DIWHU�DOO��ZH�ZDQW�WR�FRQWLQXH�WR�XVH�SURJUDPV�
that were written before 2004. But you should not use them for new code. The casts are tedious and also
a bit error-prone. If you apply the wrong cast, the compiler cannot detect your mistake. Instead, your
program will throw an exception.

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

7.3 Wrappers and Auto-Boxing
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Because numbers are not objects in Java, you cannot directly insert them into array lists. For example, you cannot
form an ArrayList<double>. To store sequences of numbers in an array list, you must turn them into objects by
using wrapper classes.

To treat primitive type values as objects, you must use wrapper classes.

There are wrapper classes for all eight primitive types:

Primitive Type Wrapper Class

byte Byte

boolean Boolean

char Character

double Double

float Float

int Integer

long Long

short Short

Note that the wrapper class names start with uppercase letters, and that two of them differ from the names of the
corresponding primitive type: Integer and Character.

Each wrapper class object contains a value of the corresponding primitive type. For example, an object of the class
Double contains a value of type double (see Figure 7-5).

FIGURE 7-5 An Object of a Wrapper Class

Wrapper objects can be used anywhere that objects are required instead of primitive type values. For example, you
can collect a sequence of floating-point numbers in an ArrayList<Double>.

Starting with Java version 5.0, conversion between primitive types and the corresponding wrapper classes is
automatic. This process is called auto-boxing (even though auto-wrapping would have been more consistent).

For example, if you assign a number to a Double�REMHFW��WKH�QXPEHU�LV�DXWRPDWLFDOO\�³SXW�LQWR�D�ER[́��QDPHO\�D�
wrapper object.
(SYFPI�H�!�����������EYXS�FS\MRK��WEQI�EW�(SYFPI�H�!�RI[�(SYFPI��������
If you use an older version of Java, you need to provide the constructor yourself.

Conversely, starting with Java version 5.0, wrapper obMHFWV�DUH�DXWRPDWLFDOO\�³XQER[HǴ�WR�SULPLWLYH�W\SHV���
HSYFPI�\�!�H�����EYXS�YRFS\MRK��WEQI�EW�HSYFPI�\�!�H�HSYFPI:EPYI���
With older versions, you need to call a method such as doubleValue, intValue, or booleanValue for unboxing.

Auto-boxing even works inside arithmetic expressions. For example, the statement
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(SYFPI�I�!�H������
is perfectly legal. It means:

· Auto-unbox d into a double

· Add 1

· Auto-box the result into a new Double

· Store a reference to the newly created wrapper object in e

If you use Java version 5.0 or higher, array lists of numbers are straightforward. Simply remember to use the wrapper
type when you declare the array list, and then rely on auto-boxing.
%VVE]0MWX(SYFPI"�HEXE�!�RI[�%VVE]0MWX(SYFPI"���
HEXE�EHH��������
HSYFPI�\�!�HEXE�KIX����
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 short array lists, but you should use arrays for long sequences of numbers or characters.

Self Check

5. Self Check 7.5 What is the Difference Between the Types Double and Double?

What is the difference between the types double and Double?

6. Self Check 7.6 How do you Increment the Array List Element with Index 0?

Suppose data is an ArrayList<Double> of size > 0. How do you increment the element with index 0?

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

7.4 The Enhanced for Loop
Java version 5.0 introduces a very convenient shortcut for a common loop type. Often, you need to iterate through a
VHTXHQFH�RI�HOHPHQWV²VXFK�DV�WKH�HOHPHQWV�RI�DQ�DUUD\�RU�DUUD\�OLVW��7KH�HQKDQFHG�for loop makes this process
particularly easy to program.

Suppose you want to total up all data values in an array data. Here is how you use the enhanced for loop to carry out
that task.
HSYFPI?A�HEXE�!��������
HSYFPI�WYQ�!����
JSV��HSYFPI�I���HEXE�
_�
���WYQ�!�WYQ���I��
a�
The loop body is executed for each element in the array data. At the beginning of each loop iteration, the next
element is assigned to the variable e��7KHQ�WKH�ORRS�ERG\�LV�H[HFXWHG��<RX�VKRXOG�UHDG�WKLV�ORRS�DV�³IRU�HDFK�e in
GDWD́���
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The enhanced for loop traverses all elements of a collection.

<RX�PD\�ZRQGHU�ZK\�-DYD�GRHVQ
W�OHW�\RX�ZULWH�³for each (e in data) �́�8QTXHVWLRQDEO\��WKLV�ZRXOG�KDYH�EHHQ�
QHDWHU��DQG�WKH�-DYD�ODQJXDJH�GHVLJQHUV�VHULRXVO\�FRQVLGHUHG�WKLV��+RZHYHU��WKH�³IRU�HDFḰ�FRQVWUXFW�ZDV�DGGHG�WR�
Java several years after its initial release. Had new keywords each and in been added to the language, then older
programs that happened to use those identifiers as variable or method names (such as System.in) would no longer
have compiled correctly.

<RX�GRQ
W�KDYH�WR�XVH�WKH�³IRU�HDFḰ�FRQVWUXFW�WR�ORRS�WKURXJK�DOO�HOHPHQWV�LQ�DQ�DUUD\��<RX�FDQ�LPSOHPHQW�WKH�VDPH�
loop with a straightforward for loop and an explicit index variable:
HSYFPI?A�HEXE�!��������
HSYFPI�WYQ�!����
JSV��MRX�M�!����M��HEXE�PIRKXL��M���
_�
���HSYFPI�I�!�HEXE?MA��
���WYQ�!�WYQ���I��
a�
1RWH�DQ�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�WKH�³IRU�HDFḰ�ORRS�DQG�WKH�RUGLQDU\�IRU�ORRS��,Q�WKH�³IRU�HDFḰ�ORRS��WKH�
element variable e is assigned values data[0], data[1], and so on. In the ordinary for loop, the index 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:
%VVE]0MWX&ERO%GGSYRX"�EGGSYRXW�!���������
HSYFPI�WYQ�!����
JSV��&ERO%GGSYRX�E���EGGSYRXW�
_�
���WYQ�!�WYQ���E�KIX&EPERGI���
a�
This loop is equivalent to the following ordinary for loop:
HSYFPI�WYQ�!����
JSV��MRX�M�!����M��EGGSYRXW�WM̂I���M���
_�
���&ERO%GGSYRX�E�!�EGGSYRXW�KIX�M��
���WYQ�!�WYQ���E�KIX&EPERGI���
a�
7KH�³IRU�HDFḰ�ORRS�KDV�D�YHU\�VSHFLILF�SXUSRVH��WUDYHUVLQJthe elements of a collection, from the beginning to the
end. Sometimes you don't want to start at the beginning, or you may need to traverse the collection backwards. In
those situations, do not hesitate to use an ordinary for loop.

Self Check

7. Self Check 7.7 Write a “for each” Loop that Prints All Elements in the Array Data

:ULWH�D�³IRU�HDFḰ�ORRS�WKDW�SULQWV�DOO�HOHPHQWV�LQ�WKH�array data.

8. Self Check 7.8 Why is the “for each” Loop Not Appropriate for the Following Loop?

:K\�LV�WKH�³IRU�HDFḰ�ORRS�QRW�DQ�DSSURSULDWH�VKRUWFXW�IRU�WKH�IROORZLQJ�RUGLQDU\�for loop?
JSV��MRX�M�!����M��HEXE�PIRKXL��M���HEXE?MA�!�M���M��
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Syntax 7.3: The “for each” Loop

syntax 7.3
JSV��8]TI�ZEVMEFPI���GSPPIGXMSR�
���WXEXIQIRX�

example 1

JSV��HSYFPI�I���HEXE�
���WYQ�!�WYQ���I��

Purpose

To execute a loop for each element in the collection. In each iteration, the variable is assigned the
next element of the collection. Then the statement is executed.

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

7.5 Simple Array Algorithms

7.5.A Counting Matches

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

Suppose you want to find how many accounts of a certain type you have. Then you must go through the entire
collection and increment a counter each time you find a match. Here we count the number of accounts whose balance
is at least as much as a given threshold:
TYFPMG�GPEWW�&ERO�
_�
��TYFPMG�MRX�GSYRX�HSYFPI�EX0IEWX�
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��_�
�����MRX�QEXGLIW�!����
�����JSV��&ERO%GGSYRX�E���EGGSYRXW�
�����_�
��������MJ��E�KIX&EPERGI��"!�EX0IEWX�QEXGLIW����
��������������*SYRH�E�QEXGL�
�����a�
�����VIXYVR�QEXGLIW��
��a�
��������
��TVMZEXI�%VVE]0MWX&ERO%GGSYRX"�EGGSYRXW��
a�

7.5.B Finding a Value

Suppose you want to know whether there is a bank account with a particular account number in your bank. Simply
inspect each element until you find a match or reach the end of the array list. Note that the loop might fail to find an
answer, namely if none of the accounts match. This search process is called a linear search through the array list.
TYFPMG�GPEWW�&ERO�
_�
���TYFPMG�&ERO%GGSYRX�JMRH�MRX�EGGSYRX2YQFIV�
���_�
������JSV��&ERO%GGSYRX�E���EGGSYRXW�
������_�
���������MJ��E�KIX%GGSYRX2YQFIV��!!�EGGSYRX2YQFIV����*SYRH�E�QEXGL�
������������VIXYVR�E��
������a�
������VIXYVR�RYPP�����2S�QEXGL�MR�XLI�IRXMVI�EVVE]�PMWX�
���a�
��
���������
a�
Note that the method returns null if no match is found.

To find a value in an array list, check all elements until you have found a match.

7.5.C Finding the Maximum or Minimum

Suppose you want to find the account with the largest balance in the bank. Keep a candidate for the maximum. If you
find an element with a larger value, then replace the candidate with that value. When you have reached the end of
the array list, you have found the maximum.

To compute the maximum or minimum value of an array list, initialize a candidate with the starting
element. Then compare the candidate with the remaining elements and update it if you find a larger
or smaller value.

There is just one problem. When you visit the beginning of the array, you don't yet have a candidate for the
maximum. One way to overcome that is to set the candidate to the starting element of the array and start the
comparison with the next element.
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&ERO%GGSYRX�PEVKIWX=IX�!�EGGSYRXW�KIX����
JSV��MRX�M�!����M��EGGSYRXW�WM̂I���M���
_�
���&ERO%GGSYRX�E�!�EGGSYRXW�KIX�M��
���MJ��E�KIX&EPERGI��"�PEVKIWX=IX�KIX&EPERGI��
������PEVKIWX=IX�!�E��
a�
VIXYVR�PEVKIWX=IX��
Now we use an explicit for�ORRS�EHFDXVH�WKH�ORRS�QR�ORQJHU�YLVLWV�DOO�HOHPHQWV²LW�VNLSV�WKH�VWDUWLQJ�HOHPHQW��

Of course, this approach works only if there is at least one element in the array list. It doesn't make a lot of sense to
ask for the largest element of an empty collection. We can return null in that case:
MJ��EGGSYRXW�WM̂I��!!���VIXYVR�RYPP��
&ERO%GGSYRX�PEVKIWX=IX�!�EGGSYRXW�KIX����
������
See Exercises R7.5 and R7.6 for slight modifications to this algorithm.

To compute the minimum of a data set, keep a candidate for the minimum and replace it whenever you encounter a
smaller value. At the end of the array list, you have found the minimum.

The following sample program implements a Bank class that stores an array list of bank accounts. The methods of the
Bank class use the algorithms that we have discussed in this section.
GL���FERO�&ERO�NEZE�
�
���MQTSVX�NEZE�YXMP�%VVE]0MWX��
��
�������
������8LMW�FERO�GSRXEMRW�E�GSPPIGXMSR�SJ�FERO�EGGSYRXW��
������
���TYFPMG�GPEWW�&ERO�
���_�
����������
���������'SRWXVYGXW�E�FERO�[MXL�RS�FERO�EGGSYRXW��
���������
������TYFPMG�&ERO��
������_�
���������EGGSYRXW�!�RI[�%VVE]0MWX&ERO%GGSYRX"���
������a�
���
����������
���������%HHW�ER�EGGSYRX�XS�XLMW�FERO��
���������$TEVEQ�E�XLI�EGGSYRX�XS�EHH�
���������
������TYFPMG�ZSMH�EHH%GGSYRX�&ERO%GGSYRX�E�
������_�
���������EGGSYRXW�EHH�E��
������a�
���
����������
���������+IXW�XLI�WYQ�SJ�XLI�FEPERGIW�SJ�EPP�EGGSYRXW�MR�XLMW�FERO��
���������$VIXYVR�XLI�WYQ�SJ�XLI�FEPERGIW�
���������
������TYFPMG�HSYFPI�KIX8SXEP&EPERGI��
������_�
���������HSYFPI�XSXEP�!����
���������JSV��&ERO%GGSYRX�E���EGGSYRXW�
���������_�
������������XSXEP�!�XSXEP���E�KIX&EPERGI���
���������a�
���������VIXYVR�XSXEP��
������a�
���
����������
���������'SYRXW�XLI�RYQFIV�SJ�FERO�EGGSYRXW�[LSWI�FEPERGI�MW�EX�
���������PIEWX�E�KMZIR�ZEPYI��
���������$TEVEQ�EX0IEWX�XLI�FEPERGI�VIUYMVIH�XS�GSYRX�ER�EGGSYRX�
��� ��$VIXYVR�XLI�RYQFIV�SJ�EGGSYRXW�LEZMRK�EX�PIEWX�XLI�KMZIR�FEPERGI�
���������
������TYFPMG�MRX�GSYRX�HSYFPI�EX0IEWX�
������_�
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���������MRX�QEXGLIW�!����
���������JSV��&ERO%GGSYRX�E���EGGSYRXW�
���������_�
������������MJ��E�KIX&EPERGI��"!�EX0IEWX�QEXGLIW�������*SYRH�E�QEXGL�
���������a�
��� ��VIXYVR�QEXGLIW��
������a��
���
����������
���������*MRHW�E�FERO�EGGSYRX�[MXL�E�KMZIR�RYQFIV��
���������$TEVEQ�EGGSYRX2YQFIV�XLI�RYQFIV�XS�JMRH�
��� ��$VIXYVR�XLI�EGGSYRX�[MXL�XLI�KMZIR�RYQFIV��SV�RYPP�MJ�XLIVI�
��� ��MW�RS�WYGL�EGGSYRX�
���������
������TYFPMG�&ERO%GGSYRX�JMRH�MRX�EGGSYRX2YQFIV�
������_�
��� ��JSV��&ERO%GGSYRX�E���EGGSYRXW�
���������_�
��� �����MJ��E�KIX%GGSYRX2YQFIV��!!�EGGSYRX2YQFIV����*SYRH�E�QEXGL�
���������������VIXYVR�E��
���������a�
��� ��VIXYVR�RYPP�����2S�QEXGL�MR�XLI�IRXMVI�EVVE]�PMWX�
������a�
���
����������
���������+IXW�XLI�FERO�EGGSYRX�[MXL�XLI�PEVKIWX�FEPERGI��
��� ��$VIXYVR�XLI�EGGSYRX�[MXL�XLI�PEVKIWX�FEPERGI��SV�RYPP�MJ�XLI�
��� ��FERO�LEW�RS�EGGSYRXW�
���������
������TYFPMG�&ERO%GGSYRX�KIX1E\MQYQ��
������_�
��� ��MJ��EGGSYRXW�WM̂I��!!���VIXYVR�RYPP��
��� ��&ERO%GGSYRX�PEVKIWX=IX�!�EGGSYRXW�KIX����
��� ��JSV��MRX�M�!����M��EGGSYRXW�WM̂I���M���
���������_�
��� �����&ERO%GGSYRX�E�!�EGGSYRXW�KIX�M��
��� �����MJ��E�KIX&EPERGI��"�PEVKIWX=IX�KIX&EPERGI��
��� ��������PEVKIWX=IX�!�E��
���������a�
���������VIXYVR�PEVKIWX=IX��
������a�
�������
������TVMZEXI�%VVE]0MWX&ERO%GGSYRX"�EGGSYRXW��
���a�
�
GL���FERO�&ERO8IWXIV�NEZE�
�
�������
������8LMW�TVSKVEQ�XIWXW�XLI�&ERO�GPEWW��
������
���TYFPMG�GPEWW�&ERO8IWXIV�
���_�
������TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
������_�
���������&ERO�JMVWX&ERO3J.EZE�!�RI[�&ERO���
���������JMVWX&ERO3J.EZE�EHH%GGSYRX�RI[�&ERO%GGSYRX��������������
���������JMVWX&ERO3J.EZE�EHH%GGSYRX�RI[�&ERO%GGSYRX��������������
���������JMVWX&ERO3J.EZE�EHH%GGSYRX�RI[�&ERO%GGSYRX��������������
���
���������HSYFPI�XLVIWLSPH�!��������
���������MRX�G�!�JMVWX&ERO3J.EZE��GSYRX�XLVIWLSPH��
���������7]WXIQ�SYX�TVMRXPR�w'SYRX�x���G��
���������7]WXIQ�SYX�TVMRXPR�w)\TIGXIH���x��
���
���������MRX�EGGSYRX2YQFIV�!�������
���������&ERO%GGSYRX�E�!�JMVWX&ERO3J.EZE�JMRH�EGGSYRX2YQFIV��
���������MJ��E�!!�RYPP�
������������7]WXIQ�SYX�TVMRXPR�w2S�QEXGLMRK�EGGSYRXx��
���������IPWI�
������������7]WXIQ�SYX�TVMRXPR�w&EPERGI�SJ�QEXGLMRK�EGGSYRX��x�
��������������������E�KIX&EPERGI���
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���������7]WXIQ�SYX�TVMRXPR�w)\TIGXIH�������x��
���
���������&ERO%GGSYRX�QE\�!�JMVWX&ERO3J.EZE�KIX1E\MQYQ���
���������7]WXIQ�SYX�TVMRXPR�w%GGSYRX�[MXL�PEVKIWX�FEPERGI��x�
�����������������QE\�KIX%GGSYRX2YQFIV���
���������7]WXIQ�SYX�TVMRXPR�w)\TIGXIH������x��
������a�
���a�
�
3YXTYX�
��'SYRX����
��)\TIGXIH����
��&EPERGI�SJ�QEXGLMRK�EGGSYRX����������
��)\TIGXIH��������
��%GGSYRX�[MXL�PEVKIWX�FEPERGI�������
��)\TIGXIH�������

