
Program Logic and 
Indefinite Loops 

Introduction 

The chapter begins by c:'<:lmining " new cor,struct c;;l:ed "- ,·,nil loop 

that allows you to loop an :ndefinite nUll'b-:'r of times. T;~c whilr:c lOOp 

wi~1 allow you to solve a new cldss of programming problems in which },,)t..; 

don't know in advance how many t:mcs you w:nt :l loop to exccut'~. For 

example, game-playing programs often involve ':!hib loops hccal!.;e it is 

not possible to know befon.hand how the user will play the ~am~. 

Because we will be exploring gar,le prcg:-?ms, we will also explorw ho''''' to 

generate random numbers inside a Java program. We will also explore 

another class of algorithms known J~ fencepost algorithms th'1t oct:ur 

often in loop-programming tasks. 

The chapter then discusses the fourth primitive tyr;-e that. we are going w 
examine in detaii, booleA.n . The :.nol.c:;',l type is used to store logical 

(touelfalse) information. Once Y0tl un-iErstand the details of th8 0 rJolec:. " 

type, you will be able to write complex loops involving 1~'Jlti~le tcst~. 

Next, we'll briefly examinE: the import2nt topiC Of handling user errors. 

The chapter concludes with a rjiscussion of :1ssertions. U;;ing ass",rt:i<Jns, 

you can reason about the formal pror;-er!ie~ of programs (w!lat ;s trIlC ?t 

different points in progl-am execution). 
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5.1 The while Loop 

The for loops we have been writing since Chapter 2 are fairly simple loops that exe­
cute a predictable number of times. Recall that we call them definite loops because we 
know before the loops begin executing exactly how many times they will execute. Now 
we want to tum our attention to indefinite loops, '''hich execute an unknown number of 
times. Indefinite loops come up often in interactive programs and file processing. For 
example, you don't know in advance how many times a user might want to playa 
game, and you won't know before you look at a fi le exactly how much data it stores. 

The while loop is the first indefinite loop we wi ll srudy. It has the following syntax: 

while «test» { 

<statement>; 

<statement>; 

<statement>; 

} 

The diagram in Figure 5.1 indicates the flow of control for the while loop . The 
loop performs its test and, if the test evaluates to true, executes the controlled state­
ments. It repeatedly tests and executes :if the test evaluates to true. Only when the 
test eyaluates to false does the loop terminate. 

As Figure 5.1 indicates, the while loop performs its test at the top of the loop, 
before the body of the loop is executed. A w!1ile loop will not execute its controlled 
statements if its test evaluates to false the first time it is eyaluated. 

Here is an example of a while loop: 

int number = 1; 

while (number <= 200) ~ 

number = number * 2 ; 

No 
Is the test t rue! 

Figure 5.1 Flow of while loop 

Yes 

Execute the 
controlled statement(s) 
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This loop initializes an integer variable called number to 1 and then doubles it 
while it is less than or equal to 200. On the surface, this operation is similar to using 
an if statement: 

int number = 1; 

if ( number <= 200) { 

number = number * 2; 

The difference between the two forms is that the while loop executes multiple 
times, looping until the test evaluates to false. The if statement executes the dou­
bling statement only once, leaving number equal to 2. The while loop executes the 
doubling statement repeatedly, with number taking on the values 1, 2, 4, 8, 16,32 , 

64, 128, and 256. The loop doesn't stop executing until the test evaluates to false . It 
executes the assignment statement eight times and terminates when number is set to 
the value 256 (the first power of 2 that is greater than 200). 

Here is a while loop containing two statements: 

int number = 1; 

while (number <= max) { 

system.out.println("Hi there ") ; 

number++; 

This while loop is almost the same as the following for loop: 

for (int number = 1; number <= max; number++ ) { 

system. out. println( "Hi there"); 

The only difference between these two loops is the scope of the variable number. 

In the while loop, number is declared in the scope outside the loop. In the for loop, 
number is declared inside the loop. 

A Loop to Find the Smallest Divisor 

Suppose you want to find the smallest divisor of a number other than 1. Table 5.1 
gives examples of what you are looking for. 

Here is a pseudocode description of how you might find this value: 

start divisor at 2 . 
while (the current value of divisor does not work) { 

increase divisor. 
} 
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Table 5.1 Examples of Factors 

Number Factors Smallest divisor 

10 2 * 5 :: 
15 3 ,;, 5 3 

25 5 * 5 5 

31 31 31 

77 7 ,~ 11 "7 

You don't start divisor at 1 because you are looking for (he first divisor greater 
than 1. To refine this pseudocode, you must be more explicit about what makes a 
divisor work. A di visor of a number has no remainder when the number is divided by 
that di\"isor. You can rewrite this rule as the following pseudocode: 

start divisor at 2. 
whi l e (the remainder of number/divisor is not 0) { 

increase divisor. 
} 

This exercise is a use for the mod operator, which gives the remainder for integer 
division. The following while loop performs the task: 

int divisor = 2; 

whil e (number % divisor l= 0) 

divisor++; 

One problem you will undoubtedly encounter when YOLl write while loops is the 
infamous infinite loop. Consider the foUO\\·ing code: 

int number = 1; 

~ while (number> 0) { 

number++; 

Because number begins as a positive value and the loop makes it larger, this loop 
wi' l continue indefinitely. You must be careful when you formulate your whi le 

loops to avoid situations in which a piece of code will never finish executing. Every 
time you write a while loop, you should consider when and hO\\ it will fi nish 
executing. 
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Common Programming Error 

Infinite Loop 

It is relatively easy to write a while loop that never terminates. One reason it's 
so easy to make this mistake is that a while loop doesn't have an update step 
in its header like a for loop does. It's crucial for the programmer to mcIude a 
correct update step because this step is needed to eventually cause the loop's 
test to fail . 

Consider the following code, which is intended to prompt the user for a num­
ber and repeatedly print that number divided in half until 0 is reached. This first 
attempt doesn't compile: 

Scanner console = new Scanner(System.in ) ; 

Systero.Dut.print("Type a number: "); 

// this code does not compile 

whlle (number> 0) { 

~ int number = console.nextlnt( ) ; 

System.out.println(number I 2 ) ; 

} 

The problem with the preceding code is that the variable number needs to be in 
scope during the loop's test, so it cannot be declared inside the loop. An incorrect 
attempt to fix this compiler error would be to cut and paste the line initializing 
number outside the loop: 

1/ this code has an infinite loop 

int number c console.nextlnt( ); II moved out of loop 

while (number> 0) { 

System.out.println(number / 2 ) ; 

This version of the code has an inflOite loop; if the loop is enter~d, it will 
never be exited. This problem arises because there is no update inside the while 

loop's body to change the value of number. If number is greater than 0, the loop 
will keep printing its value and checking the loop test. and the test will evaluate 
to true every time. 

Continued on next page 
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Continued from pre\'ious page 

The folluwing \'cr~ion of the code solves the infinite loop prohlcm. The loop 
contai n~ an update "tep (In each pa<;!'. that divides the integer in haif and store!. its 
ne"',,' value. lfthe im~ger ha~n ' t reached 0, the loop repeat~ : 

1 / thi s code be haves cc~rect ly 

i nt m .i111ber = c onso l e" n ext l n t: ( ); /.' mov ee. out of loop 

whl.le (number > 0) { 

n umb e r '" ni.llllbe t" ! 2 ; II u pdate step: div i de in h a l f 

System "Qu t"print ln(nt~ber) ; 

The kcy idea is thm cvery \vhil e loop's body should contain code to update the 
tenm, t..l-tat are tested in the loop test. I f the while loop test examines a variable's \'alue, 
the loop body should potentially reassign a meaningful ne,,\' value to that variable. 

Random Numbers 

We often want our programs to exhibit apparently random behavior. For example, we 
want game-playing programs to make up a nun:.ber for the user to guess, shuffle a 
deck of cards, pick a word from a list for the user to guess, and so on. Programs are, 
by their "ery nature, predictable and nonrandom. But we can produce values that 
seem to be random. Such ,allies are called pseudorandom because they are produced 
algorithmically. 

Pseudorandom Numbers 

Numbers that, although they are derived from predictable and well-defined 
algorithms, mimic the properties of numbers chosen at random. 

Java pro\'ides several mechanisms for obtaining pseudorandom numbers. One 
option is to call the random method from the Hath class to obtain a random value of 
type doubl e that has the fol1mying property : 

0.0 ::; Math. random( ) < 1.0 

This method provides a quick and easy way to get a random number, and you can 
use multiplication to change the range of the numbers the method produces. Java also 
provides a class called Random that can be easier to use . It is included in the 
j ava" util package, so you have to include an import declaration at the beginning of 
your program to uSe it. 

Randall: objects haYe se\erai useful methods that are related to generating pseudo­
random numbers, listed in Table 5.2. Each time you call one of these methods, Java 
will generate and return a new random number of the requested type. 
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Table 5.2 Useful Methods of Random Objects 

Method Description 

nextlnt ( ) Random mteger between -2 '" and (2 01 
- 1) 

nextlnt(max) 

nextDouble ( ) 

nextBoolean() 

Random mteger between 0 and (max - 1 ) 

Random real numbel between 0.0 (inclusive) and 1.0 (exclusive) 

Random logical value of true or false 

To create random numbers, you first construct a Random object: 

Random r = new Random(); 

3]7 

You can then call its nextInt method, passing it a maximum integer. The number 
returned will be between 0 (inclusive) and the maximum (exclusive). For example, if 
you call nextInt (100), you will get a number between 0 and 99. You can add I to 
the number to have a range between I and 100. 

Let's look at a simple program that picks numbers between 1 and 10 until a particu­
lar number comes up. We'll use the Random class to construct an object for generating 
our pseudorandom numbers. 

Our loop should look something like this (where number is the value the user has 
asked us to generate): 

int result; 

while (result != number) { 

~ result = r.nextlnt(10 ) + 1; II random number from 1-10 

System.out.println( "next number = " + result); 

Notice that we have to declare the variable result outside the while loop, 
because result appears in the while loop test. The preceding code has the right 
approach, but Java won't accept it. The code generates an error message that the vari­
able result might not be initialized. This is an example of a loop that needs 
przmmg 

Priming a Loop 

Initializing variables before a loop to "prime the pump" and guarantee that 
the loop is entered. 

We want to set the variable result to something that will cause the loop to be 
entered, but the value isn't important as long as it gets us into the loop. We do want to 
be careful not to set it to a value the user wants us to generate, though. We are dealing 
with values between 1 and 10 in this program, so we could set resul t to a value 
such as -1 that is clearly outside this range of numbers. We sometimes refer to this as 
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a "dummy" value because we don't actually process it. Later in this chapter we will 
see a variation of the while loop that doesn't require this kind of priming. 

The following is the complete program solution: 

1 import java.util. * ; 

2 

3 public class pick { 

4 public static void main(String[] args) { 

5 System.ot;.t.println( "This program picks nurr.oers from" ) ; 

6 System.ot;.t .println ( " 1 to 10 until a particular" ); 

7 System.ct;.t.println("n;;.rnber comes up." ); 

B System.out.println( ); 

9 

10 

11 

1 2 

13 

1 4 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Scanner console = new Scanner(System.in); 

Random r = new Random(); 

System.out.print("Pick a number between 1 and 10--> ") ; 

int number = consol e.nextlnt( ); 

int result = -1; II set to - 1 to make sure ,.;e enter the loop 

int count = 0; 

while ( resul t 1= numoer ) { 

res u lt = r.nextInt(1 0) + 1 ; II random n umber from 1-10 

Systerr,.ou t.println( "n e xt mh, Iber = " + result); 

count++; 

System.out .println(lIyou~ number came up aft.er " -+ 

CC"J. n.t + 11 times" ) ; 

Depending on the sequence of numbers returned by the Random object, the program 
might end up picking the giYen number quickly, as in the following sample execution: 

Thi s program pic ks numbe rs from 

1 to 10 until a part i cular 

number comes up . 

Pick a number between 1 and 10--> 

next number 7 

next :lumber 8 

next number 2 

Your number came up after 3 times 

2 
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It's also possible that the program will take a while to pick the number, as in the 
following sample execution: 

This program picks numbers from 

1 to 10 until a particular 

number comes up. 

pick a number between 1 and 10--> 10 

next number 9 

next number 7 

next number 7 

next number 5 

next number 8 

next number 8 

next number 1 

next number 5 

next number 1 

next number = 9 

next number 7 

next number 10 

Your number came up after 12 times 

Common Programming Error 

Misusing the Random Object 

A Random object chooses a new random integer e\'ery time the nextlnt 

method is called. When students are trying to produce a constrained random 
value. such as one that is odd. sometimes they mistakenly write code such as 
the following: 

II this code contains a bug 

Random r = new Random(); 

if (r.nextlnt() % 2 == 0) 

System.out.println(nEven number: " + r.nextlnt(»; 

9 else { 

System.out.pn.ntln( "Odd number: .. + r .nextlnt() ) ; 

The preceding code fails in many cases because the Random object produces 
one random integer for use in the if / else test, then another for use in 
whichever println statement is chosen to execute. For example, the if test 
might retrieve a random value of 47 from the Random object. The test would find 

Continued on next page 
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Continued from previou~ page 

that 47 % 2 doe " not equal 0, so the code would proceed to the else statement. 
The println statement would then execute another call on next Int. which 
would return a completely different number (:'!~lY. 1 28 J. The output of the code 
would then be the following bizarre statement: 

Odd number: 128 

The solution to this problem is tn ~tore the randomly chosen integer in a vari­
able and call :,.extInt again only if another random integer is truly needed. The 
following code accomplishes this tusk.: 

II t~is code behaves correctly 

Ha .. dom r -. new Rando:n(); 

int: n = r.ne xtlnt(); / / save random number int:o a variable 

j f ( n. .~ 2 == 0 ) { 

System.ou::.pr i nLln{ "Even nu:nber: " -I- II); 

else { 

Sys"!:em.ou~.print.ln("::ldd number: " + n ); 

Simulations 

Traditional science and engineering imolye a lot of real-world interaction. Scientists 
run experiments [0 test their hypotheses and engineers build prototypes to test their 
de~igns. But increasingly scientists and engineers are mrning to computers as a way 
to increase their productivity by running simulations first to explore possibilities 
before they go out and run an actual experiment or build an actual prototype. A 
famous computer scientist named Jeanette Wing has argued that this increased use of 
computation by scientists and engineers will lead to computational thinking being 
yiewed as fundamental in the same way that reading, writing, and arithmetic are con­
sidered fundamental today. 

From a programming perspecrive, the two key ingredients in a simulation are 
pseudorandom numbers and loops. Some simulations can be written using for loops, 
but more often than not \\·e use a vlhile loop because the simulation should be run 
indetlnitely until some condition is met. 

