
6 Iteration

Chapter Goals

· To be able to program loops with the while, for, and do statements

· To avoid infinite loops and off-by-one errors

· To understand nested loops

· To learn how to process input

· To implement simulations

T To learn about the debugger
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This chapter presents the various iteration constructs of the Java language. These constructs execute
one or more statements repeatedly until a goal is reached. You will see how the techniques that you learn
in this chapter can be applied to the processing of input data and the programming of simulations.

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

6.1 While Loops
In this chapter you will learn how to write programs that repeatedly execute one or more statements. We will
illustrate these concepts by looking at typical investment situations. Consider a bank account with an initial balance of
$10,000 that earns 5% interest. The interest is computed at the end of every year on the current balance and then
deposited into the bank account. For example, after the first year, the account has earned $500 (5% of $10,000) of
interest. The interest gets added to the bank account. Next year, the interest is $525 (5% of $10,500), and the
balance is $11,025. Table 6-1 shows how the balance grows in the first five years.

TABLE 6-1 Growth of an Investment

Year Balance

0 $10,000.00

1 $10,500.00

2 $11,025.00

3 $11,576.25

4 $12,155.06

5 $12,762.82

How many years does it take for the balance to reach $20,000? Of course, it won't take longer than 20 years, because
at least $500 is added to the bank account each year. But it will take less than 20 years, because interest is computed
on increasingly larger balances. To know the exact answer, we will write a program that repeatedly adds interest until
the balance is reached.

A while statement executes a block of code repeatedly. A condition controls how often the loop is
executed.

In Java, the while statement implements such a repetition. The construct
[LMPI��GSRHMXMSR�7II�'SRHMXMSR�SFNIGX�
���WXEXIQIRX�
keeps executing the statement while the condition is true.

Most commonly, the statement is a block statement, that is, a set of statements delimited by { }.

In our case, we want to know when the bank account has reached a particular balance. While the balance is less, we
keep adding interest and incrementing the year counter:
[LMPI��FEPERGI��XEVKIX&EPERGI�
_�
���]IEVW�������
���HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
���FEPERGI�!�FEPERGI���MRXIVIWX��
a�
Here is the program that solves our investment problem:
GL���MRZIWX��-RZIWXQIRX�NEZE�
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�
������
�����%�GPEWW�XS�QSRMXSV�XLI�KVS[XL�SJ�ER�MRZIWXQIRX�XLEX�
�����EGGYQYPEXIW�MRXIVIWX�EX�E�JM\IH�ERRYEP�VEXI��
�����
��TYFPMG�GPEWW�-RZIWXQIRX�
��_�
��������
�������'SRWXVYGXW�ER�-RZIWXQIRX�SFNIGX�JVSQ�E�WXEVXMRK�FEPERGI�ERH�
�������MRXIVIWX�VEXI��
�������$TEVEQ�E&EPERGI�XLI�WXEVXMRK�FEPERGI�
�������$TEVEQ�E6EXI�XLI�MRXIVIWX�VEXI�MR�TIVGIRX�
�������
����TYFPMG�-RZIWXQIRX�HSYFPI�E&EPERGI��HSYFPI�E6EXI�
����_�
�������FEPERGI�!�E&EPERGI��
�������VEXI�!�E6EXI��
�������]IEVW�!����
�����a�
���
���������
��������/IITW�EGGYQYPEXMRK�MRXIVIWX�YRXMP�E�XEVKIX�FEPERGI�LEW�
��������FIIR�VIEGLIH��
��������$TEVEQ�XEVKIX&EPERGI�XLI�HIWMVIH�FEPERGI�
��������
�����TYFPMG�ZSMH�[EMX*SV&EPERGI�HSYFPI�XEVKIX&EPERGI�
�����_�
��������[LMPI��FEPERGI��XEVKIX&EPERGI�
��������_�
�����������]IEVW����
�����������HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
�����������FEPERGI�!�FEPERGI���MRXIVIWX��
��������a�
������a�
���
����������
�����������+IXW�XLI�GYVVIRX�MRZIWXQIRX�FEPEREGI��
�����������$VIXYVR�XLI�GYVVIRX�FEPERGI�
���������
������TYFPMG�HSYFPI�KIX&EPERGI��
������_�
���������VIXYVR�FEPERGI��
������a�
����
����������
���������+IXW�XLI�RYQFIV�SJ�]IEVW�XLMW�MRZIWXQIRX�LEW�EGGYQYPEXIH�
���������MRXIVIWX��
���������$VIXYVR�XLI�RYQFIV�SJ�]IEVW�WMRGI�XLI�WXEVX�SJ�XLI�MRZIWXQIRX�
���������
������TYFPMG�MRX�KIX=IEVW��
������_�
���������VIXYVR�]IEVW��
������a�
����
������TVMZEXI�HSYFPI�FEPERGI��
������TVMZEXI�HSYFPI�VEXI��
������TVMZEXI�MRX�]IEVW��
���a�
GL���MRZIWX��-RZIWXQIRX6YRRIV�NEZE�
�
�������
������8LMW�TVSKVEQ�GSQTYXIW�LS[�PSRK�MX�XEOIW�JSV�ER�MRZIWXQIRX�
������XS�HSYFPI��
������
���TYFPMG�GPEWW�-RZIWXQIRX6YRRIV�
���_�
������TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
������_�
���������JMREP�HSYFPI�-2-8-%0C&%0%2')�!��������
���������JMREP�HSYFPI�6%8)�!����
���������-RZIWXQIRX�MRZIWX�!�RI[�-RZIWXQIRX�-2-8-%0C&%0%2')��6%8)��
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���������-RZIWX�[EMX*SV&EPERGI�����-2-8-%0C&%0%2')��
���������MRX�]IEVW�!�MRZIWX�KIX=IEVW���
���������7]WXIQ�SYX�TVMRXJ��8LI�MRZIWXQIRX�HSYFPIH�EJXIV��
�����������������]IEVW�����]IEVW��
�������a�
����a�
�
�
3YXTYX�
�
8LI�MRZIWXQIRX�HSYFPIH�EJXIV����]IEVW�

Animation: Tracing a Loop

A while statement is often called a loop. If you draw a flowchart, you will see that the control loops backwards to the
test after every iteration (see Figure 6-1).

FIGURE 6-1 Flowchart of a while Loop

The following loop,
[LMPI��XVYI�
���WXEXIQIRX�
executes the statement over and over, without terminating. Whoa! Why would you want that? The program would
never stop. There are two reasons. Some programs indeed never stop; the software controlling an automated teller
machine, a telephone switch, or a microwave oven doesn't ever stop (at least not until the device is turned off). Our
programs aren't usually of that kind, but even if you can't terminate the loop, you can exit from the method that
contains it. This can be helpful when the termination test naturally falls in the middle of the loop (see Advanced Topic
6.3).
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Self Check

1. Self Check 6.1

How often is the following statement in the loop executed?
[LMPI��JEPWI�WXEXIQIRX��

2. Self Check 6.2

What would happen if RATE was set to 0 in the main method of the InvestmentRunner program?

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

Syntax 6.1: The while Statement

syntax 6.1
[LMPI��GSRHMXMSR�
���WXEXIQIRX�

example 1

[LMPI��FEPERGI��XEVKIX&EPERGI
_�
���]IEVW����
���HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
���FEPERGI�!�FEPERGI���MRXIVIWX��
a�

Purpose

To repeatedly execute a statement as long as a condition is true

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

Common Error 6.1: Infinite Loops
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Common Error 6.1

The most annoying loop error is an infinite loop: a loop that runs forever and can be stopped only by
killing the program or restarting the computer. If there are output statements in the loop, then reams and
reams of output flash by on the screen. Otherwise, the program just sits there and hangs, seeming to do
nothing. On some systems you can kill a hanging program by hitting Ctrl + Break or Ctrl + C. On others,
you can close the window in which the program runs.

A common reason for infinite loops is forgetting to advance the variable that controls the loop:
MRX�]IEVW�!����
[LMPI��]IEVW�����
_���
���HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
���FEPERGI�!�FEPERGI���MRXIVIWX��
a�
Here the programmer forgot to add a statement for incrementing years in the loop. As a result, the value
of years always stays 0, and the loop never comes to an end.

Another common reason for an infinite loop is accidentally incrementing a counter that should be
decremented (or vice versa). Consider this example:
MRX�]IEVW�!�����
[LMPI��]IEVW�"���
_���
���]IEVW�������3STW��WLSYPH�LEZI�FIIR�]IEVW����
���HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
���FEPERGI�!�FEPERGI���MRXIVIWX��
a�
The years variable really should have been decremented, not incremented. This is a common error,
because incrementing counters is so much more common than decrementing that your fingers may type
the ++ on autopilot. As a consequence, years is always larger than 0, and the loop never terminates.
(Actually, years eventually will exceed the largest representable positive integer and wrap around to a
QHJDWLYH�QXPEHU��7KHQ�WKH�ORRS�H[LWV²RI�FRXUVH��WKDWtakes a long time, and the result is completely
wrong.)

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

Common Error 6.2: Off-by-One Errors

Common Error 6.2

Consider our computation of the number of years that are required to double an investment:
MRX�]IEVW�!����
[LMPI��FEPERGI������MRMXMEP&EPERGI�
_���
���]IEVW����
���HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
���FEPERGI�!�FEPERGI���MRXIVIWX��
a�
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7]WXIQ�SYX�TVMRXPR��
�������8LI�MRZIWXQIRX�VIEGLIH�XLI�XEVKIX�EJXIV���
��������]IEVW�����]IEVW����
Should years start at 0 or at 1? Should you test for balance < 2 * initialBalance or for balance <= 2
* initialBalance? It is easy to be off by one in these expressions.

Some people try to solve off-by-one errors by randomly inserting +1 or -1 until the program seems to
work. That is, of course, a terrible strategy. It can take a long time to compile and test all the various
possibilities. Expending a small amount of mental effort is a real time saver.

An off-by-one error is a common error when programming loops. Think through simple
test cases to avoid this type of error.

Fortunately, off-by-one errors are easy to avoid, simply by thinking through a couple of test cases and
using the information from the test cases to come up with a rationale for the correct loop condition.

Should years start at 0 or at 1? Look at a scenario with simple values: an initial balance of $100 and an
interest rate of 50%. After year 1, the balance is $150, and after year 2 it is $225, or over $200. So the
investment doubled after 2 years. The loop executed two times, incrementing years each time. Hence
years must start at 0, not at 1.

In other words, the balance variable denotes the balance after the end of the year. At the outset, the
balance variable contains the balance after year 0 and not after year 1.

Next, should you use a < or <= comparison in the test? That is harder to figure out, because it is rare for
the balance to be exactly twice the initial balance. Of course, there is one case when this happens, namely
when the interest is 100%. The loop executes once. Now years is 1, and balance is exactly equal to 2 *
initialBalance. Has the investment doubled after one year? It has. Therefore, the loop should not
execute again. If the test condition is balance < 2 * initialBalance, the loop stops, as it should. If the
test condition had been balance <= 2 * initialBalance, the loop would have executed once more.

In other words, you keep adding interest while the balance has not yet doubled.

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

Advanced Topic 6.1: do Loops

Advanced Topic 6.1

Sometimes you want to execute the body of a loop at least once and perform the loop test after the body
was executed. The do loop serves that purpose:
HS�
���WXEXIQIRX�
[LMPI��GSRHMXMSR��
The statement is executed while the condition is true. The condition is tested after the statement is
executed, so the statement is executed at least once.

For example, suppose you want to make sure that a user enters a positive number. As long as the user
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enters a negative number or zero, just keep prompting for a correct input. In this situation, a do loop
makes sense, because you need to get a user input before you can test it.
HSYFPI�ZEPYI��
HS�
_���
���7]WXIQ�SYX�TVMRX��4PIEWI�IRXIV�E�TSWMXMZI�RYQFIV�����
���ZEPYI�!�MR�RI\X(SYFPI����
a�
[LMPI��ZEPYI�!����
The figure shows a flowchart of this loop.

Flowchart of a do Loop

In practice, this situation is not very common. You can always replace a do loop with a while loop, by
introducing a boolean control variable.
FSSPIER�HSRI�!�JEPWI��
[LMPI���HSRI�
_���
���7]WXIQ�SYX�TVMRX��4PIEWI�IRXIV�E�TSWMXMZI�RYQFIV�����
���ZEPYI�!�MR�RI\X(SYFPI����
���MJ��ZEPYI�"���HSRI�!�XVYI��
a�

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

Random Fact 6.1: Spaghetti Code

Random Fact 6.1

In this chapter we are using flowcharts to illustrate the behavior of the loop statements. It used to be
common to draw flowcharts for every method, on the theory that flowcharts were easier to read and write
than the actual code (especially in the days of machine-language and assembler programming).
Flowcharts are no longer routinely used for program development and documentation.

Flowcharts have one fatal flaw. Although it is possible to express the while and do loops with flowcharts, it
is also possible to draw flowcharts that cannot be programmed with loops. Consider the chart in the
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Spaghetti Code figure. The top of the flowchart is simply a statement
��]IEVW�!����
8LI�PS[IV�TEVX�MW�E�HS�PSST��
��HS�
��_���
����]IEVW����
����HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
����FEPERGI�!�FEPERGI���MRXIVIWX��
��a�
��[LMPI��FEPERGI��XEVKIX&EPERGI��
But how can you join these two parts? According to the flowchart, you are supposed to jump from the first
statement into the middle of the loop, skipping the first statement.
]IEVW�!����
KSXS�E�����2SX�ER�EGXYEP�.EZE�WXEXIQIRX�
HS�
_�
���]IEVW����
���E��
���HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
���FEPERGI�!�FEPERGI���MRXIVIWX��
a�
[LMPI��FEPERGI��XEVKIX&EPERGI��

Spaghetti Code

In fact, why even bother with the do loop? Here is a faithful interpretation of the flowchart:
]IEVW�!����
KSXS�E�����2SX�ER�EGXYEP�.EZE�WXEXIQIRX�
F��
]IEVW����
E��
HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
FEPERGI�!�FEPERGI���MRXIVIWX��
MJ��FEPERGI��XEVKIX&EPERGI�KSXS�F��
This nonlinear control flow turns out to be extremely hard to read and understand if you have more than
one or two goto statements. Because the lines denoting the goto statements weave back and forth in
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complex flowcharts, the resulting code is named spaghetti code.

In 1968 the influential computer scientiVW�(GVJHU�'LMNVWUD�ZURWH�D�IDPRXV�QRWH��HQWLWOHG�³*RWR�6WDWHPHQWV�
&RQVLGHUHG�+DUPIXÓ�>6.1], in which he argued for the use of loops instead of unstructured jumps. Initially,
many programmers who had been using goto for years were mortally insulted and promptly dug out
examples in which the use of goto led to clearer or faster code. Some languages offer weaker forms of
goto that are less harmful, such as the break statement in Java, discussed in Advanced Topic 6.4.
Nowadays, most computer scientists accept Dijkstra's argument and fight bigger battles than optimal loop
design.

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

6.2 For Loops
One of the most common loop types has the form
M�!�WXEVX��
[LMPI��M�!�IRH�
_���
���������
���M����
a�
Because this loop is so common, there is a special form for it that emphasizes the pattern:
JSV��M�!�WXEVX��M�!�IRH��M���
_���
���������
a�
You can also declare the loop counter variable inside the for loop header. That convenient shorthand restricts the use
of the variable to the body of the loop (as will be discussed further in Advanced Topic 6.2).
JSV��MRX�M�!�WXEVX��M�!�IRH��M���
_���
���������
a�
Let us use this loop to find out the size of our $10,000 investment if 5% interest is compounded for 20 years. Of
course, the balance will be larger than $20,000, because at least $500 is added every year. You may be surprised to
find out just how much larger the balance is.

In our loop, we let i go from 1 to n, the number of years for which we want to compound interest.
JSV��MRX�M�!����M�!�R��M���
_�
���HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
���FEPERGI�!�FEPERGI���MRXIVIWX��
a�
Figure 6-2 shows the corresponding flowchart.
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FIGURE 6-2 Flowchart of a for Loop

You use a for loop when a variable runs from a starting to an ending value with a constant
increment or decrement.