Self Check

9. Self Check 7.9 What does find do if Two Bank Accounts Match?

What does the find method do if there are two bank accounts with a matching account number?

10. Self Check 7.10 Can you Use a “for each” Loop in the getMaximum Method?

:RXOG�LW�EH�SRVVLEOH�WR�XVH�D�³IRU�HDFḰ�ORRS�LQ�WKH�getMaximum method?

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

7.6 Two-Dimensional Arrays
Arrays and array lists can store linear sequences. Occasionally you want to store collections that have a two-
dimensional layout. The traditional example is the tic-tac-toe board (see Figure 7-6).

FIGURE 7-6 A Tic-Tac-Toe Board

Two-dimensional arrays form a tabular, two-dimensional arrangement. You access elements with an
index pair a[i][j].
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Such an arrangement, consisting of rows and columns of values, is called a two-dimensional array or matrix. When
constructing a two-dimensional array, you specify how many rows and columns you need. In this case, ask for 3 rows
and 3 columns:
JMREP�MRX�63;7�!����
JMREP�MRX�'309127�!����
7XVMRK?A?A�FSEVH�!�RI[�7XVM�RK�?63;7A?'309127A��
This yields a two-dimensional array with 9 elements
FSEVH?�A?�A�FSEVH?�A?�A�FSEVH?�A?�A�
FSEVH?�A?�A�FSEVH?�A?�A�FSEVH?�A?�A�
FSEVH?�A?�A�FSEVH?�A?�A�FSEVH?�A?�A�
To access a particular element, specify two subscripts in separate brackets:
FSEVH?MA?NA�!��\���
When filling or searching 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 spaces.
JSV��MRX�M�!����M��63;7��M���
���JSV��MRX�N�!����N��'309127��N���
������FSEVH?MA?NA�!������
Here is a class and a test program for playing tic-tac-toe. This class does not check whether a player has won the
JDPH��7KDW�LV�OHIW�DV�WKH�SURYHUELDO�³H[HUFLVH�IRU�WKH�UHDGHÚ�²VHH�([HUFLVH�P7.10.
GL���X[SHMQ�8MG8EG8SI�NEZE�
�
�������
������%���\���XMG�XEG�XSI�FSEVH��
������
���TYFPMG�GPEWW�8MG8EG8SI�
���_�
����������
���������'SRWXVYGXW�ER�IQTX]�FSEVH��
���������
������TYFPMG�8MG8EG8SI��
������_�
���������FSEVH�!�RI[�7XVMRK?63;7A?'309127A��
������������*MPP�[MXL�WTEGIW�
���������JSV��MRX�M�!����M��63;7��M���
������������JSV��MRX�N�!����N��'309127��N���
���������������FSEVH?MA?NA�!�w�x��
������a�
���
����������
���������7IXW�E�JMIPH�MR�XLI�FSEVH��8LI�JMIPH�QYWX�FI�YRSGGYTMIH��
���������$TEVEQ�M�XLI�VS[�MRHI\�
���������$TEVEQ�N�XLI�GSPYQR�MRHI\�
���������$TEVEQ�TPE]IV�XLI�TPE]IV��w\x�SV�wSx�
���������
������TYFPMG�ZSMH�WIX�MRX�M��MRX�N��7XVMRK�TPE]IV�
������_�
���������MJ��FSEVH?MA?NA�IUYEPW�w�x�
������������FSEVH?MA?NA�!�TPE]IV��
������a�
���
����������
���������'VIEXIW�E�WXVMRK�VITVIWIRXEXMSR�SJ�XLI�FSEVH��WYGL�EW�
���������̀\�S̀�
���������̀�\�̀�
���������̀��S̀��
���������$VIXYVR�XLI�WXVMRK�VITVIWIRXEXMSR�
���������
������TYFPMG�7XVMRK�XS7XVMRK��
������_�
���������7XVMRK�V�!�wx��
���������JSV��MRX�M�!����M��63;7��M���
���������_�
������������V�!�V���ẁx��
������������JSV��MRX�N�!����N��'309127��N���
���������������V�!�V���FSEVH?MA?NA��
������������V�!�V���ẁ@Rx��
���������a�
���������VIXYVR�V��

AcroPDF - A Quality PDF Writer and PDF Converter to create PDF. To remove the line, buy a license.

http://www.acropdf.com


������a�
���
������TVMZEXI�7XVMRK?A?A�FSEVH��
������TVMZEXI�WXEXMG�JMREP�MRX�63;7�!����
������TVMZEXI�WXEXMG�JMREP�MRX�'309127�!����
����a�
�
GL���X[SHMQ�8MG8EG8SI6YRRIV�NEZE�
�
���MQTSVX�NEZE�YXMP��7GERRIV��
��
�������
������8LMW�TVSKVEQ�VYRW�E�8MG8EG8SI�KEQI��-X�TVSQTXW�XLI�
������YWIV�XS�WIX�TSWMXMSRW�SR�XLI�FSEVH�ERH�TVMRXW�SYX�XLI�
������VIWYPX��
������
���TYFPMG�GPEWW�8MG8EG8SI6YRRIV�
���_�
������TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
������_�
���������7GERRIV�MR�!�RI[�7GERRIV�7]WXIQ�MR��
���������7XVMRK�TPE]IV�!�w\x��
���������8MG8EG8SI�KEQI�!�RI[�8MG8EG8SI���
���������FSSPIER�HSRI�!�JEPWI��
���������[LMPI���HSRI�
���������_�
������������7]WXIQ�SYX�TVMRX�KEQI�XS7XVMRK���
������������7]WXIQ�SYX�TVMRX��
������������������w6S[�JSV�x���TPE]IV���w�����XS�I\MX��x��
������������MRX�VS[�!�MR�RI\X-RX���
������������MJ��VS[����HSRI�!�XVYI��
������������IPWI�
������������_�
���������������7]WXIQ�SYX�TVMRX�w'SPYQR�JSV�x���TPE]IV���w��x��
���������������MRX�GSPYQR�!�MR�RI\X-RX���
���������������KEQI�WIX�VS[��GSPYQR��TPE]IV��
���������������MJ��TPE]IV�IUYEPW�w\x�
������������������TPE]IV�!�wSx��
���������������IPWI�
������������������TPE]IV�!�w\x��
������������a�
���������a�
������a�
���a�
�
3YXTYX�
��̀���̀�
��̀���̀�
��̀���̀�
��6S[�JSV�\�����XS�I\MX����
��'SPYQR�JSV�\����
��̀���̀�
��̀��\̀�
��̀���̀�
��6S[�JSV�S�����XS�I\MX����
��'SPYQR�JSV�S����
��̀S��̀�
��̀��\̀�
��̀���̀�
��6S[�JSV�\�����XS�I\MX�����

Self Check

11. Self Check 7.11 How do you Declare and Initialize a 4-by-4 Array of Integers?

How do you declare and initialize a 4-by-4 array of integers?
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12. Self Check 7.12 How do you Count the Number of Spaces in the Tic-Tac-Toe Board?

How do you count the number of spaces in the tic-tac-toe board?

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

How To 7.1: Working with Array Lists and Arrays

How To 7.1

Step 1. Pick the Appropriate Data Structure.
As a rule of thumb, your first choice should be an array list. Use an array if you collect numbers (or
other primitive type values) and efficiency is an issue, or if you need a two-dimensional array.

Step 2. Construct the array list or array and save a reference in a variable.
For both array lists and arrays, you need to specify the element type. For an array, you also need to
specify the length.
%VVE]0MWX&ERO%GGSYRX"�EGGSYRXW�!�RI[�%VVE]0MWX&ERO%GGSYRX"���
HSYFPI?A�FEPERGIW�!�RI[�HSYFPI?RA��

Step 3. Add elements.
For an array list, simply call the add method. Each call adds an element at the end.
EGGSYRXW�EHH�RI[�&ERO%GGSYRX�������
EGGSYRXW�EHH�RI[�&ERO%GGSYRX�������
For an array, you use index values to access the elements.
FEPERGI?�A�!��������
FEPERGI?�A�!�������

Step 4. Process elements.
The most common processing pattern involves visitiQJ�DOO�HOHPHQWV�LQ�WKH�FROOHFWLRQ��8VH�WKH�³IRU�
HDFḰ�ORRS�IRU�WKLV�SXUSRVH���
JSV��&ERO%GGSYRX�E���EGGSYRXW�
���(S�WSQIXLMRK�[MXL�E�
If you don't need to look at all of the elements, use an ordinary loop instead. For example, to skip the
initial element, you can use this loop.
JSV��MRX�M�!����M��EGGSYRXW�WM̂I���M���
_�
���&ERO%GGSYRX�E�!�EGGSYRXW�KIX�M��
������(S�WSQIXLMRK�[MXL�E�
a�
For arrays, you use .length instead of .size() and [i] instead of .get(i).

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.
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Advanced Topic 7.2: Two-Dimensional Arrays with
Variable Row Lengths

Advanced Topic 7.2

When you declare a two-dimensional array with the command
MRX?A?A�E�!�RI[�MRX?�A?�A��
then you get a 5-by-5 matrix that can store 25 elements:
E?�A?�A�E?�A?�A�E?�A?�A�E?�A?�A�E?�A?�A�
E?�A?�A�E?�A?�A�E?�A?�A�E?�A?�A�E?�A?�A�
E?�A?�A�E?�A?�A�E?�A?�A�E?�A?�A�E?�A?�A�
E?�A?�A�E?�A?�A�E?�A?�A�E?�A?�A�E?�A?�A�
E?�A?�A�E?�A?�A�E?�A?�A�E?�A?�A�E?�A?�A�
In this matrix, all rows have the same length. In Java it is possible to declare arrays in which the row
length varies. For example, you can store an array that has a triangular shape, such as:
F?�A?�A�
F?�A?�A�F?�A?�A�
F?�A?�A�F?�A?�A�F?�A?�A�
F?�A?�A�F?�A?�A�F?�A?�A�F?�A?�A�
F?�A?�A�F?�A?�A�F?�A?�A�F?�A?�A�F?�A?�A�
To allocate such an array, you must work harder. First, you allocate space to hold five rows. Indicate that
you will manually set each row by leaving the second array index empty:
MRX?A?A�F�!�RI[�MRX?�A?A��
Then allocate each row separately.
JSV��MRX�M�!����M��F�PIRKXL��M���
���F?MA�!�RI[�MRX?M����A��
You can access each array element as b[i][j], but be careful that j is less than b[i].length.

1DWXUDOO\��VXFK�³UDJJHǴ�DUUD\V�DUH�QRW�YHU\�FRPPRQ��

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

Advanced Topic 7.3: Multidimensional Arrays

Advanced Topic 7.3

You can declare arrays with more than two dimensions. For example, here is a three-dimensional array:
MRX?A?A?A�VYFMOW'YFI�!�RI[�MRX?�A?�A?�A��
Each array element is specified by three index values,
VYFMOW'YFI?MA?NA?OA�
However, these arrays are quite rare, particularly in object-oriented programs, and we will not consider
them further.
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7.7 Copying Arrays
Array variables work just like object vaULDEOHV²WKH\�KROG�D�UHIHUHQFH�WR�WKH�DFWXDO�DUUD\��,I�\RX�FRS\�WKH�UHIHUHQFH��
you get another reference to the same array (see Figure 7-7):
HSYFPI?A�HEXE�!�RI[�HSYFPI?��A��
���������*MPP�EVVE]�
HSYFPI?A�TVMGIW�!�HEXE��

FIGURE 7-7 Two References to the Same Array

An array variable stores a reference to the array. Copying the variable yields a second reference to
the same array.

Use the clone method to copy the elements of an array.