As a simple exa.'11ple, let's look at how we would simulate the rolling of t\\-O dice until 
the sum of the dice is 7. \Ve can use a Random object to simulate the dice, calling it once 
for each of the t\\"o dice. \Ve want to loop until the sum is equal to 7 and we can prim the 
various rolls that come up as we run the simulation. Here is a good first attempt: 
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Random r = new Random(); 

while (sum != 7) { 

II roll the dice once 

int rolll = r.nextlnt(6 ) + 1 ; 

int rol12 = r.nextlnt(6 ) + 1; 

int sum = rolll + ro112; 

System.out.println(rolll + " + " + rol12 + " " + sum); 

The preceding code produces the following compiler error: 

Dice.java:7: error: cannot find symbol 

symbol : variable sum 

location: class Dice 

while (sum != 7) { 

1 error 

321 

The problem is that the while loop test refers to the variable sum, but the variable 
is declared inside the body of the loop. We can't declare the variable in the inner 
scope because we need to refer to it in the loop test. So we have to move the variable 
declaration before the loop. We also have to give the variable an initial value to guar­
antee that it enters the loop. This code is another example of a time when we need to 
prime the loop: 

Random r = new Random(); 

int sum = 0; II set to 0 to make sure we enter the loop 

while (sum != 7) { 

II roll the dice once 

int rolll = r.nextInt(6 ) + 1; 

int rol12 = r.nextInt(6 ) + 1; 

sum ~ rolll + ro112; 

System.out.println(rolll + " + " + rol12 + " " + sum); 

This version ofthe code compiles and works properly. A sample execution follows: 

1 + 4 5 

5 + 6 11 

1 + 3 4 

4 + 3 7 

do/while Loop 

The while loop is the standard indefinite loop, but Java provides several alternatives. 
This section presents the do/while loop. Other variations are included in Appendix C. 
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As we have seen, the while loop tests at the "top" of the loop, before it executes 
its controlled statement. Java has an alternative known as the do / while loop that 
tests at the "bouom" of the loop. The do / while loop has the following syntax: 

de 

<statement>; 

<statement>; 
wh i le «test» ; 

Here is some sample code using a do / whi l e loop: 

int number 1 ; 

do { 

number *= 2 ; 

while (number <= 200); 

This loop produces the same result as the corresponding while loop, doubling the 
variable number until its value reaches 256, which is the first power of 2 greater than 
200. But unlike the 1dhi le loop, the dolvlh ile loop always executes its controlled 
statements at least once. The diagram in Figure 5.2 shows the fl ow of control in a 
do/while loop. 

Is the test true~ 

Nc 

Execute the statement 
afte r the j o / whil e loop 

Yes 

Figure S.2 Flow of dolwhile loop 

The do /while loop is most u'Scful in simations in \yhich you know au have to 

execute the loop at least once. For example. in the lar, t section \H~ 'Hate the following 
code that simulates the rolling of two dice until you get a sum of 7: 

Random r = new Randore ( ); 

i n S lIlTl " 0; II set t o 0 to maJce sure we e nter the l oop 

wh ile ls~m != 7 ) { 

1/ r o ll the d i ce once 

i nt rol l l = r. ne xtlnt(6 ) + ~ ; 
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int rol12 = r.nextlnt ( 6 ) + 1 ; 

sum = rolll + rol12; 

System.out.println(rolll + " + " + rol12 + " 

323 

" + sum) ; 

We had to prime the loop by setting sum to 0 so that the computer would enter the 
loop. With a do/while loop, we can eliminate the priming: 

Random r = new Random(); 

~nt sum; 

do 

II roll the dice once 

int rolll = r.nextlnt ( 6 ) + 1 ; 

int rol12 = r.nextlnt ( 6 ) + 1 ; 

sum ~ rolll + rol12; 

System.out.println(rolll + " + " + rol12 + " 

while (.sum 1= 7); 

" + sum); 

In this version, we always execute the body of the loop at least once. which ends 
up giving a value to the variable sum before it reaches the loop test that now appears 
at the bottom of the loop. 

There are many programming problems in which using do/while loops is appropri­
ate. These loops are often useful in interactive programs where you know you want to 
do something at least once. For example, you might have a loop that allows a user to 
playa game multiple times; you can be fairly sure that the user will want to play at least 
once. Likewise, if you are playing a guessing game with the user, you will always have 
to obtain at least one guess. 

5.2 Fencepost Algorithms 

A common programming problem involves a particular kind of loop known as a 
fencepost loop. Consider the following problem: You want to put up a fence that is 100 
yards long, and you want to install a post every 10 yards. How many posts do you 
need? If you do a quick division in your head, you might think that you need 10 posts, 
but actually you need 11 posts. That's because fences begin and end with posts. In other 
words, a fence looks like Figure 5.3. 

Figure 5.3 A typical fence 
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Figure 5.4 A flawed fence 

Because you want posts on both the far left and the far right, you can't use the fol­
lowing simple loop (it doesn't plant the final post): 

for (the length of the fence) { 
plant a post. 
attach some wire . 

} 

If you use the preceding loop, you'll get a fence that looks like Figure 5.4. 
Switching the order of the two operations doesn ' t help, because then you miss the 

first post. The problem with this loop is that it produces the same number of posts as 
sections of wire, but we know we need an extra post. That's why this problem is also 
sometimes referred to as the "loop and a half" problem-we want to execute one half 
of this loop (planting a post) one additional time. 

One solution is to plant one of the posts either before or after the loop. The usual 
solution is to do it before: 

plant a post. 
for (the length of the fence) { 

attach some wire . 
plant a post. 

} 

Notice that the order of the two operations in the body of the loop is nmv reversed 
because the initial post is planted before the loop is entered. 

As a simple example, consider the problem of \\Titing out the integers between 1 
and 10, separated by commas. In other words, we want to get the following output: 

1, 2, 3, 4, 5 , 6, 7 , 8, 9, 10 

This task is a classic fencepost problem because we want to write out 10 numbers 
but only 9 commas. In our fencepost terminology, writing a number is the "post" part 
of the task and writing a comma is the "wire" pan. So, implementing the pseudocode 
we developed, we print the first number before the loop: 

System.aut.print( l ); 

for ( int i = 2 ; i <= 10; i++) { 
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System.out.print(" , .. + i); 

} 

System.out.println( ) ; 

Sentinel Loops 

Suppose you want to read a series of numbers from the user and compute their 
sum. You could ask the user in advance how many numbers to read, as we did in 
the last chapter, but that isn't always convenient. What if the user has a long list of 
numbers to enter and hasn't counted them? One way around asking for the number 
is to pick some special input value that will signal the end of input. We call this a 
sentinel value. 

Sentinel 

A special value that signals the end of input. 

For example, you could tell the user to enter the value -1 to stop entering num­
bers. But how do you structure your code to use this sentinel? In general, you'll want 
to use the following approach: 

s um = 0 . 
whi l e (we haven' t seen the se nt inel ) { 

prompt and read. 
add it t o the sum . 

} 

This approach doesn't quite work. Suppose, for example, that the user enters the 
numbers 10, 42, 5, and -1. As the pseudocode indicates, we'll prompt for and read 
each of these four values and add them to our sum until we encounter the sentinel 
value of -1. We initialize the sum to 0, so this computes (10 + 42 + 5 + -1), 

which is 56. But the right answer is 57. The sentinel value of -1 isn't supposed to be 
included in the sum. 

This problem is a classic fencepost or "loop-and-a-half' problem: You want to 
prompt for and read a series of numbers, including the sentinel, and you want to add 
up most of the numbers, but you don't want to add the sentinel to the sum. 

The usual fencepost solution works: We insert the first prompt-and-read instruc­
tion before the loop and reverse the order of the two steps in the body of the loop: 

sum = 0. 
prompt and read. 
whi le (we haven't seen the sentinel) { 

add it to the sum . 
prompt and read. 

} 
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You can then refine this pseudocode by introducing a variable for the number that 
is read from the user: 

sum = 0 . 
prompt and read a value into n. 
while (n is not the sentinel) { 

add n to the sum. 
prompt and read a value into n. 

} 

This pseudocode translates fairly easily into Java code: 

Scanner console = new Scanner(Sys=em.i= ) ; 

l nt sum = 0; 

System.out.print("next integer (-1 to quit)? ") ; 

int number = console.nextInt(); 

whi le (number ! = -1) { 

sum + = number ; 

System.out.py-int\ "next inte~er (-I t o qu it) ? "} ; 

number = ~cnsc le.nextInt( ji 

System.out.print l n( "sum = n + sum) ; 

When the preceding code is execured, the i!1teraction might look like this: 

next i nteger (-1 to q u it) ? 34 

next 1.:'!tege:r- {-l to qilit)? 19 

next integer (- 1 tc quit}? B 

next i nt e:,]er i - I to quit )? 0 

next integer (- 1 to quit}? 17 

next integer (-1 to quit)? 204 

next integer (-1 t::: q u i t )? -1 

sum = 282 

Fencepost with if 

Many of the fencepoiit loops Ihm you "rite \"ill require conditional execution. In fact, 
the fencepost problem itself can be solved with an if statement. Remember that the 
classic solution to the fencepost is to handle the first post before the loop begins: 

plant a post. 
for (the length of the fence) { 

attach some wire. 
plant a post. 

} 
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This solution solves the problem, but it can be confusing because inside the loop 
the steps are apparently in reverse order. You can use an if statement and keep the 
original order of the steps: 

for (the length of the fence) { 
plant a post. 
if (this isn't the last post) { 

attach some wire. 
} 

This variation isn't used as often as the classic solution because it involves both a 
loop test and a test inside the loop. Often these tests are nearly identical, so it is ineffi­
cient to test the same thing twice each time the loop executes. But there will be situa­
tions in which you might use this approach. For example, in the classic approach, the 
lines of code that correspond to planting a post are repeated. If you were writing a pro­
gram in which this step required a lot of code, you might decide that putting the if 
statement inside the loop was a better approach, even if it led to some extra testing. 

As an example, consider writing a method called mul tipr int that will print a 
string a particular number of times. Suppose that you want the output on a line by 
itself, inside square brackets, and separated by commas. Here are two example calls: 

multiprint("please", 4); 

mul tiprint ("beetlejuice", 3); 

You would expect these calls to produce the following output: 

[please, please, please, please] 

[beetlejuice, beetlejuice, beetlejuice] 

Your first attempt at writing this method might be a simple loop that prints square 
brackets outside the loop and prints the string and a comma inside the loop: 

public static void multiprint(String s , int times) { 

System.out.print("["); 

for (int i = 1; i <= times; i++ ) 

System.out.print(s + " , ") ; 

System.out.println( "]"); 

Unfortunately, this code produces an extraneous comma after the last value: 

[please, please, please, please, ] 

[beetlejuice, beetlejuice, beetlejuice, 
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Because the commas are separators, you want to print one more string than comma 
(e.g., two commas to separate the three occurrences of "beetlejuice"). You can use the 
classic solution to the fencepost problem to achieve this effect by printing one string 
outside the loop and reversing the order of the printing inside the loop: 

public static vcid multiprint(String s, i nt times) { 

System.out.print( "[" + 5 ); 

for (int i = 2; i <= times; i++) 

System.cut.p:::-ir.t{ '· , .. + s); 

} 

Notice that because you're printing one of the strings before the loop begins, you 
ha\"e to modify the loop so that it won't print as many strings as it did before. 
Adjusting the loop variable i to start at 2 accounts for the first value that is printed 
before the loop. 

"nfortunately, this solution does not work properly either. Consider what happens 
when you ask the method to print a string zero times, as in: 

multiprint( "p l ease don't'·, 0); 

This call produces the following incorrect output: 

I [ p l ease don't 1 

You want it to be possible for a user to request zero occurrences of a string, so the 
method shouldn't produce that incorrect output. The problem is that the classic solu­
tion to the fencepost problem involves printing one value before the loop begins. To 
get the method to behave correctly for the zero case, you can include an if! else 

statement: 

public static void multipriGt (S t ring s , int times ) { 

if ( t.i rnes == 0 ) { 

Sys ~em . ou ~· 8rJ.ntl ;l(" [ j"); 

e l s e { 

f or (int i = 2 ; i <= times ; i++ ) 

System.aut.print c " , II ~ 5 ) ; 

System.out.println( " 1" i ; 
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Alternatively, you can include an if statement inside the loop (the double-test 
approach): 

public static void multiprint(String s, int times) { 

System.out.print("["); 

for (int i = 1; i <= times; i++ ) 

System.out.print(s); 

if (i < HIMSl { 

System.out.print(", " I i 

System.out.println("] ") i 

Although the preceding version of the code performs a similar test twice on each 
iteration, it is simpler than using the classic fencepost solution and its special case. 
Neither solution is better than the other, as there is a tradeoff involved. If you think 
that the code will be executed often and that the loop will iterate many times . you 
might be more inclined to use the efficient solution. Otherwise, you might choose the 
simpler code. 

I 

5.3 The boolean Type 

George Boole was such a good logician that Java has a data type named after him. 
The Java type boolean is used to describe logical true/false relationships. Recall that 
boolean is one of the primitive types, like int, double, and char. 

Novices often wonder why computer scientists are so interested in logic. The 
answer is that logic is fundamental to computing in the same way that physics is 
fundamental to engineering. Engineers study physics because they want to build 
real-world artifacts that are governed by the laws of physics. If you don't under­
stand physics, you're likely to build a bridge that will collapse. Computer scien­
tists build artifacts as well, but in a virtual world that is governed by the laws of 
logic. If you don't understand logic, you're likely to build computer programs that 
collapse. 

Without realizing it, you have already used booleans. All of the control structures 
we have looked at-if/else statements, for loops, and while loops-are con­
trolled by expressions that specify tests. For example, the expression 

number % 2 == 0 

is a test for divisibility by 2. It is also a Boolean expression. Boolean expressions are 
meant to capture the concepts of truth and falsity, so it is not surprising that the 
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domain of type boolean has only two values: true and false. The words true and 
false are reserved words in Java. They are the literal values of type boolean. All 
Boolean expressions, when evaluated, will return one or the other of these literals. 
Don't confuse these special values with the string literals "true" and" false". You 
don't need quotes to refer to the Boolean literals. 

When you write a program that manipulates numerical values, you'll often \\ ant 
to compute a value and store it in a variable or write a method that captures some 
complex formula. \~Ve end up doing the same thing with type boolean. We might 
\\'ant to record a Boolean value in a variable and we often write methods that 
return Boolean results. For example, we have seen that the String class has meth­
ods that return a Boolean result, including startsWith, endsWith, equals, and 
equalsIgnoreCase. 

To understand this better, remember what these terms mean for the type into The 
literals of type int include D, 1, 2, and so on. Because these are literals of type int, 

you can write expressions like the following ones \,"ith them: 

int number1 

int number2 

1· , 
o· , 

Consider what you can do with variables of type boolean. Suppose you define 
two boolean yariables, testl and test2. These variables can take on only two pos­
sible values: true and false. You can say: 

boolean testl true; 

boolean test2 false; 

You can also \\ rite a statement that copies [he value of one boolean variable to 

another, as with \'ariables of any other type: 

testl = test2; 

Furthermore, you know that the assignment statement can use expressions like: 

numberl = 2 + 2; 

and that the simple tests you have been using are Boolean expressions. That means 
you can write statements like the following ones: 

testl (2 + 2 == 4 ); 

test2 (3 * 100 < 250 ) ; 
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These assignment statements say, in effect, "Set this boolean variable according 
to the truth value returned by the following test." The first statement sets the variable 
testl to true, because the test evaluates to true. The second sets the variable 
test2 to false, because the second test evaluates to false. You don't need to 
include parentheses, but they make the statements more readable. 

Obviously, then, assignment is one of the operations you can perform on variables 
of type boolean. 

Logical Operators 

In Java, you can form complicated Boolean expressions using what are known as the 
logical operators, shown in Table 5.3. 

Table 5.3 Logical Operators 

Operator Meaning Example Value 

&& AND (corDunction) (2 == 2) && (3 < 4 ) true 

I I OR (disjunction) (1 < 2 ) I I (2 == 3 ) true 

NUr (negation) 1 (2 == 2) false 

The NOT operator ( ! ) reverses the truth value of its operand. If an expression eval­
uates to true, its negation evaluates to false, and vice versa. You can express this 
relationship in a truth table. The truth table that follows has two columns, one for a 
variable and one for its negation. For each value of the variable, the table shows the 
corresponding value of the negation . 