Animation: The for Loop

The three slots in the for header can contain any three expressions. You can count down instead of up:
JSV��]IEVW�!�R��]IEVW�"����]IEVW���
The increment or decrement need not be in steps of 1:
JSV��\�!������\�!�����\�!�\�������������

,W�LV�SRVVLEOH²EXW�D�VLJQ�RI�XQEHOLHYDEO\�EDG�WDVWH²WR�SXW�XQUHODWHG�FRQGLWLRQV�LQWR�WKH�ORRS�KHDGHU���
JSV��VEXI�!����]IEVW���"����7]WXIQ�SYX�TVMRXPR�FEPERGI�
������������&EH�XEWXI��
We won't even begin to decipher what that might mean. You should stick with for loops that initialize, test, and
update a single variable.
GL���MRZIWX��-RZIWXQIRX�NEZE�
�
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�������
������%�GPEWW�XS�QSRMXSV�XLI�KVS[XL�SJ�ER�MRZIWXQIRX�XLEX�
������EGGYQYPEXIW�MRXIVIWX�EX�E�JM\IH�ERRYEP�VEXI��
������
���TYFPMG�GPEWW�-RZIWXQIRX�
���_�
����������
���������'SRWXVYGXW�ER�-RZIWXQIRX�SFNIGX�JVSQ�E�WXEVXMRK�FEPERGI�ERH�
���������MRXIVIWX�VEXI��
���������$TEVEQ�E&EPERGI�XLI�WXEVXMRK�FEPERGI�
���������$TEVEQ�E6EXI�XLI�MRXIVIWX�VEXI�MR�TIVGIRX�
���������
������TYFPMG�-RZIWXQIRX�HSYFPI�E&EPERGI��HSYFPI�E6EXI�
������_�
���������FEPERGI�!�E&EPERGI��
���������VEXI�!�E6EXI��
���������]IEVW�!����
������a�
���
���������
���������/IITW�EGGYQYPEXMRK�MRXIVIWX�YRXMP�E�XEVKIX�FEPERGI�LEW�
���������FIIR�VIEGLIH��
���������$TEVEQ�XEVKIX&EPERGI�XLI�HIWMVIH�FEPERGI�
��������
�����TYFPMG�ZSMH�[EMX*SV&EPERGI�HSYFPI�XEVKIX&EPERGI�
�����_�
��������[LMPI��FEPERGI��XEVKIX&EPERGI�
��������_�
�����������]IEVW����
�����������HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
�����������FEPERGI�!�FEPERGI���MRXIVIWX��
��������a�
�����a�
���
���������
��������/IITW�EGGYQYPEXMRK�MRXIVIWX�JSV�E�KMZIR�RYQFIV�SJ�]IEVW��
��������$TEVEQ�R�XLI�RYQFIV�SJ�]IEVW�
��������
�����TYFPMG�ZSMH�[EMX=IEVW�MRX�R�
�����_�
��������JSV��MRX�M�!����M�!�R��M���
��������_�
������������HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
������������FEPERGI�!�FEPERGI���MRXIVIWX��
��������a�
��������]IEVW�!�]IEVW���R��
�����a�
���
���������
��������+IXW�XLI�GYVVIRX�MRZIWXQIRX�FEPERGI��
��������$VIXYVR�XLI�GYVVIRX�FEPERGI�
��������
�����TYFPMG�HSYFPI�KIX&EPERGI��
�����_�
��������VIXYVR�FEPERGI��
�����a�
���
���������
��������+IXW�XLI�RYQFIV�SJ�]IEVW�XLMW�MRZIWXQIRX�LEW�EGGYQYPEXIH�
��������MRXIVIWX��
��������$VIXYVR�XLI�RYQFIV�SJ�]IEVW�WMRGI�XLI�WXEVX�SJ�XLI�MRZIWXQIRX�
��������
�����TYFPMG�MRX�KIX=IEVW��
�����_�
��������VIXYVR�]IEVW��
�����a�
���
�����TVMZEXI�HSYFPI�FEPERGI��
�����TVMZEXI�HSYFPI�VEXI��
�����TVMZEXI�MRX�]IEVW��
���a�
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GL���MRZIWX��-RZIWXQIRX6YRRIV�NEZE�
�
�������
������8LMW�TVSKVEQ�GSQTYXIW�LS[�QYGL�ER�MRZIWXQIRX�KVS[W�MR�
������E�KMZIR�RYQFIV�SJ�]IEVW��
������
���TYFPMG�GPEWW�-RZIWXQIRX6YRRIV�
���_�
������TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
������_�
���������JMREP�HSYFPI�-2-8-%0C&%0%2')�!��������
���������JMREP�HSYFPI�6%8)�!����
���������JMREP�MRX�=)%67�!�����
���������-RZIWXQIRX�MRZIWX�!�RI[�-RZIWXQIRX�-2-8-%0C&%0%2')��6%8)��
���������MRZIWX�[EMX=IEVW�=)%67��
���������HSYFPI�FEPERGI�!�MRZIWX�KIX&EPERGI���
���������7]WXIQ�SYX�TVMRXJ��8LI�FEPERGI�EJXIV�	H�]IEVW�MW�	��J@R���
��������������=)%67��FEPERGI��
������a�
���a�
�
�
3YXTYX�
�
8LI�FEPERGI�EJXIV����]IEVW�MW����������

Self Check

3. Self Check 6.3

Rewrite the for loop in the waitYears method as a while loop.

4. Self Check 6.4

How many times does the following for loop execute?
JSV��M�!����M�!�����M���
���7]WXIQ�SYX�TVMRXPR�M���M��

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

Syntax 6.2: The for Statement

syntax 6.2
JSV��MRMXMEPM̂EXMSR��GSRHMXMSR��YTHEXI�
���WXEXIQIRX�
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example 1

JSV��M�!����M�!�R��M���
_�
����HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
����FEPERGI�!�FEPERGI���MRXIVIWX��
a�

Purpose

To execute an initialization, then keep executing a statement and updating an expression while a
condition is true

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

Quality Tip 6.1: Use for Loops for their Intended
Purpose

Quality Tip 6.1

A for loop is an idiom for a while loop of a particular form. A counter runs from the start to the end, with
a constant increment:
JSV��WIX��GSYRXIV�XS�WXEVX��XIWX�[LIXLIV�GSYRXIV�EX�IRH��
���������YTHEXI�GSYRXIV�F]�MRGVIQIRX�
_�������
�����GSYRXIV��WXEVX��IRH��MRGVIQIRX�RSX�GLERKIH�LIVI�
a�
If your loop doesn't match this pattern, don't use the for construction. The compiler won't prevent you
from writing idiotic for loops:
���&EH�WX]PI�YRVIPEXIH�LIEHIV�I\TVIWWMSRW�
JSV��7]WXIQ�SYX�TVMRXPR��-RTYXW����
�������\�!�MR�RI\X(SYFPI��"����
������WYQ�!�WYQ���\�
���GSYRX����
�
JSV��MRX�M�!����M�!�]IEVW��M���
_���
������&EH�WX]PI�QSHMJMIW�GSYRXIV�
���MJ��FEPERGI�"!�XEVKIX&EPERGI�
������M�!�]IEVW������
���IPWI�
���_���
������HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
������FEPERGI�!�FEPERGI���MRXIVIWX��
���a�
a�
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These loops will work, but they are plainly bad style. Use a while loop for iterations that do not fit the for
pattern.

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

Common Error 6.3: Forgetting a Semicolon

Common Error 6.3

Occasionally all the work of a loop is already done in the loop header. Suppose you ignored Quality Tip
6.1; then you could write an investment doubling loop as follows:
JSV��]IEVW�!�����
�������FEPERGI�!�FEPERGI���FEPERGI���VEXI��������XEVKIX&EPERGI���
������]IEVW���
�����
7]WXIQ�SYX�TVMRXPR�]IEVW��
The body of the for loop is completely empty, containing just one empty statement terminated by a
semicolon.

If you do run into a loop without a body, it is important that you make sure the semicolon is not forgotten.
If the semicolon is accidentally omitted, then the next line becomes part of the loop statement!
JSV��]IEVW�!�����
�������FEPERGI�!�FEPERGI���FEPERGI���VEXI��������XEVKIX&EPERGI���
������]IEVW���
7]WXIQ�SYX�TVMRXPR�]IEVW��
You can avoid this error by using an empty block { } instead of an empty statement.

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

Common Error 6.4: A Semicolon too Many

Common Error 6.4

What does the following loop print?
WYQ�!����
JSV��M�!����M�!�����M����
���WYQ�!�WYQ���M��
7]WXIQ�SYX�TVMRXPR�WYQ��
2I�FRXUVH��WKLV�ORRS�LV�VXSSRVHG�WR�FRPSXWH���������«�����������%XW�DFWXDOO\��WKH�SULQW�VWDWHPHQW�SULQWV�
11!

Why 11? Have another look. Did you spot the semicolon at the end of the for loop header? This loop is
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actually a loop with an empty body.
JSV��M�!����M�!�����M���
�����
The loop does nothing 10 times, and when it is finished, sum is still 0 and i is 11. Then the statement
WYQ�!�WYQ���M��
is executed, and sum is 11. The statement was indented, which fools the human reader. But the compiler
pays no attention to indentation.

Of course, the semicolon at the end of the statement was a typing error. Someone's fingers were so used
to typing a semicolon at the end of every line that a semicolon was added to the for loop by accident. The
result was a loop with an empty body.

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

Quality Tip 6.2: Don't Use != to Test the End of a
Range

Quality Tip 6.2

Here is a loop with a hidden danger:
JSV��M�!����M��!�R��M���
The test i != n is a poor idea. How does the loop behave if n happens to be zero or negative? The test i
!= n is never false, because i starts at 1 and increases with every step.

The remedy is simple. Use <= rather than != in the condition:
JSV��M�!����M�!�R��M����

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

Advanced Topic 6.2: Variables Defined in a for Loop
Header

Advanced Topic 6.2

As mentioned, it is legal in Java to declare a variable in the header of a for loop. Here is the most
common form of this syntax:
JSV��MRX�M�!����M�!�R��M���
_���
���������
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a�
�
���M�RS�PSRKIV�HIJMRIH�LIVI�
The scope of the variable extends to the end of the for loop. Therefore, i is no longer defined after the
loop ends. If you need to use the value of the variable beyond the end of the loop, then you need to define
it outside the loop. In this loop, you don't need the value of i²\RX�NQRZ�LW�LV�n + 1 when the loop is
ILQLVKHG���$FWXDOO\��WKDW�LV�QRW�TXLWH�WUXH²LW�LV�SRVVLEOH�WR�EUHDN�RXW�RI�D�ORRS�EHIRUH�LWV�HQG��VHH�Advanced
Topic 6.4). When you have two or more exit conditions, though, you may still need the variable. For
example, consider the loop
JSV��M�!����FEPERGI��XEVKIX&EPERGI�

�M�!�R��M���
_���
���������
a�
You want the balance to reach the target, but you are willing to wait only a certain number of years. If the
balance doubles sooner, you may want to know the value of i. Therefore, in this case, it is not appropriate
to define the variable in the loop header.

Note that the variables named i in the following pair of for loops are independent:
JSV��MRX�M�!����M�!�����M���
���7]WXIQ�SYX�TVMRXPR�M���M��
JSV��MRX�M�!����M�!�����M������(IGPEVIW�E�RI[�ZEVMEFPI�M�
���7]WXIQ�SYX�TVMRXPR�M���M���M��
In the loop header, you can declare multiple variables, as long as they are of the same type, and you can
include multiple update expressions, separated by commas:
JSV��MRX�M�!����N�!�����M�!�����M����N���
_���
���������
a�
However, many people find it confusing if a for loop controls more than one variable. I recommend that
you not use this form of the for statement (see Quality Tip 6.1). Instead, make the for loop control a
single counter, and update the other variable explicitly:
MRX�N�!�����
JSV��MRX�M�!����M�!�����M���
_���
���������
���N����
a�
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6.3 Nested Loops
Sometimes, the body of a loop is again a loop. We say that the inner loop is nested inside an outer loop. This happens
often when you process two-dimensional structures, such as tables.

Loops can be nested. A typical example of nested loops is printing a table with rows and columns.

Let's look at an example that looks a bit more interesting than a table of numbers. We want to generate the following
triangular shape:
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The basic idea is simple. We generate a sequence of rows:
JSV��MRX�M�!����M�!�[MHXL��M���
_���
������1EOI�XVMERKPI�VS[��
���������
a�
How do you make a triangle row? Use another loop to concatenate the squares [] for that row. Then add a newline
character at the end of the row. The ith row has i symbols, so the loop counter goes from 1 to i.
JSV��MRX�N�!����N�!�M��N���
���V�!�V����?A���
V�!�V����@R���
Putting both loops together yields two nested loops:
7XVMRK�V�!�����
JSV��MRX�M�!����M�!�[MHXL��M���
_���
������1EOI�XVMERKPI�VS[�
���JSV��MRX�N�!����N�!�M��N���
������V�!�V����?A���
���V�!�V����@R���
a�
VIXYVR�V��
Here is the complete program:
GL���XVMERKPI��8VMERKPI�NEZE�
�
������
�����8LMW�GPEWW�HIWGVMFIW�XVMERKPI�SFNIGXW�XLEX�GER�FI�HMWTPE]IH�
�����EW�WLETIW�PMOI�XLMW��
�����?A�
�����?A?A�
�����?A?A?A��
�����
��TYFPMG�GPEWW�8VMERKPI�
��_�
���������
��������'SRWXVYGXW�E�XVMERKPI��
��������$TEVEQ�E;MHXL�XLI�RYQFIV�SJ�?A�MR�XLI�PEWX�VS[�SJ�XLI�XVMERKPI�
��������
�����TYFPMG�8VMERKPI�MRX�E;MHXL�
�����_�
��������[MHXL�!�E;MHXL��
�����a�
���
���������
��������'SQTYXIW�E�WXVMRK�VITVIWIRXMRK�XLI�XVMERKPI��
��������$VIXYVR�E�WXVMRK�GSRWMWXMRK�SJ�?A�ERH�RI[PMRI�GLEVEGXIVW�
��������
�����TYFPMG�7XVMRK�XS7XVMRK��
�����_�
��������7XVMRK�V�!�����
��������JSV��MRX�M�!����M�!�[MHXL��M���
��������_�
��������������1EOI�XVMERKPI�VS[�
�����������JSV��MRX�N�!����N�!�M��N���
��������������V�!�V����?A���
�����������V�!�V����@R���
��������a�
��������VIXYVR�V��
�����a�
���
�����TVMZEXI�MRX�[MHXL��
���a�
GL���XVMERKPI��8VMERKPI6YRRIV�NEZE�
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�
������
����8LMW�TVSKVEQ�TVMRXW�X[S�XVMERKPIW��
�����
��TYFPMG�GPEWW�8VMERKPI6YRRIV�
��_�
�����TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
�����_�
��������8VMERKPI�WQEPP�!�RI[�8VMERKPI����
��������7]WXIQ�SYX�TVMRXPR�WQEPP�XS7XVMRK���
���
��������8VMERKPI�PEVKI�!�RI[�8VMERKPI�����
��������7]WXIQ�SYX�TVMRXPR�PEVKI�XS7XVMRK���
�����a�
���a�
�
�
3YXTYX�
�

Self Check

5. Self Check 6.5

How would you modify the nested loops so that you print a square instead of a triangle?

6. Self Check 6.6

What is the value of n after the following nested loops?
MRX�R�!����
JSV��MRX�M�!����M�!����M���
���JSV��MRX�N�!����N��M��N���
������R�!�R���N��
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6.4 Processing Sentinel Values
Suppose you want to process a set of values, for example a set of measurements. Your goal is to analyze the data and
display properties of the data set, such as the average or the maximum value. You prompt the user for the first value,
then the second value, then the third, and so on. When does the input end?

One common method for indicating the end of a data set is a sentinel value, a value that is not part of the data.
Instead, the sentinel value indicates that the data has come to an end.

Some programmers choose numbers such as 0 or -1 as sentinel values. But that is not a good idea. These values may
well be valid inputs. A better idea is to use an input that is not a number, such as the letter Q. Here is a typical
program run:
)RXIV�ZEPYI��5�XS�UYMX�����
)RXIV�ZEPYI��5�XS�UYMX�����
)RXIV�ZEPYI��5�XS�UYMX�����
)RXIV�ZEPYI��5�XS�UYMX�����
)RXIV�ZEPYI��5�XS�UYMX��5��
%ZIVEKI�!�����
1E\MQYQ�!�����
Of course, we need to read each input as a string, not a number. Once we have tested that the input is not the letter
Q, we convert the string into a number.
7]WXIQ�SYX�TVMRX�w)RXIV�ZEPYI��5�XS�UYMX��x��
7XVMRK�MRTYX�!�MR�RI\X����
MJ��MRTYX�IUYEPW-KRSVI'EWI�w5x�
���;I�EVI�HSRI�
IPWI�
_���
���HSYFPI�\�!�(SYFPI�TEVWI(SYFPI�MRTYX��
���������
a�

Sometimes, the termination condition of a loop can only be evaluated in the middle of a loop. You
can introduce a Boolean variable to control such a loop.