If you want to make a true copy of an array, call the clone method (see Figure 7-8).
HSYFPI?A�TVMGIW�!��HSYFPI?A�HEXE�GPSRI���
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FIGURE 7-8 Cloning an Array

The clone method (which we will more closely study in Chapter 10) has the return type Object. You need to cast the
return value of the clone method to the appropriate array type such as double[].

Use the System.arraycopy method to copy elements from one array to another.

Occasionally, you need to copy elements from one array into another array. You can use the static System.arraycopy
method for that purpose (see Figure 7-9):
7]WXIQ�EVVE]GST]�JVSQ��JVSQ7XEVX��XS��XS7XEVX��GSYRX��
One use for the System.arraycopy method is to add or remove elements in the middle of an array. To add a new
element at position i into data, first move all elements from i onward one position up. Then insert the new value.
7]WXIQ�EVVE]GST]�HEXE��M��HEXE��M������HEXE�PIRKXL���M������
HEXE?MA�!�\��
Note that the last element in the array is lost (see Figure 7-10).
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FIGURE 7-9 The System.arraycopy Method

FIGURE 7-10 Inserting a New Element into an Array

To remove the element at position i, copy the elements above the position downward (see Figure 7-11).
7]WXIQ�EVVE]GST]�HEXE��M������HEXE��M��HEXE�PIRKXL���M������
Another use for System.arraycopy is to grow an array that has run out of space. Follow these steps:

· Create a new, larger array.
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HSYFPI?A�RI[(EXE�!�RI[�HSYFPI?����HEXE�PIRKXLA�� �

· Copy all elements into the new array

7]WXIQ�EVVE]GST]�HEXE�����RI[(EXE�����HEXE�PIRKXL�� �

· Store the reference to the new array in the array variable.

HEXE�!�RI[(EXE�� �

Figure 7-12 shows the process.

FIGURE 7-11 Removing an Element from an Array
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FIGURE 7-12 Growing an Array

Self Check

13. Self Check 7.13 How do you Add or Remove Elements in the Middle of an Array List?

How do you add or remove elements in the middle of an array list?

14. Self Check 7.14 Why Double the Length of the Growing Array Rather than Adding 1?

Why do we double the length of the array when it has run out of space rather than increasing it by one
element?
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Common Error 7.4: Underestimating the Size of a
Data Set

Common Error 7.4

Programmers commonly underestimate the amount of input data that a user will pour into an unsuspecting
program. The most common problem caused by underestimating the amount of input data results from the
use of fixed-sized arrays. Suppose you write a program to search for text in a file. You store each line in a
string, and keep an array of strings. How big do you make the array? Surely nobody is going to challenge
your program with an input that is more than 100 lines. Really? A smart grader can easily feed in the
entire text of Alice in Wonderland or War and Peace (which are available on the Internet). All of a sudden,
your program has to deal with tens or hundreds of thousands of lines. What will it do? Will it handle the
input? Will it politely reject the excess input? Will it crash and burn?

A famous article [7.1] analyzed how several UNIX programs reacted when they were fed large or random
data sets. Sadly, about a quarter didn't do well at all, crashing or hanging without a reasonable error
message. For example, in some versions of UNIX the tape backup program tar cannot handle file names
that are longer than 100 characters, which is a pretty unreasonable limitation. Many of these shortcomings
are caused by features of the C language that, unlike Java, make it difficult to store strings of arbitrary
size.

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

Quality Tip 7.2: Make Parallel Arrays into Arrays of
Objects

Quality Tip 7.2

Programmers who are familiar with arrays, but unfamiliar with object-oriented programming, sometimes
distribute information across separate arrays. Here is a typical example. A program needs to manage bank
data, consisting of account numbers and balances. Don't store the account numbers and balances in
separate arrays.
���(SR�X�HS�XLMW�
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MRX?A�EGGSYRX2YQFIVW��
HSYFPI?A�FEPERGIW��
Arrays such as these are called parallel arrays (see Avoid Parallel Arrays). The ith slice
(accountNumbers[i] and balances[i]) contains data that need to be processed together.

Avoid Parallel Arrays

Reorganizing Parallel Arrays into an Array of Objects

Avoid parallel arrays by changing them into arrays of objects.

If you find yourself using two arrays that have the same length, ask yourself whether you couldn't replace
them with a single array of a class type. Look at a slice and find the concept that it represents. Then make
the concept into a class. In our example each slice contains an account number and a balance, describing a
bank account. Therefore, it is an easy matter to use a single array of objects
&ERO%GGSYRX?A�EGGSYRXW��
(See figure above.) Or, even better, use an ArrayList<BankAccount>.

Why is this beneficial? Think ahead. Maybe your program will change and you will need to store the owner
of the bank account as well. It is a simple matter to update the BankAccount class. It may well be quite
complicated to add a new array and make sure that all methods that accessed the original two arrays now
also correctly access the third one.

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.
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Advanced Topic 7.4: Partially Filled Arrays

Advanced Topic 7.4

Suppose you write a program that reads a sequence of numbers into an array. How many numbers will the
XVHU�HQWHU"�<RX�FDQ
W�YHU\�ZHOO�DVN�WKH�XVHU�WR�FRXQW�WKH�LWHPV�EHIRUH�HQWHULQJ�WKHP²WKDW�LV�MXVW�WKH�NLQG�
of work that the user expects the computer to do. Unfortunately, you now run into a problem. You need to
set the size of the array before you know how many elements you need. Once the array size is set, it
cannot be changed.

To solve this problem, make an array that is guaranteed to be larger than the largest possible number of
entries, and partially fill it. For example, you can decide that the user will never enter more than 100 data
values. Then allocate an array of size 100:
JMREP�MRX�(%8%C0)2+8,�!������
HSYFPI?A�HEXE�!�RI[�HSYFPI?(%8%C0)2+8,A��
Then keep a companion variable that tells how many elements in the array are actually used. It is an
excellent idea always to name this companion variable by adding the suffix Size to the name of the array.
MRX�HEXE7M̂I�!����

A Partially Filled Array

Now data.length is the capacity of the array data, and dataSize is the current size of the array (see A
Partially Filled Array). Keep adding elements into the array, incrementing the dataSize variable each time.
HEXE?HEXE7M̂IA�!�\��
HEXE7M̂I����
This way, dataSize always contains the correct element count. When you run out of space, make a new
array and copy the elements into it, as described in the preceding section.

Array lists use this technique behind the scenes. An array list contains an array of objects. When the array
runs out of space, the array list allocates a larger array and copies the data. However, all of this happens
inside the array list methods, so you never need to think about it.
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Advanced Topic 7.5: Methods with a Variable
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Number of Parameters

Advanced Topic 7.5

Starting with Java version 5.0, it is possible to declare methods that receive a variable number of
parameters. For example, we can modify the add method of the DataSet class of Chapter 6 so that one
can add any number of values:
HEXE�EHH����������
HEXE�EHH����
HEXE�EHH������3/�FYX�RSX�YWIJYP�
The modified add method must be declared as
TYFPMG�ZSMH�EHH�HSYFPI����\W�
7KH�«�V\PERO�LQGLFDWHV�WKDW�WKH�PHWKRG�FDQ�UHFHLYH�DQ\�QXPEHU�RI�double values. The xs parameter is
actually a double[] array that contains all values that were passed to the method. The method
implementation traverses the parameter array and processes the values:
JSV��\���\W�
_�
���WYQ�!�WYQ���\��
a�
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Random Fact 7.1: An Early Internet Worm

Random Fact 7.1

In November 1988, a graduate student at Cornell University launched a virus program that infected about
6,000 computers connected to the Internet across the United States. Tens of thousands of computer users
were unable to read their e-mail or otherwise use their computers. All major universities and many high-
tech companies were affected. (The Internet was much smaller then than it is now.)

The particular kind of virus used in this attack is called a worm. The virus program crawled from one
computer on the Internet to the next. The entire program is quite complex; its major parts are explained
in [7.2]. However, one of the methods used in the attack is of interest here. The worm would attempt to
connect to finger, a program in the UNIX operating system for finding information on a user who has an
account on a particular computer on the network. Like many programs in UNIX, finger was written in the
C language. C does not have array lists, only arrays, and when you construct an array in C, as in Java, you
have to make up your mind how many elements you need. To store the user name to be looked up (say,
walters@cs.sjsu.edu), the finger program allocated an array of 512 characters, under the assumption
that nobody would ever provide such a long input. Unfortunately, C, unlike Java, does not check that an
array index is less than the length of the array. If you write into an array, using an index that is too large,
you simply overwrite memory locations that belong to some other objects. In some versions of the finger
program, the programmer had been lazy and had not checked whether the array holding the input
characters was large enough to hold the input. So the worm program purposefully filled the 512-character
array with 536 bytes. The excess 24 bytes would overwrite a return address, which the attacker knew was
stored just after the line buffer. When that function was finished, it didn't return to its caller but to code
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VXSSOLHG�E\�WKH�ZRUP��VHH�$�³%XIIHU�2YHUUXQ́�$WWDFN���That code ran under the same super-user privileges
as finger, allowing the worm to gain entry into the remote system.

Had the programmer who wrote finger been more conscientious, this particular attack would not be
possible. In C++ and C, all programmers must be especially careful not to overrun array boundaries.

One may well wonder what would possess a skilled programmer to spend many weeks or months to plan
the antisocial act of breaking into thousands of computers and disabling them. It appears that the break-in
was fully intended by the author, but the disabling of the computers was a side effect of continuous
reinfection and efforts by the worm to avoid being killed. It is not clear whether the author was aware that
these moves would cripple the attacked machines.

A “Buffer Overrun” Attack

In recent years, the novelty of vandalizing other people's computers has worn off some-what, and there
are fewer jerks with programming skills who write new viruses. Other attacks by individuals with more
criminal energy, whose intent has been to steal information or money, have surfaced. See [7.3] for a very
readable account of the discovery and apprehension of one such person.

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

7.8 Regression Testing
It is a common and useful practice to make a new test whenever you find a program bug. You can use that test to
verify that your bug fix really works. Don't throw the test away; feed it to the next version after that and all
subsequent versions. Such a collection of test cases is called a test suite .

A test suite is a set of tests for repeated testing.

Regression testing involves repeating previously run tests to ensure that known failures of prior
versions do not appear in new versions of the software.

You will be surprised how often a bug that you fixed will reappear in a future version. This is a phenomenon known as
cycling. Sometimes you don't quite understand the reason for a bug and apply a quick fix that appears to work. Later,
you apply a different quick fix that solves a second problem but makes the first problem appear again. Of course, it is
always best to think through what really causes a bug anG�IL[�WKH�URRW�FDXVH�LQVWHDG�RI�GRLQJ�D�VHTXHQFH�RI�³%DQG�
$LǴ�VROXWLRQV��,I�\RX�GRQ
W�VXFFHHG�LQ�GRLQJ�WKDW��KRZHYHU��you at least want to have an honest appraisal of how well
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the program works. By keeping all old test cases around and testing them against every new version, you get that
feedback. The process of testing against a set of past failures is called regression testing .

How do you organize a suite of tests? An easy technique is to produce multiple tester classes, such as BankTester1,
BankTester2, and so on.

Another useful approach is to provide a generic tester, and feed it inputs from multiple files. Consider this tester for
the Bank class of Section 7.5:
GL���VIKVIWWMSR�&ERO8IWXIV�NEZE�
�
�������
������8LMW�TVSKVEQ�XIWXW�XLI�&ERO�GPEWW��
������
���TYFPMG�GPEWW�&ERO8IWXIV�
���_�
������TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
������_�
���������&ERO�JMVWX&ERO3J.EZE�!�RI[�&ERO���
���������JMVWX&ERO3J.EZE�EHH%GGSYRX�RI[�&ERO%GGSYRX��������������
���������JMVWX&ERO3J.EZE�EHH%GGSYRX�RI[�&ERO%GGSYRX��������������
���������JMVWX&ERO3J.EZE�EHH%GGSYRX�RI[�&ERO%GGSYRX��������������
���
���������7GERRIV�MR�!�RI[�7GERRIV�7]WXIQ�MR��
���
���������HSYFPI�XLVIWLSPH�!�MR�RI\X(SYFPI���
���������MRX�G�!�JMVWX&ERO3J.EZE�GSYRX�XLVIWLSPH��
���������7]WXIQ�SYX�TVMRXPR�w'SYRX��x���G��
���������MRX�I\TIGXIH'SYRX�!�MR�RI\X-RX���
���������7]WXIQ�SYX�TVMRXPR�w)\TIGXIH��x���I\TIGXIH'SYRX��
���
���������MRX�EGGSYRX2YQFIV�!�MR�RI\X-RX��
���������&ERO%GGSYRX�E�!�JMVWX&ERO3J.EZE�JMRH�EGGSYRX2YQFIV��
���������MJ��E�!!�RYPP�
������������7]WXIQ�SYX�TVMRXPR�w2S�QEXGLMRK�EGGSYRXx��
���������IPWI�
���������_�
������������7]WXIQ�SYX�TVMRXPR�w&EPERGI�SJ�QEEXGLMRK�EGGSYRX��x�
��������������������E�KIX&EPERGI���
������������MRX�QEXGLMRK&EPERGI�!�MR�RI\X0MRI���
������������7]WXIQ�SYX�TVMRXPR�w)\TIGXIH��x���QEXGLMRK&EPERGI��
���������a�
������a�
���a�

Rather than using fixed values for the threshold and the account number to be found, the program reads these
values, and the expected responses. By running the program with different inputs, we can test different scenarios,
such as the ones for diagnosing off-by-one errors discussed in Common Error 6.2.

Of course, it would be tedious to type in the input values by hand every time the test is executed. It is much better to
save the inputs in a file, such as the following:
GL���VIKVIWWMSR�MRTYX��X\X�
���
��������
����
�������
��������

The command line interfaces of most operating systems provide a way to link a file to the input of a program, as if all
the characters in the file had actually been typed by a user. Type the following command into a shell window:
NEZE�&ERO8IWXIV��MRTYX��X\X�
The program is executed, but it no longer reads input from the keyboard. Instead, the System.in object (and the
Scanner that reads from System.in) gets the input from the file input1.txt. This process is called input redirection.

The output is still displayed in the console window:
3YXTYX�
��'SYRX����
��)\TIGXIH����
��&EPERGI�SJ�QEXGLMRK�EGGSYRX��������
��)\TIGXIH��������
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You can also redirect output. To capture the output of a program in a file, use the command
NEZE�&ERO8IWXIV��MRTYX��X\X�"�SYXTYX��X\X�
This is useful for archiving test cases.

Self Check

15. Self Check 7.15T Why do You Want to Repeat Tests that Already Passed?

Suppose you modified the code for a method. Why do you want to repeat tests that already passed with
the previous version of the code?

16. Self Check 7.16T What Action Should you Take Beyond Fixing a Newly Found Error?

Suppose a customer of your program finds an error. What action should you take beyond fixing the error?

17. Self Check 7.17T Why Doesn't the BankTester Program Contain Prompts for the Inputs?

Why doesn't the BankTester program contain prompts for the inputs?

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

Productivity Hint 7.1: Batch Files and Shell Scripts

Productivity Hint 7.1

If you need to perform the same tasks repeatedly on the command line, then it is worth learning about the
automation features offered by your operating system.