Truth Table for NOT ( ! ) 

p !p 

true false 

false true 

In addition to the negation operator, there are two logical connectives you will use, 
AND (& &) and OR ( II). You use these connectives to tie together two Boolean expres­
sions, creating a new Boolean expression. The following truth table shows that the AND 

operator evaluates to true only when both of its individual operands are true. 

Truth Table for AND (&&) 

p 

true 

true 

false 

false 

q 

true 

false 

true 

false 

P && q 

true 

false 

false 

false 
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The follmving truth table shows that the OR operator evaluates to true except 
when both operands are fals e. 

Truth Table for OR (I I) 
p q p II q 

true true true 

true false true 

f al se true true 

f a lse false false 

The Java OR operator has a slightly different meaning from the English word "or." 
In English you say, 'Tll study tonight or I'll go to a moyie." One or the other will be 
true, but not both . The OR operator is more like the English expression "and/or"; If 
one or both operands are true, (he overall proposition is true. 

You generally use logical operators when what you have to say cannot be reduced 
to a single test. For example, as y;e saw in the previous chapter, if you want to do a 
particuhu· operation when a number is between J and 10, you might say, 

if (number >= 1) { 

if (number <= 10) 

doSomet hing( ) ; 

} 

But you can say (his more easily using logical AND: 

i f (number >= 1 && numbe r <= 10) { 

c!oScme thing ( ) ; 

People use the words "and" and "or" all the time, but J aya only allows you to use 
them in the strict logical sense. Be careful not to write code like the following: 

II this does not compile 

9 if (x == 1 I I 2 I I 3) { 

doSomet hing(); 

In English, we \\"ould read this as "x equals l or 2 or 3," which makes sense to us, but 
it doesn't make sense to Java. You might also be tempted to write code like the following; 

II this does no t compi l e 

e;J1 if (1 <= x <= 10 ) { 

do SomethingE l se(); 
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In mathematics, this expression would make sense and would test whether x is 
between 1 and 10 inclusive. However, the expression doesn't make sense in Java. 

You can only use the logical AND and OR operators to combine a series of Boolean 
expressions. Otherwise, the computer will not understand what you mean. To express 
the "1 or 2 or 3" idea, combine three different Boolean expressions with logical ORs: 

if (x == 1 I I x ""'" 2 I I x ='" 3 ) { 

doSomething(); 

To express the "between 1 and 10 inclusive" idea, combine two Boolean expres­
sions with a logical AND: 

if (1 <= x && x <= 10) 

doSomethingElse() ; 

Now that we've introduced the AND, OR, and NOT logical operators, it's time to 
revisit our precedence table. The NOT operator appears at the top, with the highest 
level of precedence. The other two logical operators have fairly low precedence, 
lower than the arithmetic and relational operators but higher than the assignment 
operators. The AND operator has a slightly higher level of precedence than the OR 
operator. Table 5.4 includes these new operators. 

According to these rules of precedence, when Java evaluates an expression like 
the following one, the computer will evaluate the NOT first, the AND second, and then 
the OR. 

if (testl II ! test2 && test3) { 

doSomething ( ); 

Table 5.4 Java Operator Precedence 

Description 

UnlU) operatot ~ 

multIphcatlve operatot<, 

addItIve operator~ 

relatIonal operators 

equality operators 

logical AND 

logical OR 

aSSIgnment opelators 

Operators 

1, ++, --, +, -

*, /, % 

+, -

<, >, <=, >= 

1= 

&& 

II 
+=, *=, /=, %=, &&=, 11 = 
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Short-Circuited Evaluation 

In this section we will explore the use of the logical operators to sol\-e a complex pro­
gramming task, and we'll introduce an important property of these operators. We will 
write a method called firstword that takes a String as a parameter and returns the 
first word in the string. Tb keep things simple, we will adopt the convention that a 
Str ing is broken up into individual words by spaces. If the str ing has no words at 
all, the method should return an empty string. Here are a few example calls: 

Method Call 
firstword.("four score and seven years ") 

firstWord("all-one-word-here") 

firstWord(" lots of space here" ) 

firstWord( " ") 

Value Returned 
"four" 

"all-one-word.-here" 

"lots lI 

Remember that we can call the subst:cing method to pull our part of a string. We 
pass two parameters to the substring method: the starting index of the substring 
and the index one beyond the end of the substring. If the string is stored in a variable 
called s, our task basically reduces to the following steps: 

set start to the first index of the word. 
set stop to the index just beyond the word. 
return s.substring(start, stop). 

As a first approximation, let's assume that the starting index is O. This starting 
index won't work for strings that begin with spaces, but it will allow us to focus on 
the second step in the pseudocode. Consider a string that begins with" four score". 

If we examine the individual characters of the string and their indexes, we find the 
follO\ying pattern: 

o 1 2 3 4 5 6 7 8 9 
, 

f o r 5 c :) ~ r e 

Vle set s tart to O. We want to set the variable s top to the index just beyond the 
end of the first word. In this example, the ,yord we want is .. four", and it extends 
from indexes 0 through 3. So, if we want the Yariable s tcp to be one beyond the end 
of the desired substring, ,\Ie want to set it to index 4, the location of the first space in 
the string. 

So how do we find the first space in the string? \Ve use a while loop. We simply 
stan at the front of the string and loop until we get to a space: 

set stop to 0. 
while (the character at index stop is not a space) { 

increase stop by 1. 
} 
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This is easily converted into Java code. Combining it with our assumption that 
start will be 0, we get: 

public static String first~"'lord (String s ) 

} 

int start = 0; 

int stop = 0; 

while (s.charAt(stop) 1= . 0) { 

stop++; 

return s.substring(start , stop) ; 

This version of the method works for many cases, including our sample string, but 
it doesn't work for all strings. It has two major limitations. We began by assuming 
that the string did not begin with spaces, so we know we have to fix that limitation. 

The second problem is that this version of firstWord doesn't work on one-word 
strings. For example, if we execute it with a string like "four", it generates a 
StringlndexOutOfBoundsException indicating that 4 is not a legal index. The 
exception occurs because our code assumes that we will eventually find a space, but 
there is no space in the string" four". So stop is incremented until it becomes equal 
to 4, and an exception is thrown because there is no character at index 4. This is 
sometimes referred to as "running off the end of the string." 

To address this problem, we need to incorporate a test that involves the length of 
the string. Many novices attempt to do this by using some combination of while and 
if, as in the following code: 

int stop = 0; 

while ( stop < s.length( » 

if ( s.charAt(stop) 1= 0 0 ) { 

stop++; 

This code works for one-word strings like " four" because as soon as stop 

becomes equal to the length of the string, we break out of the loop. However, it doesn't 
work for the original multiword cases like 00 four score 00. We end up in an infinite 
loop because once stop becomes equal to 4, we stop incrementing it, but we get 
trapped inside the loop because the test says to continue as long as stop is less than 
the length of the string. This approach of putting an if inside a while led to a world­
famous bug on December 31, 2008, when Zune music players all over the world 
stopped working (see Self-Check Problem 21 for more details). 

The point to recognize is that in this case we need to use two different conditions 
in controlling the loop. We want to continue incrementing stop only if we know that 



336 Chapter 5 Program Logic and Indefinite Loops 

we haven't seen a space and that we haven't reached the end of the string. We can 
express that idea using the logical AND operator: 

i nt. st op;;;;;; 0; 

whi l e (s. charAt (stop) ! = • • && stop < s . length ( ) ) 

stop++ ; 

Unfortunately, even this test does not work. It expresses the two conditions prop­
erly, because we want to make sure that we haven't reached a space and we want to 
make sure that \ve haven't reached the end of the string. But think about what hap­
pens just as we reach the end of a string. Suppose that s is "four" and stop is equal 
to 3. \Ve see that the character at index 3 is nor a space and we see that stop is less 
than the length of the string, so we increment one more time and stop becomes 4. As 
,ve come around the loop, we test whether s . charAt ( 4 ) is a space. This test thrO\\"s 
an exception. \Ve also test whether stop is less than 4, which it isn't, but that test 
comes too late to avoid the exception. 

Ju\a offers a solutlon for this situation. The logical operators && and II use short­
cirnlired evaluation. 

Short-Circuited Evaluation 

The property of the logical operators && and II that prevents the second 
operand from being e\"aluated jf the overall result is obvious from the 
yulue of the first operand. 

In our case, we are petforming two different tests and asking for the logical AND of 
the tw'O tests. If either test fails, the oyerall result is false, so if the first test fails, it's 
not nececsary to perform the second test. Because of short-circuited evaluation-that 
is, because the oyerall result is obvious from the tirst test-we don't perfonn the second 
test at all. In other words, the performance and evaluation of the second test are pre­
vented (short-circuited) by the fact that the first test fails. 

This means we need to reverse the order of our two tests: 

int stop = 0, 

while ( s top < s. l e ng t h () && s.charAt(stop) != 

stop++; 

. , 
} 

If \ve run through the same scenario again \vith stop equal to 3, we pass both of 
these tests and increment stop to <:. Then, as we come around the loop again, we first 
test to see if stop is less than s . le:1gth ( ). It is not, which means the test eyaluates 
to false. As a result, Jaya knO\ys that the overall expression will evaluate to false 

and never evaluates the second test. This order of events prevents the exception from 
occurring, because we never test whether s. charAt ( 4) is a space. 
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This solution gives us a second version of the method: 

public static String firstWord(String s) { 

int start = 0; 

int stop = 0; 

while (stop < 6.length( ) && s.charAt ( stop) 1= ' ') { 

stop++; 

return s.substring(start, stop) ; 

337 

But remember that we assumed that the first word starts at position O. That won't 
necessarily be the case. For example, if we pass a string that begins with several 
spaces, this method will return an empty string. We need to modify the code so that it 
skips any leading spaces. Accompli shing that goal requires another loop. As a first 
approximation, we can write the following code: 

int start = 0; 

while (s.charAt (start) , ' ) { 

start++; 

This code works for most strings, but it fails in two important cases. The loop test 
assumes we will find a nonspace character. What if the string is composed entirely of 
spaces? In that case, we'll simply run off the end of the string, generating a 
StringlndexOutOfBoundsException. And what if the string is empty to begin 
with? We' ll get an error immediately when we ask about s. charAt (0), because 
there is no character at index o. 

We could decide that these cases constitute errors. After all, how can you return 
the first word if there is no word? So, we could document a precondition that the 
string contains at least one nons pace character, and throw an exception if we find that 
it doesn't. Another approach is to return an empty string in these cases. 

To deal with the possibility of the string being empty, we need to modify our loop 
to incorporate a test on the length of the string. If we add it at the end of our while 

loop test, we get the following code: 

int start = 0; 

wh ile (s.charAt(start) , , && start < s.length() { 

start++; 

But this code has the same flaw we saw before. It is supposed to prevent problems 
when start becomes equal to the length of the string, but when this situation occurs, 
a StringlndexOutOfBoundsException will be thrown before the computer reaches 
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the test on the length of the string. So these tests also have to be reversed to take 
advantage of short-circuited evaluation: 

int start = 0; 

while (start < s.length() && s.charAt(start) , ') 

start++; 

To combine these lines of code \"ith our previous code, \ye have to change the ini­
tialization of stop. We no longer want to search from the front of the string. Instead, 
we need to initialize stop to be equal to start. Puning these pieces together, we get 
the following version of the method: 

public static Stri ng firstWord(String s) { 

int start = 0; 

while (start < s.length() && s.charAt(start ) 

start++; 

} 

int stop = start; 

, ') { 

while (stop < s. l ength () && s.charAt ( stcp ) l = • • ) { 

stop++ ; 

return s.substring(start, stop i ; 

This version works in all cases, skipping any leading spaces and returning an 
empty string if there is no word to return. 

boolean Variables and Flags 

All if! else statements are controlled by Boolean tests. The tests can be boolean 

valiables or Boolean expressions. Consider, for example, the following code: 

if (number > 0) { 

System.out.println("positive"); 

else { 

System.out.println("not positive"); 

This code could be rewritten as follows: 

boolean positive = (number > 0 ); 

if (positive) { 

System.out.println ( "pos i tive" ) ; 

else { 

System.out.println ( "not positive" ) ; 
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Using boolean variables adds to the readability of your programs because it 
allows you to give names to tests. Consider the kind of code you would generate for a 
dating program. You might have some integer variables that describe certain attri­
butes of a person: looks. to store a rough estimate of physical beauty (on a scale of 
1-10); IQ. to store intelligence quotient; income, to store gross annual income; and 
snothers, to track intimate friends ("snother" is short for "significant other"). Given 
these variables to specify a person's attributes, you can develop various tests of suit­
ability. As you are writing the program, you can use boolean variables to give names 
to those tests. adding greatly to the readability of the code: 

boolean cute = (looks >= 9); 

boolean smart = (IQ > 125); 

boole an rich = (income> 100000 ) ; 

boolean available = (snothers == 0 ) ; 

boolean awesome = cute && smart && rich && available; 

You might find occasion to use a special kind of boolean variable called a flag. 
Typically we use flags within loops to record error conditions or to signal completion. 
Different flags test different conditions. As an analogy, consider a referee at a sports 
game who watches for a particular illegal action and throws a flag if it happens. You 
sometimes hear an announcer saying, "There is a flag down on the play." 

Let's introduce a flag into the cumulative sum code we saw in the previous chapter: 

double sum = 0.0; 

for (int i = 1; i <= totalNumber; i++) { 

System.out.print(" #" + i + "? ") ; 

double next = console.nextDouble () ; 

sum += next; 

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

Suppose we want to know whether the sum ever goes negative at any point. Notice 
that this situation isn ' t the same as the situation in which the sum ends up being neg­
ative. Like a bank account balance, the sum might switch back and forth between 
positive and negative. As you make a series of deposits and withdrawals, the bank 
will keep track of whether you overdraw your account along the way. Using a 
boolean nag, we can modify the preceding loop to keep track of whether the sum 
ever goes negative and report the result after the loop: 

double sum = 0.0; 

boolean negative v false; 

for (int i = 1; i <= totalNumber; i++ ) { 

System.out.print!" #"+i+"? ") ; 

double next = console.nextDoubl e() ; 
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sum -i-= next; 

if (sum < 0. 0 ) 

System.out.println( "'sum = .. + sum); 

if (n ga tive ) { 

Sys t eJn. o ut.pr l. nt.ln( "Sl!lI! we nt ne gativ e "' , ; 

e l s e { 
System~ out.. println( "Sum ne v'e r we nt negat.i v e" ) i 

Boolean Zen 

In 1974, Robert Pirsig started a cultural trend with his book Zen and the Art of 
Motorcycle Maintenance: .'in Inquiry into Values. A slew of later books copied the 
title with Zen and the A.rt oj X, where X was Poker, Knitting, Writing, Foosball, 
Guitar, Public School Teaching, Making a Living, Falling in Love, Quilting, Stand-up 
Comedy, the SAT, Flower Arrangement, Fly Tying, Systems Analysis, Fatherhood, 
Screenwriting, Diabetes Maintenance, Intimacy, Helping, Street Fighting, Murder, 
and on and on. There \vas even a book called Zen and the Art of Anything. 

We now join this cultural trend by discussing Zen and the art of type boolean. It 
seems to take a while for many noyices to get used to Boolean expressions. Novices 
often write overly complex expressions involying boolean values because they don't 
grasp [he simplicity that is possible \,hen you "get" how the boolean type works. 