Now we have another problem. The test for loop termination occurs in the middle of the loop, not at the top or the
bottom. You must first try to read input before you can test whether you have reached the end of input. In Java, there
LVQ
W�D�UHDG\�PDGH�FRQWURO�VWUXFWXUH�IRU�WKH�SDWWHUQ�³GR�ZRUN��WKHQ�WHVW��WKHQ�GR�PRUH�ZRUŃ��7KHUHIRUH��ZH�XVH�D�
combination of a while loop and a boolean variable.
FSSPIER�HSRI�!�JEPWI��
[LMPI���HSRI�
_���
���4VMRX�TVSQTX�
���7XVMRK�MRTYX�!�VIEH�MRTYX��
���MJ��IRH�SJ�MRTYX�MRHMGEXIH�
������HSRI�!�XVYI��
���IPWI�
���_���
������4VSGIWW�MRTYX��
���a�
a�
7KLV�SDWWHUQ�LV�VRPHWLPHV�FDOOHG�³ORRS�DQG�D�KDOÍ��6RPH�SURJUDPPHUV�ILQG�LW�FOXPV\�WR�LQWURGXFH�D�FRQWURO�YDULDEOH�
for such a loop. Advanced Topic 6.3 shows several alternatives.
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Let's put together the data analysis program. To decouple the input handling from the computation of the average and
the maximum, we'll introduce a class DataSet. You add values to a DataSet object with the add method. The
getAverage method returns the average of all added data and the getMaximum method returns the largest.
GL���HEXEWIX�(EXE%REP]̂IV�NEZE�
�
��MQTSVX�NEZE�YXMP�7GERRIV��
��
������
�����8LMW�TVSKVEQ�GSQTYXIW�XLI�EZIVEKI�ERH�QE\MQYQ�SJ�E�WIX�
�����SJ�MRTYX�ZEPYIW��
�����
��TYFPMG�GPEWW�(EXE%REP]̂IV�
��_�
�����TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
�����_�
��������7GERRIV�MR�!�RI[�7GERRIV�7]WXIQ�MR��
��������(EXE7IX�HEXE�!�RI[�(EXE7IX���
���
��������FSSPIER�HSRI�!�JEPWI��
��������[LMPI���HSRI�
��������_�
�����������7]WXIQ�SYX�TVMRX��)RXIV�ZEPYI��5�XS�UYMX�����
�����������7XVMRK�MRTYX�!�MR�RI\X���
�����������MJ��MRTYX�IUYEPW-KRSVI'EWI��5��
��������������HSRI�!�XVYI��
�����������IPWI�
�����������_�
��������������HSYFPI�\�!�(SYFPI�TEVWI(SYFPI�MRTYX��
��������������HEXE�EHH�\��
�����������a�
��������a�
���
��������7]WXIQ�SYX�TVMRXPR��%ZIVEKI�!�����HEXE�KIX%ZIVEKI���
��������7]WXIQ�SYX�TVMRXPR��1E\MQYQ�!�����HEXE�KIX1E\MQYQ���
������a�
���a�
GL���HEXEWIX�(EXE7IX�NEZE�
�
������
�����'SQTYXIW�MRJSVQEXMSR�EFSYX�E�WIX�SJ�HEXE�ZEPYIW��
�����
��TYFPMG�GPEWW�(EXE7IX�
��_�
���������
��������'SRWXVYGXW�ER�IQTX]�HEXE�WIX��
��������
�����TYFPMG�(EXE7IX��
�����_�
��������WYQ�!����
��������GSYRX�!����
��������QE\MQYQ�!����
������a�
���
����������
���������%HHW�E�HEXE�ZEPYI�XS�XLI�HEXE�WIX��
���������$TEVEQ�\�E�HEXE�ZEPYI�
���������
������TYFPMG�ZSMH�EHH�HSYFPI�\�
������_�
���������WYQ�!�WYQ���\��
���������MJ��GSYRX�!!���̀ �̀QE\MQYQ��\�QE\MQYQ�!�\��
���������GSYRX����
������a�
���
����������
���������+IXW�XLI�EZIVEKI�SJ�XLI�EHHIH�HEXE��
���������$VIXYVR�XLI�EZIVEKI�SV���MJ�RS�HEXE�LEW�FIIR�EHHIH�
���������
������TYFPMG�HSYFPI�KIX%ZIVEKI��
������_�
���������MJ��GSYRX�!!���VIXYVR����
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���������IPWI�VIXYVR�WYQ���GSYRX��
������a�
���
����������
���������+IXW�XLI�PEVKIWX�SJ�XLI�EHHIH�HEXE��
���������$VIXYVR�XLI�QE\MQYQ�SV���MJ�RS�HEXE�LEW�FIIR�EHHIH�
���������
������TYFPMG�HSYFPI�KIX1E\MQYQ��
������_�
���������VIXYVR�QE\MQYQ��
������a�
���
������TVMZEXI�HSYFPI�WYQ��
������TVMZEXI�HSYFPI�QE\MQYQ��
������TVMZEXI�MRX�GSYRX��
���a�
�
�
3YXTYX�
�
)RXIV�ZEPYI��5�XS�UYMX�����
)RXIV�ZEPYI��5�XS�UYMX����
)RXIV�ZEPYI��5�XS�UYMX�����
)RXIV�ZEPYI��5�XS�UYMX��5�
%ZIVEKI�!�����
1E\MQYQ�!������

Self Check

7. Self Check 6.7

Why does the DataAnalyzer class call in.next and not in.nextDouble?

8. Self Check 6.8

Would the DataSet class still compute the correct maximum if you simplified the update of the maximum
field in the add method to the following statement?
���MJ��QE\MQYQ��\�QE\MQYQ�!�\���
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How To 6.1: Implementing Loops

How To 6.1

You write a loop because your program needs to repeat an action multiple times. As you have seen in this
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chapter, there are several loop types, and it isn't always obvious how to structure loop statements. This
How To walks you through the thought process that is involved when programming a loop.

Step 1. List the work that needs to be done in every step of the loop body.
For example, suppose you need to read in input values in gallons and convert them to liters until the
end of input is reached. Then the operations are:

· Read input.

· Convert the input to liters.

· Print out the response.

Suppose you need to scan through the characters of a string and count the vowels. Then the
operations are:

· Get the next character.

· If it's a vowel, increase a counter.

Step 2. Find out how often the loop is repeated.
Typical answers might be:

· Ten times

· Once for each character in the string

· Until the end of input is reached

· While the balance is less than the target balance

If a loop is executed for a definite number of times, a for loop is usually appropriate. The first two
answers above lead to for loops, such as
JSV��MRX�M�!����M�!�����M���������
JSV��MRX�M�!����M��WXV�PIRKXL���M���������
The next two need to be implemented as while�ORRSV²\RX�GRQ
W�NQRZ�KRZ�PDQ\�WLPHV�WKH�ORRS�ERG\
is going to be repeated.

Step 3. With a while loop, find out where you can determine that the loop is finished.
There are three possibilities:

· Before entering the loop

· In the middle of the loop

· At the end of the loop

For example, if you execute a loop while the balance is less than the target balance, you can check for
that condition at the beginning of the loop. If the balance is less than the target balance, you enter
the loop. If not, you are done. In such a case, your loop has the form
[LMPI��GSRHMXMSR�
_�
���(S�[SVO�
a�
However, checking for input requires that you first read the input. That means, you'll need to enter
the loop, read the input, and then decide whether you want to go any further. Then your loop has the
form
FSSPIER�HSRI�!�JEPWI��
[LMPI���HSRI�
_�
���(S�XLI�[SVO�RIIHIH�XS�GLIGO�XLI�GSRHMXMSR�
���MJ��GSRHMXMSR�
������HSRI�!�XVYI��
���IPWI�
���_�
������(S�QSVI�[SVO�
���a�
a�
This loop structure is sometimes called a “loop and a half”.
Finally, if you know whether you need to go on after you have gone through the loop once, then you
use a do/while loop:
HS�
_�
���(S�[SVO�
a�
[LMPI��GSRHMXMSR�
However, these loops are very rare in practice.

Step 4. Implement the loop by putting the operations from Step 1 into the loop body.
When you write a for�ORRS��\RX�XVXDOO\�XVH�WKH�ORRS�LQGH[�LQVLGH�WKH�ORRS�ERG\��)RU�H[DPSOH��³JHW�WKH
QH[W�FKDUDFWHÚ�LV�LPSOHPHQWHG�DV�WKH�VWDWHPHQW��
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GLEV�GL�!�WXV�GLEV%X�M��

Step 5. Double-check your variable initializations.
If you use a Boolean variable done, make sure it is initialized to false. If you accumulate a result in a
sum or count variable, make sure that you set it to 0 before entering the loop for the first time.

Step 6. Check for off-by-one errors.
Consider the simplest possible scenarios:

· If you read input, what happens if there is no input at all? Exactly one input?

· If you look through the characters of a string, what happens if the string is empty? If it has one
character in it?

· If you accumulate values until some target has been reached, what happens if the target is 0? A
negative value?

Manually walk through every instruction in the loop, including all initializations. Carefully check all
conditions, paying attention to the difference between comparisons such as < and <=. Check that the
loop is not traversed at all, or only once, and that the final result is what you expect.
If you write a for loop, check to see whether your bounds should be symmetric or asymmetric (see
Quality Tip 6.3), and count the number of iterations (see Quality Tip 6.4).

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

Quality Tip 6.3: Symmetric and Asymmetric Bounds

Quality Tip 6.3

It is easy to write a loop with i going from 1 to n:
JSV��M�!����M�!�R��M���������
The values for i are bounded by the relation 1 i n. Because there are comparisons on both bounds,
the bounds are called symmetric.

When traversing the characters in a string, the bounds are asymmetric.
JSV��M�!����M��WXV�PIRKXL���M���������

The values for i are bounded by 0 i < str.length(), with a comparison to the left and a <
comparison to the right. That is appropriate, because str.length() is not a valid position.

Make a choice between symmetric and asymmetric loop bounds.

It is not a good idea to force symmetry artificially:
JSV��M�!����M�!�WXV�PIRKXL�������M���������
That is more difficult to read and understand.

For every loop, consider which form is most natural for the problem, and use that.
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Quality Tip 6.4: Count Iterations

Quality Tip 6.4

Finding the correct lower and upper bounds for an iteration can be confusing. Should I start at 0? Should I
use <= b or < b as a termination condition?

Count the number of iterations to check that your for loop is correct.

Counting the number of iterations is a very useful device for better understanding a loop. Counting is
easier for loops with asymmetric bounds. The loop
JSV��M�!�E��M��F��M���������
is executed b - a times. For example, the loop traversing the characters in a string,
JSV��M�!����M��WXV�PIRKXL���M���������
runs str.length() times. That makes perfect sense, because there are str.length() characters in a
string.

The loop with symmetric bounds,
JSV��M�!�E��M�!�F��M���
is executed b - a + 1�WLPHV��7KDW�³+1 �́LV�WKH�VRXUFH�RI�PDQ\�SURJUDPPLQJ�HUURUV��)RU�H[DPSOH���
JSV��R�!����R�!�����R���
runs 11 times. Maybe that is what you want; if not, start at 1 or use < 10.

2QH�ZD\�WR�YLVXDOL]H�WKLV�³+ 1 �́HUURU�LV�WR�WKLQN�RI�WKH�SRVWV�DQG�VHFWLRQV�RI�D�IHQFH��6XSSRVH�WKH�IHQFH�
has ten sections (=). How many posts (|) does it have?
!̀̀ !̀ !̀ !̀ !̀ !̀ !̀ !̀ !̀ !̀�

A fence with ten sections has eleven posts. Each section has one post to the left, and there is one more
SRVW�DIWHU�WKH�ODVW�VHFWLRQ��)RUJHWWLQJ�WR�FRXQW�WKH�ODVW�LWHUDWLRQ�RI�D�³<= �́ORRS�LV�RIWHQ�FDOOHG�D�³IHQFH�SRVW�
HUURÚ��

If the increment is a value c other than 1, and c divides b - a, then the counts are
�F���E���G������JSV�XLI�EW]QQIXVMG�PSST�
�F���E���G������JSV�XLI�W]QQIXVMG�PSST�
For example, the loop for (i = 10; i <= 40; i += 5) executes (40 - 10)/5 + 1 = 7 times.

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

Advanced Topic 6.3: The “Loop and a Half” Problem

Advanced Topic 6.3
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Reading input data sometimes requires a loop such as the following, which is somewhat unsightly:
FSSPIER�HSRI�!�JEPWI��
[LMPI���HSRI�
_���
���7XVMRK�MRTYX�!�MR�RI\X���
���MJ��MRTYX�IUYEPW-KRSVI'EWI�w5x�
������HSRI�!�XVYI��
���IPWI�
���_���
������4VSGIWW�HEXE�
���a�
a�
7KH�WUXH�WHVW�IRU�ORRS�WHUPLQDWLRQ�LV�LQ�WKH�PLGGOH�RI�WKH�ORRS��QRW�DW�WKH�WRS��7KLV�LV�FDOOHG�D�³ORRS�DQG�D�
KDOÍ��EHFDXVH�RQH�PXVW�JR�KDOIZD\�LQWR�WKH�ORRS�EHIRUH�NQRZLQJ�ZKHWKHU�RQH�QHHGV�WR�WHUPLQDWH��

Some programmers dislike the introduction of an additional Boolean variable for loop control. Two Java
ODQJXDJH�IHDWXUHV�FDQ�EH�XVHG�WR�DOOHYLDWH�WKH�³ORRS�DQG�D�KDOÍ�SUREOHP��,�GRQ
W�WKLQN�HLWKHU�LV�D�VXSHULRU�
solution, but both approaches are fairly common, so it is worth knowing about them when reading other
people's code.

You can combine an assignment and a test in the loop condition:
[LMPI����MRTYX�!�MR�RI\X��IUYEPW-KRSVI'EWI�w5x�
_���
���4VSGIWW�HEXE�
a�
The expression
�MRTYX�!�MR�RI\X��IUYEPW-KRSVI'EWI��5���
PHDQV��³)LUVW�FDOO�in.next(), then assign the result to input, then test whether it equals ³4́ �́�7KLV�LV�DQ�
expression with a side effect. The primary purpose of the expression is to serve as a test for the while
ORRS��EXW�LW�DOVR�GRHV�VRPH�ZRUN²QDPHO\��UHDGLQJ�WKH�LQSXW�DQG�VWRULQJ�LW�LQ�WKH�YDULDEOH�input. In
general, it is a bad idea to use side effects, because they make a program hard to read and maintain. In
this case, however, that practice is somewhat seductive, because it eliminates the control variable done,
which also makes the code hard to read and maintain.

The other solution is to exit the loop from the middle, either by a return statement or by a break
statement (see Advanced Topic 6.4).
TYFPMG�ZSMH�TVSGIWW-RTYX�7GERRIV�MR�
_�
���[LMPI��XVYI�
���_���
������7XVMRK�MRTYX�!�MR�RI\X���
������MJ��MRTYX�IUYEPW-KRSVI'EWI�w5x�
���������VIXYVR��
������4VSGIWW�HEXE�
���a�
a�
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Advanced Topic 6.4: The break and continue
Statements

Advanced Topic 6.4
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You already encountered the break statement in Advanced Topic 5.2, where it was used to exit a switch
statement. In addition to breaking out of a switch statement, a break statement can also be used to exit
a while, for, or do loop. For example, the break statement in the following loop terminates the loop when
the end of input is reached.
[LMPI��XVYI�
_���
���7XVMRK�MRTYX�!�MR�RI\X���
���MJ��MRTYX�IUYEPW-KRSVI'EWI��5��
������FVIEO��
���HSYFPI�\�!�(SYFPI�TEVWI(SYFPI�MRTYX��
���HEXE�EHH�\��
a�
In general, a break is a very poor way of exiting a loop. In 1990, a misused break caused an AT&T 4ESS
telephone switch to fail, and the failure propagated through the entire U.S. network, rendering it nearly
unusable for about nine hours. A programmer had used a break to terminate an if statement.
Unfortunately, break cannot be used with if, so the program execution broke out of the enclosing switch
statement, skipping some variable initializations and running into chaos [2, p. 38]. Using break
statements also makes it difficult to use correctness proof techniques (see Advanced Topic 6.5).

However, when faced with the bother of introducing a separate loop control variable, some programmers
find that break�VWDWHPHQWV�DUH�EHQHILFLDO�LQ�WKH�³ORRS�DQG�D�KDOÍ�FDVH��7KLV�LVVXH�LV�RIWHQ�WKH�WRSLF�RI�
heated (and quite unproductive) debate. In this book, we won't use the break statement, and we leave it
to you to decide whether you like to use it in your own programs.

In Java, there is a second form of the break statement that is used to break out of a nested statement.
The statement break label; immediately jumps to the end of the statement that is tagged with a label. Any
statement (including if�DQG�EORFN�VWDWHPHQWV��FDQ�EH�WDJJHG�ZLWK�D�ODEHO²WKH�V\QWD[�LV��
PEFIP��WXEXIQIRX�
The labeled break statement was invented to break out of a set of nested loops.
SYXIVPSST��
[LMPI��SYXIV�PSST�GSRHMXMSR�
_��������
���[LMPI��MRRIV�PSST�GSRHMXMSR�
���_��������
������MJ��WSQIXLMRK�VIEPP]�FEH�LETTIRIH�
���������FVIEO�SYXIVPSST��
���a�
a�
.YQTW�LIVI�MJ�WSQIXLMRK�VIEPP]�FEH�LETTIRIH�
Naturally, this situation is quite rare. We recommend that you try to introduce additional methods instead
of using complicated nested loops.

Finally, there is another goto - like statement, the continue statement, which jumps to the end of the
current iteration of the loop. Here is a possible use for this statement:
[LMPI���HSRI�
_���
���7XVMRK�MRTYX�!�MR�RI\X���
���MJ��MRTYX�IUYEPW-KRSVI'EWI��5��
���_�
������HSRI�!�XVYI��
������GSRXMRYI�����.YQT�XS�XLI�IRH�SJ�XLI�PSST�FSH]�
���a�
���HSYFPI�\�!�(SYFPI�TEVWI(SYFPI�MRTYX��
���HEXE�EHH�\��
������GSRXMRYI�WXEXIQIRX�NYQTW�LIVI�
a�
By using the continue statement, you don't need to place the remainder of the loop code inside an else
clause. This is a minor benefit. Few programmers use this statement.

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved.
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6.5 Random Numbers and Simulations

In a simulation, you repeatedly generate random numbers and use them to simulate an activity.

In a simulation you generate random events and evaluate their outcomes. Here is a typical problem that can be
decided by running a simulation: the Buffon needle experiment, devised by Comte Georges - Louis Leclerc de Buffon
�����±�������D�)UHQFK�QDWXUDOLVW��2Q�HDFK�try, a one - inch long needle is dropped onto paper that is ruled with lines
2 inches apart. If the needle drops onto a line, count it as a hit. (See Figure 6-3.) Buffon conjectured that the quotient
tries/hits approximates .

FIGURE 6-3 The Buffon Needle Experiment

Now, how can you run this experiment in the computer? You don't actually want to build a robot that drops needles on
paper. The Random class of the Java library implements a random number generator, which produces numbers that
appear to be completely random. To generate random numbers, you construct an object of the Random class, and then
apply one of the following methods:

Method Returns

nextInt(n) A random integer between the integers 0 (inclusive) and n (exclusive)

nextDouble() A random floating - point number between ) (inclusive) and 1 (exclusive)

For example, you can simulate the cast of a die as follows:
6ERHSQ�KIRIVEXSV�!�RI[�6ERHSQ���
MRX�H�!�����KIRIVEXSV�RI\X-RX����
The call generator.nextInt(6) gives you a random number between 0 and 5 (inclusive). Add 1 to obtain a number
between 1 and 6.