Under Windows, you use batch files to execute a number of commands automatically. For example,
suppose you need to test a program by running three testers:
NEZE�&ERO8IWXIV��
NEZE�&ERO8IWXIV��
NEZE�&ERO8IWXIV���MRTYX��X\X�
Then you find a bug, fix it, and run the tests again. Now you need to type the three commands once more.
There has to be a better way. Under Windows, put the commands in a text file and call it test.bat:

*MPI�XIWX�FEX�
�
��NEZE�&ERO8IWXIV��
��NEZE�&ERO8IWXIV��
��NEZE�&ERO8IWXIV���MRTYX��X\X�
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Then you just type
XIWX�FEX�
and the three commands in the batch file execute automatically.

Batch files are a feature of the operating system, not of Java. On Linux, Mac OS, and UNIX, shell scripts
are used for the same purpose. In this simple example, you can execute the commands by typing
WL�XIWX�FEX�
There are many uses for batch files and shell scripts, and it is well worth it to learn more about advanced
features such as parameters and loops.
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Random Fact 7.2: The Therac-25 Incidents

Random Fact 7.2

The Therac-25 is a computerized device to deliver radiation treatment to cancer patients (see Typical
Therac-25 Facility). Between June 1985 and January 1987, several of these machines delivered serious
overdoses to at least six patients, killing some of them and seriously maiming the others.

The machines were controlled by a computer program. Bugs in the program were directly responsible for
the overdoses. According to Leveson and Turner [7.4], the program was written by a single programmer,
who had since left the manufacturing company producing the device and could not be located. None of the
company employees interviewed could say anything about the educational level or qualifications of the
programmer.

The investigation by the federal Food and Drug Administration (FDA) found that the program was poorly
documented and that there was neither a specification document nor a formal test plan. (This should make
you think. Do you have a formal test plan for your programs?)

The overdoses were caused by an amateurish design of the software that had to control different devices
concurrently, namely the keyboard, the display, the printer, and of course the radiation device itself.
Synchronization and data sharing between the tasks were done in an ad hoc way, even though safe
multitasking techniques were known at the time. Had the programmer enjoyed a formal education that
involved these techniques, or taken the effort to study the literature, a safer machine could have been
built. Such a machine would have probably involved a commercial multitasking system, which might have
required a more expensive computer.

The same flaws were present in the software controlling the predecessor model, the Therac-20, but that
machine had hardware interlocks that mechanically prevented overdoses. The hardware safety devices
were removed in the Therac-25 and replaced by checks in the software, presumably to save cost.
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Typical Therac-25 Facility

)UDQN�+RXVWRQ�RI�WKH�)'$�ZURWH�LQ�������³$�VLJQLILFDQW�DPRXQW�RI�VRIWZDUH�IRU�OLIH�FULWLFDO�V\VWHPV�FRPHV�
from small firms, especially in the medical device industry; firms that fit the profile of those resistant to or
uninformed of the principles of either syVWHP�VDIHW\�RU�VRIWZDUH�HQJLQHHULQJ́�>7.4].

Who is to blame? The programmer? The manager who not only failed to ensure that the programmer was
up to the task but also didn't insist on comprehensive testing? The hospitals that installed the device, or
the FDA, for not reviewing the design process? Unfortunately, even today there are no firm standards of
what constitutes a safe software design process.
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CHAPTER SUMMARY

1. An array is a sequence of values of the same type.

2. You access array elements with an integer index, using the notation a[i].

3. Index values of an array range from 0 to length - 1. Accessing a nonexistent element results in a bounds
error.

4. Use the length field to find the number of elements in an array.

5. The ArrayList class manages a sequence of objects.

6. The ArrayList class is a generic class: ArrayList<T> collects objects of type T.

7. To treat primitive type values as objects, you must use wrapper classes.

8. The enhanced for loop traverses all elements of a collection.

9. To count values in an array list, check all elements and count the matches until you reach the end of the array
list.

10. To find a value in an array list, check all elements until you have found a match.

11. To compute the maximum or minimum value of an array list, initialize a candidate with the starting element.
Then compare the candidate with the remaining elements and update it if you find a larger or smaller value.

12. Two-dimensional arrays form a tabular, two-dimensional arrangement. You access elements with an index
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pair a[i][j].

13. An array variable stores a reference to the array. Copying the variable yields a second reference to the same
array.

14. Use the clone method to copy the elements of an array.

15. Use the System.arraycopy method to copy elements from one array to another.

16. Avoid parallel arrays by changing them into arrays of objects.

17. A test suite is a set of tests for repeated testing.

18. Regression testing involves repeating previously run tests to ensure that known failures of prior versions do
not appear in new versions of the software.

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

CLASSES, OBJECTS, AND METHODS INTRODUCED IN TH

NEZE�PERK�&SSPIER�
���FSSPIER:EPYI�
NEZE�PERK�(SYFPI�
���HSYFPI:EPYI�
NEZE�PERK�-RXIKIV�
���MRX:EPYI�
NEZE�PERK�7]WXIQ�
���EVVE]GST]�
NEZE�YXMP�%VVE]0MWX)"�
���EHH�
���KIX�
���VIQSZI�
���WIX�
���WM̂I�
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REVIEW EXERCISES

Exercise R7.1. What is an index? What are the bounds of an array or array list? What is a bounds error?

Exercise R7.2. Write a program that contains a bounds error. Run the program. What happens on your
computer? How does the error message help you locate the error?

Exercise R7.3. Write Java code for a loop that simultaneously computes the maximum and minimum
values of an array list. Use an array list of accounts as an example.

Exercise R7.4. Write a loop that reads 10 strings and inserts them into an array list. Write a second loop
that prints out the strings in the opposite order from which they were entered.

Exercise R7.5. Consider the algorithm that we used for determining the maximum value in an array list.
We set largestYet to the starting element, which meant that we were no longer able to
XVH�WKH�³IRU�HDFḰ�ORRS��$Q�DOWHUQDWH�DSSURDFK�LV�WR�LQLWLDOL]H�largestYet with null, then
loop through all elements. Of course, inside the loop you need to test whether l
argestYet is still null. Modify the loop that finds the bank account with the largest
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balance, using this technique. Is this approach more or less efficient than the one used in
the text?

Exercise R7.6. Consider another variation of the algorithm for determining the maximum value. Here, we
compute the maximum value of an array of numbers.
HSYFPI�QE\�!�������'SRXEMRW�ER�IVVSV��
JSV��\���ZEPYIW�
_�
���MJ��\�"�QE\�QE\�!�\��
a�
However, this approach contains a subtle error. What is the error, and how can you fix it?

Exercise R7.7. For each of the following sets of values, write code that fills an array a with the values.

(a) 1 2 3 4 5 6 7 8 9 10

(b) 0 2 4 6 8 10 12 14 16 18 20

(c) 1 4 9 16 25 36 49 64 81 100

(d) 0 0 0 0 0 0 0 0 0 0

(e) 1 4 9 16 9 7 4 9 11

Use a loop when appropriate.

Exercise R7.8. Write a loop that fills an array a with 10 random numbers between 1 and 100. Write code
(using one or more loops) to fill a with 10 different random numbers between 1 and 100.

Exercise R7.9. What is wrong with the following loop?
HSYFPI?A�HEXE�!�RI[�HSYFPI?��A��
JSV��MRX�M�!����M�!�����M����HEXE?MA�!�M���M��
Explain two ways of fixing the error.

Exercise R7.10. Write a program that constructs an array of 20 integers and fills the first ten elements
ZLWK�WKH�QXPEHUV����������«�������&RPSLOH�LW�DQG�ODXQFK�WKH�GHEXJJHU��$IWHU�WKH�DUUD\�KDV�
been filled with three numbers, inspect it. What are the contents of the elements in the
array beyond those that you filled?

Exercise R7.11. 5HZULWH�WKH�IROORZLQJ�ORRSV�ZLWKRXW�XVLQJ�WKH�³IRU�HDFḰ�FRQVWUXFW��+HUH��data is an array
of double values.

(a) for (x : data) sum = sum + x;

(b) for (x : data) if (x == target) return true;

(c) MRX�M�!����
JSV��\���HEXE�_�HEXE�?MA�!�����\��M����a�

Exercise R7.12. 5HZULWH�WKH�IROORZLQJ�ORRSV��XVLQJ�WKH�³IRU�HDFḰ�FRQVWUXFW��+HUH��data is an array of
double values.

(a) for (int i = 0; i < data.length; i++) sum = sum + data[i];

(b) for (int i = 1; i < data.length; i++) sum = sum + data[i];

(c) JSV��MRX�M�!����M��HEXE�PIRKXL��M��
���MJ��HEXE?MA�!!�XEVKIX�VIXYVR�M��

Exercise R7.13. Give an example of

(a) A useful method that has an array of integers as a parameter that is not modified.
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(b) A useful method that has an array of integers as a parameter that is modified.

(c) A useful method that has an array of integers as a return value.

Describe each method; don't implement the methods.

Exercise R7.14. A method that has an array list as a parameter can change the contents in two ways. It
can change the contents of individual array elements, or it can rearrange the elements.
Describe two useful methods with ArrayList<BankAccount> parameters that change an
array list of BankAccount objects in each of the two ways just described.

Exercise R7.15. What are parallel arrays? Why are parallel arrays indications of poor programming? How
can they be avoided?

Exercise R7.16. How do you perform the following tasks with arrays in Java?

(a) Test that two arrays contain the same elements in the same order

(b) Copy one array to another

(c) Fill an array with zeroes, overwriting all elements in it

(d) Remove all elements from an array list

Exercise R7.17. True or false?

(a) All elements of an array are of the same type.

(b) Array subscripts must be integers.

(c) Arrays cannot contain string references as elements.

(d) Arrays cannot use strings as subscripts.

(e) Parallel arrays must have equal length.

(f) Two-dimensional arrays always have the same numbers of rows and columns.

(g) Two parallel arrays can be replaced by a two-dimensional array.

(h) Elements of different columns in a two-dimensional array can have different types.

Exercise R7.18. True or false?

(a) A method cannot return a two-dimensional array.

(b) A method can change the length of an array parameter.

(c) A method can change the length of an array list that is passed as a parameter.

(d) An array list can hold values of any type.

Exercise R7.19. Define the terms regression testing and test suite.

Exercise R7.20. What is the debugging phenomenon known as cycling? What can you do to avoid it?

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.

PROGRAMMING EXERCISES

Exercise P7.1. Add the following methods to the Bank class:
TYFPMG�ZSMH�EHH%GGSYRX�MRX�EGGSYRX2YQFIV��HSYFPI�MRMXMEP&EPERGI�
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TYFPMG�ZSMH�HITSWMX�MRX�EGGSYRX2YQFIV��HSYFPI�EQSYRX�
TYFPMG�ZSMH�[MXLHVE[�MRX�EGGSYRX2YQFIV��HSYFPI�EQSYRX�
TYFPMG�HSYFPI�KIX&EPERGI�MRX�EGGSYRX2YQFIV�
Use the following class in your solution:
MQTSVX�NEZE�YXMP�%VVE]0MWX��
�
����
���8LMW�FERO�GSRXEMRW�E�GSPPIGXMSR�SJ�FERO�EGGSYRXW��
���
TYFPMG�GPEWW�&ERO�
_�
�������
������'SRWXVYGXW�E�FERO�[MXL�RS�FERO�EGGSYRXW��
������
���TYFPMG�&ERO��
���_�
������EGGSYRXW�!�RI[�%VVE]0MWX&ERO%GGSYRX"���
���a�
����
�������
������%HHW�ER�EGGSYRX�XS�XLMW�FERO��
������$TEVEQ�E�XLI�EGGSYRX�XS�EHH�
������
���TYFPMG�ZSMH�EHH%GGSYRX�&ERO%GGSYRX�E�
���_�
������EGGSYRXW�EHH�E��
���a�
����
�������
������+IXW�XLI�WYQ�SJ�XLI�FEPERGIW�SJ�EPP�EGGSYRXW�MR�XLMW�FERO��
������$VIXYVR�XLI�XSXEP�FEPERGI�
������
���TYFPMG�HSYFPI�KIX8SXEP&EPERGI��
���_�
������HSYFPI�XSXEP�!����
������JSV��&ERO%GGSYRX�E���EGGSYRXW�
������_�
���������XSXEP�!�XSXEP���E�KIX&EPERGI���
������a�
������VIXYVR�XSXEP��
���a�
����
�������
������'SYRXW�XLI�RYQFIV�SJ�FERO�EGGSYRXW�[LSWI�FEPERGI�MW�EX�
������PIEWX�E�KMZIR�ZEPYI��
������$TEVEQ�EX0IEWX�XLI�FEPERGI�VIUYMVIH�XS�GSYRX�ER�EGGSYRX�
������$VIXYVR�XLI�RYQFIV�SJ�EGGSYRXW�LEZMRK�EX�PIEWX�XLI�KMZIR�
FEPERGI�
������
���TYFPMG�MRX�GSYRX�HSYFPI�EX0IEWX�
���_�
������MRX�QEXGLIW�!����
������JSV��&ERO%GGSYRX�E���EGGSYRXW�
������_�
���������MJ��E�KIX&EPERGI��"!�EX0IEWX�QEXGLIW�������JSYRH�E�QEXGL�
������a�
������VIXYVR�QEXGLIW��
���a�
�
�������
������*MRHW�E�FERO�EGGSYRX�[MXL�E�KMZIR�RYQFIV��
������$TEVEQ�EGGSYRX2YQFIV�XLI�RYQFIV�XS�JMRH�
������$VIXYVR�XLI�EGGSYRX�[MXL�XLI�KMZIR�RYQFIV��SV�RYPP�MJ�XLIVI�
������MW�RS�WYGL�EGGSYRX�
������
���TYFPMG�&ERO%GGSYRX�JMRH�MRX�EGGSYRX2YQFIV�
���_�
������JSV��&ERO%GGSYRX�E���EGGSYRXW�
������_�
���������MJ��E�KIX%GGSYRX2YQFIV��!!�EGGSYRX2YQFIV����JSYRH�E�QEXGL�
������������VIXYVR�E��
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������a�
������VIXYVR�RYPP�����RS�QEXGL�MR�XLI�IRXMVI�EVVE]�PMWX�
���a�
����
�������
������+IXW�XLI�FERO�EGGSYRX�[MXL�XLI�PEVKIWX�FEPERGI��
������$VIXYVR�XLI�EGGSYRX�[MXL�XLI�PEVKIWX�FEPERGI��SV�RYPP�MJ�XLI�
������FERO�LEW�RS�EGGSYRXW�
������
���TYFPMG�&ERO%GGSYRX�KIX1E\MQYQ��
���_�
������MJ��EGGSYRXW�WM̂I��!!���VIXYVR�RYPP��
������&ERO%GGSYRX�PEVKIWX=IX�!�EGGSYRXW�KIX����
�������
������JSV��MRX�M�!����M��EGGSYRXW�WM̂I���M���
������_�
���������&ERO%GGSYRX�E�!�EGGSYRXW�KIX�M��
���������MJ��E�KIX&EPERGI��"�PEVKIWX=IX�KIX&EPERGI��
������������PEVKIWX=IX�!�E��
������a�
������VIXYVR�PEVKIWX=IX��
���a�
����
�������
������%HHW�ER�EGGSYRX�XS�XLI�FERO��
������$TEVEQ�EGGSYRX2YQFIV�XLI�EGGSYRX�RYQFIV�SJ�XLMW�EGGSYRX�
������$TEVEQ�MRMXMEP&EPERGI�XLI�MRMXMEP�FEPERGI�SJ�XLMW�EGGSYRX�
������
���TYFPMG�ZSMH�EHH%GGSYRX�MRX�EGGSYRX2YQFIV��HSYFPI�MRMXMEP&EPERGI�
���_�
������������
���a�
����
�������
������(ITSWMXW�QSRI]�MRXS�ER�EGGSYRX�
������$TEVEQ�EGGSYRX2YQFIV�XLI�EGGSYRX�RYQFIV�
������$TEVEQ�EQSYRX�XLI�EQSYRX�XS�FI�HITSWMXIH�
������
���TYFPMG�ZSMH�HITSWMX�MRX�EGGSYRX2YQFIV��HSYFPI�EQSYRX�
���_�
������������
���a�
����
�������
������;MXLHVE[W�QSRI]�JVSQ�ER�EGGSYRX��
������$TEVEQ�EGGSYRX2YQFIV�XLI�EGGSYRX�RYQFIV�
������$TEVEQ�EQSYRX�XLI�EQSYRX�XS�FI�[MXLVE[R�
������
���TYFPMG�ZSMH�[MXLHVE[�MRX�EGGSYRX2YQFIV��HSYFPI�EQSYRX�
���_�
������������
���a�
����
�������
������+IXW�ER�EGGSYRX�FEPERGI�
������$TEVEQ�EGGSYRX2YQFIV�XLI�EGGSYRX�RYQFIV�
������$VIXYVR�XLI�EGGSYRX�FEPERGI�
������
���TYFPMG�HSYFPI�KIX&EPERGI�MRX�EGGSYRX2YQFIV�
���_�
������������
���a�
����
���TVMZEXI�%VVE]0MWX&ERO%GGSYRX"�EGGSYRXW��
a�

Use the following class as your tester class:
����
���8LMW�TVSKVEQ�XIWXW�XLI�&ERO�GPEWW��
���
TYFPMG�GPEWW�&ERO8IWXIV�
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_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������&ERO�FERO�!�RI[�&ERO���
�
������MRX�HERR]W%GGSYRX�!����
������MRX�WEPP]W%GGSYRX�!����
������MRX�LEVV]W%GGSYRX�!����
������MRX�NIVV]W%GGSYRX�!����
�������
������FERO�EHH%GGSYRX�HERR]W%GGSYRX��������
������FERO�EHH%GGSYRX�WEPP]W%GGSYRX��������
������FERO�EHH%GGSYRX�LEVV]W%GGSYRX��������
������FERO�EHH%GGSYRX�NIVV]W%GGSYRX���������
�
������FERO�HITSWMX�HERR]W%GGSYRX�������
������FERO�[MXLHVE[�WEPP]W%GGSYRX�������
������FERO�HITSWMX�LEVV]W%GGSYRX��������
������FERO�[MXLHVE[�NIVV]W%GGSYRX��������
�
������7]WXIQ�SYX�TVMRXPR��
����������(ERR]�W�%GGSYRX�&EPERGI������
FERO�KIX&EPERGI�HERR]W%GGSYRX��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH���������
������7]WXIQ�SYX�TVMRXPR��
����������7EPP]�W�%GGSYRX�&EPERGI������
FERO�KIX&EPERGI�WEPP]W%GGSYRX��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH���������
������7]WXIQ�SYX�TVMRXPR��
����������,EVV]�W�%GGSYRX�&EPERGI������
FERO�KIX&EPERGI�LEVV]W%GGSYRX��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH���������
������7]WXIQ�SYX�TVMRXPR��
����������.IVV]�W�%GGSYRX�&EPERGI������
FERO�KIX&EPERGI�NIVV]W%GGSYRX��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH���������
���a�
a�

Exercise P7.2. Implement a class Purse. A purse contains a collection of coins. For simplicity, we will only
store the coin names in an ArrayList<String>. (We will discuss a better representation in
Chapter 8.) Supply a method
ZSMH�EHH'SMR�7XVMRK�GSMR2EQI�
Add a method toString to the Purse class that prints the coins in the purse in the format
4YVWI?5YEVXIV�(MQI�2MGOIP�(MQIA�
Use the following class in your solution:
MQTSVX�NEZE�YXMP�%VVE]0MWX��
�
����
���%�TYVWI�LSPHW�E�GSPPIGXMSR�SJ�GSMRW��
���
TYFPMG�GPEWW�4YVWI�
_�
�������
������'SRWXVYGXW�ER�IQTX]�TYVWI��
������
���TYFPMG�4YVWI��
���_�
������GSMRW�!�RI[�%VVE]0MWX7XVMRK"���
���a�
�
�������
������%HHW�E�GSMR�XS�XLI�TYVWI��
������$TEVEQ�GSMR2EQI�XLI�GSMR�XS�EHH�
������
���TYFPMG�ZSMH�EHH'SMR�7XVMRK�GSMR2EQI�
���_�
������������
���a�
�
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�������
������6IXYVRW�E�WXVMRK�HIWGVMFMRK�XLI�SFNIGX��
������$VIXYVR�E�WXVMRK�MR�XLI�JSVQEX��4YVWI?GSMR2EQI��GSMR2EQI�����A�
������
���TYFPMG�7XVMRK�XS7XVMRK��
���_�
������������
���a�
����
���TVMZEXI�%VVE]0MWX7XVMRK"�GSMRW��
a�

Use the following class as your tester class:
����
���8LMW�GPEWW�XIWXW�XLI�4YVWI�GPEWW��
���
TYFPMG�GPEWW�4YVWI8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������4YVWI�T�!�RI[�4YVWI���
������T�EHH'SMR��5YEVXIV���
������T�EHH'SMR��(MQI���
������T�EHH'SMR��2MGOIP���
������T�EHH'SMR��(MQI���
�
������7]WXIQ�SYX�TVMRXPR�T�XS7XVMRK���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��
4YVWI?5YEVXIV�(MQI�2MGOIP�(MQIA���
���a�
a�

Exercise P7.3. Write a method reverse that reverses the sequence of coins in a purse. Use the toStri
ng method of the preceding assignment to test your code. For example, if reverse is
called with a purse
4YVWI?5YEVXIV�(MQI�2MGOIP�(MQIA�
then the purse is changed to
4YVWI?(MQI�2MGOIP�(MQI�5YEVXIVA�
Use the following class in your solution:
MQTSVX�NEZE�YXMP�%VVE]0MWX��
�
����
���%�TYVWI�LSPHW�E�GSPPIGXMSR�SJ�GSMRW��
���
TYFPMG�GPEWW�4YVWI�
_�
�������
������'SRWXVYGXW�ER�IQTX]�TYVWI��
������
���TYFPMG�4YVWI��
���_�
������GSMRW�!�RI[�%VVE]0MWX7XVMRK"���
���a�
����
�������
������%HHW�E�GSMR�XS�XLI�TYVWI��
������$TEVEQ�GSMR2EQI�XLI�GSMR�XS�EHH�
������
���TYFPMG�ZSMH�EHH'SMR�7XVMRK�GSMR2EQI�
���_�
������������
���a�
����
�������
������6IXYVRW�E�WXVMRK�HIWGVMFMRK�XLI�SFNIGX��
������$VIXYVR�E�WXVMRK�MR�XLI�JSVQEX��4YVWI?GSMR2EQI��GSMR2EQI�����A�
������
���TYFPMG�7XVMRK�XS7XVMRK��
���_�
������������
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���a�
����
�������
������6IZIVWIW�XLI�IPIQIRXW�MR�XLI�TYVWI��
������
���TYFPMG�ZSMH�VIZIVWI��
���_�
������������
���a�
�
���TVMZEXI�%VVE]0MWX7XVMRK"�GSMRW��
a�

Use the following class as your tester class:
����
���8LMW�GPEWW�XIWXW�XLI�4YVWI�GPEWW��
���
TYFPMG�GPEWW�4YVWI8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������4YVWI�T�!�RI[�4YVWI���
������T�EHH'SMR��5YEVXIV���
������T�EHH'SMR��(MQI���
������T�EHH'SMR��2MGOIP���
������T�EHH'SMR��(MQI���
������7]WXIQ�SYX�TVMRXPR��3VMKMREP�TYVWI������T�XS7XVMRK���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��
4YVWI?5YEVXIV�(MQI�2MGOIP�(MQIA���
������T�VIZIVWI���
������7]WXIQ�SYX�TVMRXPR��6IZIVWIH�TYVWI������T�XS7XVMRK���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��
4YVWI?(MQI�2MGOIP�(MQI�5YEVXIVA���
���a�
a�

Exercise P7.4. Add a method
TYFPMG�ZSMH�XVERWJIV�4YVWI�SXLIV�
that transfers the contents of one purse to another. For example, if a is
4YVWI?5YEVXIV�(MQI�2MGOIP�(MQIA�
and b is
4YVWI?(MQI�2MGOIPA�
then after the call a.transfer(b), a is
4YVWI?5YEVXIV�(MQI�2MGOIP�(MQI�(MQI�2MGOIPA�
and b is empty.

Use the following class in your solution:
MQTSVX�NEZE�YXMP�%VVE]0MWX��
�
����
���%�TYVWI�LSPHW�E�GSPPIGXMSR�SJ�GSMRW��
���
TYFPMG�GPEWW�4YVWI�
_�
�������
������'SRWXVYGXW�ER�IQTX]�TYVWI��
������
���TYFPMG�4YVWI��
���_�
������GSMRW�!�RI[�%VVE]0MWX7XVMRK"���
���a�
����
�������
������%HHW�E�GSMR�XS�XLI�TYVWI��
������$TEVEQ�GSMR2EQI�XLI�GSMR�XS�EHH�
������
���TYFPMG�ZSMH�EHH'SMR�7XVMRK�GSMR2EQI�
���_�
������������
���a�
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����
�������
������6IXYVRW�E�WXVMRK�HIWGVMFMRK�XLI�SFNIGX��
������$VIXYVR�E�WXVMRK�MR�XLI�JSVQEX��4YVWI?GSMR2EQI��GSMR2EQI�����A�
������
���TYFPMG�7XVMRK�XS7XVMRK��
���_�
������������
���a�
�
�������
������8VERWJIVW�XLI�GSMRW�JVSQ�SRI�TYVWI�XS�ERSXLIV��
������$TEVEQ�SXLIV�XLI�SXLIV�TYVWI�
������
���TYFPMG�ZSMH�XVERWJIV�4YVWI�SXLIV�
���_�
������������
���a�
�
���TVMZEXI�%VVE]0MWX7XVMRK"�GSMRW��
a�

Use the following class as your tester class:
����
���8LMW�GPEWW�XIWXW�XLI�4YVWI�GPEWW��
���
TYFPMG�GPEWW�4YVWI8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������4YVWI�E�!�RI[�4YVWI���
������E�EHH'SMR��5YEVXIV���
������E�EHH'SMR��(MQI���
������E�EHH'SMR��2MGOIP���
������E�EHH'SMR��(MQI���
�
������4YVWI�F�!�RI[�4YVWI���
������F�EHH'SMR��(MQI���
������F�EHH'SMR��2MGOIP���
�
������E�XVERWJIV�F��
�
������7]WXIQ�SYX�TVMRXPR�E�XS7XVMRK���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��4YVWI?�
� ����5YEVXIV�(MQI�2MGOIP�(MQI�(MQI�2MGOIPA���
������7]WXIQ�SYX�TVMRXPR�F�XS7XVMRK���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��4YVWI?A���
���a�
a�

Exercise P7.5. Write a method for the Purse class
TYFPMG�FSSPIER�WEQI'SRXIRXW�4YVWI�SXLIV�
that checks whether the other purse has the same coins in the same order. Use the
following class in your solution:
MQTSVX�NEZE�YXMP�%VVE]0MWX��
�
����
���%�TYVWI�LSPHW�E�GSPPIGXMSR�SJ�GSMRW��
���
TYFPMG�GPEWW�4YVWI�
_�
�������
������'SRWXVYGXW�ER�IQTX]�TYVWI��
������
���TYFPMG�4YVWI��
���_�
������GSMRW�!�RI[�%VVE]0MWX7XVMRK"���
���a�
�
�������
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������%HHW�E�GSMR�XS�XLI�TYVWI�
������$TEVEQ�GSMR2EQI�XLI�GSMR�XS�EHH�
������
���TYFPMG�ZSMH�EHH'SMR�7XVMRK�GSMR2EQI�
���_�
������������
���a�
�
�������
������6IXYVRW�E�WXVMRK�HIWGVMFMRK�XLI�SFNIGX��
������$VIXYVR�E�WXVMRK�MR�XLI�JSVQEX��4YVWI?GSMR2EQI��GSMR2EQI�����A�
������
���TYFPMG�7XVMRK�XS7XVMRK��
���_�
������������
���a�
�
�������
������(IXIVQMRIW�MJ�E�TYVWI�LEW�XLI�WEQI�GSMRW�MR�XLI�WEQI�
������SVHIV�EW�ERSXLIV�TYVWI��
������$TEVEQ�SXLIV�XLI�SXLIV�TYVWI�
������$VIXYVR�XVYI�MJ�XLI�X[S�TYVWIW�LEZI�XLI�WEQI�GSMRW�MR�XLI�
������WEQI�SVHIV��JEPWI�SXLIV[MWI�
������
���TYFPMG�FSSPIER�WEQI'SRXIRXW�3FNIGX�SXLIV�
���_�
������������
���a�
���TVMZEXI�%VVE]0MWX7XVMRK"�GSMRW��
a�

Use the following class as your tester class:
����
���8LMW�GPEWW�XIWXW�XLI�4YVWI�GPEWW��
���
TYFPMG�GPEWW�4YVWI8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������4YVWI�E�!�RI[�4YVWI���
������E�EHH'SMR��5YEVXIV���
������E�EHH'SMR��(MQI���
�
������4YVWI�F�!�RI[�4YVWI���
������F�EHH'SMR��5YEVXIV���
������F�EHH'SMR��(MQI���
�
������7]WXIQ�SYX�TVMRXPR�E�WEQI'SRXIRXW�F��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��XVYI���
�
������4YVWI�G�!�RI[�4YVWI���
������G�EHH'SMR��2MGOIP���
������G�EHH'SMR��(MQI���
������G�EHH'SMR��2MGOIP���
�
������4YVWI�H�!�RI[�4YVWI���
������H�EHH'SMR��2MGOIP���
������H�EHH'SMR��(MQI���
������H�EHH'SMR��5YEVXIV���
�
������7]WXIQ�SYX�TVMRXPR�G�WEQI'SRXIRXW�H��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��JEPWI���
�
������4YVWI�I�!�RI[�4YVWI���
������I�EHH'SMR��2MGOIP���
������I�EHH'SMR��(MQI���
������I�EHH'SMR��2MGOIP���
�
������4YVWI�J�!�RI[�4YVWI���
������J�EHH'SMR��2MGOIP���
������J�EHH'SMR��(MQI���
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�
������7]WXIQ�SYX�TVMRXPR�I�WEQI'SRXIRXW�J��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��JEPWI���
���a�
a�

Exercise P7.6. Write a method for the Purse class
TYFPMG�FSSPIER�WEQI'SMRW�4YVWI�SXLIV�
that checks whether the other purse has the same coins, perhaps in a different order. For
example, the purses
4YVWI?5YEVXIV�(MQI�2MGOIP�(MQIA�
and
4YVWI�?2MGOIP�(MQI�(MQI�5YEVXIVA�
should be considered equal.