For example, suppose that you are \Hiting a game-playing program that involves 
two-digit numbers, each of \ 'hich is composed of two different digits. In other words, 
the program will use numbers like 42 that are composed of two distinct digits, but not 
numbers like 6 (only one digit) , 394 (more than two digits), or 22 (both digits are the 
same). You might find yourself waming to test whether a given number is legal for 
use in the game. You can restrict yourself to two-digit numbers with a test like the 
following one: 

n >= 10 && n <= 99 

You also have to test to make sure that the two digits aren't the same. You can get 
the digits of a two-digit number with the expressions n I 10 and n % 10 . So you 
can expand the test to ensure that the digits aren't the same: 

n >= 10 && n <= 99 . ~ In ! 10 != n I 10) 

This test is a good example of a situation in which you could use a method to capture 
a complex Boolean expression. Returning a boolean will aHow you to call the method 
as many times as you want without having to copy this complex expression each time, 
and you can give a name to this computation to make the program more readable. 
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Suppose you want to call the method isTwouniqueDigits. You want the method 
to take a value of type int and return true if the int is composed of two unique digits 
and false if it is not. So, the method would look like the following: 

public static boolean isTwoUniqueDigits(int n) { 

How would you write the body of this method? We've already written the test, so 
we just have to figure out how to incorporate it into the method. The method has a 
boolean return type, so you want it to return the value true when the test succeeds 
and the value false when it fails. You can write the method as follows: 

public static boolean isTwoUniqueDigits(int n) { 

if (n >= 10 && n <= 99 && (n % 10 != n / 10» { 

return true; 

~I } else { 

~I 

return false; 

} 

This method works, but it is more verbose than it needs to be. The preceding code 
evaluates the test that we developed. That expression is of type boolean, which 
means that it evaluates to either true or false. The if/else statement tells the 
computer to return true if the expression evaluates to true and to return false if it 
evaluates to false. But why use this construct? If the method is going to return true 

when the expression evaluates to true and return false when it evaluates to false, 

you can just return the value of the expression directly: 

public static boolean isTwoUniqueDigits(int n) 

return (n >= 10 && n <= 99 && (n % 10 != n / 10»; 

} 

Even the preceding version can be simplified, because the parentheses are not nec­
essary (although they make it clearer exactly what the method will return). This code 
evaluates the test that we developed to determine whether a number is composed of 
two unique digits and returns the result (true when it does, false when it does not). 

Consider an analogy to integer expressions. To someone who understands Boolean 
Zen, the if / else version of this method looks as odd as the following code: 

if (x == 1) { 

return 1· f 

else if (x -- 2 ) { 

return 2; 

else if (x == 3) { 

return 3; 
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else i f ( x == 4) 

~eturn 4; 

else if I,X == 5) { 

return 5; 

If you always want to return the value of x, you should just say: 

return x; 

A similar confusion can occur when students use boolean variables. In the last 
section we looked at a variation of the cumuiatiye sum algorithm that used a 
boolean yariable called !1egative to keep track of whether or not the sum ever goes 
negative. \Ve then med an if I else statement to print a message reporting the result: 

System.out.println("Sum went negative"); 

else { 

System.out.print l n ( "Sum never we nt ne gati ve" ) ; 

Some novices would write this code as follows: 

i f (negative == true) { 

System.out.println ( II S"J.IT! ¥~er...t negative II ) ; 

~I else { 

~I 

System.out.println("Sum never went negative"); 

The comparison is unnecessary because the if/else statement expects an expres­
sion of type boolean to appear inside the parentheses. A boolean variable is already 
of the appropriate type, so we don't need to test \vhether it equals true; it either is 
true or it isn't (in which case it is false). To someone who understands Boolean 
Zen, the preceding test seems as redundant as saying: 

if «negative == true) == t rue) { 

Novices also often write tests like the following: 

if (negative == false) { 
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This makes some sense because the test is doing something usefuL in that it 
switches the meaning of the boolean variable (evaluating to true if the variable is 
false and evaluating to false if the variable is true). But the negation operator is 
designed to do this kind of switching of boolean values, so this test is better written 
as follows: 

if ( ! negative ) 

You should get used to reading the exclamation mark as "not", so this test would 
be read as "if not negative." To those who understand Boolean Zen, that is a more 
concise way to express the test than to test whether negative is equal to false . 

Negating Boolean Expressions 

Programmers often find themselves needing to form the negation of a complex 
Boolean expression. For example, it is often easiest to reason about a loop in terms of 
an exit condition that would make us want to stop the loop, but the while loop 
requires us to express the code in terms of a continuation condition. Suppose that you 
want to write a loop that keeps prompting the user for an integer until that integer is a 
two-digit number. Because two-digit numbers range from 10 to 99, you can use the 
following lines of code to test whether a number has exactly two digits: 

numbe r >= 10 && number <= 99 

To put this in a while loop, we have to turn the test around because the while 

loop test is a continuation test. Tn other words, we want to stay in the loop while this 
is not true (while the user has not yet given us a two-digit number) . One approach is 
to use the logical NOT operator to negate this expression: 

while ( l(number >= 10 && number <= 99 )) 

Notice that we need to parenthesize the entire Boolean expression and then put the 
NOT operator in front of it. While this approach works, it is generally considered bad 
style. It is best to simplify this expression. 

A general approach to simplifying such expressions was formalized by the British 
logician Augustus De Morgan. We can apply one of two rules that are known as De 
Morgan's laws. 

Table 5.5 shows De Morgan's laws. Notice that when you negate a Boolean expres­
sion, each operand is negated (p becomes ! p and q becomes ! q) and the logical opera­
tor flips. Logical OR becomes logical AND and vice versa when you compute the 
negation. 
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Table 5.5 De Morgan's Laws 

Original expression 

p i I q 

P && q 

Negated expression 

1 (p II q ) 

1 (p && q ) 

Simplified negation 

! p && l q 

!p II lq 

We can use the first De Morgan's law for our two-digit number program because 
we are trying to find the negation of an expression that involves the logical OR opera­
tor. Instead of writing: 

while (!(number >= 10 && number <= 99 ») 

we can say: 

while (number < 10 I I number> 99) 

Each indiyidual test has been negated and the AND operator has been replaced 
with an OR operator. 

Let's look at a second example that involves the other De Morgan's law. Suppose 
that ;ou want to ask the user a question and you ,vant to force the user to answer 
either "yes" or "no". If you have a String variable called response, you can use the 
following test to describe "'hat you want to be true: 

response.equals("yes") I I response.equals("no" ) 

If we're writing a loop to keep reading a response until this expression evaluates to 

true, then we want to write the loop so that it uses the negation of this test. So, once 
again, we could use the. TOT operator for the entire expression: 

while (l(response.equal.s("yes") II response.equal s("no"» ) 

Once again it is best to simplify the expression using De Morgan's law: 

while (!response.equals("yes") && lresponse.equa l s("no"» 

5.4 User Errors 

In the previous chapter, you learned that it is good programming practice to think 
about the preconditions of a method and to mention them in the comments for the 
method. You also learned that in some cases your code can throw exceptions if pre­
conditions are \iolated. 
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When you are writing interactive programs, the simplest approach is to assume 
that the user will provide good input. You can then document your preconditions and 
throw exceptions when the user input isn't what was expected. In general, though, it's 
better to write programs that don't make assumptions about user input. You've seen, 
for example, that the Scanner object can throw an exception if the user enters the 
wrong kind of data, It's preferable to write programs that can deal with user errors. 
Such programs are referred to as being robust. 

Robust 

Ability of a program to execute even when presented with illegal data. 

In this section we will explore how to write robust interactive programs. Before 
you can write robust code, though. you have to understand some special functionality 
of the Scanner class. 

Scanner Lookahead 

The Scanner class has methods that allow you to perform a test before you read a 
value. In other words, it allows you to look before you leap. For each of the "next" 
methods of the Scanner class, there is a corresponding "has" method that tells you 
whether or not you can perform the given operation . 

For example, you will often want to read an int using a Scanner object. But what 
if the user types something other than an int? Scanner has a method called 
hasNextlnt that tells you whether or not reading an int is currently possible. To 
determine whether it is possible, the Scanner object looks at the next token and 
checks whether it can be interpreted as an integer. 

We tend to interpret certain sequences of characters as particular types of data, but 
when we read tokens, they can be interpreted in different ways. The following pro­
gram will allow us to explore this concept: 

1 import java.util.* ; 

2 

3 public class Examinelnputl 

4 public static void main(String[ ) args) { 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

System.out.println("This program examines the ways" ) ; 

System.out.println (" a token can be read."); 

System.out.println (); 

Scanner console = ne w Scanner(System.in ) ; 

system.out.print( "token? "); 

Systern.out.println(" hasNextlnt = " + 

console.hasNextlnt()); 

system.out.println(" hasNextDouble = " + 

console.hasNextDouble(»); 
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16 

17 

18 

System.out.println( " hasNext = " + console.hasNext( )); 

Let's look at a few sample executions. Here is the output of the program when we 
enter the token 3 4 8: 

This program exami~es the ways 

a token can be read. 

token? 348 

hasNex~Int = true 

hasNextDouble = true 

hasNext: = true 

As you'd expect, the call on hasNextInt returns true, which means that we 
could interpret this token as an integer. The Scanne:::- would also allow us to interpret 
this token as a double, so hasNextDouble also returns true. But notice that 
hasNext () returns true as well. That result means that we could call the next 

method to read in this token as a Str ing. 

Here's another execution, this time for the token 348.2: 

This program examines the ,,rays 

a token can be read. 

token? 348.2 

hasNext lnt = fa l se 

hasNextDoable = tr~e 

hasNext = true 

This token cannot be interpreted as an int, but it can be interpreted as a double 

or a St:::-ing. Finally, consider this execution for the token hello: 

This prog::-am examines tr.e ':lays 

a token ca~ be read. 

token? hello 

hasNextlnt = false 

hasNextDouble = false 

h asNext = true 

The token hello can't be interpreted as an int or double; it can only be inter­
preted as a String. 
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Handling User Errors 

Consider the following code fragment: 

Scanner console = new Scanner(System.in); 

System.out.print( "How old are you? "); 

int age = console.nextInt(); 
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What if the user types something that is not an integer? If that happens, the 
Scanner will throw an exception on the call to nextlnt. We saw in the previous sec­
tion that we can test whether or not the next token can be interpreted as an integer by 
using the hasNextInt method. So, we can test before reading an int whether the 
user has typed an appropriate value. 

If the user types something other than an integer, we want to discard the input, 
print out some kind of error message, and prompt for a second input. We want this 
code to execute in a loop so that we keep discarding input and generating error mes­
sages as necessary until the user enters legal input. 

Here is a first attempt at a solution in pseudocode: 

while (user hasn't given us an integer) { 
prompt. 
discard input. 
generate an error message. 

} 

read the integer. 

This reflects what we want to do, in general. We want to keep prompting, discard­
ing, and generating error messages as long as the input is illegal, and when a legal 
value is entered, we want to read the integer. Of course, in that final case we don't 
want to discard the input or generate an error message. In other words, the last time 
through the loop we want to do just the first of these three steps (prompting, but not 
discarding and not generating an error message). This is another classic fencepost 
problem, and we can solve it in the usual way by putting the initial prompt before the 
loop and changing the order of the operations within the loop: 

prompt. 
while (user hasn't given us an integer) { 

discard input. 

} 

generate an error message . 
prompt. 

read the integer . 
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This pseudocode is fairly easy to turn into actual Java code: 

Scanner conso le = new Scanner(System.in) ; 

Sys tem.out.print("How old are you? "); 

while (!console .hasNex~In~() 

console .nex~(); il t o discard the input 

System.out.print ln("Not an integer; try again. "); 

Sys~em.out.print( "How old are you ? "); 

int age = conso l e .nextlnt(); 

In facr, mis is such a common operation that it is worth rurning into a static method: 

/1 ?ro~pt;S ~ntil a valid number is e ntered 

publ ic static in~ getlnt(Scanner console, String prompt) 

System.out.print(prompti; 

whi le (!console.hasNextInt{ )} 

console.next(); // tc discard the input 

Sys tem . out. println ("No~ an integer; try agai n. ") ; 

Sys~em . out . ?rin~(prcmp~) ; 

retu r n console. nextlnt( ); 

Using rhis memod. we can rewrite our original code as follows: 

Scanner console = new Scanner(System.in); 

i:1.~ age = get l nt(console, "How ald are you? "); 

\-Vhen you execute this code, the interaction looks like this: 

nO"~ old are you? t'lhat? 

Not an integer; try again. 

Hcw old are you? 18.4 

Net an integer; ~ry again . 

Howald are you? ten 

No~ an in~eger; try aga~n. 

Howald are yeu? darn ! 

Net an integer; try aga in . 

F.m~ old are you? help 

Not an integer; try again. 

How o l d are you? 19 
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5.5 Assertions and Program Logic 
I 

Logicians concern themselves with declarative statements called assertions. 

Assertion 

A declarative sentence that is either true or false. 

The following statements are all assertions: 

• 2 + 2 equals 4. 

• The sun is larger than the Earth. 

• x> 45. 

• It was raining. 

• The rain in Spain falls mainly on the plain. 

The following statements are not assertions (the first is a question and the second 
is a command): 

• How much do you weigh? 

• Take me home. 

Some assertions are true or false depending upon their context: 

• x> 45. (The validity of this statement depends on the value of x.) 

• It was raining. (The validity of this statement depends on the time and location.) 

You can pin down whether they are true or false by providing a context: 

• When x = 13,x > 45. 

• On July 4, 1776. in Philadelphia, it was raining. 

To write programs correctly and efficiently, you must learn to make assertions 
about your programs and to understand the contexts in which those assertions will be 
true. For example, if you are trying to obtain a nonnegative number from the user, 
you want the assertion "Number is nonnegative" to be true. You can use a simple 
prompt and read: 

System.out.print("Please give me a nonnegative number--> "); 

double number ~ console.nextDouble( ); 

II is number nonnegative? 

But the user can ignore your request and input a negative number anyway. In fact, 
users often input values that you don't expect, usually because they are confused. Given 
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the uncertainty of user input, this particular assertion may sometimes be true and some­
times false. But something later in the program may depend on the assertion being true. 
For example, if you are going to take the square root of that number, you must be sure 
the number is nonnegative. Otherwise, you might end up with a bad result. 

Using a loop, you can guarantee that the number you get is nonnegative: 

Systern.out.p:::-int(HPlease give me a nonnegative numbe:::---> H); 

doubl e number = console.nextDouble(); 

while (number < 0.0) { 

} 

System. OUL print ( "That is a negative numbe:::-. Try again--> " ) ; 

number = console.nextDouble( ); 

1/ is r..urr.be= nonnegative? 

You know that number will be nonnegative after the loop; otherwise, the program 
would not exit the while loop. As long as a user gives negative values, your program 
stays in the \-lhile loop and continues to prompt for input. 

This doesn't mean that nUInoer should be nonnegative after the loop. It means that 
number will be nonnegative. By working through the logic of the program, you can 
see that this is a certainty, an assertion of which you are sure. You could eyen prove it 
if need be. Such an assertion is called a provable assertion. 

Provable Assertion 

An assertion that can be proyen to be true at a particular point in program 
execution. 

Proyable assertions help to identify unnecessary bits of code. Consider the follow­
ing statements: 

int x = 0; 

if (x == 0) 

System. out .println( HThis is what I expecL " ) ; 

else { 

Systern.ou t.print l n( " 2m·/ can tha~ be?"); 

The if / else construct is not necessary. You know what the assignment statement 
does, so you know that it sets x to C. Testing whether x is 0 is as unnecessary as saying, 
"Before I proceed, I'm going to check that 2 T 2 equals 4." Because the if part of 
this if/else statement is always executed, you can prove that the following lines of 
code always do the same thing as the preceding lines: 

int x = 0; 

System.out.print l n("This is what I expect. ") ; 
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This code is simpler and. therefore, better. Programs are complex enough without 
adding unnecessary code. 