To give you a feeling for the random numbers, run the following program a few times.
GL���VERHSQ��(MI�NEZE�
�
��MQTSVX�NEZE�YXMP�6ERHSQ��
��
������
����8LMW�GPEWW�QSHIPW�E�HMI�XLEX��[LIR�GEWX��PERHW�SR�E�VERHSQ�
����JEGI��
�����
��TYFPMG�GPEWW�(MI�
��_�
���������
��������'SRWXVYGXW�E�HMI�[MXL�E�KMZIR�RYQFIV�SJ�WMHIW��
��������$TEVEQ�W�XLI�RYQFIV�SJ�WMHIW��I�K�����JSV�E�RSVQEP�HMI�
��������
�����TYFPMG�(MI�MRX�W�
�����_�
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��������WMHIW�!�W��
��������KIRIVEXSV�!�RI[�6ERHSQ���
�����a�
���
���������
��������7MQYPEXIW�E�XLVS[�SJ�XLI�HMI��
��������$VIXYVR�XLI�JEGI�SJ�XLI�HMI�
��������
�����TYFPMG�MRX�GEWX��
�����_�
��������VIXYVR�����KIRIVEXSV�RI\X-RX�WMHIW��
�����a�
���
�����TVMZEXI�6ERHSQ�KIRIVEXSV��
�����TVMZEXI�MRX�WMHIW��
���a�
GL���VERHSQ��(MI7MQYPEXSV�NEZE�
�
������
�����8LMW�TVSKVEQ�WMQYPEXIW�GEWXMRK�E�HMI�XIR�XMQIW��
�����
��TYFPMG�GPEWW�(MI7MQYPEXSV�
��_�
�����TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
�����_�
��������(MI�H�!�RI[�(MI����
��������JMREP�MRX�86-)7�!�����
��������JSV��MRX�M�!����M�!�86-)7��M���
��������_�
�����������MRX�R�!�H�GEWX���
�����������7]WXIQ�SYX�TVMRX�R��������
��������a�
��������7]WXIQ�SYX�TVMRXPR���
������a�
���a�
�
�
3YXTYX�
�
��������������������
�
3YXTYX��7IGSRH�6YR�
�
��������������������
As you can see, this program produces a different stream of simulated die casts every time it is run.

Actually, the numbers are not completely random. They are drawn from very long sequences of numbers that don't
repeat for a long time. These sequences are computed from fairly simple formulas; they just behave like random
numbers. For that reason, they are often called pseudorandom numbers. Generating good sequences of numbers that
behave like truly random sequences is an important and well - studied problem in computer science. We won't
investigate this issue further, though; we'll just use the random numbers produced by the Random class.

To run the Buffon needle experiment, we have to work a little harder. When you throw a die, it has to come up with
one of six faces. When throwing a needle, however, there are many possible outcomes. You must generate two
random numbers: one to describe the starting position and one to describe the angle of the needle with the x - axis.
Then you need to test whether the needle touches a grid line. Stop after 10,000 tries.

Let us agree to generate the lower point of the needle. Its x - coordinate is irrelevant, and you may assume its y -
coordinate ylow to be any random number between 0 and 2. However, because it can be a random floating - point

number, we use the nextDouble method of the Random class. It returns a random floating - point number between 0
and 1. Multiply by 2 to get a random number between 0 and 2.

The angle between the needle and the x - axis can be any value between 0 degrees and 180 degrees. The upper
end of the needle has y - coordinate

The needle is a hit if yhigh is at least 2. See Figure 6-4

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

http://www.acropdf.com


FIGURE 6-4 When Does the Needle Fall on a Line?

.

Here is the program to carry out the simulation of the needle experiment.
GL���VERHSQ��2IIHPI�NEZE�
�
��MQTSVX�NEZE�YXMP�6ERHSQ��
��
������
�����8LMW�GPEWW�WMQYPEXIW�E�RIIHPI�MR�XLI�&YJJSR�RIIHPI�I\TIVMQIRX��
�����
��TYFPMG�GPEWW�2IIHPI�
��_�
���������
�����'SRWXVYGXW�E�RIIHPI��
������
���TYFPMG�2IIHPI��
���_�
�����LMXW�!����
�����XVMIW�!����
�����KIRIVEXSV�!�RI[�6ERHSQ���
���a�
���
�������
������(VSTW�XLI�RIIHPI�SR�XLI�KVMH�SJ�PMRIW�ERH�
������VIQIQFIVW�[LIXLIV�XLI�RIIHPI�LMX�E�PMRI��
������
���TYFPMG�ZSMH�HVST��
���_�
������HSYFPI�]PS[�!�����KIRIVEXSV�RI\X(SYFPI���
������HSYFPI�ERKPI�!�������KIRIVEXSV�RI\X(SYFPI���
���
���������'SQTYXIW�LMKL�TSMRX�SJ�RIIHPI�
���
������HSYFPI�]LMKL�!�]PS[���1EXL�WMR�1EXL�XS6EHMERW�ERKPI��
������MJ��]LMKL�"!���LMXW����
������XVMIW����
����a�
���
��������
�������+IXW�XLI�RYQFIV�SJ�XMQIW�XLI�RIIHPI�LMX�E�PMRI��
�������$VIXYVR�XLI�LMX�GSYRX�
�������
����TYFPMG�MRX�KIX,MXW��
����_�
�������VIXYVR�LMXW��
����a�
���
��������
�������+IXW�XLI�XSXEP�RYQFIV�SJ�XMQIW�XLI�RIIHPI�[EW�HVSTTIH��
�������$VIXYVR�XLI�XV]�GSYRX�
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������
���TYFPMG�MRX�KIX8VMIW��
���_�
������VIXYVR�XVMIW��
���a�
���
������TVMZEXI�6ERHSQ�KIRIVEXSV��
������TVMZEXI�MRX�LMXW��
������TVMZEXI�MRX�XVMIW��
���a�
GL���VERHSQ��2IIHPI7MQYPEXSV�NEZE�
�
������
�����8LMW�TVSKVEQ�WMQYPEXIW�XLI�&YJJSR�RIIHPI�I\TIVMQIRX�
�����ERH�TVMRXW�XLI�VIWYPXMRK�ETTVS\MQEXMSRW�SJ�TM��
�����
��TYFPMG�GPEWW�2IIHPI7MQYPEXSV�
��_�
�����TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
�����_�
��������2IIHPI�R�!�RI[�2IIHPI���
��������JMREP�MRX�86-)7��!��������
��������JMREP�MRX�86-)7��!����������
���
��������JSV��MRX�M�!����M�!�86-)7���M���
�����������R�HVST���
��������7]WXIQ�SYX�TVMRXJ��8VMIW�!�	H��8VMIW���,MXW�!�	���J@R���
�������������86-)7����HSYFPI�R�KIX8VMIW����R�KIX,MXW���
���
��������JSV��MRX�M�!�86-)7�������M�!�86-)7���M���
����������R�HVST���
��������7]WXIQ�SYX�TVMRXJ��8VMIW�!�	H��8VMIW���,MXW�!�	���J@R���
�������������86-)7����HSYFPI�R�KIX8VMIW����R�KIX,MXW���
�����a�
���a�
�
�
3YXTYX�
�
8VMIW�!��������8VMIW���,MXW�!���������
8VMIW�!����������8VMIW���,MXW�!���������
The point of this program is not to compute ²WKHUH�DUH�IDU�PRUH�HIILFLHQW�ZD\V�WR�GR�WKDW��5DWKHU��WKH�SRLQW�LV�WR�
show how a physical experiment can be simulated on the computer. Buffon had to physically drop the needle
thousands of times and record the results, which must have been a rather dull activity. The computer can execute the
experiment quickly and accurately.

Simulations are very common computer applications. Many simulations use essentially the same pattern as the code
of this example: In a loop, a large number of sample values are generated, and the values of certain observations are
recorded for each sample. When the simulation is completed, the averages, or other statistics of interest from the
observed values are printed out.

A typical example of a simulation is the modeling of customer queues at a bank or a supermarket. Rather than
observing real customers, one simulates their arrival and their transactions at the teller window or checkout stand in
the computer. One can try different staffing or building layout patterns in the computer simply by making changes in
the program. In the real world, making many such changes and measuring their effects would be impossible, or at
least, very expensive.

Self Check

9. Self Check 6.9

How do you use a random number generator to simulate the toss of a coin?
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10. Self Check 6.10

Why is the NeedleSimulator program not an efficient method for computing ?

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

Advanced Topic 6.5: Loop Invariants

Advanced Topic 6.5

Consider the task of computing an, where a is a floating-point number and n is a positive integer. Of
course, you can multiply D���D���«���D, n times, but if n is large, you'll end up doing a lot of
multiplication. The following loop computes an in far fewer steps:
HSYFPI�E�!��������
MRX�R�!��������
HSYFPI�V�!����
HSYFPI�F�!�E��
MRX�M�!�R��
[LMPI��M�"���
_���
���MJ��M�	���!!������R�MW�IZIR��
���_���
������F�!�F���F��
������M�!�M������
���a�
���IPWI�
���_���
������V�!�V���F��
������M����
���a�
a�
���2S[�V�IUYEPW�E�XS�XLI�RXL�TS[IV�
Consider the case n = 100. The method performs the steps shown in the table below.

Amazingly enough, the algorithm yields exactly a100. Do you understand why? Are you convinced it will
work for all values of n? Here is a clever argument to show that the method always computes the correct
result. It demonstrates that whenever the program reaches the top of the while loop, it is true that

(6.1)

Certainly, it is true the first time around, because b = a and i = n. Suppose that I holds at the beginning
of the loop. Label the values of r, b, and i�DV�³ROǴ�ZKHQ�HQWHULQJ�WKH�ORRS��DQG�DV�³QHŹ �ZKHQ�H[LWLQJ�WKH�
loop. Assume that upon entry

Computing a100

b i r

a 100 1

a2 50
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a4 25

24 a4

a8 12

a16 6

a32 3

2 a36

a64 1

0 a100

In the loop you must distinguish two cases: iold even and iold odd. If iold is even, the loop performs the
following transformations:

Therefore,

On the other hand, if iold is odd, then

Therefore,

In either case, the new values for r, b, and i fulfill the loop invariant 6.1. So what? When the loop finally
exits, 6.1 holds again:

Furthermore, we know that i = 0, because the loop is terminating. But because i = 0, r · bi = r · b0

= r. Hence r = an, and the method really does compute the nth power of a.

This technique is quite useful, because it can explain an algorithm that is not at all obvious. The condition
6.1 is called a loop invariant because it is true when the loop is entered, at the top of each pass, and when
the loop is exited. If a loop invariant is chosen skillfully, you may be able to deduce correctness of a
computation. See [6.3] for another nice example.

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

Random Fact 6.2: Correctness Proofs
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Random Fact 6.2

In Advanced Topic 6.5 we introduced the technique of loop invariants. If you skipped that topic, have a
glance at it now. That technique can be used to rigorously prove that a loop computes exactly the value
that it is supposed to compute. Such a proof is far more valuable than any testing. No matter how many
test cases you try, you always worry whether another case that you haven't tried yet might show a bug. A
proof settles the correctness for all possible inputs.

For some time, programmers were very hopeful that proof techniques such as loop invariants would
greatly reduce the need of testing. You would prove that each simple method is correct, and then put the
proven components together and prove that they work together as they should. Once it is proved that
main works correctly, no testing is required. Some researchers were so excited about these techniques
that they tried to omit the programming step altogether. The designer would write down the program
requirements, using the notation of formal logic. An automatic prover would prove that such a program
could be written and generate the program as part of its proof.

Unfortunately, in practice these methods never worked very well. The logical notation to describe program
behavior is complex. Even simple scenarios require many formulas. It is easy enough to express the idea
that a method is supposed to compute an, but the logical formulas describing all methods in a program
that controls an airplane, for instance, would fill many pages. These formulas are created by humans, and
humans make errors when they deal with difficult and tedious tasks. Experiments showed that instead of
buggy programs, programmers wrote buggy logic specifications and buggy program proofs.

Van der Linden [6.2, p. 287], gives some examples of complicated proofs that are much harder to verify
than the programs they are trying to prove.

Program proof techniques are valuable for proving the correctness of individual methods that make
computations in nonobvious ways. At this time, though, there is no hope to prove any but the most trivial
programs correct in such a way that the specification and the proof can be trusted more than the program.
There is hope that correctness proofs will become more applicable to real-life programming situations in
the future. However, engineering and management are at least as important as mathematics and logic for
the successful completion of large software projects.

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

6.6 Using a Debugger
As you have undoubtedly realized by now, computer programs rarely run perfectly the first time. At times, it can be
quite frustrating to find the bugs. Of course, you can insert print commands, run the program, and try to analyze the
printout. If the printout does not clearly point to the problem, you may need to add and remove print commands and
run the program again. That can be a time-consuming process.

A debugger is a program that you can use to execute another program and analyze its run-time
behavior.

Modern development environments contain special programs, called debuggers, that help you locate bugs by letting
you follow the execution of a program. You can stop and restart your program and see the contents of variables
whenever your program is temporarily stopped. At each stop, you have the choice of what variables to inspect and
how many program steps to run until the next stop.
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Some people feel that debuggers are just a tool to make programmers lazy. Admittedly some people write sloppy
programs and then fix them up with a debugger, but the majority of programmers make an honest effort to write the
best program they can before trying to run it through a debugger. These programmers realize that a debugger, while
more convenient than print commands, is not cost-free. It does take time to set up and carry out an effective
debugging session.

In actual practice, you cannot avoid using a debugger. The larger your programs get, the harder it is to debug them
simply by inserting print commands. You will find that the time investment to learn about a debugger is amply repaid
in your programming career.

Like compilers, debuggers vary widely from one system to another. On some systems they are quite primitive and
require you to memorize a small set of arcane commands; on others they have an intuitive window interface. The
screen shots in this chapter show the debugger in the Eclipse development environment, downloadable for free from
the Eclipse Foundation web site [6.4]. Other integrated environments, such as BlueJ, also include debuggers. A free
standalone debugger called JSwat is available from the JSwat Graphical Java Debugger web page [6.5].

You will have to find out how to prepare a program for debugging and how to start a debugger on your system. If you
use an integrated development environment, which contains an editor, compiler, and debugger, this step is usually
very easy. You just build the program in the usual way and pick a menu command to start debugging. On some
systems, you must manually build a debug version of your program and invoke the debugger.

You can make effective use of a debugger by mastering just three concepts: breakpoints, single-
stepping, and inspecting variables.

2QFH�\RX�KDYH�VWDUWHG�WKH�GHEXJJHU��\RX�FDQ�JR�D�ORQJ�ZD\�ZLWK�MXVW�WKUHH�GHEXJJLQJ�FRPPDQGV��³VHW�EUHDNSRLQẂ��
³VLQJOH�VWHŚ��DQG�³LQVSHFW�YDULDEOH́�The names and keystrokes or mouse clicks for these commands differ widely
between debuggers, but all debuggers support these basic commands. You can find out how, either from the
documentation or a lab manual, or by asking someone who has used the debugger before.

When a debugger executes a program, the execution is suspended whenever a breakpoint is
reached.

When you start the debugger, it runs at full speed until it reaches a breakpoint. Then execution stops, and the
breakpoint that causes the stop is displayed (see Figure 6-5). You can now inspect variables and step through the
program a line at a time, or continue running the program at full speed until it reaches the next breakpoint. When the
program terminates, the debugger stops as well.
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FIGURE 6-5 Stopping at a Breakpoint

Breakpoints stay active until you remove them, so you should periodically clear the breakpoints that you no longer
need.

Once the program has stopped, you can look at the current values of variables. Again, the method for selecting the
variables differs among debuggers. Some debuggers always show you a window with the current local variables. On
RWKHU�GHEXJJHUV�\RX�LVVXH�D�FRPPDQG�VXFK�DV�³LQVSHFW�YDULDEOH́�DQG�W\SH�LQ�RU�FOLFN�RQ�WKH�YDULDEOH��7KH�GHEXJJHU�
then displays the contents of the variable. If all variables contain what you expected, you can run the program until
the next point where you want to stop.

When inspecting objects, you often need�WR�JLYH�D�FRPPDQG�WR�³RSHQ�XŚ�WKH�REject, for example by clicking on a tree
node. Once the object is opened up, you see its instance variables (see Figure 6-6).
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FIGURE 6-6 Inspecting Variables

The single-step command executes the program one line at a time.

Running to a breakpoint gets you there speedily, but you don't know how the program got there. You can also step
through the program a line at a time. Then you know how the program flows, but it can take a long time to step
through it. The single-step command executes the current line and stops at the next program line. Most debuggers
have two single-step commands, one called step into, which steps inside method calls, and one called step over,
which skips over method calls.

For example, suppose the current line is
7XVMRK�MRTYX�!�MR�RI\X������������
;SVH�[�!�RI[�;SVH�MRTYX��
MRX�W]PPEFPIW�!�[�GSYRX7]PPEFPIW���
7]WXIQ�SYX�TVMRXPR��7]PPEFPIW�MR�����MRTYX����������W]PPEFPIW��
When you step over method calls, you get to the next line:
7XVMRK�MRTYX�!�MR�RI\X������������
;SVH�[�!�RI[�;SVH�MRTYX��
MRX�W]PPEFPIW�!�[�GSYRX7]PPEFPIW���
7]WXIQ�SYX�TVMRXPR��7]PPEFPIW�MR�����MRTYX����������W]PPEFPIW��
However, if you step into method calls, you enter the first line of the countSyllables method.
TYFPMG�MRX�GSYRX7]PPEFPIW��
_�
���MRX�GSYRX�!����
���MRX�IRH�!�XI\X�PIRKXL�������
���������
a�
You should step into a method to check whether it carries out its job correctly. You should step over a method if you
know it works correctly.

Finally, when the program has finished running, the debug session is also finished. To run the program again, you
may be able to reset the debugger, or you may need to exit the debugging program and start over. Details depend on
the particular debugger.

Self Check

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

http://www.acropdf.com


11. Self Check 6.11

In the debugger, you are reaching a call to System.out.println. Should you step into the method or
step over it?

12. Self Check 6.12

In the debugger, you are reaching the beginning of a method with a couple of loops inside. You want to
find out the return value that is computed at the end of the method. Should you set a breakpoint, or
should you step through the method?