You will probably need one or more helper methods.

Use the following class in your solution:
MQTSVX�NEZE�YXMP�%VVE]0MWX��
�
����
���%�TYVWI�LSPHW�E�GSPPIGXMSR�SJ�GSMRW��
���
TYFPMG�GPEWW�4YVWI�
_�
�������
������'SRWXVYGXW�ER�IQTX]�TYVWI��
������
���TYFPMG�4YVWI��
���_�
������GSMRW�!�RI[�%VVE]0MWX7XVMRK"���
���a�
�
�������
������%HHW�E�GSMR�XS�XLI�TYVWI��
������$TEVEQ�GSMR2EQI�XLI�GSMR�XS�EHH�
������
���TYFPMG�ZSMH�EHH'SMR�7XVMRK�GSMR2EQI�
���_�
�����������
���a�
�
�������
������6IXYVRW�E�WXVMRK�HIWGVMFMRK�XLI�SFNIGX��
������$VIXYVR�E�WXVMRK�MR�XLI�JSVQEX��4YVWI?GSMR2EQI��GSMR2EQI�����A�
������
���TYFPMG�7XVMRK�XS7XVMRK��
���_�
������������
���a�
�
�������
������(IXIVQMRIW�MJ�E�TYVWI�LEW�XLI�WEQI�GSMRW�MR�XLI�WEQI�SV�
HMJJIVIRX�
������SVHIV�EW�ERSXLIV�TYVWI��
������$TEVEQ�SXLIV�XLI�SXLIV�TYVWI�
������$VIXYVR�XVYI�MJ�XLI�X[S�TYVWIW�LEZI�XLI�WEQI�GSMRW�MR�XLI�
������������WEQI�SV�HMJJIVIRX�SVHIV��JEPWI�SXLIV[MWI�
������
���TYFPMG�FSSPIER�WEQI'SMRW�4YVWI�SXLIV�
���_�
������������
���a�
�
���������
�
���TVMZEXI�%VVE]0MWX7XVMRK"�GSMRW��
a�

Use the following class as your tester class:
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����
���8LMW�GPEWW�XIWXW�XLI�4YVWI�GPEWW��
���
TYFPMG�GPEWW�4YVWI8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������4YVWI�E�!�RI[�4YVWI���
������E�EHH'SMR��5YEVXIV���
������E�EHH'SMR��(MQI���
������E�EHH'SMR��2MGOIP���
������E�EHH'SMR��(MQI���
�
������4YVWI�F�!�RI[�4YVWI���
������F�EHH'SMR��2MGOIP���
������F�EHH'SMR��(MQI���
������F�EHH'SMR��(MQI���
������F�EHH'SMR��5YEVXIV���
�
������7]WXIQ�SYX�TVMRXPR�E�WEQI'SMRW�F��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��XVYI���
�
������4YVWI�G�!�RI[�4YVWI���
������G�EHH'SMR��5YEVXIV���
������G�EHH'SMR��4IRR]���
������G�EHH'SMR��2MGOIP���
������G�EHH'SMR��(MQI���
�
������4YVWI�H�!�RI[�4YVWI���
������H�EHH'SMR��2MGOIP���
������H�EHH'SMR��(MQI���
������H�EHH'SMR��(MQI���
������H�EHH'SMR��5YEVXIV���
�
������7]WXIQ�SYX�TVMRXPR�G�WEQI'SMRW�H��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��JEPWI���
���a�
a�

Exercise P7.7. A Polygon is a closed curve made up from line segments that join the polygon's corner
points. Implement a class Polygon with methods
TYFPMG�HSYFPI�TIVMQIXIV��
and
TYFPMG�HSYFPI�EVIE��
that compute the circumference and area of a polygon. To compute the perimeter,
compute the distance between adjacent points, and total up the distances. The area of a
polygon with corners (x0, y0��«���xn-1, yn-1) is

As test cases, compute the perimeter and area of a rectangle and of a regular hexagon.
Note��<RX�QHHG�QRW�GUDZ�WKH�SRO\JRQ²WKDW�LV�GRQH�LQ�([HUFLVH�P7.15.

Use the following class in your solution:
MQTSVX�NEZE�E[X�KISQ�4SMRX�(��
MQTSVX�NEZE�E[X�KISQ�0MRI�(��
MQTSVX�NEZE�E[X�+VETLMGW�(��
MQTSVX�NEZE�YXMP�%VVE]0MWX��
�
����
���%�TSP]KSR�MW�E�GPSWIH�GYVZI�QEHI�YT�JVSQ�PMRI�WIKQIRXW�
���XLEX�NSMR�XLI�GSVRIV�TSMRXW��
���
TYFPMG�GPEWW�4SP]KSR�
_�
�������
������'SRWXVYGXW�E�TSP]KSR�[MXL�RS�GSVRIV�TSMRXW��
������
���TYFPMG�4SP]KSR��
���_�
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������������
���a�
�
�������
������%HHW�E�GSVRIV�TSMRX�XS�XLI�TSP]KSR��
������$TEVEQ�\�XLI�\�GSSVHMREXI�SJ�XLI�TSMRX�
������$TEVEQ�]�XLI�]�GSSVHMREXI�SJ�XLI�TSMRX�
������
���TYFPMG�ZSMH�EHH��HSYFPI�\��HSYFPI�]�
���_�
������������
���a�
����
�������
������'EPGYPEXIW�XLI�TIVMQIXIV�SJ�E�TSP]KSR��
������$VIXYVR�XLI�TIVMQIXIV�SJ�XLMW�TSP]KSR�
������
���TYFPMG�HSYFPI�TIVMQIXIV��
���_�
������������
���a�
�
�������
������'EPGYPEXIW�XLI�EVIE�SJ�E�TSP]KSR��
������$VIXYVR�XLI�EVIE�SJ�XLMW�TSP]KSR�
������
���TYFPMG�HSYFPI�EVIE��
���_�
�����������
���a�
����
���������
a�

Use the following class as your tester class:
����
���8LMW�MW�E�XIWXIV�GPEWW�JSV�4SP]KSR��
���
TYFPMG�GPEWW�4SP]KSR8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������4SP]KSR�WUYEVI�!�RI[�4SP]KSR���
�
������WUYEVI�EHH�����������
������WUYEVI�EHH�����������
������WUYEVI�EHH�����������
������WUYEVI�EHH�����������
�
������4SP]KSR�LI\EKSR�!�RI[�4SP]KSR���
�
���������GSRWXVYGX�E�VIKYPEV�LI\EKSR�
������JSV��MRX�M�!����M� �����M���
������_�
���������HSYFPI�\�!�������
� �HSYFPI�]�!�������
� �LI\EKSR�EHH�\��]��
������a�
�
������HSYFPI�WUYEVI4IVMQIXIV�!�WUYEVI�TIVMQIXIV���
������7]WXIQ�SYX�TVMRXPR��7UYEVI�TIVMQIXIV������WUYEVI4IVMQIXIV��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH����������
�
������HSYFPI�WUYEVI%VIE�!�WUYEVI�EVIE���
������7]WXIQ�SYX�TVMRXPR��7UYEVI�EVIE������WUYEVI%VIE��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH����������
�
������HSYFPI�LI\EKSR4IVMQIXIV�!�LI\EKSR�TIVMQIXIV���
������7]WXIQ�SYX�TVMRXPR��,I\EKSR�TIVMQIXIV������LI\EKSR4IVMQIXIV��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH����������
�
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������HSYFPI�LI\EKSR%VIE�!�LI\EKSR�EVIE��
������7]WXIQ�SYX�TVMRXPR��,I\EKSR�EVIE������LI\EKSR%VIE��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH����������
���a�
a�

Exercise P7.8. Write a program that reads a sequence of integers into an array and that computes the
alternating sum of all elements in the array. For example, if the program is executed with
the input data

then it computes

Use the following class in your solution:
����
���8LMW�GPEWW�GSQTYXIW�XLI�EPXIVREXMRK�WYQ�
���SJ�E�WIX�SJ�HEXE�ZEPYIW��
���
TYFPMG�GPEWW�(EXE7IX�
_�
�������
������'SRWXVYGXW�ER�IQTX]�HEXE�WIX��
������
���TYFPMG�(EXE7IX��
���_�
������JMREP�MRX�(%8%C0)2+8,�!������
������HEXE�!�RI[�HSYFPI?(%8%C0)2+8,A��
������HEXE7M̂I�!����
���a�
�
�������
������%HHW�E�HEXE�ZEPYI�XS�XLI�HEXE�WIX��
������$TEVEQ�\�E�HEXE�ZEPYI�
������
���TYFPMG�ZSMH�EHH�HSYFPI�\�
���_�
������MJ��HEXE7M̂I�"!�HEXE�PIRKXL�
������_�
������������QEOI�E�RI[�EVVE]�SJ�X[MGI�XLI�WM̂I�
���������HSYFPI?A�RI[(EXE�!�RI[�HSYFPI?����HEXE�PIRKXLA��
������������GST]�SZIV�EPP�IPIQIRXW�JVSQ�HEXE�XS�RI[(EXE�
���������7]WXIQ�EVVE]GST]�HEXE�����RI[(EXE�����HEXE�PIRKXL��
������������EFERHSR�XLI�SPH�EVVE]�ERH�WXSVI�MR�HEXE�
������������E�VIJIVIRGI�XS�XLI�RI[�EVVE]�
���������HEXE�!�RI[(EXE��
���a�
���HEXE?HEXE7M̂IA�!�\��
���HEXE7M̂I����
a�
�
����
���+IXW�XLI�EPXIVREXMRK�WYQ�SJ�XLI�EHHIH�HEXE��
���$VIXYVR�WYQ�XLI�WYQ�SJ�XLI�EPXIVREXMRK�HEXE�SV���MJ�RS�HEXE�LEW�
FIIR�EHHIH�
���
TYFPMG�HSYFPI�EPXIVREXMRK7YQ��
_�
���������
a�
���TVMZEXI�HSYFPI?A�HEXE��
���TVMZEXI�MRX�HEXE7M̂I��
a�

Use the following class as your tester class:
����
���8LMW�TVSKVEQ�GEPGYPEXIW�ER�EPXIVREXMRK�WYQ��
���
TYFPMG�GPEWW�%PXIVREXMRK7YQ8IWXIV�
_�
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���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW
���_�
������(EXE7IX�HEXE�!�RI[�(EXE7IX���
�
������HEXE�EHH����
������HEXE�EHH����
������HEXE�EHH����
������HEXE�EHH�����
������HEXE�EHH����
������HEXE�EHH����
������HEXE�EHH����
������HEXE�EHH����
������HEXE�EHH�����
�
������HSYFPI�WYQ�!�HEXE�EPXIVREXMRK7YQ���
������7]WXIQ�SYX�TVMRXPR��%PXIVREXMRK�7YQ�!�����WYQ��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH�������
���a�
a�

Exercise P7.9. Write a program that produces random permutations of the numbers 1 to 10. To generate
a random permutation, you need to fill an array with the numbers 1 to 10 so that no two
entries of the array have the same contents. You could do it by brute force, by calling
Random.nextInt until it produces a value that is not yet in the array. Instead, you should
implement a smart method. Make a second array and fill it with the numbers 1 to 10. Then
pick one of those at random, remove it, and append it to the permutation array. Repeat 10
times. Implement a class PermutationGenerator with a method
MRX?A�RI\X4IVQYXEXMSR�
Use the following class as your main class:
����
���8LMW�GPEWW�TVMRXW���TIVQYXEXMSRW�SJ�XLI�RYQFIVW���XLVSYKL�����
���
TYFPMG�GPEWW�4IVQYXEXMSR4VMRXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������4IVQYXEXMSR+IRIVEXSV�KIR�!�RI[�4IVQYXEXMSR+IRIVEXSV�����
������JSV��MRX�M�!����M�!����M���
������_�
���������JSV��MRX�R���KIR�RI\X4IVQYXEXMSR��
� ����7]WXIQ�SYX�TVMRX�������R��
� �7]WXIQ�SYX�TVMRXPR���
������a�
���a�
a�

Use the following class in your solution:
MQTSVX�NEZE�YXMP�6ERHSQ��
�
����
���8LMW�GPEWW�KIRIVEXIW�TIVQYXEXMSRW�SJ�E�WIUYIRGI�SJ�MRXIKIVW�
�������PIRKXL��
���
TYFPMG�GPEWW�4IVQYXEXMSR+IRIVEXSV�
_�
�������
������'SRWXVYGXW�E�4IVQYXEXMSR+IRIVEXSV�SFNIGX��
������$TEVEQ�PIRKXL�XLI�PIRKXL�SJ�XLI�TIVQYXEXMSRW�KIRIVEXIH�
������F]�XLMW�KIRIVEXSV��
������
���TYFPMG�4IVQYXEXMSR+IRIVEXSV�MRX�PIRKXL�
���_�
������������
���a�
�
�������
������+IXW�XLI�RI\X�TIVQYXEXMSR��
������$VIXYVR�XLI�EVVE]�GSRXEMRMRK�XLI�RI\X�TIVQYXEXMSR�
������
���TYFPMG�MRX?A�RI\X4IVQYXEXMSR��
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���_�
������������
���a�
����
���������
a�

Exercise P7.10. Add a method getWinner to the TicTacToe class of Section 7.6. It should return ³[́ or
³Ŕ to indicate a winner, or ³�́ if there is no winner yet. Recall that a winning position has
three matching marks in a row, column, or diagonal.