The concept of assertions has become so popular among software practitioners 
that many programming languages provide support for testing assertions. Java added 
support for testing assertions starting with version 1.4 of the language. You can read 
more about Java's assert statement in Appendix C. 

Reasoning about Assertions 

The focus on assertions comes out of a field of computer science known as formal 
verification. 

Formal Verification 

A field of computer science that involves reasoning about the fom1al prop­
erties of programs to prove the correctness of a program. 

For example, consider the properties of the simple if statement: 

if « tesb) 
// test is always true here 

You enter the body of the if statement only if the test is true, which is why you 
know that the test must be true if that particular line is reached in program execution. 
You can draw a similar conclusion about what is true in an if/else statement: 

if « tesb) 
I I t est is always true here 

} else 

/ 1 test is never true here 

} 

You can draw a similar conclusion about what is true inside the body of a while 

loop: 

while «test» 
/1 test is always true here 

But in the case of the while loop, you can draw an even stronger conclusion. You 
know that as long as the test evaluates to true, you ' ll keep going back into the loop. 
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Thus, you can conclude that after the loop is done executing, the test can no longer 
be true: 

while « test» 

1/ test is a l ways true here 

II test is never true here 

The test can' t be true after the loop because if it had been true, the program would 
have executed the body of the loop again. 

These observations about the properties of if statements, if/else statements, 
and "hile loops provide a good start for praying certain assertions about programs. 
But often, proving assertions requires a deeper anal~ sis of what the code actually 
does. For example, suppose you ha"e a variable x of type int and you execute the 
following if statement: 

if (x < 0) { 

II x < 0 is always t r ue here 

x = -Xi 

I I but what about x < 0 here? 

You wouldn ' t normally be able to conclude anything about x being less than 0 

after the if statement but you can draw a conclusion if you think about the different 
cases . If x was greater than or equal to 0 before the if statement, it will still be 
greater than or equal to c after the i.f statement And if x was less than 0 before the 
if statement, it will be equal to -x after. When x is less than 0, -x is greater than o. 
Thus, in either case, you know that after the if statement executes, x will be greater 
than or equal to o. 

Programmers naturally apply this kind of reasoning when writing programs. 
Computer scientists are trying to figure out how to do this kind of reasoning in a 
formal , yerifiable way. 

A Detailed Assertions Example 

To explore assertions further, let's take a detailed look at a code fragment and a set of 
assertions we might make about the fragment. Consider the following method: 

public static voi d printCommonPrefix(int x, int y) ~ 

int z = 0; 

II Point A 

while (X != y) 

II Point B 

z++; 
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II Point C 

if (x > y) { 

II Point D 

x = x I 10; 

else { 

II Point E 

y = y I 10; 

II Point F 

II Point G 

System.out.println("common prefix = " + x); 

System.out.println("digits discarded = " + z); 
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This method finds the longest sequence of leading digits that two numbers have in 
common. For example, the numbers 32845 and 328929343 each begin with the prefix 
328. This method will report that prefix and will also report the total number of digits 
that follow the common prefix and that are discarded. 

We will examine the program to check whether various assertions are always true, 
never true, or sometimes true and sometimes false at various points in program execu­
tion . The comments in the method indicate the points of interest. The assertions we 
will consider are: 

x > y 

x == y 

z == 0 

Normally computer scientists write assertions in mathematical notation, as in z 

0, but we will use a Java expression to distinguish this assertion of equality from the 
practice of assigning a value to the variable. 

We can record our answers in a table with the words "always," "never," or "some­
times." Our table will look like the following one: 

Point A 

PointB 

x > y x == y z == 0 

Let's start at point A, which appears near the beginning ofthe method's execution: 

public static void printCommonPrefix(int x, int y) { 

int z = 0; 

II Point A 
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The variables x and yare parameters and get their values from the call to the 
method. Many calls are possible, so we don't really know lli'1ything about the nlues of 
x and y. Thus, the assertion x > y could be true but doesn't have to be. The assertion 
is sometimes true, sometimes false at point A. Likewise, the assertion x == y could 
be true depending on \yhat values are passed to the method, but it doesn't have to be 
true. However, \\-e initialize the local variable z to 0 just before point A, so the asser­
tion z == 0 will always be true at that point in execution. So, \\'e can fill in the first 
line of r..l-]e table as follows: 

x > y x == y 

Point ,\ ~ometime, ,omet1me~ 

Point B appears just inside the while loop: 

while (x != y) 

II Point B 

z+~ ; 

} 

z == 0 

always 

We get to point B only by entering the loop, which means that the loop test must 
ha\c evaluated to true. In other \yords, at point B it will always be true that x is not 
equal to y, 50 the assertion x == y will never be true at that point. But we don't 
know which of the two is larger. Therefore, the assertion x > y is sometimes true 
and sometimes false. 

You might think that the assertion z == 0 would always be true at point B because 
we \yere at point A just before we were at point B, but that is not the right answer. 
Remember that point B is inside a ;-,hile loop. On the first iteration of the loop we 
wi.ll have been at point A just before reaching point B, but on later iterations of the 
loop we will have been inside the loop just before reaching point B. And if you look at 
the line of code just after point B, you will see that it increments z. There are no other 
modifications to the variable z inside the loop. Therefore, each time the body of the 
loop execmes, z will increase by 1. So, z \,-m be C at point B the first time through the 
loop, but it will be 1 on the second iteration, 2 on the third iteration, and so forth. 
Therefore, the right ans\yer for the assertion z == 0 at point B is that it is sometimes 
true, sometimes false. So, the second line of the table should look like this: 

x > y x == y z == 0 

Point B .>ometimes never ~ometime, 

Point C is right after the increment of the nlriable z. There are no changes to the 
values of x and y between point B and point C, so the same answers apply at point C 
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for the assertions x > y and x == y. The assertion z == 0 will never be true after 
the increment, even though z starts at 0 before the loop begins and there are no other 
manipulations of the variable inside the loop; once it is incremented, it will never be 
o again. Therefore, we can fill in the table for point C as follows: 

x > y x == y z == 0 

Point C ~ometime8 never never 

Points D and E are part of the if!else statement inside the while loop, so we 
can evaluate them as a pair. The if / else statement appears right after point C: 

II point c 

if (x > y) 

II Point D 

x = x I 10; 

else { 

II Po int E 

y = y I 10; 

No variables are changed between point C and points D and E. Java performs a test 
and branches in one of two directions. The if/else test determines whether x is greater 
than y. If the test is true, we go to point D. If not, we go to point E. So, for the assel1ion 
x > y, we know it is always true at point D and never true at point E. The assertion x 
== y is a little more difficult to work out. We know it can never be true at point D, but 
could it be true at point E? Solely on the basis of the if/else test, the answer is yes. 
But remember that at point C the assertion could never be true. The values of x and y 

have not changed between point C and point E, so it still can never be true. 
As for the assertion z == 0, the variable z hasn't changed between point C and 

points D and E, and z is not included in the test. So whatever we knew about z before 
still holds. Therefore, the right answers to fill in for points D and E are as follows: 

PointD 

PointE 

x > y 

always 

never 

x == y z == 0 

never nevel 

never ne\'el 

Point F appears after the if! else statement. To determine the relationship 
between x and y at point F, we have to look at how the variables have changed. The 
if/else statement either divides x by 10 (if it is the larger value) or divides y by 10 
(if it is the larger value). So, we have to ask whether it is possible for the assertion x 
> y to be true at point F. The answer is yes. For example, x might have been 21 Band 
y might have been 6 before the if/else statement. In that case, x would now be 21, 

which is still larger than y. But does it have to be larger than y? Not necessarily. The 
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values might have been reversed, in which case y will be larger than x. So, that asser­
tion is sometimes true and sometimes false at point F. 

What about the assertion x == y? We know it doesn't have to be true because we 
have seen cases in which x is greater than y or y is greater than x. Is it possible for it 
to be true? Are there any values of x and y that would lead to this outcome? Consider 
the case in which x is 218 and y is 21. Then we would divide x by 10 to get 21, 

which would equal y. So, this assertion also is sometimes true and sometimes false. 
There was no change to z between points D and E and point F, so we simply carry 

our answer down from the previous columns. So \\<e would fill in the table as follows 
for point F: 

x > y x == y z == 0 

Point F sometimes ~ometimc<, never 

Point G appears after the ,,,hile loop: 

while (X ! = y) { 

II Point G 

We can escape the while loop only if x becomes equal to y. So, at point G we know 
that tbe assertion x == y is always true. That means that the assertion x > y can never 
be true. The assertion z == 0 is a little tricky. At point F it was never true, so you 
might imagine tbat at point G it can never be true. But we weren't necessarily at point F 
just before we reached point G. We might neyer haye entered the while loop at aU, in 
which case we would have been at point A just before point G. At point A the variable z 

was equal to o. Therefore, the right ans\\"er for this assertion is that it is sometimes true, 
sometimes false at point G. The final row of our table thus looks like this: 

x > y x == y z == 0 

Point G never always sometimes 

V, hen we combine this information, \ye can fill in our table as follow"s: 

Point A 

Point B 

Point C 

Point D 

Point E 
Point F 
Point G 

x > y 

sometimes 

sometime~ 

sometime~ 

always 

never 

~ometimes 

never 

x -- y 

sL'metimt·s 

never 

never 

never 

sometime, 

alway, 

z -- 0 

always 

sometime~ 

never 

never 

never 

never 

sometime~ 
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5.6 Case Study: NumberGuess 

If we combine indefinite loops, the ability to check for user errors, and random number 
generation, it's possible for us to create guessing games in which the computer thinks 
of random numbers and the user tries to guess them. Let's consider an example game 
with the following rules. The computer thinks of a random two-digit number but keeps 
it secret from the player. We'll allow the program to accept positive numbers only, so 
the acceptable range of numbers is 00 through 99 inclusive. The player will try to guess 
the number the computer picked. If the player guesses correctly, the program will 
report the number of guesses that the player made. 

To make the game more interesting, the computer will give the player a hint each 
time the user enters an incorrect guess. Specifically, the computer will tell the player 
how many digits from the guess are contained in the correct answer. The order of the 
digits doesn't affect the number of digits that match. For example, if the correct number 
is 57 and the player guesses 73, the computer will report one matching digit, because 
the correct answer contains a 7. Ifthe player next guesses 75, the computer will report 
two matching digits. At this point the player knows that the computer's number must be 
57, because 57 is the only two-digit number whose digits match those of 75. 

Since the players will be doing a lot of console input, it's likely that they will type 
incorrect numbers or nonnumeric tokens by mistake. We'd like our guessing-game 
program to be robust against user input errors. 

Initial Version without Hinting 

In previous chapters, we've talked about the idea of iterative enhancement. Since this 
is a challenging program, we'll tackle it in stages. One of the hardest parts of the pro­
gram is giving correct hints to the player. For now, we'll simply write a game that tells 
players whether they are correct or incorrect on each guess and, once the game is 
done, reports the number of guesses the players made. The program won't be robust 
against user input errors yet; that can be added later. To further simplify the game, 
rather than having the computer choose a random number, we'll choose a known value 
for the number so that the code can be tested more easily. 

Since we don't know how many tries a player will need before correctly guessing 
the number, it seems that the main loop for this game will have to be a while loop. It 
might be tempting to write the code to match the following pseudocode: 

II flawed number guess pseudocode 
think of a number. 
whi l e (user has not guessed the number) { 

prompt and read a guess . 
report whether the guess was correct or incorrect . 

} 
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But the problem with this pseudocode is that you can't start the while loop if you 
don't have a guess value from the player yet. The following code doesn't compile, 
because the variable guess isn 't initialized when the loop begins: 

II this code doesn't compile 

int numGuesses = 0; 

int number = 42; II computer always picks same number 

int guess; 

~I while (guess ! = number) { 

System.out.print("Your guess? "I ; 

guess = conso le.nex~In~(); 

numGuessesTT ; 

System.out.println("Incorrect. ") ; 

system.out.println("You got it right in " + numGuesses + " tries."); 

It turns out that the game's main guess loop is a fencepost loop, because after each 
incorrect guess the program must print an "Tncorrect" message (and later a hint). For n 
guesses, there are n - 1 hints. Recall the following general pseudocode for fencepost 
loops: 

plant a post. 
for (the length of the fence) { 

attach some wire. 
plant a post. 

} 

This particular problem is an indefinite fencepost using a while loop. Let's look 
at some more specific pseudocode. The "posts" are the prompts for guesses, and the 
"wires" are the "Incorrect" messages: 

II specifi c number guess pseudocode 
think of a number. 
ask for the player's initial guess. 
whi l e (the guess is not the correct number) { 

inform the player that the guess was incorrect. 
ask for another guess. 

} 

report the number of guesses needed . 
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This pseudocode leads us to write the following Java program. Note that the com­
puter always picks the value 42 in this version of the program: 

1 import java.util.*, 

2 

3 public class NumberGuessl { 

4 public static void main(String[) args} { 

5 Scanner console = new Scanner(System.in} , 

6 int number = 42; II always picks the same number 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

System.out.print ( "Your guess? "} ; 

int guess = console.nextlnt () ; 

int numGuesses = 1; 

while (guess != number) { 

System.out.println("Incorrect. "} ; 

System.out.print("Your guess? "}; 

guess = console.nextlnt( } ; 

numGuesses++; 

} 

System.out.println("You got it right in " + 

numGuesses + " tries."}; 

We can test our initial program to verify the code we've written so far. A sample 
dialogue looks like this: 

Your guess? 65 

Incorrect. 

Your guess? 12 

Incorrect. 

Your guess? 34 

Incorrect. 

Your guess? 42 

You got it right in 4 tries. 

Randomized Version with Hinting 

Now that we've tested the code to make sure our main game loops, let's make the 
game random by choosing a random value between 00 and 99 inclusive. To do so, 
we'll create a Random object and call its nextInt method, specifying the maximum 
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value. Remember that the value passed to nextlnt should be one more than the 
desired maximum, so we'll pass 100: 

II pick a random number between 00 and 99 i~clusive 

Random rand = new Rando~(); 

int number = rand.nextlnt(lOO); 

The next important feature our game should have is to give a hint when the player 
makes an incorrect guess. The tricky part is figuring out ho\\- many digits of the 
player's guess match the correct number. Since this code is nontrivial to write, let's 
make a method called matches that does the work for us. To figure out how many 
digits match, the matches method needs to use the guess and the correct number as 
parameters. It will return the number of matching digits. Therefore, its header should 
look like this: 

public static int matches(int number, int guess) { 

Our algorithm must count the number of matching digits. Either digit from the 
guess can match either digit from the correct number. Since the digits are somewhat 
independent-that is, ",,-herher the ones digit of the guess matches is independent of 
whether the tens digit matches-we should use sequential if statements rather than 
an if / else statement to represent these conditions. 

The digit-matching algorithm has one special case. If the player guesses a number 
such as 3 3 that contains two of the same digit, and if that digit is contained in the cor­
rect answer (say the correct ans\\ er is 37), it would be misleading to report that two 
digits match. It makes more sense for the program to report one matching digit. To 
han.dle this case, our algorithm must check whether the guess contains two of the same 
digit and consider the second digit of the guess to be a match only if it is different 
from the first. 

Here is the pseudocode for the algorithm: 

matches = 0. 
if (the first digit of the guess matches 

either digit of the correct number) { 
we have found one match . 