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

6.7 A Sample Debugging Session
To have a realistic example for running a debugger, we will study a Word class whose primary purpose is to count the
number of syllables in a word. The class uses this rule for counting syllables:

Each group of adjacent vowels (a, e, i, o, u, y) counts DV�RQH�V\OODEOH��IRU�H[DPSOH��WKH�³HD́�LQ�³SHDFḰ�FRQWULEXWHV�
RQH�V\OODEOH��EXW�WKH�³H�������Ŕ�LQ�³\HOORŹ �FRXQWV�DV�WZR�V\OODEOHV���+RZHYHU��DQ�³H́�DW�WKH�HQG�RI�D�ZRUG�GRHVQ
W�FRXQW�
as a syllable. Each word has at least one syllable, even if the previous rules give a count of 0.

Also, when you construct a word from a string, any characters at the beginning or end of the string that aren't letters
are stripped off. That is useful when you read the input using the next method of the Scanner class. Input strings can
still contain quotation marks and punctuation marks, and we don't want them as part of the word.

Here is the source code. There are a couple of bugs in this class.
GL���HIFYKKIV�;SVH�NEZE�
�
���TYFPMG�GPEWW�;SVH�
���_�
����������
���������'SRWXVYGXW�E�[SVH�F]�VIQSZMRK�PIEHMRK�ERH�XVEMPMRK�RSR��
���������PIXXIV�GLEVEGXIVW��WYGL�EW�TYRGXYEXMSR�QEVOW��
���������$TEVEQ�W�XLI�MRTYX�WXVMRK�
���������
������TYFPMG�;SVH�7XVMRK�W�
������_�
��������MRX�M�!����
��������[LMPI��M��W�PIRKXL��

��'LEVEGXIV�MW0IXXIV�W�GLEV%X�M�
�����������M����
��������MRX�N�!�W�PIRKXL�������
��������[LMPI��N�"�M�

��'LEVEGXIV�MW0IXXIV�W�GLEV%X�N�
�����������N����
��������XI\X�!�W�WYFWXVMRK�M��N��
����a�
���
��������
�������6IXYVRW�XLI�XI\X�SJ�XLI�[SVH��EJXIV�VIQSZEP�SJ�XLI�
�������PIEHMRK�ERH�XVEMPMRK�RSRPIXXIV�GLEVEGXIVW��
�������$VIXYVR�XLI�XI\X�SJ�XLI�[SVH�
�������
����TYFPMG�7XVMRK�KIX8I\X��
����_�
�������VIXYVR�XI\X��
����a�
���
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��������
�������'SYRXW�XLI�W]PPEFPIW�MR�XLI�[SVH��
�������$VIXYVR�XLI�W]PPEFPI�GSYRX�
�������
����TYFPMG�MRX�GSYRX7]PPEFPIW��
����_�
�������MRX�GSYRX�!����
�������MRX�IRH�!�XI\X�PIRKXL�������
�������MJ��IRH����VIXYVR�������8LI�IQTX]�WXVMRK�LEW�RS�W]PPEFPIW�
���
����������%R�I�EX�XLI�IRH�SJ�XLI�[SVH�HSIWR�X�GSYRX�EW�E�ZS[IP�
�������GLEV�GL�!�'LEVEGXIV�XS0S[IV'EWI�XI\X�GLEV%X�IRH��
�������MJ��GL�!!��I��IRH���
���
�������FSSPIER�MRWMHI:S[IP+VSYT�!�JEPWI��
�������JSV��MRX�M�!����M�!�IRH��M���
�������_�
����������GL�!�'LEVEGXIV�XS0S[IV'EWI�XI\X�GLEV%X�M��
����������MJ���EIMSY]��MRHI\�J�GL�"!���
����������_�
����������������GL�MW�E�ZS[IP�
�������������MJ���MRWMHI:S[IP+VSYT�
�������������_�
�������������������7XEVX�SJ�RI[�ZS[IP�KVSYT�
����������������GSYRX����
����������������MRWMHI:S[IP+VSYT�!�XVYI��
�������������a�
����������a��
�������a�
���
����������)ZIV]�[SVH�LEW�EX�PIEWX�SRI�W]PPEFPI�
�������MJ��GSYRX�!!���
����������GSYRX�!����
�������VIXYVR�GSYRX��
�����a�
���
�����TVMZEXI�7XVMRK�XI\X��
���a�
Here is a simple test class. Type in a sentence, and the syllable counts of all words are displayed. *****st*****
GL���HIFYKKIV�7]PPEFPI'SYRXIV�NEZE�
�
���MQTSVX�NEZE�YXMP�7GERRIV��
��
�������
�����8LMW�TVSKVEQ�GSYRXW�XLI�W]PPEFPIW�SJ�EPP�[SVHW�MR�E�WIRXIRGI��
������
���TYFPMG�GPEWW�7]PPEFPI'SYRXIV�
���_�
������TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
������_�
��������7GERRIV�MR�!�RI[�7GERRIV�7]WXIQ�MR��
���
��������7]WXIQ�SYX�TVMRXPR��)RXIV�E�WIRXIRGI�IRHMRK�MR�E�TIVMSH����
���
��������7XVMRK�MRTYX��
��������HS�
��������_�
����������MRTYX�!�MR�RI\X���
����������;SVH�[�!�RI[�;SVH�MRTYX��
����������MRX�W]PPEFPIW�!�[�GSYRX7]PPEFPIW���
����������7]WXIQ�SYX�TVMRXPR��7]PPEFPIW�MR�����MRTYX�������
������������������W]PPEFPIW��
��������a�
��������[LMPI���MRTYX�IRHW;MXL������
������a�
���a�
Supply this input:
LIPPS�]IPPS[�TIEGL��
Then the output is
7]PPEFPIW�MR�LIPPS����
7]PPEFPIW�MR�]IPPS[����
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7]PPEFPIW�MR�TIEGL�����
That is not very promising.

First, set a breakpoint in the first line of the countSyllables method of the Word class, in line 38 of Word.java. Then
start the program. The program will prompt you for the input. The program will stop at the breakpoint you just set.

First, the countSyllables method checks the last character of the word to see if it is a letter ¶H¶. Let's just verify
that this works correctly. Run the program to line 41 (see Figure 6-7).

FIGURE 6-7 Debugging the countSyllables Method

Now inspect the variable ch��7KLV�SDUWLFXODU�GHEXJJHU�KDV�D�KDQG\�GLVSOD\�RI�DOO�FXUUHQW�ORFDO�DQG�LQVWDQFH�YDULDEOHV²
see Figure 6-8. If yours doesn't, you may need to inspect ch manually. You can see that ch contains the value ¶O¶.
That is strange. Look at the source code. The end variable was set to text.length() - 1, the last position in the
text string, and ch is the character at that position.

FIGURE 6-8 The Current Values of the Local and Instance Variables

Looking further, you will find that end is set to 3, not 4, as you would expect. And text contains the string ḰHOÓ ,
not ḰHOOŔ . Thus, it is no wonder that countSyllables returns the answer 1. We'll need to look elsewhere for the
culprit. Apparently, the Word constructor contains an error.

Unfortunately, a debugger cannot go back in time. Thus, you must stop the debugger, set a breakpoint in the Word
constructor, and restart the debugger. Supply the input once again. The debugger will stop at the beginning of the
Word constructor. The constructor sets two variables i and j, skipping past any nonletters at the beginning and the
end of the input string. Set a breakpoint past the end of the second loop (see Figure 6-9) so that you can inspect the
values of i and j.
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FIGURE 6-9 Debugging the Word Constructor

At this point, inspecting i and j shows that i is 0 and j�LV����7KDW�PDNHV�VHQVH²WKHUH�ZHUH�QR�SXQFWXDWLRQ�PDUNV�WR�
skip. So why is text being set to ḰHOÓ ? Recall that the substring method counts positions up to, but not including,
the second parameter. Thus, the correct call should be
XI\X�!�W�WYFWXVMRK�M��N������
This is a very typical off-by-one error.

Fix this error, recompile the program, and try the three test cases again. You will now get the output
7]PPEFPIW�MR�LIPPS����
7]PPEFPIW�MR�]IPPS[����
7]PPEFPIW�MR�TIEGL�����
As you can see, there still is a problem. Erase all breakpoints and set a breakpoint in the countSyllables method.
Start the debugger and supply the input ḰHOOR�́ . When the debugger stops at the breakpoint, start single stepping
through the lines of the method. Here is the code of the loop that counts the syllables:
FSSPIER�MRWMHI:S[IP+VSYT�!�JEPWI��
JSV��MRX�M�!����M�!�IRH��M���
_�
���GL�!�'LEVEGXIV�XS0S[IV'EWI�XI\X�GLEV%X�M��
���MJ���EIMSY]��MRHI\3J�GL�"!����
���_�
���������GL�MW�E�ZS[IP�
������MJ���MRWMHI:S[IP+VSYT�
������_�
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������������7XEVX�SJ�RI[�ZS[IP�KVSYT�
���������GSYRX�����
���������MRWMHI:S[IP+VSYT�!�XVYI��
������a�
���a�
a�
In the first iteration through the loop, the debugger skips the if statement. That makes sense, because the first
letter, ¶K¶, isn't a vowel. In the second iteration, the debugger enters the if statement, as it should, because the
second letter, ¶H¶, is a vowel. The insideVowelGroup variable is set to true, and the vowel counter is incremented.
In the third iteration, the if statement is again skipped, because the letter ¶O¶is not a vowel. But in the fifth
iteration, something weird happens. The letter ¶R¶is a vowel, and the if statement is entered. But the second if
statement is skipped, and count is not incremented again.

Why? The insideVowelGroup variable is still true, even though the first vowel group was finished when the consonant
¶O¶was encountered. Reading a consonant should set insideVowelGroup back to false. This is a more subtle logic
error, but not an uncommon one when designing a loop that keeps track of the processing state. To fix it, stop the
debugger and add the following clause:
MJ���EIMSY]��MRHI\3J�GL�"!����
_�
���������
a�
IPWI�MRWMHI:S[IP+VSYT�!�JEPWI��
Now recompile and run the test once again. The output is:
7]PPEFPIW�MR�LIPPS����
7]PPEFPIW�MR�]IPPS[����
7]PPEFPIW�MR�TIEGL�����
Is the program now free from bugs? That is not a question the debugger can answer. Remember: Testing can show
only the presence of bugs, not their absence.

A debugger can be used only to analyze the presence of bugs, not to show that a program is bug-
free.

Self Check

13. Self Check 6.13

What caused the first error that was found in this debugging session?

14. Self Check 6.14

What caused the second error? How was it detected?

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

How To 6.2: Debugging
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How To 6.2

Now you know about the mechanics of debugging, but all that knowledge may still leave you helpless
when you fire up a debugger to look at a sick program. There are a number of strategies that you can use
to recognize bugs and their causes.

Step 1. Reproduce the error.
As you test your program, you notice that your program sometimes does something wrong. It gives
the wrong output, it seems to print something completely random, it goes in an infinite loop, or it
crashes. Find out exactly how to reproduce that behavior. What numbers did you enter? Where did
you click with the mouse?
Run the program again; type in exactly the same answers, and click with the mouse on the same
spots (or as close as you can get). Does the program exhibit the same behavior? If so, then it makes
sense to fire up a debugger to study this particular problem. Debuggers are good for analyzing
particular failures. They aren't terribly useful for studying a program in general.

Step 2. Simplify the error.
Before you fire up a debugger, it makes sense to spend a few minutes trying to come up with a
simpler input that also produces an error. Can you use shorter words or simpler numbers and still
have the program misbehave? If so, use those values during your debugging session.

Step 3. Divide and conquer.

Use the divide-and-conquer technique to locate the point of failure of a program.

Now that you have a particular failure, you want to get as close to the failure as possible. The key
point of debugging is to locate the code that produces the failure. Just as with real insect pests,
finding the bug can be hard, but once you find it, squashing it is usually the easy part. Suppose your
program dies with a division by 0. Because there are many division operations in a typical program, it
is often not feasible to set breakpoints to all of them. Instead, use a technique of divide and conquer.
Step over the methods in main, but don't step inside them. Eventually, the failure will happen again.
Now you know which method contains the bug: It is the last method that was called from main before
the program died. Restart the debugger and go back to that line in main, then step inside that
method. Repeat the process.
Eventually, you will have pinpointed the line that contains the bad division. Maybe it is completely
obvious from the code why the denominator is not correct. If not, you need to find the location where
it is computed. Unfortunately, you can't go back in the debugger. You need to restart the program
and move to the point where the denominator computation happens.

Step 4. Know what your program should do.

During debugging, compare the actual contents of variables against the values you know
they should have.

A debugger shows you what the program does. You must know what the program should do, or you
will not be able to find bugs. Before you trace through a loop, ask yourself how many iterations you
expect the program to make. Before you inspect a variable, ask yourself what you expect to see. If
you have no clue, set aside some time and think first. Have a calculator handy to make independent
computations. When you know what the value should be, inspect the variable. This is the moment of
truth. If the program is still on the right track, then that value is what you expected, and you must
look further for the bug. If the value is different, you may be on to something. Double-check your
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computation. If you are sure your value is correct, find out why your program comes up with a
different value.
In many cases, program bugs are the result of simple errors such as loop termination conditions that
are off by one. Quite often, however, programs make computational errors. Maybe they are supposed
to add two numbers, but by accident the code was written to subtract them. Unlike your calculus
instructor, programs don't make a special effort to ensure that everything is a simple integer (and
neither do real-world problems). You will need to make some calculations with large integers or nasty
floating-point numbers. Sometimes these calculations FDQ�EH�DYRLGHG�LI�\RX�MXVW�DVN�\RXUVHOI��³6KRXOG�
this quantity be positive? Should it be larger than�WKDW�YDOXH"́�7KHQ�LQVSHFW�YDULDEOHV�WR�YHULI\�WKRVH�
theories.

Step 5. Look at all details.
When you debug a program, you often have a theory about what the problem is. Nevertheless, keep
an open mind and look around at all details. What strange messages are displayed? Why does the
program take another unexpected action? These details count. When you run a debugging session,
you really are a detective who needs to look at every clue available.
If you notice another failure on the way to the problem that you are about to pin down, don't just say,
³,
OO�FRPH�EDFN�WR�LW�ODWHÚ��7KDW�YHU\�IDLOXUH�PD\�EHthe original cause for your current problem. It is
better to make a note of the current problem, fix what you just found, and then return to the original
mission.

Step 6. Make sure you understand each bug before you fix it.
Once you find that a loop makes too many iteratioQV��LW�LV�YHU\�WHPSWLQJ�WR�DSSO\�D�³%DQG�$LǴ�
solution and subtract 1 from a variable so that the particular problem doesn't appear again. Such a
quick fix has an overwhelming probability of creating trouble elsewhere. You really need to have a
thorough understanding of how the program should be written before you apply a fix.
It does occasionally happen that you find bug after bug and apply fix after fix, and the problem just
moves around. That usually is a symptom of a larger problem with the program logic. There is little
you can do with the debugger. You must rethink the program design and reorganize it.

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

Random Fact 6.3: The First Bug

Random Fact 6.3

According to legend, the first bug was one found in 1947 in the Mark II, a huge electro-mechanical
FRPSXWHU�DW�+DUYDUG�8QLYHUVLW\��,W�UHDOO\�ZDV�FDXVHG�E\�D�EXJ²D�PRWK�ZDV�WUDSSHG�LQ�D�UHOD\�VZLWFK��
Actually, from the note that the operator left in the log book next to the moth (see The First Bug figure), it
DSSHDUV�DV�LI�WKH�WHUP�³EXJ́�KDG�DOUHDG\�EHHQ�LQ�DFWLYH�XVH�DW�WKH�WLPH��

The pioneering computer scientist Maurice Wilkes wrotH��³6RPHKRZ��DW�WKH�0RRUH�6FKRRO�DQG�DIWHUZDUGV��
one had always assumed there would be no particular difficulty in getting programs right. I can remember
the exact instant in time at which it dawned on me that a great part of my future life would be spent
ILQGLQJ�PLVWDNHV�LQ�P\�RZQ�SURJUDPV�́��
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The First Bug

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

CHAPTER SUMMARY

1. A while statement executes a block of code repeatedly. A condition controls how often the loop is executed.

2. An off-by-one error is a common error when programming loops. Think through simple test cases to avoid this
type of error.

3. You use a for loop when a variable runs from a starting to an ending value with a constant increment or
decrement.

4. Loops can be nested. A typical example of nested loops is printing a table with rows and columns.

5. Sometimes, the termination condition of a loop can only be evaluated in the middle of a loop. You can
introduce a Boolean variable to control such a loop.

6. Make a choice between symmetric and asymmetric loop bounds.

7. Count the number of iterations to check that your for loop is correct.

8. In a simulation, you repeatedly generate random numbers and use them to simulate an activity.

9. A debugger is a program that you can use to execute another program and analyze its run-time behavior.

10. You can make effective use of a debugger by mastering just three concepts: breakpoints, single-stepping, and
inspecting variables.

11. When a debugger executes a program, the execution is suspended whenever a breakpoint is reached.

12. The single-step command executes the program one line at a time.

13. A debugger can be used only to analyze the presence of bugs, not to show that a program is bug-free.

14. Use the divide-and-conquer technique to locate the point of failure of a program.

15. During debugging, compare the actual contents of variables against the values you know they should have.

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

CLASSES, OBJECTS, AND METHODS INTRODUCED IN TH

· java.util.Random
nextDouble
nextInt
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REVIEW EXERCISES

Exercise R6.1. Which loop statements does Java support? Give simple rules when to use each loop type.