Use the following class in your solution:
����
���%���\���8MG�8EG�8SI�FSEVH��
���
TYFPMG�GPEWW�8MG8EG8SI�
_�
�������
������'SRWXVYGXW�ER�IQTX]�FSEVH��
������
���TYFPMG�8MG8EG8SI��
���_�
������FSEVH�!�RI[�7XVMRK?63;7A?'309127A��
�������
���������JMPP�[MXL�WTEGIW�
������JSV��MRX�M�!����M��63;7��M���
���������JSV��MRX�N�!����N��'309127��N���
������������FSEVH?MA?NA�!������
���a�
���
�������
������7IXW�E�JMIPH�MR�XLI�FSEVH��8LI�JMIPH�QYWX�FI�YRSGGYTMIH��
������$TEVEQ�M�XLI�VS[�MRHI\�
������$TEVEQ�N�XLI�GSPYQR�MRHI\�
������$TEVEQ�TPE]IV�XLI�TPE]IV���\��SV��S��
������
���TYFPMG�ZSMH�WIX�MRX�M��MRX�N��7XVMRK�TPE]IV�
���_�
������MJ��FSEVH?MA?NA�IUYEPW�����
���������FSEVH?MA?NA�!�TPE]IV��
���a�
�
�������
������'VIEXIW�E�WXVMRK�VITVIWIRXEXMSR�SJ�XLI�FSEVH�WYGL�EW�
������̀\�S̀�
������̀�\�̀�
������̀��S̀�
������$VIXYVR�XLI�WXVMRK�VITVIWIRXEXMSR�
������
���TYFPMG�7XVMRK�XS7XVMRK��
���_�
������7XVMRK�V�!�����
������JSV��MRX�M�!����M��63;7��M���
������_�
���������V�!�V����̀���
���������JSV��MRX�N�!����N��'309127��N���
������������V�!�V���FSEVH?MA?NA��
���������V�!�V����̀@R���
������a�
������VIXYVR�V��
���a�
�
�������
������+IXW�XLI�[MRRIV��
������$VIXYVR�XLI�[MRRIV�
������
���TYFPMG�7XVMRK�KIX;MRRIV��
���_�
������������
���a�
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�
���TVMZEXI�7XVMRK?A?A�FSEVH��
���TVMZEXI�WXEXMG�JMREP�MRX�63;7�!����
���TVMZEXI�WXEXMG�JMREP�MRX�'309127�!����
a�

Use the following class as your tester class:
MQTSVX�NEZE��YXMP�7GERRIV��
�
����
���8LMW�TVSKVEQ�XIWXW�XLI�KIX;MRRIV�QIXLSH�SJ�XLI�8MG8EG8SI�GPEWW��
���
TYFPMG�GPEWW�8MG8EG8SI8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������8MG8EG8SI�KEQI�!�RI[�8MG8EG8SI���
������KEQI�WIX��������\���
������KEQI�WIX��������S���
������KEQI�WIX��������\���
������KEQI�WIX��������S���
�
������7]WXIQ�SYX�TVMRXPR��;MRRIV������KEQI�KIX;MRRIV���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH�����
������KEQI�WIX��������\���
������7]WXIQ�SYX�TVMRXPR��;MRRIV������KEQI�KIX;MRRIV���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��\���
�
������KEQI�!�RI[�8MG8EG8SI���
������KEQI�WIX��������\���
������KEQI�WIX��������S���
������KEQI�WIX��������\���
������KEQI�WIX��������S���
������KEQI�WIX��������S���
������7]WXIQ�SYX�TVMRXPR��;MRRIV������KEQI�KIX;MRRIV���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��S���
���a�
a�

Exercise P7.11. Write an application that plays tic-tac-toe. Your program should draw the game board,
change players after every successful move, and pronounce the winner.

Here is a sample program run:
�̀��̀�
�̀��̀�
�̀��̀�
�
6S[�JSV�\��5�XS�I\MX��
��
'SPYQR�JSV�\��
��
\̀��̀�
�̀��̀�
�̀��̀�
�
6S[�JSV�S��5�XS�I\MX��
��
'SPYQR�JSV�S��
��
\̀��̀��
�̀��̀�
S̀��̀�
�
6S[�JSV�\��5�XS�I\MX��
��
'SPYQR�JSV�\��
��
\̀��̀�
�̀\�̀�
S̀��̀�
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�
6S[�JSV�S��5�XS�I\MX��
��
'SPYQR�JSV�S��
��
\̀��̀�
�̀\�̀�
S̀S�̀�
�
6S[�JSV�\��5�XS�I\MX��
��
'SPYQR�JSV�\��
��
\̀��̀�
�̀\�̀�
S̀S\̀�
�
8LI�[MRRIV�MW�\��
Your main class should be called TicTacToePlayer.

Exercise P7.12. Magic squares. An n × n�PDWUL[�WKDW�LV�ILOOHG�ZLWK�WKH�QXPEHUV����������«��n2 is a magic
square if the sum of the elements in each row, in each column, and in the two diagonals is
the same value. For example,

16 3 2 13

5 10 11 8

9 6 7 12

4 15 14 1

Write a program that reads in n2 values from the keyboard and tests whether they form a
magic square when arranged as a square matrix. You need to test three features:
· Did the user enter n2 numbers for some n?

· 'R�HDFK�RI�WKH�QXPEHUV�������«��n2 occur exactly once in the user input?

· When the numbers are put into a square, are the sums of the rows, columns, and
diagonals equal to each other?

If the size of the input is a square, test whether all numbers between 1 and n2 are
present. Then compute the row, column, and diagonal sums. Implement a class Square
with methods
TYFPMG�ZSMH�EHH�MRX�M�
TYFPMG�FSSPIER�MW1EKMG��
Here are sample program runs:
)RXIV�E�WIUYIRGI�SJ�MRXIKIVW��JSPPS[IH�F]�5��
���������������������������������������5�
�����������������
�����������������
�����������������
�����������������
-X�W�E�QEKMG�WUYEVI��
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC�
)RXIV�E�WIUYIRGI�SJ�MRXIKIVW��JSPPS[IH�F]�5��
���������������������������������������5�
�����������������
�����������������
�����������������
�����������������
-X�W�RSX�E�QEKMG�WUYEVI��
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC�
)RXIV�E�WIUYIRGI�SJ�MRXIKIVW��JSPPS[IH�F]�5��
���������������������������������������5�
����������������
����������������
����������������
����������������
-X�W�RSX�E�QEKMG�WUYEVI��
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC�
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)RXIV�E�WIUYIRGI�SJ�MRXIKIVW�JSPPS[IH�F]�5�
�������������������������������������5�
�����������������
�����������������
�����������������
�������������
-X�W�RSX�E�WUYEVI��

Use the following class as your main class:
MQTSVX�NEZE�YXMP�%VVE]0MWX��
MQTSVX�NEZE�YXMP�7GERRIV��
�
����
���8LMW�GPEWW�XIWXW�[LIXLIV�E�WIUYIRGI�SJ�MRTYXW�JSVQW�E�QEKMG�
WUYEVI��
���
TYFPMG�GPEWW�1EKMG7UYEVI'LIGOIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������%VVE]0MWX-RXIKIV"�RYQFIVW�!�RI[�%VVE]0MWX-RXIKIV"���
������7GERRIV�MR�!�RI[�7GERRIV�7]WXIQ�MR��
������FSSPIER�QSVI�!�XVYI��
�
������7]WXIQ�SYX�TVMRXPR��)RXIV�E�WIUYIRGI�SJ�MRXIKIVW��JSPPS[IH�F]�
5�����
������[LMPI��MR�LEW2I\X-RX��
������_�
���������RYQFIVW�EHH�MR�RI\X-RX���
������a�
�
������MRX�WM̂I�!��MRX�1EXL�GIMP��1EXL�WUVX�RYQFIVW�WM̂I���
������MRX�O�!����
������JSV��MRX�M�!����M��WM̂I���M���
������_�
���������JSV��MRX�N�!����N��WM̂I���N���
� �_�
� ����MJ��O��RYQFIVW�WM̂I��
� ����_�
� �������7]WXIQ�SYX�TVMRXJ��	�H���RYQFIVW�KIX�O��
� �������O����
� ����a�
���������a�
������a�
�������
������7]WXIQ�SYX�TVMRXPR���
����
���a�
����
���MJ��WM̂I���WM̂I�!!�RYQFIVW�WM̂I��
���_�
������7UYEVI�Q]7UYEVI�!�RI[�7UYEVI�RYQFIVW��
�
������MJ�Q]7UYEVI�MW1EKMG��
����������7]WXIQ�SYX�TVMRXPR��-X�W�E�QEKMG�WUYEVI����
� ��IPWI�
� �����7]WXIQ�SYX�TVMRXPR��-X�W�RSX�E�QEKMG�WUYEVI����
������a�
������IPWI�
����������7]WXIQ�SYX�TVMRXPR��-X�W�RSX�E�WUYEVI����
���a�
a�

Exercise P7.13. Implement the following algorithm to construct magic n-by-n2 squares; it works only if n is
odd. Place a 1 in the middle of the bottom row. After k has been placed in the (i, j) square,
place k + 1 into the square to the right and down, wrapping around the borders. However,
if the square to the right and down has already been filled, or if you are in the lower-right
corner, then you must move to the square straight up instead. Here is the 5 × 5 square
that you get if you follow this method:
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11 18 25 2 9

10 12 19 21 3

4 6 13 20 22

23 5 7 14 16

17 24 1 8 15

Write a program whose input is the number n and whose output is the magic square of
order n if n is odd. Implement a class MagicSquare with a constructor that constructs the
square and a toString method that returns a representation of the square.

Here is a sample program run:
)RXIV�XLI�WM̂I�SJ�XLI�WUYEVI��QYWX�FI�SHH����
���������������������
���������������������
���������������������
���������������������
���������������������

Use the following class as your main class:
MQTSVX�NEZE�YXMP�7GERRIV��
�
����
����8LMW�GPEWW�QEOIW�E�QEKMG�WUYEVI��
���
�TYFPMG�GPEWW�1EKMG7UYEVI1EOIV�
�_�
����TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
�_�
����7GERRIV�MR�!�RI[�7GERRIV�7]WXIQ�MR��
����7]WXIQ�SYX�TVMRX��)RXIV�XLI�WM̂I�SJ�XLI�WUYEVI��QYWX�FI�SHH����
����MRX�WM̂I�!�MR�RI\X-RX���
�
����MJ��WM̂I�	���!!���
����_�
�������1EKMG7UYEVI�Q]7UYEVI�!�RI[�1EKMG7UYEVI�WM̂I��
�������7]WXIQ�SYX�TVMRXPR�Q]7UYEVI�XS7XVMRK���
����a�
����IPWI�
�������7]WXIQ�SYX�TVMRXPR��7M̂I�QYWX�FI�SHH�����
�a�
a�

Exercise P7.14. Implement a class Cloud that contains an array list of Point2D.Double objects. Support
methods
TYFPMG�ZSMH�EHH��4SMRX�(�(SYFPI�E4SMRX�
TYFPMG�ZSMH�HVE[�+VETLMGW�(�K��
Draw each point as a tiny circle.

Write a graphical application that draws a cloud of 100 random points.

Here is a sample program output:
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Use the following class as your main class:
MQTSVX�NEZE\�W[MRK�.*VEQI��
�
����
���(MWTPE]W�E�GPSYH�SJ�GMVGPIW��
���
TYFPMG�GPEWW�'PSYH:MI[IV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������.*VEQI�JVEQI�!�RI[�.*VEQI���
�
������JMREP�MRX�*6%1)C;-(8,�!������
������JMREP�MRX�*6%1)C,)-+,8�!������
�
������JVEQI�WIX7M̂I�*6%1)C;-(8,��*6%1)C,)-+,8��
������JVEQI�WIX8MXPI��'PSYH:MI[IV���
������JVEQI�WIX(IJEYPX'PSWI3TIVEXMSR�.*VEQI�)<-8C32C'037)��
�
������'PSYH'SQTSRIRX�GSQTSRIRX�!�RI[�'PSYH'SQTSRIRX���
������JVEQI�EHH�GSQTSRIRX��
�
������JVEQI�WIX:MWMFPI�XVYI��
���a�
a�

Use the following class in your solution:
MQTSVX�NEZE\�W[MRK�.'SQTSRIRX��
MQTSVX�NEZE�E[X�+VETLMGW��
MQTSVX�NEZE�E[X�+VETLMGW�(��
MQTSVX�NEZE�E[X�KISQ�4SMRX�(��
MQTSVX�NEZE�YXMP�6ERHSQ��
TYFPMG�GPEWW�'PSYH'SQTSRIRX�I\XIRHW�.'SQTSRIRX�
_�
���TYFPMG�ZSMH�TEMRX'SQTSRIRX�+VETLMGW�K�
���_�
������+VETLMGW�(�K��!��+VETLMGW�(�K��
�
������'PSYH�G�!�RI[�'PSYH���
������6ERHSQ�KIRIVEXSV�!�RI[�6ERHSQ���
������HSYFPI�\�!����
������HSYFPI�]�!����
�
������JSV��MRX�M�!����M�������M���
������_�
���������\�!�KIX;MHXL����KIRIVEXSV�RI\X(SYFPI���
� ��]�!�KIX,IMKLX����KIRIVEXSV�RI\X(SYFPI���
� ��G�EHH�RI[�4SMRX�(�(SYFPI�\��]��
������a�
�
������G�HVE[�K���
���a�
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a�

Exercise P7.15. Implement a class Polygon that contains an array list of Point2D.Double objects. Support
methods
TYFPMG�ZSMH�EHH�4SMRX�(�(SYFPI�E4SMRX�
TYFPMG�ZSMH�HVE[�+VETLMGW�(�K��
Draw the polygon by joining adjacent points with a line, and then closing it up by joining
the end and start points.

Write a graphical application that draws a square and a pentagon using two Polygon
objects.

Here is a sample program output:

Use the following class as your main class:
MQTSVX�NEZE\�W[MRK�.*VEQI��
�
TYFPMG�GPEWW�4SP]KSR:MI[IV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������.*VEQI�JVEQI�!�RI[�.*VEQI���
�
������JMREP�MRX�*6%1)C;-(8,�!������
������JMREP�MRX�*6%1)C,)-+,8�!������
�
������JVEQI�WIX7M̂I�*6%1)C;-(8,��*6%1)C,)-+,8��
������JVEQI�WIX8MXPI��4SP]KSR:MI[IV���
������JVEQI�WIX(IJEYPX'PSWI3TIVEXMSR�.*VEQI�)<-8C32C'037)��
�
������4SP]KSR'SQTSRIRX�GSQTSRIRX�!�RI[�4SP]KSR'SQTSRIRX���
������JVEQI�EHH�GSQTSRIRX��
�
������JVEQI�WIX:MWMFPI�XVYI��
���a�
a�

Use the following class in your solution:
MQTSVX�NEZE\�W[MRK�.'SQTSRIRX��
MQTSVX�NEZE�E[X�+VETLMGW��
MQTSVX�NEZE�E[X�+VETLMGW�(��
MQTSVX�NEZE�E[X�KISQ�4SMRX�(��
�
����
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���(MWTPE]W�X[S�TSP]KSRW�
���
TYFPMG�GPEWW�4SP]KSR'SQTSRIRX�I\XIRHW�.'SQTSRIRX�
_�
���TYFPMG�ZSMH�TEMRX'SQTSRIRX�+VETLMGW�K�
���_�
�����+VETLMGW�(�K��!��+VETLMGW�(�K��
�
�����4SP]KSR�WUYEVI�!�RI[�4SP]KSR���
�����WUYEVI�EHH�RI[�4SMRX�(�(SYFPI�����������
�����WUYEVI�EHH�RI[�4SMRX�(�(SYFPI�����������
�����WUYEVI�EHH�RI[�4SMRX�(�(SYFPI�����������
�����WUYEVI�EHH�RI[�4SMRX�(�(SYFPI�����������
�
�����WUYEVI�HVE[�K���
�
�����4SP]KSR�TIRXEKSR�!�RI[�4SP]KSR���
�����HSYFPI�GIRXIV<�!������
�����HSYFPI�GIRXIV=�!������
�����HSYFPI�VEHMYW�!�����
�����JSV��MRX�M�!����M�����M���
�����_�
���������HSYFPI�ERKPI�!�����1EXL�4-���M������
� �TIRXEKSR�EHH�RI[�4SMRX�(�(SYFPI��
� � � ��GIRXIV<���VEHMYW���1EXL�GSW�ERKPI��
� � � ��GIRXIV=���VEHMYW���1EXL�WMR�ERKPI��
�����a�
�
�����TIRXEKSR�HVE[�K���
���a�
a�

Exercise P7.16. Write a class Chart with methods
TYFPMG�ZSMH�EHH�MRX�ZEPYI�
TYFPMG�ZSMH�HVE[�+VETLMGW�(�K��
that displays a stick chart of the added values, like this:

You may assume that the values are pixel positions.