} 

if (the second digit of the guess is different from the first digit, 
AND it matches either digit of the correct number) { 

we have found another match. 
} 
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We need to be able to split the correct number and the guess into the two digits 
that compose each so that we can compare them. Recall from the Boolean Zen sec­
tion that we can use the division and remainder operators to express the digits of any 
two-digit number n as n / 10 for the tens digit and n % 10 for the ones digit. 

Let's write the statement that compares the tens digit of the guess against the cor­
rect answer. Since the tens digit of the guess can match either of the correct number's 
digits, we'll use an OR test with the I I operator: 

int matches = 0; 

II check the first digit for a match 

if (guess I 10 == number I 10 I I guess I 10 

matches++; 

number % 10 ) { 

Writing the statement that compares the ones digit of the guess against the correct 
answer is slightly trickier, because we have to take into consideration the special case 
described previously (in which both digits of the guess are the same). We'll account 
for this by counting the second digit as a match only if it is unique and matches a 
digit from the correct number: 

II check the second digit for a match 

if ( guess I 10 ! = guess % 10 && 

(guess % 10 == number I 10 I I guess % 10 

matches++; 

number % 1 0» { 

The following version of the program uses the hinting code we've just written. It 
also adds the randomly chosen number and a brief introduction to the program: 

1 II Two-digit number-guessing game with hinting. 

2 import java.util.*; 

3 

4 public c lass NumberGuess2 

5 public static void main(String[ ] args) { 

6 System.out.printlnC"Try to guess my two-digit"); 

7 System.out.printlnC"number, and I'll tell you how" ) ; 

8 System.out.print1nC"many digits from your guess" ); 

9 System.out.println (" appear in my number."); 

10 System.out.println( ); 

11 

12 

13 

14 

Scanner console = new Scanner(System.in); 

II pick a random number from 0 to 99 inclusive 
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15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

Random rand ~ new Random( ) ; 

int number = rand.nextlnt (100) ; 

I I gee f i rst guess 

Systerr: .o:1c-prir.t( "YO'..l r guess? ") ; 

int gu ess ~ conso l e.nextlnt(); 

int numGuesses = 1; 

I I g i ve hints until correct guess is reached 

while ( s uess ! ~ ~u~ber) { 

int nUmMatches = matches (number, guess ); 

System.out.println("Incorrect (hint: " + 

nuru·latches + " digits match) "); 

System.out .print ("You r g uess? "); 

guess = consc l e.nextlnt(); 

numGuesses++; 

System.out.prin t l n("¥o'.l got it right in " .;­

numGuesses + " tries. ") ; 

37 Ii retu r r. s hOTii many aigits f r om the giv en 

38 :'/ suess rr.atc h d i g i ts f roll'. t;" e g i ve!"'. correct number 

39 public static int matches( int number, int guess) { 

40 int numMatches ~ 0; 

4 1 

42 

43 

44 

45 

4 6 

47 

48 

49 

50 

51 

52 

53 

54 

55 

if ( guess I 10 number .' 10 II 
guess I 1 0 number % lO ) { 

numMa,::ches ++; 

if ( guess! 1 0 = guess % 10 "Ii 

(guess % : 0 == number I 10 I I 
guess % 1 0 == number % 10 )) { 

numMatches++ ; 

return numMatches; 
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The following is a sample log of the program execution: 

Try to guess my two-digit 

number, and I'll tell you how 

many digits from your guess 

appear in my number. 

Your guess? 13 

Incorrect (hint: 0 digits match) 

Your guess? 26 

Incorrect (hint: 0 digits match) 

Your guess? 78 

Incorrect (hint: 1 digits match ) 

Your guess? 79 

Incorrect (hint: 1 digits match) 

Your guess? 70 

Incorrect (hint: 2 digits match) 

Your guess? 7 

You got it right in 6 tries . 

Final Robust Version 
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The last major change we'll make to our program is to make it robust against invalid 
user input. There are two types of bad input that we may see: 

1. Nonnumeric tokens. 

2. Numbers outside the range of 0-99. 

Let's deal with these cases one at a time. Recall the getlnt method that was dis­
cussed earlier in this chapter. It repeatedly prompts the user for input until an integer 
is typed. Here is its header: 

public static int getInt(Scanner console, String prompt) 

We can make use of getInt to get an integer between 0 and 99. We'll repeatedly 
call getlnt until the integer that is returned is within the acceptable range. The post­
condition we require before we can stop prompting for guesses is: 

guess >= 0 && guess <= 99 

To ensure that this postcondition is met, we can use a while loop that tests for the 
opposite condition. Using De Morgan's law, we know that the opposite of the previ­
ous test would be the following: 

guess < 0 I I guess > 99 
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The reversed test is used in our new getGuess method to get a yalid guess 
between 0 and 99. Now whenever we want to read user input in the main program, 
we'll call getG\1ess. It's useful to separate the input prompting in this way, to make 
sure that \ye don't accidentally count invalid inputs as guesses. 

The final version of our code is the following: 

1 ! l Robust ·nlO-c.iq:'t number-guessing game wi th flinting. 

2 import ja ..... Ta.util. *; 

3 

4 public class NumberGuess3 { 

5 public static void main(String[ ] arqs) { 

6 givelntro(); 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1 7 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Scanner console new Scanner(System.in ); 

// p~c k a random number from 0 to 99 i nc lus ive 

Random rand = new Random(); 

int number = rand.nextlnt (1 00 ) ; 

II get: f~rst guess 

int guess = ge::Guess (conso le ) ; 

int numGuesses = 1; 

/ f ~ive hints un-:.il co~:!:'ect. guess is reached 

while (guess != number) { 

int nUmMatches = matches(number, guess); 

System.out.println("Incorrect (flint: " + 

nUmMatches + " digits match) "); 

guess = getGuess(console); 

numGues seS++i 

System.ou::.println("You got 't :r:'gnt i:: " + 

numGuesses + " tries. "); 

30 public static void givelnt:ro() 

31 Systerr .. out.!?rintln( "Try to guess my two-digit"); 

32 System.out.println("numbe:r, and I' ll te l ::' you :-:OW" ) ; 

33 System.out .print l n ( "many d:'gits from your guess" }; 

34 System.out.!?rintln (" appear in my numbe:r. ") ; 

35 Sys tem.oat .prir-tln () ; 

36 

37 

38 / / :returns II of match:'ng digits bet,veer- the two numbers 
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39 II pre: number and guess are unique two-digit numbers 

40 public static int rnatches( int number, int guess ) { 

4 1 int nUmMatches = 0, 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

if (guess I 10 == number / 10 I I 
guess / 10 == number % 10 ) 

numMatches++; 

if ( guess / 10 != guess % 10 && 

(guess % 10 == number I 10 I I 
guess % 10 == number % 10 » { 

numMatches++, 

54 return numMatches, 

55 

56 

57 II prompts until a number in proper range is entered 

58 II post: guess is between 0 and 99 

59 public static int getGuess(Scanner console) { 

60 int guess = getlnt(Console, "Your guess? " ) , 

61 while (guess < 0 I I guess >= 100) 

62 System. out. print in ( "Out of range; try again." ) ; 

63 

64 

65 

66 

67 

68 

guess = getlnt(console, "Your guess? "); 

return guess; 

69 I I prompts until a valid number is entered 

70 public static int getlnt(Scanner console, String prompt) { 

71 System.out.print(prompt); 

72 while ( !console.hasNextlnt(» 

73 console.next(); II to discard the input 

74 System.out.println("Not an integer; try again. ") ; 

75 System.out.print(prompt) ; 

76 

77 r eturn console.nextlnt () ; 

78 

79 

365 
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The following sample log of execution demonstrates the new input robustness of 
this program: 

T!:"y to guess my two-digit 

nt;.mber, and I'll tell you hm'T 

many digits from your guess 

appear in my number. 

Your guess? 12 

Incorrect (hint: 0 digits 

You!:" guess? okay 

Not an i!lteger; try again. 

Your guess? 34 

Incorrect (hint: 1 digits 

Your guess? 35 

Inco!:'rect !hint: 1 digits 

Your guess? 67 

Incorrect (hint: 0 digits 

Your guess? 89 

Incorrect (hint: 0 digits 

Your guess? 3 

Incorrect (hint: 2 digits 

Your guess? 300 

Out of range; try again. 

Your guess? 30 

match ) 

match ) 

match) 

match) 

match) 

match) 

You got it right in 7 tries. 

~ Iotice that we're careful to comment our code to document rele\,ant preconditions 
and postconditions of our methods. The precondition of the matches method is that 
the two parameters are unique two-digit numbers. The postcondition of our new 
getGuesses method is that it returns a guess between 0 and 99 inclusive. Also, note 
that the program does not count invalid input (okay and 300 in the previous sample 
log of execution) as guesses, 

Chapter Summary 

Java ila;, a v!hi l e I op in addition to i!~ f or loop. Th<? JJ \ ';t nil: g::nemtt: p~<?udoran(hl:n lIl!mh.'r, II rng ()bjet' ts (If 

\~hile loop can be used ttl writ.: t!iddinilc loops that keep ,he Random cia ' ."' . 

exe.:uting: until some t'ondl tkm fa it" 

Pnmtng a loop mean, <;c tting the value~ of variables that 

\\" il! be U',eJ in the loop test. so that the lest wi ll be ~ure to 

" lIceeed the fIrs t time and rhC' loop \ ill c\ecute. 

The do/whi le loop ig a variation on L'le whi l e loop that 

perform,; its loop te, t at the end ;;1' the loop h(ldy. 

doh"h ':'l e ioop is gu"ll'<:lI1t~cd to execute n, budy at lea<,r 

once. 



Self-Check Problems 

A fencepost loop executes a "loop-and-a-half' by execut­

ing part of a loop's body once before the loop begins. 

A sentinel loop is a kind of fencepost loop that repeatedly 

plocesses mput until it is passed a particular value, but 

doe!; not proce~s the special value. 

The boolean primitIVe type represenl~ logical values of 

either true or false . Boolean ex.pres~ i on$ are used as 

tests m if statements and loops. Boolean exprec;'liom can 

u~e relational operators such a~ < or ! = as well a~ 

logical operators such as && or ! 

Complex Boolean tests with logical operatol'<; fiuch a& && 

or I I are evaluated lazily If the overall re,ult IS clear 

from evaluating the fint part of the expres~ion, later parts 

are not evaluated. This i~ called short-circuited 

evaluation. 

Self-Check Problems 

Section 5.1: The while Loop 
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Boolean "ariable~ (sometime& called "flags") can store 

Boolean values and can be used as loop te!.ts. 

A complex Boolean ex.preS'llOn can be negated using a 

set of rule~ known as De Morgan's law~. in which each 

sub-expre~sion is negated and all AND and OR operatIOns 

lIle swapped. 

A robust progrlllD checks for errors in user input. Better 

robustness can be achieved by looping and reprompting 

the user to enter input when he or she types bad input. 

The Scanner clas'S has methods like hasNextlnt that 

you can use to "look. ahead" for vahd input 

Assertions are logical statements about a particular point in a 

progf'dIll. Assertions are useful for pro" iug properties about 

how a program will execute Th'o useful types of assertions 

are preconditIOns and po.tcondilions. which are claims about 

what will be true before and after a method Cl(ecute~ . 

1. For each of the following while loops, ~tate how many times the loop will t~xecute its bod}. Remember thtl.t u zero," 

"infinity," and "unknown" are legal answer~. Also. what is the output of the code in each ca~e'l 

a. int x = 1 ; 

while (X < 100) { 

System.out.print(x + " "); 

x += 10, 

} 

b. int max = 10, 

while (max < 10) { 

System.out.println( "count down: " + max), 

max--; 

} 

c . i nt x = 250, 

while (x % 3 1= 0) { 

System.out.pr~ntln{x) , 

} 
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J . ~nt x = 2 ; 

wh ile (x < 200) { 

Systern . out . print( x + • H) ; 

x *= Xi 

e . String ~ord ~ 'ra"~ 

whi le (word .length!) < 10) { 

word = ~b" + word + lib"; 

System.out.pr i ntln (word); 

f. lOt: x = lOG; 

~."h i le {X > 0, 
System.out.println(x I 10); 

x ~ x / 2; 

2. Convert ,';I.ch ,,1" l1] ,.' fc lJow iT1g f eY' !00[1 inhl an equivll.lent \-I ~.i i e 1<)<)[1: 

ll. foc" (~:',t n = 1; t, <= rna.XI n++) 

System.out.pr i ncln(11}; 

b. i.nt. total = 25; 

for ( i nt number '" 1; number <= (total / 2); number+;') 

total'" total - Dumber; 

Systerr..out..pr i Y'.t..l n ( to t.a l + tt " + :1'umber): 

<= 2; i ++ ) 

for ( i n '. j 1; j <= 3; j ++ ) 

f a!:." ( i rlt k;;: 1; k <= 4; k+-t ) 

Sys t e m.out.pr int(" - "); 

System.aut.print!"! " ); 

System.out.println ; ) ; 

d. ir,t !"lumber '" 4; 

for ( lnt c oun t = 1; COClr. t <~ nurrber; count++) 

sysr.em. out. pr i:lt}.n (number ) ; 

number = rlumbe~ ! 2~ 

pt:bl i c st.a t I e voi d !llystery( l.nt x ) { 

i nt y 1 ; 

i rlt z = 0; 

wh i le (2 * y <- x) { 

y = Y .. 2 ; 
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z++; 

} 

System.out.pn.ntln(y + " " + z), 

} 

For ~ach of the following call~, mdicate the output that the pleceding method produces: 

mystery ( 1) ; 

mystery(6); 

mystery(19); 

mystery ( 39); 

mystery ( 74) ; 

4. Consider the following method: 

public static void mystery(int xl { 

int y = 0; 

while (x % 2 == 0) { 

y++, 

x = x / 2, 

} 

System.out.println(x + " " + y); 

} 

For each of the following calls, indicate the output that the preceding method produces: 

mystery ( 19), 

mystery ( 42) ; 

mystery ( 48); 

mystery ( 40) ; 

mystery ( 64); 

5. Con~ider the following code: 

Random rand = new Random( ) ; 

int a = rand.nextlnt(lOO ) ; 

int b = rand.nextlnt(20) + 50; 

int c rand.nextlnt(20 + 50); 

int d rand.nextlnt(lOO) - 20; 

int e = rand.nextlnt(lO) * 4; 

What range of values can each variable (a. b, c. d, and e) have? 

6. Write code that generates a nmdom integer between 0 and 10 inclusive. 

7. Write code that generates a random odd integer (not divisible by 2) between 50 and 99 inclusive. 
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8. For each of the do/whl.le loops that follow, ')tate the number of umes that the loop will execute its body_ Remember 

that "zero." "infinity:' and "unknown" are legal answers. Also, what i~ the output of the code in each case'! 

a. int x = 1; 

do { 
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System.out.pn.nt(x + .. "); 

x = X T 10; 

".'hi Le (x < 100); 

b. int max = 10; 

de { 

System.out.println("eount down : .. + max); 

maX--j 

while {max < lO}~ 

~ . i n t x 250~ 

do { 

System.out .println(x) ; 

while (X % 3 1= 0); 

d. int x 100; 

do 

x = x 2; 

while (X ~ 2 =~ 0); 

~. int x 2; 

do { 

x *= Xj 

while (X < 20 0') i 

f. String 'Nord = "a"; 

do { 

word = "b" + word + "b"; 

whi l e {word.lengthc) < 10); 

System.out.pri~tln( word}; 

g. int x = laO; 

do { 

System.out.println(x i 10); 

x = x ! 2~ 

wh i le (x>O ): 

h. St!:" i ng st!:" 

do 

"/ \\ ": 

str +- str; 

wh Lle (str.length() < 101; 

Systerr. . o c t.. prin't 1. rd st,:!:'); 

9. \Vrit::: "co/while i.,ep ,hatl'~p~mc:dl y rrim..; a certain me',agc until the u~et tell~ the rro;:,arn l<) %lp. lh: do /whi le 1, 

app,~opria ic.? beL:a t! ~ l! thL' nl~~""lgc ~ h()uld nhvays h,,"' printed ~H leJ~t nne {nne. e\~n lfthe user t_ pc!' r~ n i'l~r the f ir~ t nle~· 

,",age i.1 ppCan; Tht.! Inc":!,~agc to he printcJ i~ t\~ foll(l\vs: 

She sells seashells by the seashore. 