Exercise R6.2. What does the following code print?
JSV��MRX�M�!����M������M���
_�
���JSV��MRX�N�!����N������N���
������7]WXIQ�SYX�TVMRX�M���N�	�����
���7]WXIQ�SYX�TVMRXPR���
a�

Exercise R6.3. How often do the following loops execute? Assume that i is an integer variable that is not
changed in the loop body.

a. IRU��L�����L�������L����«

b. IRU��L�����L�������L����«

c. IRU��L������L�!����L±±��«

d. IRU��L�������L�������L����«

e. IRU��L������L�!�����L����«

f. IRU��L�������L�������L��L������«

g. IRU��L�������L�������L��L������«

Exercise R6.4. Rewrite the following for loop into a while loop.
MRX�W�!����
JSV��MRX�M�!����M�!�����M���W�!�W���M��

Exercise R6.5. Rewrite the following do loop into a while loop.
MRX�R�!����
HSYFPI�\�!����
HSYFPI�W��
HS�
_���
���W�!��������R���R��
���\�!�\���W��
���R����
a���
[LMPI��W�"�������

Exercise R6.6. What is an infinite loop? On your computer, how can you terminate a program that
executes an infinite loop?

Exercise R6.7. *LYH�WKUHH�VWUDWHJLHV�WR�LPSOHPHQW�WKH�IROORZLQJ�³ORRS�DQG�D�KDOÍ���
PSST�
_���
���6IEH�REQI�SJ�FVMHKI�
���-J�RSX�3/��I\MX�PSST�
���6IEH�PIRKXL�SJ�FVMHKI�MR�JIIX�
���-J�RSX�3/��I\MX�PSST�
���'SRZIVX�PIRKXL�XS�QIXIVW�
���4VMRX�FVMHKI�HEXE�
a�
Use a Boolean variable, a break statement, and a method with multiple return statements.
Which of these three approaches do you find clearest?

Exercise R6.8. Implement a loop that prompts a user to enter a number between 1 and 10, giving three
tries to get it right.

Exercise R6.9. 6RPHWLPHV�VWXGHQWV�ZULWH�SURJUDPV�ZLWK�LQVWUXFWLRQV�VXFK�DV�³(QWHU�GDWD����WR�TXLẂ�DQG�
that exit the data entry loop when the user enters the number 0. Explain why that is
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usually a poor idea.

Exercise R6.10. How would you use a random number generator to simulate the drawing of a playing card?

Exercise R6.11. :KDW�LV�DQ�³RII�E\�RQH�HUURÚ"�*LYH�DQ�H[ample from your own programming experience.

Exercise R6.12. Give an example of a for loop in which symmetric bounds are more natural. Give an
example of a for loop in which asymmetric bounds are more natural.

Exercise R6.13. What are nested loops? Give an example where a nested loop is typically used.

Exercise R6.14. Explain the differences between these debugger operations:
· Stepping into a method

· Stepping over a method

Exercise R6.15. Explain in detail how to inspect the string stored in a String object in your debugger.

Exercise R6.16. Explain in detail how to inspect the information stored in a Rectangle object in your
debugger.

Exercise R6.17. Explain in detail how to use your debugger to inspect the balance stored in a BankAccount
object.

Exercise R6.18. Explain the divide-and-conquer strategy to get close to a bug in a debugger.

Exercise R6.19. List two common reasons for infinite loops.

Exercise R6.20. Which of the following varies the control variable from 100 to 1 in increments of -1?

(A) JSV��MRX�M�!������M�!����M��

(B) JSV��MRX�M�!������M�"!����M��

(C) JSV��MRX�M�!������M�!����M��

(D) JSV��MRX�M�!������M�"!����M��

Exercise R6.21. A(n) _________ is used when a variable runs from a starting to an ending value with a
constant increment or decrement.

(A) while loop

(B) for loop

(C) switch

(D) symmetric bound

Exercise R6.22. What is the value of x after the following nested loop?
MRX�\�!����
JSV�MRX�M�!����M�!����M���
��JSV�MRX�N�!����N��M��N���
���\�!�\���N��

Exercise R6.23. The following loop executes _________ times.
JSV��M�!�����M�!�����M��!���

Exercise R6.24. The following loop is executed _________ times.
JSV�M�!�E��M�!�F��M���

(A) F���E�����

(B) F���E�

(C) F���M�

(D) F���E�����
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Exercise R6.25. _________ stay active until you remove them.

(A) Oracles

(B) Test suites

(C) Traces

(D) Breakpoints

Exercise R6.26. Which of the following statements is correct?

(A) A debugger can be used to show that a program is bug-free.

(B) A unit test should not be repeatable.

(C) When conducting unit tests, boundary cases are not important.

(D) A debugger can be used to analyze the run-time behavior of a program.

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

PROGRAMMING EXERCISES

Exercise P6.1. Currency conversion. Write a program CurrencyConverter that asks the user to enter
today's exchange rate between U.S. dollars and the euro. Then the program reads U.S.
dollar values and converts each to euro values. Stop when the user enters Q.

Here is a sample session:
,S[�QER]�IYVSW�MW�SRI�HSPPEV#���������
(SPPEV�ZEPYI��5�XS�UYMX������
�������HSPPEV�!�������IYVS�
(SPPEV�ZEPYI��5�XS�UYMX�����
������HSPPEV�!�������IYVS�
(SPPEV�ZEPYI��5�XS�UYMX��5�

Exercise P6.2. Projectile flight. Suppose a cannonball is propelled vertically into the air with a starting
velocity v0. Any calculus book will tell us that the position of the ball after t seconds is
s(t) = -0.5 · g · t2 + v0 · t, where g 9.81 m/sec2 is the gravitational force of the earth. No
calculus book ever mentions why someone would want to carry out such an obviously
dangerous experiment, so we will do it in the safety of the computer.

In fact, we will confirm the theorem from calculus by a simulation. In our simulation, we
will consider how the ball moves in very short time intervals t. In a short time interval
the velocity v is nearly constant, and we can compute the distance the ball moves as
s = v · t. In our program, we will simply set
HSYFPI�HIPXE8�!�������
and update the position by
W�!�W���Z���HIPXE8��
7KH�YHORFLW\�FKDQJHV�FRQVWDQWO\²LQ�IDFW��LW�LV�UHGXFHG�E\�WKH�JUDYLWDWLRQDO�IRUFH�RI�WKH�
earth. In a short time interval, v decreases by g · t, and we must keep the velocity
updated as
Z�!�Z���K���HIPXE8��
In the next iteration the new velocity is used to update the distance.

Now run the simulation until the cannonball falls back to the earth. Get the initial velocity
as an input (100 m/sec is a good value). Update the position and velocity 100 times per
second, but only print out the position every full second. Also print out the values from the
exact formula s(t) = -0.5 · g · t2 + v0 · t for comparison. Use a class Cannonball.

What is the benefit of this kind of simulation when an exact formula is available? Well, the
formula from the calculus book is not exact. Actually, the gravitational force diminishes the
farther the cannonball is away from the surface of the earth. This complicates the algebra
sufficiently that it is not possible to give an exact formula for the actual motion, but the
computer simulation can simply be extended to apply a variable gravitational force. For
cannonballs, the calculus-book formula is actually good enough, but computers are
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necessary to compute accurate trajectories for higher-flying objects such as ballistic
missiles.

Here is a sample program run.
)RXIV�XLI�MRMXMEP�ZIPSGMX]��
����
7MQYPEXMSR�TSWMXMSR��������������������:IPSGMX]��������������������
8LI�I\EGX�JSVQYPE�TSWMXMSR�MW��������������������
7MQYPEXMSR�TSWMXMSR���������������������:IPSGMX]��������������������
8LI�I\EGX�JSVQYPE�TSWMXMSR�MW��������������������
7MQYPEXMSR�TSWMXMSR�������������������:IPSGMX]��������������������
8LI�I\EGX�JSVQYPE�TSWMXMSR�MW��������������������
7MQYPEXMSR�TSWMXMSR��������������������:IPSGMX]��������������������
8LI�I\EGX�JSVQYPE�TSWMXMSR�MW��������������������
7MQYPEXMSR�TSWMXMSR���������������������:IPSGMX]��������������������
8LI�I\EGX�JSVQYPE�TSWMXMSR�MW��������������������
7MQYPEXMSR�TSWMXMSR�������������������:IPSGMX]��������������������
8LI�I\EGX�JSVQYPE�TSWMXMSR�MW��������������������
7MQYPEXMSR�TSWMXMSR��������������������:IPSGMX]���������������������
8LI�I\EGX�JSVQYPE�TSWMXMSR�MW��������������������
7MQYPEXMSR�TSWMXMSR��������������������:IPSGMX]���������������������
8LI�I\EGX�JSVQYPE�TSWMXMSR�MW���������������������
7MQYPEXMSR�TSWMXMSR���������������������:IPSGMX]��������������������
8LI�I\EGX�JSVQYPE�TSWMXMSR�MW���������������������
7MQYPEXMSR�TSWMXMSR���������������������:IPSGMX]���������������������
8LI�I\EGX�JSVQYPE�TSWMXMSR�MW��������������������
Your main class should be called CannonballRunner.

Complete the following class in your solution:
����
��8LMW�GPEWW�WMQYPEXIW�E�GERRSRFEPP�JMVIH�YT�MR�XLI�EMV��
���
TYFPMG�GPEWW�'ERRSRFEPP�
_�
�
������
������'VIEXIW�E�'ERRSRFEPP�SFNIGX�EX�TSWMXMSR����
������$TEVEQ�MZIP�XLI�MRMXEP�ZIPSGMX]�
������
���TYFPMG�'ERRSRFEPP�HSYFPI�MZIP�_�������a�
�
�������
������9THEXIW�XLI�TSWMXMSR�ERH�ZIPSGMX]�SJ�XLMW�GERRSRFEPP�
������EJXIV�E�KMZIR�XMQI�MRXIVZEP��
������$TEVEQ�HIPXE8�XLI�XMQI�MRXIVZEP�
������
���TYFPMG�ZSMH�QSZI�HSYFPI�HIPXE8�_�������a�
�
�������
������+IXW�XLI�ZIPSGMX]�SJ�XLMW�GERRSRFEPP��
������$VIXYVR�XLI�ZIPSGMX]�
������
���TYFPMG�HSYFPI�KIX:IPSGMX]��_�������a�
�
�������
������+IXW�XLI�TSWMXMSR�SJ�XLMW�GERRSR�FEPP��
������$VIXYVR�XLI��ZIVXMGEP�TSWMXMSR�
������
���TYFPMG�HSYFPI�KIX4SWMXMSR��_�������a�
�
������TVMZEXI�MQTPIQIRXEXMSR�
���������
a�
Use the following class as your tester class:
TYFPMG�GPEWW�'ERRSRFEPP8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������'ERRSRFEPP�FEPP�!�RI[�'ERRSRFEPP�������������Q�WIG�
������FEPP�QSZI�������QSZI�F]�SRI�WIGSRH�
�
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������7]WXIQ�SYX�TVMRXPR�FEPP�KIX4SWMXMSR���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��������
������7]WXIQ�SYX�TVMRXPR�FEPP�KIX:IPSGMX]���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH�������������������
���a�
a�

Exercise P6.3. Write a program that prints the values
��
���
����
�����
������
�������
��������
���������
����������
�����������
������������
�������������
Implement a class
TYFPMG�GPEWW�4S[IV+IRIVEXSV�
_�
�������
������'SRWXVYGXW�E�TS[IV�KIRIVEXSV��
������$TEVEQ�E*EGXSV�XLI�RYQFIV�XLEX�[MPP�FI�QYPXMTPMIH�F]�MXWIPJ�
������
���TYFPMG�4S[IV+IRIVEXSV�MRX�E*EGXSV�_�������a�
�
�������
������'SQTYXIW�XLI�RI\X�TS[IV��
������
���TYFPMG�HSYFPI�RI\X4S[IV��_�������a�
���������
a�
Then supply a test class PowerGeneratorRunner that calls
System.out.println(myGenerator.nextPower()) twelve times.

Use the following class as your main class:
TYFPMG�GPEWW�4S[IV+IRIVEXSV6YRRIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������4S[IV+IRIVEXSV�Q]+IRIVEXSV�!�RI[�4S[IV+IRIVEXSV�����
������JSV��MRX�M�!����M�!�����M���
���������7]WXIQ�SYX�TVMRXPR�Q]+IRIVEXSV�RI\X4S[IV���
���a�
a�

Exercise P6.4. The Fibonacci sequence is defined by the following rule. The first two values in the
sequence are 1 and 1. Every subsequent value is the sum of the two values preceding it.
For example, the third value is 1 + 1 = 2, the fourth value is 1 + 2 = 3, and the fifth is
2 + 3 = 5. If fn denotes the nth value in the Fibonacci sequence, then

Write a program that prompts the user for n and prints the nth value in the Fibonacci
sequence. Use a class FibonacciGenerator with a method nextNumber.

Exercise P6.5. Mean and standard deviation. Write a program that reads a set of floating-point data
values from the input. When the user indicates the end of input, print out the count of the
values, the average, and the standard deviation. The average of a data set x1��«��xn is
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where xi = x1���«���xn is the sum of the input values. The standard deviation is

However, that formula is not suitable for our task. By the time you have computed the
mean, the individual xi are long gone. Until you know how to save these values, use the
numerically less stable formula

You can compute this quantity by keeping track of the count, the sum, and the sum of
squares in the DataSet class as you process the input values.

Here is a sample program run:
)RXIV�:EPYI��5�XS�UYMX����
)RXIV�:EPYI��5�XS�UYMX����
)RXIV�:EPYI��5�XS�UYMX����
)RXIV�:EPYI��5�XS�UYMX����
)RXIV�:EPYI��5�XS�UYMX��5�
8LIVI�MW�E�XSXEP�SJ���ZEPYIW�
8LI�EZIVEKI�MW�����
8LI�WXERHEVH�HIZMEXMSR�MW��������������������
Your main class should be called DataAnalyzer.

Complete the following class in your solution:
����
���8LMW�GPEWW�MW�YWIH�XS�GEPGYPEXI�XLI�EZIVEKI�ERH�WXERHEVH�HIZMEXMSR
���SJ�E�HEXE�WIX��
���
TYFPMG�GPEWW�(EXE7IX�
_�
�������
������'SRWXVYGXW�E�(EXE7IX�SFNIGX�XS�LSPH�XLI�XSXEP�RYQFIV�SJ�MRTYXW�
������XLI�WYQ��ERH�XLI�WYQ�SJ�WUYEVI��
������
���TYFPMG�(EXE7IX��
���_�
������������
���a�
�
�������
������%HHW�E�ZEPYI�XS�XLMW�HEXE�WIX��
������$TEVEQ�\�XLI�MRTYX�ZEPYI�
������
���TYFPMG�ZSMH�EHH�HSYFPI�\�
���_�
������WYQ�!�WYQ���\��
������WYQ7UYEVI�!�WYQ7UYEVI���\���\��
������R����
���a�
�
�������
������1IXLSH�YWIH�XS�GEPGYPEXI�XLI�EZIVEKI�SJ�XLI�HEXE�WIX��
������$VIXYVR�EZIVEKI�XLI�EZIVEKI�SJ�XLI�HEXE�WIX�
������
���TYFPMG�HSYFPI�KIX%ZIVEKI��
���_�
������������
���a�
�
�������
������1IXLSH�YWIH�XS�GEPGYPEXI�XLI�WXERHEVH�HIZMEXMSR��
������$VIXYVR�WXHHIZ�XLI�WXERHEVH�HIZMEXMSR�SJ�HEXE�WIX�
������
���TYFPMG�HSYFPI�KIX7XERHEVH(IZMEXMSR��
���_�
������������
���a�
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����
�������
������+IXW�XLI�XSXEP�RYQFIV�SJ�MRTYX�ZEPYIW��
������$VIXYVR�R�XLI�XSXEP�RYQFIV�SJ�MRTYXW�
������
���TYFPMG�MRX�KIX'SYRX��
���_�
������������
���a�
���TVMZEXI�HSYFPI�WYQ��
���TVMZEXI�HSYFPI�WYQ7UYEVI��
���TVMZEXI�MRX�R��
a�
Use the following class as your tester class:
MQTSVX�NEZE�YXMP�7GERRIV��
�
����
���8LMW�MW�E�XIWX�HVMZIV�GPEWW�JSV�(EXE7IX�GPEWW��
���
TYFPMG�GPEWW�(EXE7IX8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������(EXE7IX�E�!�RI[�(EXE7IX���
������E�EHH����
������E�EHH����
������E�EHH����
������E�EHH����
������7]WXIQ�SYX�TVMRXPR��GSYRX������E�KIX'SYRX���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH������
������7]WXIQ�SYX�TVMRXPR��EZIVEKI������E�KIX%ZIVEKI���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH������
������7]WXIQ�SYX�TVMRXPR��
�������������WXERHEVH�HIZMEXMSR������E�KIX7XERHEVH(IZMEXMSR���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH���������
���a�
a�

Exercise P6.6. Factoring of integers. Write a program that asks the user for an integer and then prints out
all its factors in increasing order. For example, when the user enters 150, the program
should print
��
��
��
��
Use a class FactorGenerator with a constructor FactorGenerator(int numberToFactor)
and methods nextFactor and hasMoreFactors. Supply a class FactorPrinter whose
main method reads a user input, constructs a FactorGenerator object, and prints the
factors.

Here is a sample program run:
)RXIV�ER�MRXIKIV���������
��
��
��
��
��
��
��
����
Your main class should be called FactorPrinter.