Use the following class as your main class:
MQTSVX�NEZE\�W[MRK�.*VEQI��
�
����
���8IWXIV�GPEWW�XS�HMWTPE]�E�WXMGO�GLEVX��
���
TYFPMG�GPEWW�'LEVX:MI[IV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������.*VEQI�JVEQI�!�RI[�.*VEQI���
�
������JMREP�MRX�*6%1)C;-(8,�!������
������JMREP�MRX�*6%1)C,)-+,8�!������
�
������JVEQI�WIX7M̂I�*6%1)C;-(8,��*6%1)C,)-+,8��
������JVEQI�WIX8MXPI��'LEVX:MI[IV���
������JVEQI�WIX(IJEYPX'PSWI3TIVEXMSR�.*VEQI�)<-8C32C'037)��
�
������'LEVX'SQTSRIRX�GSQTSRIRX�!�RI[�'LEVX'SQTSRIRX���
������JVEQI�EHH�GSQTSRIRX��
�
������JVEQI�WIX:MWMFPI�XVYI��
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���a�
a�

Use the following class in your solution:
MQTSVX�NEZE\�W[MRK�.'SQTSRIRX��
MQTSVX�NEZE�E[X�+VETLMGW��
MQTSVX�NEZE�E[X�+VETLMGW�(��
TYFPMG�GPEWW�'LEVX'SQTSRIRX�I\XIRHW�.'SQTSRIRX�
_�
���TYFPMG�ZSMH�TEMRX'SQTSRIRX�+VETLMGW�K�
���_�
������+VETLMGW�(�K��!��+VETLMGW�(�K��
������'LEVX�G�!�RI[�'LEVX�KIX;MHXL���KIX,IMKLX���
������G�EHH�����
������G�EHH�����
������G�EHH�����
������G�EHH�����
������G�EHH�����
������G�EHH������
������G�EHH������
�
������G�HVE[�K���
���a�
a�

Exercise P7.17. Write a class BarChart with methods
TYFPMG�ZSMH�EHH��HSYFPI�ZEPYI�
TYFPMG�ZSMH�HVE[�+VETLMGW�(�K��
that displays a chart of the added values. You may assume that all values in data are
positive. Stretch the bars so that they fill the entire area of the screen. You must figure
out the maximum of the values, and then scale each bar.

Here is a sample program output:

Use the following class as your main class:
MQTSVX�NEZE\�W[MRK�.*VEQI��
�
����
���(MWTPE]W�E�FEV�GLEVX��
���
TYFPMG�GPEWW�'LEVX:MI[IV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������.*VEQI�JVEQI�!�RI[�.*VEQI���
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�
������JMREP�MRX�*6%1)C;-(8,�!������
������JMREP�MRX�*6%1)C,)-+,8�!������
�
������JVEQI�WIX7M̂I�*6%1)C;-(8,��*6%1)C,)-+,8��
������JVEQI�WIX8MXPI��'LEVX:MI[IV���
������JVEQI�WIX(IJEYPX'PSWI3TIVEXMSR�.*VEQI�)<-8C32C'037)��
�
������&EV'LEVX'SQTSRIRX�GSQTSRIRX�!�RI[�&EV'LEVX'SQTSRIRX���
������JVEQI�EHH�GSQTSRIRX��
�
������JVEQI�WIX:MWMFPI�XVYI��
���a�
a�

Use the following class in your solution:
MQTSVX�NEZE\�W[MRK�.'SQTSRIRX��
MQTSVX�NEZE�E[X�+VETLMGW��
MQTSVX�NEZE�E[X�+VETLMGW�(��
�
TYFPMG�GPEWW�&EV'LEVX'SQTSRIRX�I\XIRHW�.'SQTSRIRX�
_�
���TYFPMG�ZSMH�TEMRX'SQTSRIRX�+VETLMGW�K�
���_�
������+VETLMGW�(�K��!��+VETLMGW�(�K��
������&EV'LEVX�G�!�RI[�&EV'LEVX�KIX;MHXL���KIX,IMKLX���
������G�EHH������
������G�EHH������
������G�EHH������
������G�EHH������
������G�EHH�������
������G�EHH������
������G�EHH������
������G�HVE[�K���
���a�
a�

Exercise P7.18. Improve the BarChart class of Exercise P7.17 to work correctly when the data contains
negative values.

Here is a sample program output:

Use the following class as your main class:
MQTSVX�NEZE\�W[MRK�.*VEQI��
�
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����
���(MWTPE]W�E�FEV�GLEVX��[MXL�RIKEXMZI�ZEPYIW��
���
TYFPMG�GPEWW�'LEVX:MI[IV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������.*VEQI�JVEQI�!�RI[�.*VEQI���
�
������JMREP�MRX�*6%1)C;-(8,�!������
������JMREP�MRX�*6%1)C,)-+,8�!������
�
������JVEQI�WIX7M̂I�*6%1)C;-(8,��*6%1)C,)-+,8��
������JVEQI�WIX8MXPI��'LEVX:MI[IV���
������JVEQI�WIX(IJEYPX'PSWI3TIVEXMSR�.*VEQI�)<-8C32C'037)��
�
������&EV'LEVX'SQTSRIRX�GSQTSRIRX�!�RI[�&EV'LEVX'SQTSRIRX���
������JVEQI�EHH�GSQTSRIRX��
�
������JVEQI�WIX:MWMFPI�XVYI��
���a�
a�

Use the following class in your solution:
MQTSVX�NEZE\�W[MRK�.'SQTSRIRX��
MQTSVX�NEZE�E[X�+VETLMGW��
MQTSVX�NEZE�E[X�+VETLMGW�(��
�
����
���8LI�GSQTSRIRX�GPEWW�XLEX�HMWTPE]W�XLI�FEV�GLEVX�[MXL�RIKEXMZI�
ZEPYIW��
����
TYFPMG�GPEWW�&EV'LEVX'SQTSRIRX�I\XIRHW�.'SQTSRIRX�
_�
���TYFPMG�ZSMH�TEMRX'SQTSRIRX�+VETLMGW�K�
���_�
������+VETLMGW�(�K��!��+VETLMGW�(�K��
������&EV'LEVX�G�!�RI[�&EV'LEVX�KIX;MHXL���KIX,IMKLX���
������G�EHH������
������G�EHH�������
������G�EHH������
������G�EHH������
������G�EHH�������
������G�EHH�����
������G�EHH������
������G�HVE[�K���
���a�
a�

Exercise P7.19. Write a class PieChart with methods
TYFPMG�ZSMH�EHH��HSYFPI�ZEPYI�
TYFPMG�ZSMH�HVE[�+VETLMGW�(�K��
that displays a pie chart of the values in data. You may assume that all data values are
positive.

Here is a sample program output:
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Use the following class as your main class:
MQTSVX�NEZE\�W[MRK�.*VEQI��
�
����
���(MWTPE]W�E�TMI�GLEVX��
���
TYFPMG�GPEWW�'LEVX:MI[IV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������.*VEQI�JVEQI�!�RI[�.*VEQI���
�
������JMREP�MRX�*6%1)C;-(8,�!������
������JMREP�MRX�*6%1)C,)-+,8�!������
�
������JVEQI�WIX7M̂I�*6%1)C;-(8,��*6%1)C,)-+,8��
������JVEQI�WIX8MXPI��'LEVX:MI[IV���
������JVEQI�WIX(IJEYPX'PSWI3TIVEXMSR�.*VEQI�)<-8C32C'037)��
�������
������4MI'LEVX'SQTSRIRX�GSQTSRIRX�!�RI[�4MI'LEVX'SQTSRIRX���
������JVEQI�EHH�GSQTSRIRX��
�
������JVEQI�WIX:MWMFPI�XVYI��
���a�
a�

Use the following class in your solution:
MQTSVX�NEZE\�W[MRK�.'SQTSRIRX��
MQTSVX�NEZE�E[X�+VETLMGW��
MQTSVX�NEZE�E[X�+VETLMGW�(��
�
����
���'SQTSRIRX�XLEX�HMWTPE]W�E�TMI�GLEVX��
����
TYFPMG�GPEWW�4MI'LEVX'SQTSRIRX�I\XIRHW�.'SQTSRIRX�
_�
���TYFPMG�ZSMH�TEMRX'SQTSRIRX�+VETLMGW�K�
���_�
������+VETLMGW�(�K��!��+VETLMGW�(�K��
������4MI'LEVX�T�!�RI[�4MI'LEVX�KIX;MHXL���KIX,IMKLX���
������T�EHH������
������T�EHH������
������T�EHH������
������T�EHH������
������T�EHH������
������T�EHH������
������T�EHH������
������T�HVE[�K���
���a�
a�
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PROGRAMMING PROJECTS

Project 7.1. Poker Simulator. In this assignment, you will implement a simulation of a popular casino game usually
called video poker. The card deck contains 52 cards, 13 of each suit. At the beginning of the game, the
deck is shuffled. You need to devise a fair method for shuffling. (It does not have to be efficient.) Then the
top five cards of the deck are presented to the player. The player can reject none, some, or all of the
cards. The rejected cards are replaced from the top of the deck. Now the hand is scored. Your program
should pronounce it to be one of the following:
· 1R�SDLU²7KH�ORZHVW�KDQG��FRQWDLQLQJ�ILYH�VHSDUDWH�cards that do not match up to create any of the

hands below.

· 2QH�SDLU²7ZR�FDUGV�RI�WKH�VDPH�YDOXH��IRU�H[DPSOH�WZR�TXHHQV��
· 7ZR�SDLUV²7ZR�SDLUV��IRU�H[DPSOH�WZR�TXHHQV�DQG�WZR��¶V��

· 7KUHH�RI�D�NLQG²7KUHH�FDUGV�RI�WKH�VDme value, for example three queens.

· 6WUDLJKW²)LYH�FDUGV�ZLWK�FRQVHFXWLYH�YDOXHV��QRW�QHFHVVDULO\�RI�WKH�VDPH�VXLW��VXFK�DV�������������DQG����
The ace can either precede a 2 or follow a king.

· )OXVK²)LYH�FDUGV��QRW�QHFHVVDULO\�LQ�RUGHU��RI�WKH�VDPH�VXLW��

· )XOO�+RXVH²7KUHH�RI�D�NLQG�DQG�D�SDLU, for example three queens and two 5's

· )RXU�RI�D�.LQG²)RXU�FDUGV�RI�WKH�VDPH�YDOXH��VXFK�DV�IRXU�TXHHQV��
· 6WUDLJKW�)OXVK²$�VWUDLJKW�DQG�D�IOXVK��)LYH�FDUGV�ZLWK�FRQVHFXWLYH�YDOXHV�RI�WKH�VDPH�VXLW��
· 5R\DO�)OXVK²7KH�EHVW�SRVVLEOH�KDQG�LQ�SRNHU��$�����MDFN��TXHHQ��NLQJ��DQG�DFH��DOO�RI�WKH�VDPH�VXLW��
If you are so inclined, you can implement a wager. The player pays a JavaDollar for each game, and wins
according to the following payout chart:

Hand Payout Hand Payout

Royal Flush 250 Straight 4

Straight Flush 50 Three of a Kind 3

Four of a Kind 25 Two Pair 2

Full House 6 Pair of Jacks or Better 1

Flush 5

Project 7.2. The Game of Life is a well-known mathematical game that gives rise to amazingly complex behavior,
although it can be specified by a few simple rules. (It is not actually a game in the traditional sense, with
players competing for a win.) Here are the rules. The game is played on a rectangular board. Each square
can be either empty or occupied. At the beginning, you can specify empty and occupied cells in some way;
then the game runs automatically. In each generation, the next generation is computed. A new cell is born
on an empty square if it is surrounded by exactly three occupied neighbor cells. A cell dies of overcrowding
if it is surrounded by four or more neighbors, and it dies of loneliness if it is surrounded by zero or one
neighbor. A neighbor is an occupant of an adjacent square to the left, right, top, or bottom or in a diagonal
direction. Figure 7-13 shows a cell and its neighbor cells.

FIGURE 7-13 Neighborhood of a Cell in the Game of Life

Many configurations show interesting behavior when subjected to these rules. Figure 7-14 shows a glider,
observed over five generations. Note how it moves. After four generations, it is transformed into the
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identical shape, but located one square to the right and below.

FIGURE 7-14 Glider

One of the more amazing configurations is the glider gun: a complex collection of cells that, after 30
moves, turns back into itself and a glider (see Figure 7-15).
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FIGURE 7-15 Glider Gun

Program the game to eliminate the drudgery of computing successive generations by hand. Use a two-
dimensional array to store the rectangular configuration. Write a program that shows successive
generations of the game. You may get extra credit if you implement a graphical application that allows the
user to add or remove cells by clicking with the mouse.
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ANSWERS TO SELF-CHECK QUESTIONS

1. 0, 1, 4, 9, 16, 25, 36, 49, 64, 81, but not 100.

2. (a) 0

(b) a run-time error: array index out of bounds

(c) a compile-time error: c is not initialized

3. RI[�7XVMRK?��A��
RI[�%VVE]0MWX7XVMRK"���

4. names contains the strings ³%́ and ³&́ at positions 0 and 1.

5. double is one of the eight primitive types. Double is a class type.

6. data.set(0, data.get(0) + 1);

7. for (double x : data) System.out.println(x);

8. The loop writes a value into data[i]��7KH�³IRU�HDFḰ�ORRS�GRHV�QRW�KDYH�WKH�LQGH[�YDULDEOH�i.

9. It returns the first match that it finds.

10. Yes, but the first comparison would always fail.

11. int[][] array = new int[4][4];

12. MRX�GSYRX�!����
JSV��MRX�M�!����M��63;7��M���
���JSV��MRX�N�!����N��'309127��N���
������MJ��FSEVH?MA?NA�IUYEPW�����GSYRX����

13. Use the add and remove methods.

14. Allocating a new array and copying the elements is time-consuming. You wouldn't want to go through the process
every time you add an element.

15. It is possible to introduce errors when modifying code.

16. Add a test case to the test suite that verifies that the error is fixed.

17. There is no human user who would see the prompts because input is provided from a file.
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