Do you 'want to hear it again? y 

She sells seashells by the seashore. 

Do you want to hea;:- It again? y 
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She sells seashells by the seashore. 

Do you want to hear it again? n 
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lO. Wute a method called zeroDigl ts that accepts an integer parametet and returns the number of digit& in the numhet 

that have the value 0 For example, the call zeroDigits (5024036) should return 2. and zeroDigl.ts (743) 

should retwn O. The call zeroDigl. ts (0) should return 1 eWe suggest you u~e a do/while loop In your solution) 

11. Wute a do/while loop that repeatedly punts random number~ between 0 and 1000 until a number above 900 is 

printed At least one line ot output ~hould always be printed, even if the first random number is above 900 . Here 18 a 

sample execution: 

Random number: 235 

Random number: 15 

Random number: 810 

Random number: 147 

Random number: 915 

Section 5.2: Fencepost Algorithms 

12. C(lnslder the flawed method printLetters that follows, whkh accept~ a String a8 Ih parameter and attempts to 

print the letters of the String. separated by dashe5. For example, the call of pn.ntLetters ( "Rabbi t" ) ~hould 

plint R-a-b-b-i-t The following code is incorrect: 

public statl.C void prl.ntLetters(Strlng text ) { 

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

System. out. print (text.charAt(l.) + "-" ); 

} 

System.out.println(); II to end the line of output 

} 

What is WTong With the code'! How can It be corrected to produce the de~ired behavior'l 

13. WIlte a ~entInelloop that repeatedly promph the use! to enter a numher and, once the numbel -1 i~ typed. djo,plays 

the maximum and mInImum numbers that the user entered. Here i~ a sample dialogue' 

Type a number (or -1 to stop) : 5 

Type a number (or -1 to stop) : 2 

Type a number (or -1 to stop) : 17 

Type a number (or -1 to stop) : 8 

Type a number (or -1 to stop) : -1 

Maximum was 17 

Minimum ~!aS 2 

If -1 i~ the first number typed, no maximum or minimum should be pnnted. In this case, the dIalogue would look 

lIke thi~ ' 

Type a number (or -1 to stop): -1 

Section S.l: The boolean Type 

14. COMidet the following variable declarations: 

int x 27; 

int y -1; 
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i nt z = 32; 

boolean b = false; 

What is [he value of each of the following Boolean expressi()n~ '! 

a. !b 

b. b I i true 

~ Ix > y) && Iy > z) 

d . Ix y) i! ( X <= Z) 

e. 1 (x % 2 -- 0 ) 

f. Ix % 2 != 0) &!. b 

g. b && !b 

h . b I' 
I I !b 

L (x < YJ b 

J. ! Ix / 2 13) I ! b II I z * 3 96) 

k. 12 < xl false 

i. ! (Ix > 0) && (y < OJ) 

15. Write a method ,'alled isVowel that ac;::epts a character a, input and returns tJ:ue if tb :1t ehanlcter is a vowl~ 1 itl. c . i. 

o. or u). For an extra .:hailenge. make your method casc·· insensitive. 

16. The following: code. attempts to <!)(amitk' a number and ~c.tlIrn whe:her [hat numh.:r is prime. (I.e .. i1a~ no factor, othet 

than 1 and itseIt) . A tlag name.d p::- irne b used. HoweVer. the Boolean logic i ' not :mpkmemed correctly. so the 

method does [Jot always retam the correct an~wC'r. In what .:a. c~ doe~ the method report an meorfert an~wel' -: How 

can the code be changed so tha, it wm always relUm it correc t result? 

public stat i c boolean isPr i ne( i nt 01 { 

boolean p::- i me = true; 

for l i nt i = 2; i < n; i++1 { 

if (n % ~ == 0) 

pri.me = fa l se: 

} else { 

prime true; 

} 

return prime; 

17. The foil0wing wde attempts to c'(aminl; a St.r i ng and retLtm whether it contains a !!1""!1 letter. A flag :lamed found 

is used. However. the Boolean logk is not implemented correctly. S(l the method does not always return the <.:orrecl' 

answer. in what L'a. ('$ does the me. hod t'epo!1 (\n incorrect answer? How can the code be 'han~cd so that it WIll 

always return a correct result'! 

public stat i c boolean conta i ns(Str i ng str, char chI ( 

boolean found = false; 

for l i nt i = 0; i < str.lengthl I; i++) { 

i f (str.charAtli) == chI { 

found = true; 
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else { 

found false ; 

} 

} 

return found; 

} 

18. Using "Boolean Zen," write an improved "ep.ion of the following method. which return~ whether the given String 

start~ and end8 with the same character: 

public static boolean startEndSame(Str1ng str) { 

if (str.charAt(O ) == str.charAt(str.length( ) - 1» { 
return true; 

} else { 

return false 

} 

19. USIng "Boolean Zen," wntc an improved versIon of the following method. whJch returns whether the given number 

of cents would require any pennies (a~ opposed to being an amount that could be made exactly using coins other 

than penmes): 

} 

public static boolean hasPennies(int cents ) 

boolean nickelsOnly = (cents % 5 == 0); 

if (nickelsOnly == true) { 

return false; 

} else { 

return true; 

} 

20. Consider the following method: 

public static int mystery(int x, int y) { 

while (x 1= 0 && Y 1= 0) { 

if (x < y) { 

y x' , 
} else { 

x -= y; 

} 

} 

return x + y; 

} 

For each of the following calls. indicate the value that i ... returned: 

mystery(3, 3) 

mystery(5, 3) 

mystery(2, 6) 
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rnystery{ 12, 18) 

rnystery(JO, 75) 

21.111.; t(\lIilWi q~ (,l(1e is :\ slight!) mc)JitieJ vers ion ofactua! code (hal wa~ in rhe M :'Tfl~\lt't ZIHll' 1lI",i;: {'Ia~(:r in 200f(. 

Til, ,',,<it' ;;:nemp" [0 ,'ail:ut,ltt' (Od"y"~ d:~tt' by dCic' n\\ inlng flo,·\ 11l : 11\~' ~ ;:ar, auu J,,:o, h;~'. · c pas~l;t\ si ; \ ~c 1980. 

'\ i; .'\H::~ ~h..: e .\ !~h:ni..'c l)f ll'l'UhH.b r~.) :· ~~lun:; the tdtai nllillh(~f 01 Jays '-in '\' J i)SO and fu r d ·tc n llJii i n~ \\,r h elh~:, a 

given year j, a leap year: 

int days = getTotalDaysSlnce198011 ; 

year:::: -::"980; 

while (days> 365 ) { I ! sub~~ac~ Que years 

if ( ~s LeapYear(year} ) 

l.f (days> 366) \ 

day5 356; 

yea::: += 1 ; 

else 

days 365; 

year 1; 

lhllh:tIHb (,!" Zwle player~ lo;.: J.;cu up on J , iIHiZU'Y 1. 200t). the fir~t dtiy after the end Or;t leap year since the Zunc 

was rck;i"cd. (:vliero~()ft !jwd .ly reh:-ased a palch in ii .... tht' prohlem.) \Vhat I~ the prnh!~f11 with the pleceding codt'o 

and in what case;; wIll it e:-;:hitllt in.:orrect beit;]l'it)r? Hp\ can l! be' lixcd! 

22. (",)u,ider the f,)llowint! variable dee' laraoon~ : 

illt x 27; 

i nt y --1 ; 

i nt z -- 3') • 
~ . 

boolean b = false; 

W ri te' a !lew BOlllean t"xpre"'ion thm j, the m:;;~{;n!l L1f c;1ch 0: the t'nll(lwl!l¥ Bno lean t:xpreS,lOllS ll,e De Morgan'" 

la\~~ rather LlJan ~unpiy v.-Titm~ a j at th.e lx:ginning of each <:ntll\: e,prc~,il1n . 

n. b 

b. (x > y) && (y :> z) 

c (x C"= y ) II ( X <= z ) 

J. IX i 2 I~ 0) && b 

e. (X 2 1 3 i I I b I I r 2 * 3 96 ) 

(2 < xl && (2 > y I I X >= Yl 

Section 5.4: User Errors 

23. The r',)!!llW::lg code is not robust agamst i ll'!,\ l ld lI<;er IIlput. Dc,cnbe how h.' chungc the c" de ," tlldlll wlll not pro· 

ct'etiunti l the 1I1-cr h." L';\k'l::d :i vahJ age and grade poi!ll :t\cmge (GPo\). "\~~l; me 111m ail:. i :; t i., ,! k ,pl a!~,' und 

[hal an)' double is a lega l CPA. 

Scanner conso l e = nel,· Scanner (S'lsterr.. in); 

System.out.print{"Type yo~r age: e); 

i ~t age = console.nextlnt(); 
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System.out.print("Type your GPA: n ) ; 

double qpa = console.nextDouble( ) ; 

For an added challenge. modlfy the code so that it rejects invahd ages (for example. numbers less than 0) and GPAs 

(say, number~ les8 than 0.0 or greater than 4.0). 

24. Consider the following code: 

Scanner console = new Scanner(System.in); 

System.out.print("Type something for me! ") 1 

if (console.hasNext1nt( » { 

int number = console.next1nt(); 

System.out.println("Your 1Q is .. + number); 

} else if (console.hasNext(» { 

} 

String token = console.next(); 

System.out.println(nYour name is " + token); 

What il> the output when the U5er types the followmg values" 

a Jane 

h. 56 

c. 56.2 

25. Write a piece of code that prompt~ the user fora number and then pnnts a different message depending on whdher 

the number wa& an integer or a real number. Here are two sample dialogues: 

Type a number: 42.5 

You typed the real number 42.5 

Type a number: 3 

You typed the integer 3 

26. Write code that prompts for three integer." average~ them, and prints the average. Make your code robust agamst 

invalid input (You may want to use the getInt method discussed in this chapter.) 

Section 5.5: Assertions and Program Logic 

27. Identify the various asserti0ns in the following code as being alway~ true. ne\'C[ true., or sometime~ true and sometimes 

false at vanous points in program execution. The comments indicate the point~ of interest 

public static int mystery(Scanner console , i nt xl { 

int y = console.next1nt( ) ; 

int count = 0; 

II Point A 

while (y < x) { 

II Point B 

if (y == 0) 
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c ount++ ; 

Ii Point C 

y = console.nextlnt ( ); 

/ 1 Po int D 

l/ Po t nt E 

return count; 

Catt:guri7e each d~sc rt i (ln at eac'h p,}int \-.i :il ALWAYS. NEVER. or SUJ\IETIMES 

Point A 

Point B 

Point C 

Point D 

Point E 

y < x y o count > 0 

28. Id('n~ir~. ~hc vnriott:-. U:--!'ot'rtl t": J1S in i h t~ I'o!!o\vjn:; ,,' )dt.': !, .... bein~ l.!i\\. ;,IY , tn lt\ n(.~\ ' ' f lnl"'-' . or s()nh..'tinl~~ true and ~orr.~­

tilYi<!~ 1'. Is<' at \'a;wu, p"lnts !Il pro.;;n :m o:~<,nalOn . Tho: t:ol11i1lCnb IIllltca\<, the pvints ,)f lDt-rl'~t : 

p Ub l i C stat i c ln~ mystery(i~t n) 

Random r ~ ne~{ i<.andomi ) ; 

int a ~.nextIctI31 + 1; 

ir~ t b 2; 

I! Po i r,t; .l\ 

whiLe (n > b) { 

/1 Poin t B 

b = b ... a; 

if (a>l) 

} 

n -- j 

// Point C 

a = r.next lnt{b ) + 1; 

else { 

a = b + 1; 

I ! Po~nt D 

if Point E 

return n; 
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Categoflze each asseltlOn at each point WIth AL\\AYS, N1WER. or SOMETIMES 

Point A 

PointB 

Point C 

PointD 

PointE 

n > b a > 1 b > a 

29. Identif: the vanom a%ertlon~ III the following code as being always true , never true, or sometlmes tlUe and some­

times false at vanous pOlnts in program executIOn. The comments indicate the points of mterest. 

public static int mystery(Scanner console) { 

} 

int prev = 0; 

int count = 0; 

int next console.nextlnt( ) ; 

II Point A 

while (next != 0) { 

/ / Point B 

} 

if (next prev ) { 

/1 POlnt C 

count++; 

} 

prev next; 

next console.nextlnt(); 

II Point D 

// Point E 

return count; 

Categom.e each assertion at each point with ALWAYS, NEVER, or SOMETIMES: 

Point A 

PointB 

Point C 

PointD 
Point E 

next == 0 prev -- 0 next prev 

377 
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Exercises 

1. Write ,! method called showTwos that hows the factors of 2 in a given integ.;r. Fol' example. c(1n~lder the follow ing 

Cil !l ~ : 

som,Twos ( 7 ) ; 

showTwos(l8); 

sOO'.·ITI·IOS (68) ; 

shm~T\Vos ( 120) ; 

These calls , hould produce the fl)lIowing output: 

7 = 7 

18 2' 9 

68 2 ~ 2 * 17 

120 = 2 • 2 * 2 * 15 

2. Write a method called gcd thin !lCcepts two iutegef5 a~ paramder. and returns the gre:.lest l'omnhHl divisor (CieD) 

of the t\\O numbers. The CieD If' IWO Integers a and b i, the large, t integer that is a t~1Ctor of both a and b . 

One efficiem way t( Cl1mputc the GCD llf two numbers is to use Euclid' ; algorithm. \vhkh 'WH~' the foJJaw ing: 

GeD (u, b) = OeD (b. a % b) 

QeD (u. m = Absolute value (If a 

3. Write a methoJ ('alld toB i nal-Y that accept,; a:l ir:tega as a parameter and returns a String contaming that 

integer's bil::;ry representation. For examp1e. the c?ll of pr'intB i nary ( 44 i , hould rCWr!l "101100" _ 

4. Wtite it me thou called randcmX that print5 a line .. that (ontain" ranJnm :1umber of ";\" 'haracler, (b,~t\VcelJ 5 and 20 

inclusive) until it print~ a line that contains 16 or more charae-ters. For example, the tlutput might I(lok like the 

following: 

xxxxxxx 
xxxxxxxxxxxxxxx 
xxxxxxxxxxxx 
xxxxxxxxxxxxxx 
xxx xxx 
xxxxxxxxxxx 
xxxxxxxxxxxxxxxxx 

5. Write a method called rar,domLines that prints between .5 and 10 ranJllm strings (If letter~ ibetwcen "a" and ·';r" ). 

one per line. Each string should have random knglh of up 10 ~O chameter .. 