Complete the following class in your solution:
����
���8LMW�GPEWW�KIRIVEXIW�EPP�XLI�JEGXSVW�SJ�E�RYQFIV��
���
TYFPMG�GPEWW�*EGXSV+IRIVEXSV�
_�
�������
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������'VIEXIW�E�*EGXSV+IRIVEXSV�SFNIGX�YWIH�XS�HIXIVQMRI�XLI�JEGXSV�
SJ�
������ER�MRTYX�ZEPYI��
������$TEVEQ�E2YQ�MW�XLI�MRTYX�ZEPYI�
������
���TYFPMG�*EGXSV+IRIVEXSV�MRX�E2YQ�
���_�
���������83(3�
���a�
�
�������
������(IXIVQMRI�[LIXLIV�SV�RSX�XLIVI�EVI�QSVI�JEGXSVW��
������$VIXYVR�XVYI�XLIVI�EVI�QSVI�JEGXSVW�
������
���TYFPMG�FSSPIER�LEW1SVI*EGXSVW��
���_�
���������83(3�
���a�
�
�������
������'EPGYPEXI�XLI�RI\X�JEGXSV�SJ�E�ZEPYI��
������$VIXYVR�JEGXSV�XLI�RI\X�JEGXSV�
������
���TYFPMG�MRX�RI\X*EGXSV��
���_�
���������83(3�
���a�
�
������83(3��MRWXERGI�JMIPHW�
a�
Use the following class as your tester class:
TYFPMG�GPEWW�*EGXSV+IRIVEXSV8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������*EGXSV+IRIVEXSV�KIRIVEXSV�!�RI[�*EGXSV+IRIVEXSV���������������
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�LEW1SVI*EGXSVW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��XVYI���
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�RI\X*EGXSV���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH������
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�LEW1SVI*EGXSVW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��XVYI���
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�RI\X*EGXSV���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH������
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�LEW1SVI*EGXSVW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��XVYI���
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�RI\X*EGXSV���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH������
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�LEW1SVI*EGXSVW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��XVYI���
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�RI\X*EGXSV���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH������
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�LEW1SVI*EGXSVW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��JEPWI���
���a�
a�

Exercise P6.7. Prime numbers. Write a program that prompts the user for an integer and then prints out
all prime numbers up to that integer. For example, when the user enters 20, the program
should print
��
��
��
��
���
���
���
���
Recall that a number is a prime number if it is not divisible by any number except 1 and
itself.
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Supply a class PrimeGenerator with a method nextPrime.

Your main class should be called PrimePrinter.

Complete the following class in your solution:
����
���8LMW�GPEWW�TVMRXW�SYX�EPP�XLI�TVMQI�RYQFIVW�SJ�ER�MRTYX�ZEPYI��
���
TYFPMG�GPEWW�4VMQI+IRIVEXSV�
_�
���TYFPMG�4VMQI+IRIVEXSV��
���_�
������������
���a�
�
�������
������'EPGYPEXI�XLI�RI\X�TVMQI�RYQFIV�SJ�ER�MRTYX��
������$VIXYVR�XLI�RI\X�TVMQI�RYQFIV�
������
���TYFPMG�MRX�RI\X4VMQI��
���_�
������������
���a�
���������
a�
Use the following class as your tester class:
TYFPMG�GPEWW�4VMQI+IRIVEXSV8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������4VMQI+IRIVEXSV�KIRIVEXSV�!�RI[�4VMQI+IRIVEXSV���
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�RI\X4VMQI���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH���������
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�RI\X4VMQI���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH���������
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�RI\X4VMQI���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH���������
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�RI\X4VMQI���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH���������
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�RI\X4VMQI���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH����������
������JSV��MRX�M�!����M�!�������M���
���������KIRIVEXSV�RI\X4VMQI���
������7]WXIQ�SYX�TVMRXPR�KIRIVEXSV�RI\X4VMQI���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH�����������������XLI�XIR�
XLSYWERHXL�
���������TVMQI�
���a�
a�

Exercise P6.8. The Heron method is a method for computing square roots that was known to the ancient

Greeks. If x is a guess for the value , then the average of x and a/x is a better guess.

Implement a class RootApproximator that starts with an initial guess of 1 and whose
nextGuess method produces a sequence of increasingly better guesses. Supply a method
hasMoreGuesses that returns false if two successive guesses are sufficiently close to each

other (that is, they differ by no more than a small value ). Then test your class like
this:
6SSX%TTVS\MQEXSV�V�!�RI[�6SSX%TTVS\MQEXSV�E��ITWMPSR��
[LMPI��V�LEW1SVI+YIWWIW��
���7]WXIQ�SYX�TVMRXPR�V�RI\X+YIWW���
Here is a sample program run:
)RXIV�E�RYQFIV�XLEX�]SY�[ERX�E�WUYEVI�VSSX�SJ����
����
����
�����
������������������
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������������������
������������������
����
Your main class should be called RootCalculator.

Use the following class as your tester class:
TYFPMG�GPEWW�6SSX%TTVS\MQEXSV8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������HSYFPI�E�!������
������HSYFPI�ITWMPSR�!����
������6SSX%TTVS\MQEXSV�ETTVS\�!�RI[�6SSX%TTVS\MQEXSV�E��ITWMPSR��
������7]WXIQ�SYX�TVMRXPR�ETTVS\�RI\X+YIWW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH������
������7]WXIQ�SYX�TVMRXPR�ETTVS\�RI\X+YIWW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH���������
������[LMPI��ETTVS\�LEW1SVI+YIWWIW��
������ETTVS\�RI\X+YIWW���
������7]WXIQ�SYX�TVMRXPR�1EXL�EFW�ETTVS\�RI\X+YIWW��������
ITWMPSR��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��XVYI���
���a�
a�

Exercise P6.9. The best known iterative method for computing the roots of a function f (that is, the x-
values for which f(x��LV����LV�1HZWRQ±5DSKVRQ�DSSUR[imation. To find the zero of a
function whose derivative is also known, compute

For this exercise, write a program to compute nth roots of floating-point numbers. Prompt

the user for a and n, then obtain by computing a zero of the function f(x) xn - a. Follow
the approach of Exercise P6.8.

Here is a sample program run:
4PIEWI�IRXIV�E�RYQFIV��������
)\XVEGX�[LMGL�VSSX#���
����
��������
�������������������
�������������������
������������������
������������������
������������������
������������������
�������������������
�������������������
�������������������
�������������������
�������������������
������������������
������������������
������������������
�������������������
�������������������
������������������
�������������������
�������������������
�������������������
�������������������
�������������������
�������������������
�����
�����
Your main class should be called RootCalculator.

Use the following class in your solution:
����
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���8LMW�GPEWW�MQTPIQIRXW�XLI�2I[XSR�6ETLWSR�QIXLSH�XS�ETTVS\MQEXI�XLI
���RXL�VSSX�SJ�ER�MRTYX�ZEPYI��
���
TYFPMG�GPEWW�6SSX%TTVS\MQEXSV�
_�
������
������'VIEXIW�E�6SSX%TTVS\MQEXSV�SFNIGX�YWIH�XS�ETTVS\MQEXI�XLI�VSSX�
���������SJ�E�RYQFIV��
������$TEVEQ�E�XLI�ZEPYI�[LSWI�RXL�VSSX�MW�XS�FI�SFXEMRIH�
������$TEVEQ�R�XLI�VSSX�XS�FI�I\XVEGXIH�
������$TEVEQ�ITW�XLI�GSQTEVMWSR�XLVIWLSPH�
������
���TYFPMG�6SSX%TTVS\MQEXSV�HSYFPI�E��MRX�R��HSYFPI�ITW�
���_�
������������
���a�
�
�������
������1IXLSH�YWIH�XS�GEPGYPEXI�XLI�RI\X�VSSX�RYQFIV��
������$VIXYVR�XLI�RI\X�KYIWW�RYQFIV�
������
���TYFPMG�HSYFPI�RI\X+YIWW��
���_�
������������
���a�
�
�������
������(IXIVQMRI�MJ�XLIVI�EVI�QSVI�KYIWWIW��
������$VIXYVR�XVYI�[I�EVI�GPSWI�IRSYKL�XS�XLI�ERW[IV�
������
���TYFPMG�FSSPIER�LEW1SVI+YIWWIW��
���_�
������������
���a�
���������
a�
Use the following class as your tester class:
TYFPMG�GPEWW�6SSX%TTVS\MQEXSV8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������HSYFPI�E�!��������
������HSYFPI�ITWMPSR�!�������
������6SSX%TTVS\MQEXSV�ETTVS\�!�RI[�6SSX%TTVS\MQEXSV�E�����ITWMPSR��
������7]WXIQ�SYX�TVMRXPR�ETTVS\�RI\X+YIWW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH������
������7]WXIQ�SYX�TVMRXPR�ETTVS\�RI\X+YIWW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH������������
������7]WXIQ�SYX�TVMRXPR�ETTVS\�LEW1SVI+YIWWIW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��XVYI���
������ETTVS\�RI\X+YIWW���
������7]WXIQ�SYX�TVMRXPR�ETTVS\�LEW1SVI+YIWWIW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��JEPWI���
���a�
a�

Exercise P6.10. The value of ex can be computed as the power series

where n����ā���ā���ā�«�ā�n.

Write a program that computes ex using this formula. Of course, you can't compute an
infinite sum. Just keep adding values until an individual summand (term) is less than a
certain threshold. At each step, you need to compute the new term and add it to the total.
Update these terms as follows:
XIVQ�!�XIVQ���\���R��
Follow the approach of the preceding two exercises, by implementing a class
ExpApproximator. Its first guess should be 1.
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Here is a sample program run:
\����
����
����
����
�������������������
������������������
�������������������
�������������������
�������������������
�����������������
�������������������
�������������������
������������������
�������������������
�������������������
�����������������
������������������
Your main class should be called ExpCalculator.

Use the following class in your solution:
����
���8LMW�GPEWW�GEPGYPEXIW�I\�EW�E�TS[IV�WIVMIW��
���
TYFPMG�GPEWW�)\T%TTVS\MQEXSV�
_�
�������
������'VIEXIW�E�)\T%TTVS\MQEXSV�SFNIGX�XS�GEPGYPEXI�I\��
������$TEVEQ�\�XLI�MRTYX�ZEPYI�
������$TEVEQ�ITW�XLI�GSQTEVMWSR�XLVIWLSPH�
������
���TYFPMG�)\T%TTVS\MQEXSV�HSYFPI�\��HSYFPI�ITW�
���_�
������������
���a�
�
�������
������1IXLSH�YWIH�XS�GEPGYPEXI�XLI�RI\X�I�RYQFIV��
������$VIXYVR�XLI�RI\X�I�RYQFIV�
������
���TYFPMG�HSYFPI�RI\X+YIWW��
���_�
������������
���a�
�
�������
������(IXIVQMRI�MJ�XLIVI�EVI�QSVI�RYQFIVW�JVSQ�XLI�MRTYX��
������$VIXYVR�XVYI�MRTYX�ZEPYI�LEW�QSVI�RYQFIVW�
������
���TYFPMG�FSSPIER�LEW1SVI+YIWWIW��
���_�
������������
���a�
���������
a�
Use the following class as your tester class:
TYFPMG�GPEWW�)\T%TTVS\MQEXSV8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������HSYFPI�E�!����
������HSYFPI�ITWMPSR�!�������
������)\T%TTVS\MQEXSV�ETTVS\�!�RI[�)\T%TTVS\MQEXSV�E��ITWMPSR��
������7]WXIQ�SYX�TVMRXPR�ETTVS\�RI\X+YIWW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH������
������7]WXIQ�SYX�TVMRXPR�ETTVS\�RI\X+YIWW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH������
������7]WXIQ�SYX�TVMRXPR�ETTVS\�RI\X+YIWW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��������
������7]WXIQ�SYX�TVMRXPR�ETTVS\�LEW1SVI+YIWWIW���
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������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��XVYI��
������ETTVS\�RI\X+YIWW���
������7]WXIQ�SYX�TVMRXPR�ETTVS\�LEW1SVI+YIWWIW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��JEPWI���
���a�
a�

Exercise P6.11. Write a program RandomDataAnalyzer that generates 100 random numbers between 0
and 1000 and adds them to a DataSet. Print out the average and the maximum.

Exercise P6.12. Program the following simulation: Darts are thrown at random points onto the square with
corners (1,1) and (-1,-1). If the dart lands inside the unit circle (that is, the circle with
center (0,0) and radius 1), it is a hit. Otherwise it is a miss. Run this simulation and use it
to determine an approximate value for . Extra credit if you explain why this is a better
method for estimating than the Buffon needle program.

Your main class should be called DartSimulator.

Use the following class in your solution:
TYFPMG�GPEWW�(EVX�
_�
���TYFPMG�(EVX��_�������a�
�
�������
������8LVS[W�E�HEVX�MRXS�XLI�WUYEVI�?����A�\�?���A�ERH�VIGSVHW�
������[LIXLIV�MX�LMXW�XLI�YRMX�GMVGPI��
������
���TYFPMG�ZSMH�XLVS[-RXS7UYEVI��_�������a�
�
�������
������+IXW�XLI�RYQFIV�SJ�LMXW�MRWMHI�XLI�YRMX�GMVGPI��
������$VIXYVR�LMXW�RYQFIV�SJ�LMXW�
������
���TYFPMG�MRX�KIX,MXW��_�������a�
�
�������
������+IXW�XLI�RYQFIV�SJ�XVMIW��
������$VIXYVR�XLI�RYQFIV�SJ�XMQIW�XLI�HEVX�[EW�XLVS[R�
������
���TYFPMG�MRX�KIX8VMIW��_�������a�
�
������TVMZEXI�MQTPIQIRXEXMSR�
���������
a�
Use the following class as your tester class:
TYFPMG�GPEWW�(EVX8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������(EVX�H�!�RI[�(EVX���
������H�XLVS[-RXS7UYEVI���
������7]WXIQ�SYX�TVMRXPR�H�KIX8VMIW���
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH������
������MRX�L�!�H�KIX,MXW���
������7]WXIQ�SYX�TVMRXPR�L�!!���̀ �̀L�!!����
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��XVYI���
���a�
a�

Exercise P6.13. Random walk. Simulate the wandering of an intoxicated person in a square street grid.
Draw a grid of 10 streets horizontally and 10 streets vertically. Represent the simulated
drunkard by a dot, placed in the middle of the grid to start. For 100 times, have the
simulated drunkard randomly pick a direction (east, west, north, south), move one block
in the chosen direction, and draw the dot. After the iterations, display the distance that the
drunkard has covered. (One might expect that on average the person might not get
anywhere because the moves to different directions cancel one another out in the long
run, but in fact it can be shown with probability 1 that the person eventually moves
outside any finite region. See, for example, [6, Chapter 8] for more details.) Use classes
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for the grid and the drunkard.

Here is a sample program output:

Your main class should be called DrunkardViewer.

Complete the following class in your solution:
TYFPMG�GPEWW�(VYROEVH�
_�
�������
������'VIEXIW�E�(VYROEVH�SFNIGX�VITVIWIRXMRK�ER�MRXS\MGEXIH�TIVWSR��
������$TEVEQ�MRMXMEP6S[�XLI�MRMXMEP�KVMH�VS[��
������$TEVEQ�MRMXMEP'SPYQR�XLI�MRMXMEP�KVMH�GSPYQR�
������
���TYFPMG�(VYROEVH�MRX�MRMXMEP6S[��MRX�MRMXMEP'SPYQR�_�������a�
�
�������
������1EOIW�XLI�HVYROEVH�QSZI�VERHSQP]�MRXS�SRI�SJ�JSYV�HMVIGXMSRW��
������
���TYFPMG�ZSMH�QSZI��_�������a�
�
�������
������+IXW�XLI�GYVVIRX�VS[�SJ�XLI�HVYROEVH��
������
���TYFPMG�MRX�KIX6S[��_�������a�
�
�������
������+IXW�XLI�GYVVIRX�VS[�SJ�XLI�HVYROEVH��
������
���TYFPMG�MRX�KIX'SPYQR��_�������a�
a�
Use the following class as your tester class:
TYFPMG�GPEWW�(VYROEVH8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������(VYROEVH�H�!�RI[�(VYROEVH�������
������H�QSZI���
������7]WXIQ�SYX�TVMRXPR�H�KIX6S[���!���

�H�KIX'SPYQR��!!���
������������̀ �̀H�KIX'SPYQR���!���

�H�KIX6S[��!!����
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��XVYI���
���a�
a�

Exercise P6.14. This exercise is a continuation of Exercise R6.2. Most cannonballs are not shot upright but
at an angle. If the starting velocity has magnitude v and the starting angle is , then the
velocity is a vector with components vx = v · cos( ), vy = v · sin( ). In the x-direction the
velocity does not change. In the y-direction the gravitational force takes its toll. Repeat
the simulation from the previous exercise, but update the x and y components of the
location and the velocity separately. In every iteration, plot the location of the cannonball
on the graphics display as a tiny circle. Repeat until the cannonball has reached the earth
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again.

This kind of problem is of historical interest. The first computers were designed to carry
out just such ballistic calculations, taking into account the diminishing gravity for high-
flying projectiles and wind speeds.

Here is a sample program output:

Your main class should be called CannonballViewer.

Complete the following class in your solution:
����
���8LMW�GPEWW�WMQYPEXIW�E�GERRSRFEPP�JMVIH�EX�ER�ERKPI��
���
TYFPMG�GPEWW�'ERRSRFEPP�
_�
�������
������'SRWXVYGXW�E�'ERRSRFEPP��
������$TEVEQ�MZIP�XLI�MRMXMEP�ZIPSGMX]�SJ�XLI�FEPP�
������$TEVEQ�ERKPI�XLI�ERKPI�EX�[LMGL�XLI�GERRSRFEPP�[EW�PEYRGLIH�
�������MR�HIKVIIW�
������
���TYFPMG�'ERRSRFEPP�HSYFPI�MZIP��HSYFPI�ERKPI�_�������a�
�
�������
������9THEXIW�XLI�TSWMXMSR�ERH�ZIPSGMX]�SJ�XLMW�GERRSRFEPP��
������EJXIV�E�KMZIR�XMQI�MRXIVZEP��
������$TEVEQ�HIPXE8�XLI�XMQI�MRXIVZEP�
������
���TYFPMG�ZSMH�QSZI�HSYFPI�HIPXE8�_�������a�
�
�������
������+IXW�XLI�\�TSWMXMSR�SJ�XLMW�GERRSRFEPP��
������$VIXYVR�XLI�LSVM̂SRXEP�TSWMXMSR�
������
���TYFPMG�HSYFPI�KIX<��_�������a�
�
�������
������+IXW�XLI�]�TSWMXMSR�SJ�XLMW�GERRSRFEPP��
������$VIXYVR�XLI�ZIVXMGEP�TSWMXMSR�
������
���TYFPMG�HSYFPI�KIX=��_�������a�
�
������TVMZEXI�MQTPIQIRXEXMSR�
���������
a�
Use the following class as your tester class:
TYFPMG�GPEWW�'ERRSRFEPP8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������'ERRSRFEPP�FEPP�!�RI[�'ERRSRFEPP�����������������Q�WIG�
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������FEPP�QSZI�������QSZI�F]�SRI�WIGSRH
�
������HSYFPI�\�!�FEPP�KIX<���
������7]WXIQ�SYX�TVMRXPR�\��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH�������������1EXL�WUVX��������
������HSYFPI�]�!�FEPP�KIX=���
������7]WXIQ�SYX�TVMRXPR�]��
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH�������������1EXL�WUVX��������
���a�
a�

Exercise P6.15. Write a graphical application that displays a checkerboard with 64 squares, alternating
white and black.

Here is a sample program output:

Your main class should be called CheckerBoardViewer.

Exercise P6.16. Write a graphical application that prompts a user to enter a number n and that draws n
circles with random diameter and random location. The circles should be completely
contained inside the window.

Here is a sample program output:
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Your main class should be called RandomCircleViewer.

Use the following class in your solution:
MQTSVX�NEZE\�W[MRK�.'SQTSRIRX��
MQTSVX�NEZE�E[X�+VETLMGW��
MQTSVX�NEZE�E[X�+VETLMGW�(��
MQTSVX�NEZE�YXMP�6ERHSQ��
�
����
���%�6ERHSQ'MVGPI'SQTSRIRX�HVE[W�E�RYQFIV�SJ�VERHSQ�GMVGPIW��
���
TYFPMG�GPEWW�6ERHSQ'MVGPI'SQTSRIRX�I\XIRHW�.'SQTSRIRX�
_�
�������
������'SRWXVYGXW�E�6ERHSQ'MVGPI'SQTSRIRX�XLEX�HVE[W�E�KMZIR�RYQFIV�
���������SJ�GMVGPIW��
������$TEVEQ�R�XLI�RYQFIV�SJ�GMVGPIW�XS�HVE[��
������
���TYFPMG�6ERHSQ'MVGPI'SQTSRIRX�MRX�R�
���_�
������������
���a�
���TYFPMG�ZSMH�TEMRX'SQTSRIRX�+VETLMGW�K�
���_�
������������
���a�
���������
a�

Exercise P6.17. Write a graphical application that draws a spiral, such as the following:
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Your main class should be called SpiralViewer.

Complete the following class in your solution:
TYFPMG�GPEWW�7TMVEP+IRIVEXSV�
_�
�������
������'VIEXIW�E�WTMVEP�KIRIVEXSV��
������$TEVEQ�MRMXMEP7M̂I�XLI�WM̂I�SJ�XLI�JMVWX��WLSVXIWX�WIKQIRX��
������SJ�XLI�WTMVEP�
������$TEVEQ�WXEVX�XLI�WXEVXMRK�TSMRX�SJ�XLI�WTMVEP�
������
���TYFPMG�7TMVEP+IRIVEXSV�HSYFPI�MRMXMEP7M̂I��4SMRX�(�(SYFPI�WXEVX�_�
������a�
��
�������
������6IXYVRW�XLI�RI\X�WIKQIRX�SJ�XLI�WTMVEP��
������$VIXYVR�XLI�RI\X�WIKQIRX�
������
���TYFPMG�0MRI�(�(SYFPI�RI\X7IKQIRX��
����
������TVMZEXI�MQTPIQIRXEXMSR�
���������
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�E[X�KISQ�0MRI�(��
�
TYFPMG�GPEWW�7TMVEP'SQTSRIRX�I\XIRHW�.'SQTSRIRX�
_�
���TYFPMG�ZSMH�TEMRX'SQTSRIRX�+VETLMGW�K�
���_�
������+VETLMGW�(�K��!��+VETLMGW�(�K��
������JMREP�MRX�-2-8-%0C7->)�!�����
�
������MRX�WM̂I�!�1EXL�QMR�KIX;MHXL���KIX,IMKLX���
������7TMVEP+IRIVEXSV�KIR�!�RI[�7TMVEP+IRIVEXSV��
���������-2-8-%0C7->)��
���������RI[�4SMRX�(�(SYFPI�WM̂I������WM̂I������
�
������[LMPI��XVYI�
������_�
���������0MRI�(�(SYFPI�WIKQIRX�!�KIR�RI\X7IKQIRX���
���������MJ���WIKQIRX�MRXIVWIGXW�KIX&SYRHW��
������������VIXYVR��
���������K��HVE[�WIKQIRX��
������a�
���a�
���TVMZEXI�MRX�WIKQIRXW��
a�
Use the following class as your tester class:
MQTSVX�NEZE�E[X�KISQ�4SMRX�(��
MQTSVX�NEZE�E[X�KISQ�0MRI�(��
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�
TYFPMG�GPEWW�7TMVEP8IWXIV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
������7TMVEP+IRIVEXSV�KIR�
������������!�RI[�7TMVEP+IRIVEXSV�����RI[�4SMRX�(�(SYFPI�����������
������0MRI�(�PMRI�!�KIR�RI\X7IKQIRX���
������7]WXIQ�SYX�TVMRXPR�PMRI�KIX<����
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��������
������7]WXIQ�SYX�TVMRXPR�PMRI�KIX=����
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��������
������7]WXIQ�SYX�TVMRXPR�PMRI�KIX<����
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��������
������7]WXIQ�SYX�TVMRXPR�PMRI�KIX=����
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��������
������PMRI�!�KIR�RI\X7IKQIRX���
������7]WXIQ�SYX�TVMRXPR�PMRI�KIX<����
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��������
������7]WXIQ�SYX�TVMRXPR�PMRI�KIX=����
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��������
������7]WXIQ�SYX�TVMRXPR�PMRI�KIX<����
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH��������
������7]WXIQ�SYX�TVMRXPR�PMRI�KIX=����
������7]WXIQ�SYX�TVMRXPR��)\TIGXIH�������
���a�
a�

Exercise P6.18. It is easy and fun to draw graphs of curves with the Java graphics library. Simply draw
100 line segments joining the points (x, f(x)) and (x + d, f(x + d)), where x ranges from
xmin to xmax and d = (xmax - xmax)/100. Draw the curve f(x) = 0.00005x3 -
0.03x2 + 4x + 200, where x ranges from 0 to 400 in this fashion.

Here is a sample program output:

Use the following class as your main class:
MQTSVX�NEZE\�W[MRK�.*VEQI��
�
����
���8IWX�HVMZIV�GPEWW��
���
TYFPMG�GPEWW�'YFMG'YVZI:MI[IV�
_�
���TYFPMG�WXEXMG�ZSMH�QEMR�7XVMRK?A�EVKW�
���_�
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������.*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��'YFMG'YVZI:MI[IV���
������JVEQI�WIX(IJEYPX'PSWI3TIVEXMSR�.*VEQI�)<-8C32C'037)��
�
������'YFMG'YVZI'SQTSRIRX�GSQTSRIRX�
������������!�RI[�'YFMG'YVZI'SQTSRIRX�������������������������
������JVEQI�EHH�GSQTSRIRX��
�
������JVEQI�WIX:MWMFPI�XVYI��
���a�
a�

Exercise P6.19. 'UDZ�D�SLFWXUH�RI�WKH�³IRXU�OHDYHG�URVH́�ZKRVH�HTXDWLRQ�LQ�SRODU�FRRUGLQDWHV�LV�
r = cos(2 ). Let go from 0 to 2 in 100 steps. Each time, compute r and then compute
the (x,y) coordinates from the polar coordinates by using the formula

Here is a sample program output:

Use the following class as your main class:
MQTSVX�NEZE\�W[MRK�.*VEQI��
�
����
���8IWX�GPEWW�HVMZIV�JSV�6SWI�GPEWW��
���
TYFPMG�GPEWW�6SWI: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��6SWI:MI[IV���
������JVEQI�WIX(IJEYPX'PSWI3TIVEXMSR�.*VEQI�)<-8C32C'037)��
������6SWI'SQTSRIRX�GSQTSRIRX�!�RI[�6SWI'SQTSRIRX���
������JVEQI�EHH�GSQTSRIRX��
�
������JVEQI�WIX:MWMFPI�XVYI��
���a�
a�
Use the following class in your solution:
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MQTSVX�NEZE\�W[MRK�.'SQTSRIRX�
MQTSVX�NEZE�E[X�+VETLMGW��
MQTSVX�NEZE�E[X�+VETLMGW�(��
�
TYFPMG�GPEWW�6SWI'SQTSRIRX�I\XIRHW�.'SQTSRIRX�
_�
���TYFPMG�ZSMH�TEMRX'SQTSRIRX�+VETLMGW�K�
���_�
������+VETLMGW�(�K��!��+VETLMGW�(�K��
�
������HSYFPI�[MHXL�!�KIX;MHXL���
������HSYFPI�LIMKLX�!�KIX,IMKLX���
�
������6SWI�Q]6SWI�!�RI[�6SWI�[MHXL��LIMKLX��
������Q]6SWI�HVE[�K���
���a�
a�

Exercise P6.20. Complete the getVowels method below. For example, the call JHW9RZHOV�³+HOOR��
:RUOG�́�should return the string ³HRŔ .
����
���+IXW�E�WXVMRK�GSRWMWXMRK�SJ�EPP�ZS[IPW�GSRXEMRIH�MR�E�KMZIR�
WXVMRK��:S[IPW�EVI�
���%�)�-�3�9�E�I�M�S�Y�
���$TEVEQ�W�E�WXVMRK�
���$VIXYVR�E�WXVMRK�[MXL�EPP�ZS[IPW�MR�W��MR�XLI�SVHIV�MR�[LMGL�XLI]�
ETTIEV�MR�W�
���
TYFPMG�7XVMRK�KIX:S[IPW�7XVMRK�W�
_�
������]SYV�[SVO�LIVI�
a�

Exercise P6.21. Complete the evenSum method below. For example, the call evenSum(3, 8) should return
4 + 6 + 8 = 18.
����
���'SQTYXIW�E�WYQ�SJ�IZIR�MRXIKIVW��
���$TEVEQ�E�XLI�PS[IV�FSYRH��QE]�FI�SHH�SV�IZIR�
���$TEVEQ�E�XLI�PS[IV�FSYRH��QE]�FI�SHH�SV�IZIR�
���$VIXYVR�XLI�WYQ�SJ�IZIR�MRXIKIVW�FIX[IIR�E�ERH�F��MRGPYWMZI��
���
TYFPMG�MRX�IZIR7YQ�MRX�E��MRX�F�
_�
������]SYV�[SVO�LIVI�
�
a�

Exercise P6.22. Complete the stutter method below. For example, the call VWXWWHU�³VWXWWHÚ�should
return ³VWWXWWWWHÚ .
����
���'SQTYXIW�E�WXVMRK�XLEX�VITIEXW�IZIV]�PIXXIV��X��MR�XLI�SVMKMREP�
WXVMRK��
���$TEVEQ�W�ER]�WXVMRK�
���$VIXYVR�E�WXVMRK�[MXL�XLI�WEQI�GLEVEGXIVW�EW�W��I\GITX�XLEX�IZIV]�
PIXXIV��X��MW�VITIEXIH�
���
TYFPMG�7XVMRK�WXYXXIV�7XVMRK�W�
_�
������]SYV�[SVO�LIVI�
�
�
a�

Exercise P6.23. Complete the countPerfectSquares method below. For example, the call
countPerfectSquares(5, 25) should return 3 (since 9, 16, and 25 are perfect squares in
the given range).
����
���'SYRXW�XLI�RYQFIV�SJ�TIVJIGX�WUYEVIW�MR�E�KMZIR�VERKI�

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

http://www.acropdf.com


���$TEVEQ�E�XLI�PS[IV�FSYRH�SJ�XLI�VERKI
���$TEVEQ�F�XLI�YTTIV�FSYRH�SJ�XLI�VERKI�
���$VIXYVR�XLI�RYQFIV�SJ�TIVJIGX�WUYEVIW�MR�XLI�VERKI�?E�FA�
�MRGPYHMRK�XLI�FSYRHW�
���
TYFPMG�MRX�GSYRX4IVJIGX7UYEVIW�MRX�E��MRX�F�
_�
������]SYV�[SVO�LIVI�
�
a�

Exercise P6.24. Complete the countSevens method below. For example, the call countSevens(1797)
should return 2 since the number contains two digits 7.

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

PROGRAMMING PROJECTS

Project 6.1. Flesch Readability Index. The following index [6.7] was invented by Flesch as a simple tool to gauge the
legibility of a document without linguistic analysis.
· Count all words in the file. A word is any sequence of characters delimited by white space, whether or

not it is an actual English word.

· Count all syllables in each word. To make this simple, use the following rules: Each group of adjacent
vowels (a, e, i, o, u, y) counts as one syllable (for�H[DPSOH��WKH�³HD́�LQ�³UHDÓ�FRQWULEXWHV�RQH�V\OODEOH��
EXW�WKH�³H�«�D́�LQ�³UHJDÓ�FRXQW�DV�WZR�V\OODEOHV���+RZHYHU��DQ�³H́�DW�WKH�HQG�RI�D�ZRUG�GRHVQ
W�FRXQW�DV�
a syllable. Also, each word has at least one syllable, even if the previous rules give a count of 0.

· Count all sentences. A sentence is ended by a period, colon, semicolon, question mark, or exclamation
mark.

· The index is computed by

rounded to the nearest integer.

The purpose of the index is to force authors to rewrite their text until the index is high enough. This is
achieved by reducing the length of sentences and by removing long words. For example, the sentence
The following index was invented by Flesch as a simple tool to estimate the legibility of a document
without linguistic analysis.
can be rewritten as
Flesch invented an index to check whether a text is easy to read. To compute the index, you need not look
at the meaning of the words.

Flesch's book [6.7@�FRQWDLQV�GHOLJKWIXO�H[DPSOHV�RI�WUDQVODWLQJ�JRYHUQPHQW�UHJXODWLRQV�LQWR�³SODLQ�(QJOLVḰ�

This index is a number, usually between 0 and 100, indicating how difficult the text is to read. Some
example indices for random material from various publications are:

Comics 95

Consumer ads 82

Sports Illustrated 65

Time 57

New York Times 39

Auto insurance policy 10

Internal Revenue Code - 6
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Translated into educational levels, the indices are:

��±���� 5th grader

��±��� 6th grader

��±��� 7th grader

��±��� 8th grader

��±��� 9th grader

��±��� High school student

��±��� College student

�±��� College graduate

Less than 0 Law school graduate

Your program should read a text file in, compute the legibility index, and print out the equivalent
educational level. Use classes Word and Document.

Project 6.2. The game of Nim. This is a well-known game with a number of variants. We will consider the following
variant, which has an interesting winning strategy. Two players alternately take marbles from a pile. In
each move, a player chooses how many marbles to take. The player must take at least one but at most
half of the marbles. Then the other player takes a turn. The player who takes the last marble loses.

Write a program in which the computer plays against a human opponent. Generate a random integer
between 10 and 100 to denote the initial size of the pile. Generate a random integer between 0 and 1 to
decide whether the computer or the human takes the first turn. Generate a random integer between 0 and
1 to decide whether the computer plays smart or stupid. In stupid mode, the computer simply takes a
random legal value (between 1 and n/2) from the pile whenever it has a turn. In smart mode the
FRPSXWHU�WDNHV�RII�HQRXJK�PDUEOHV�WR�PDNH�WKH�VL]H�RI�WKH�SLOH�D�SRZHU�RI�WZR�PLQXV��²WKDW�LV������������
31, or 63. That is always a legal move, except if the size of the pile is currently one less than a power of 2.
In that case, the computer makes a random legal move.

Note that the computer cannot be beaten in smart mode when it has the first move, unless the pile size
happens to be 15, 31, or 63. Of course, a human player who has the first turn and knows the winning
strategy can win against the computer.

When you implement this program, be sure to use classes Pile, Player, and Game. A player can be either
stupid, smart, or human. (Human Player objects prompt for input.)

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

ANSWERS TO SELF-CHECK QUESTIONS

1. Never

2. The waitForBalance method would never return due to an infinite loop

3. MRX�M�!�����
[LMPI��M�!�R�
_�
���HSYFPI�MRXIVIWX�!�FEPERGI���VEXI��������
���FEPERGI�!�FEPERGI���MRXIVIWX��
���M����
a�

4. 11 times

5. Change the inner loop to for (int j = 1; j <= width; j++)

6. 20

7. Because we don't know whether the next input is a number or the letter Q

8. No. If all input values are negative, the maximum is also negative. However, the maximum field is initialized with 0.
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With this simplification, the maximum would be falsely computed as 0

9. int n = generator.nextInt(2); //0 = heads, 1 = tails

10. The program repeatedly calls Math.toRadians(angle). You could simply call Math.toRadians(180) to compute .

11. You should step over it because you are not interested in debugging the internals of the println method.

12. You should set a breakpoint. Stepping through loops can be tedious.

13. The programmer misunderstood the second parameter of�WKH�VXEVWULQJ�PHWKRG²LW�LV�WKH�LQGH[�RI�WKH�ILUVW�
character not to be included in the substring.

14. The second error was caused by failing to reset insideVowelGroup to false at the end of a vowel group. It was
detected by tracing through the loop and noticing that the loop didn't enter the conditional statement that
increments the vowel count.
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CHAPTER

7 Arrays and Array Lists
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