6. Write a rnethDd called makeGuesses that gue~,es nmnDcrs h:tween 1 and 50 :;]c ius:v(' uil!.i! it mak:;:;, :l gue<;~ o j a! 

least 43 . It "hould repor! each guess and at the end should repo1'l the total number of guessc~ made_ } lere i~ a sam-

pJe execution: 

guess 43 

guess 47 

guess 45 

guess 27 

guess 49 

total guesses 5 
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7. Write a method called dlceSum that accepts a Scanner for the console as a parameter and prompu. for a desIred 

'>um, then repeatedly simulates the lolling of 2 sv..-sided dice until their sum i& the desired sum. Here if> a "ample dia­

logue with the user: 

Desired dice sum: 9 

4 and 3 7 

3 and 5 8 

5 and 6 11 

5 and 6 11 

1 and 5 6 

6 and 3 9 

8. Write a method called randomwalk that performs steps of a random one-dimen!.ional walk. The tandom walk 

should begin at position O. On each step, you should eIther increase or decrease the po~ltion b} I (each with equal 

probability) . Your code should continue making steps until a position of 3 or -:1 is reached, and then leport the max· 

imum position that was reached during the walk. The output should look like the follm ... mg: 

positlon 1 

position 0 

position -1 

position -2 

position -1 

position -2 

position -3 

max position = 1 

9. Write a method called printFactors that accepts an integer as tts parameter and uc;e<; a fencepost loop to pnnt the 

factoTh of that number, separated by the word" and" . For example, the factors of the number 24 should print as the 

following: 

1 and 2 and 3 and 4 and 6 and 8 and 12 and 24 

You may assume that the parameter'~ value if> greater than o. or you may throw an exceptIOn if it is a or negath e. 

):our method &hould print nothing if the empty string ( " ") i~ passed. 

10. Write a method called hopscotch that accepts an integer number of "hops" as its parameter and prints a pattern of 

numbers that resembles a hopscotch board. A "hop" if> a thl'ee-number sequence where the output ~hows two 

number~ on a line, followed by one number on it~ own line. 0 hops is a board up to I: one hop is a board up to 4, two 

hops i~ a board up to 7; and so on. For example, the call of hopscotch (3); should pdnt the following output: 

1 

2 3 

4 

5 6 

7 

8 9 

10 

A call of hopscotch (0) ~ ~hould print only the number 1. If it is passed a negath·e value. the method ~hould pro­

duce no output. 



380 Chapter 5 Program Logic and Indefinite Loops 

11. WrIte a method called thr e e He ads Ihat n:peakdly flip, it com untt]l!h.' re~u!" of the com to~~ arc three head~ m 11 

nm~ Y'-'[I ,!Iou It! l \';(~ :i Random ohjec i II) Illu"-e it eql!ally l ikd~ thai n head 01 u lrlil wi ll appeal. Ea,'!; II!~K' the coin j, 
f1ippeJ, di~pl ay H for heads or T for tails, When three il ads in a lOW are Illppd , the method :-.hovld prim a ,",lngrat ­

ulawry l 11 c " " a~e , Hel L! I, it pI"'lhll' \)UtPlil of a call In the method: 

T T H T T T H T H T H H H 

Th ree heads in a row! 

12. "Vrite :it method I.' :illed prin1:Ave rage that u~es a .~cnti nel loop w repearedly pl'ompl tllc~ 1I,cr 10;' nlllll bc r~ , Once tilt' 

u~cr l ~pC ,' an) Il,:mbc:- k~s thall zel'O. the mdhod should display Ihe uv eragt' llf nil nonneg:lth ~ numilers typed, 

Display thl' :\\'erage ~ ,; a double . Here is a sampi (; tl i ~logue \\ illl the U~l~r: 

Type a nUIT,be r : 7 

Type a numbe ::' : 4 

Type a ~llrnber : 16 

Type a nUrr'lb e r: -4 

Average was 9.0 

l f !li.: ti lSI ! \Ui1l!ltI that the u,er t~pes jo.; n.:galive, do Ho t print all averal;(' : 

Type a numoer: -2 

13~ \Vri lc a Inethoo. c ~dL.~d co~s eC'u t i ve that cu.' '': I,;~ p i:- Ihrc..! i rHege l ~ a~ para nlctC i'~ HnJ returns true if the, (I re ~hn::(' 

\..' l lfl ~\!C llf i v\! Illl!1 iht.'! ,·-,,-t i1~H i~ , if tb t'" nll:nh~r" ("~H1 be dJ r,-\n g:~d inl\ ~ a n ui'd~r " u 'h d~~ t L h'~H1 1in~ SOn ll! i U[C:!\!f k . the 

pHrUllh:h:r;,\' Va! ll~~ ;1l~ k. i: .~ 1. :Ultl k t 2 nu!"' t4!e th:" j ~lh)ldd return f e l se i rth' P Hc~~er' are Jl t ll L'on !'~~("· lll jve . Not~ 

thil! u i'lkr i~ IlIlI ~ lgl1 i lit: ~' I! ! ; yOu/' ml.!thou ~ h(ltlld return the ~ame re,lll! for the S,lme three mtegc['; passed many ordCL 

FIX example. the cu! l, CO !1 sec u t. ~ve( 1, 2, J }. cOll s ec,;t l ve i 3 , 2, 4) . and con~ec ut ive(-10, - 8 , -9 i 

\.\'ould n.'tu rn true. The c :J.JI .~ co n se c'..l t i ve ( 3, 5, 7 }. CO!1secu t i 'Ie {1 , .2 I 2 1 . w h.l co nsec u t. l v e ( '( , 7 , -9 ) 

wl!u!d rClum fa l ~e 

14. \,\t r i te a nk~thud !":alled has:.-ti dpo i n t. that ;l(· .. ·i.:TH · ~h re~ jntc~:cl'r" ~h jXH'J1,llch,:'r' :md n.~ltirn~ -:::.-ue ~ r t ~n~ of the lnte~en. 11) 

lhe IlHdpoi n1 hct\VCCll the \.~th(" r ~ "\ '('. in ":~('r~ : thJ.r !'-I. i( oue :rIl~ge1" b ;..!\ (I(:tl y h,df""Jl bt~p.vccn ih-enl. Yl)Ur nJethod 

~h()ll id retUI11 f a l se if no .,uch midpoint relarionslup .:xist~ , For l'xamrle. the ci.lll hasMidpo int ( 7, 4 , !.O) ~ !K, u!d 

relurn true beGIU~e 7 i ~ h::tIfway between -+ and 10. By contri:l"t. the C<tll hasMidpo i n!.: ( 9 I 15, 8 ) , hllltlJ return 

fal s e be;,;au~e no integer i, halfway between the ,)ther two. The lnt('gn, could Ix p3s~ed in :Iny tlrJl': . t.he midpoi nt 

could h..: (h~ l ~L Jud, or 3rd. ,"'Oll nlUIZ, { cht:'ck ~H \'·;1~~~ . rf your !llt:'chod !S pil. .... "f'~d ~hr..;t~ n!' the ~i"llne \<'a.lli~ . !t.:tu rn t!':'ue. 

15. \V ri h.: ;j nl ~!hod '-~ L:!_ jjoC'd dGrr.i na ~i. t that acccpt :-. thr..;e ! nk~~Cr1'l a;-, r :'i r:·Hn~ lcr .... ~ u1d rt: !unb t. ru e ir' an) one o f 'h~ lh r~(' 

i i It.~gt·!', is i H :'!!~:- th:tn ;: he- 't urn of t h~ ,-,!her ( V.'O i n,-e 6C' r~ , Th~ inh;g\.' I'.' 111igh! be pt: '\ ~ t'd in i.E"!., nrd~·f. ..,0 th ~ lurg(:" t 

Yall.h.! 'lllti d be Hny (. 1' lhe thf~e . For eX:1f11p!c. tb~ caB do:n i z: :3i'!t. ~ 4 , 9 : 2 ~ rt'(urn: ~ t . .rue he(.:au ..... <:' i..) i s i::.trg"'f than 

4 + '2 Assume that none of lhe nllmbcr~ is negmlw . 

16. \~/ nt\~ n n1t.~ ~ 1 1 0d calh.'d ar. g lePa ~rs that tl~L'l~pb thr~~ Jngh.'~ 1 1 n t~~ t' jr.. i . 1i:C;' i '\ l O'i"d i n d~~1 \\..''1 ~ a:-.. r'l j'aJlieh~i' '''' ~!nJ 

r(,~ ~ l n1 " vhl.: lh: r ("~ r n 'l the-I"L' e. XISt bOLh c01l1ph:"lnentary anJ ~lJ jipl ~ !n;2nwr~. J n~ j es alnon~. iht' thr~l' ~·: n g i~ !-. pd '"'eeL 

T\\ o ai l~ k, :~re l.'i.)Olp !e:ncnt i.lry tf th>:!i l' !-tUlll i:-. eX ~.h: t l ) YO d~;.!rL' '-'':' . ( \ Vt ) illlgk .... ;H\.' ~urpic~ nk'nu.! I ')' ~f t h~i : ' :--tHn I ~ 

exat:l! y I SO Jeg r<'c~ . Thcrci'( lrc. til.: method ~ hoilld :-,~wm t r ue if any t~ IJ \ )1' Ihc three ungk, ::lId up lu 1)0 d(,,~ fl'I!' 

:II1J ~ ~hl' any t\ve of th~ ti1r~ ~ an~k ... add lip iu ! XO \.k·gf~\.~~. For :O \( i. i11 pk , the ",.'H it nng l e Pa i r::; { 12 0 , 60 , 30 J 

r 'ttt l'! t~ -:.rUe . . A .... :--uinc th,H each ~n:!k pa~ ~ed i .... nlln!1~gull vc . 

17. \ Vruc a nu:'th\.llL c~d i c t !rtop.thApart that :\~Cepb four integ.:r p i: ~ rtl~n l·. r~r"' , IJlI, £II. iii:!, :..~nd £f2, 1 (;'P: '(>"I~tH l n~~ 1',\ 0 cid­

enuar dates Each date con, lsts of a month ( I tJU'ough j 2 i and ;, lhlY ( I t.hrough the number of day~ in th CIl month 
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[28-31 D. Assume that all pa.rameter values pa.<;8ed are valid. The method should return true if the dates are at lea~t 

a month apart and false otherwise. For example, the call of monthApart ( 4 T 15. 5. 22) would return true 

while the call of monthApart (9. 19 T 10, 17) would return false Assume that.:tl.l the dates in thiS problem 

occur dunng the same year. Note that the til';t date could come before or aftel the \econd date 

18. Write a method called digi tSurn that accepts an integer a~ a paIameter and retum~ the sum of the digit~ of that 

number For example, the call d~g~tSurn( 29107) returns 2 + 9 + 1 + 0 + 7 or 19 FOI negative numbers, return 

the ~ame value that would result it the number were ptmtive For example, digi tSurn( -456) returns 4 + 5 + 6 or 15 

The call digitSurn( 0) returns o. 

19. Wnte a method called firstDig~t that return!> the first (most significant) digit of an integer For example. 

firstDigi t (3572) should letulll 3 It should \\OIk for negative number~ a~ well. firstDig~ t (-947) should 

return 9 . 

20. Write a method called digi tRange that accepts an mteger as a parameter and returns the range of value~ of its dig­

Its The range IS defined <IS 1 more than the difference between the largest and smallest digit value. For example. the 

call of digitRange( 68437) would retwn 6 becau~e the irugest dIgIt value I!> 8 and the ~malle&t is 3. ~o 8 - 3 -:- 1 = 6 

If the number contains only one digit. return 1 You should solve tbi~ prohlem v.ithout u~mg a String 

21. Write a method called sw.apDig~tPa~rs that accepts an !Dteger n as a parameter and retum~ a new integer ,,,hose \alue 

is ~imilaJ to II's but with each pail of diglt~ swapped III order. Fot example. the call of swapDigitPairs (482596) 

would return 845269 . Notice that the 9 dlld 6 ate ~\\'appcd. a~ are the 2 and 5. and the 4 and 8 If the lIumbei contains an 

odd number of digit~, leme the leftmost digit III its onginal place . Fm eXJ1nple. the (;all of swapDigitPairs (1234567) 

would return 1325476. You should solve thii. problem \\ ithout using a String. 

22. Write a method called allD ig~tsOdd that n:tums v.hether every dIgit ot a pmlt1\'e Integer i~ odd. Return true if 

the numbel consi ~t~ entirely of odd digit .. (I. 3. 5. 7. 9) and false if any of Its dlglt~ are even (0. 2, 4. 6.8). For 

example, the call dllDigitsOdd( 135319) returns true but allDigitsOdd(9145293) returns false 

23. Wlite a method called hasAnOddDigit that letums whether a gnen pIlsiti\'e Illteger ha~ at least one digit whose 

value IS odd. Return true If the number has at least one odd digit aud false If none of its lhgJts me odd. For el'.am­

pIc, the call hasAnOddD~git (4822116) should retum true and hasAnQddDig~t( 2448) should return false . 

24. Write a method called isAll Vowels that Ietum~ whether a ~tring con~tst~ entirely of vowels (a, e, I, 0, or u, case­

insenSItively). If and only if e~ery character of the sning I~ a ,owel, your method ~hou1d return true . For example. 

the call iSAllvowels ("eIEiO") return<; true and iSAllVowels ("oink" ) retums false. You should return 

true if pU!>sed the empty stnng. sm~e it doe~ not contam any non-vowell:haracters. 

Programming Projects 

1. Write an mteractive program that reads lines of input from the u~er and convert~ each line mto "Pig Lat1O: ' Pig Latin 

IS Enghsh WIth the initial consonant ~ound moved to the ~nd of each word. followed hy "ay." Word~ that beglll With 

vowels simply have an "ay" appended POI' eXaInple. the phrase 

The deepest shade of mushroom blue 

would have the following appearance 10 Pig Latin: 

e-Thay eepest-day ade-shay of-ay ushroom-may ue-blay 

TermlOate the program when the u~er types a blank Ime. 
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2. Write a rever~e Hangman game in whi,h the user think, of a word and th.: clllnputa trie,'; to guess the letter, in that 

word. The lisa tdls lh~ complltl~r huw many il:Hers the wllrd contains. 

3. Write a pmgram lhm play" a gllc" 'ing galllt' with the Ll ~er. Th.: progrmn ,houlJ gcnerale a random number ndw cen ) 

LI nd som.: maximum I ,u<.:h a, 100 \, lhell prompt the user rC(x'<l!l:dly to gue" the number. \\'hen the USt'\' guesses ineof­

re~· l l y. the g;;me ~hou.iJ !p\'c th<' user ,I hint abOUl whdher lile ,-,<'m:cl answer is higher or Ill\wr than tlk' glk',,; ~ , On~', [he 

user guesst." correctly. the program ~h(\lllJ print a mcs~agc ~howing the number of guesse~ thLlt the u~el made. 

Consider extending l!t ig program by making 11 play multiple g.lllle~ untilthc u,er cl10 S"', ,0 ~wp <lnd then p:-i!lling 

slati'l i ~' ~ ab,)ut the plu_ er ', total and H' t'r"ge I~ u;nbc'r til' guc' , ~e, . 

4. Wnte;J program that play~ a r~H'n,e gues, ing game witll rhl' :Ilit'r. Tht' 1I3eI' th ink, or a !lumber between 1 and 10, and 

the computer repeat 'tHy ::-ies to gue" Il 11)' guessing random number, . It's fine for the computer tt l gue~ ' the same 

random number more;: tlH!t1 ,lm:e, AI ih,' end of thl' game, lhe pmg r<:111 reports how many gues~es It made, Here I'> a 

sample exe.:ution: 

Thl.S program has yOll, the use r l choos e ' a number 

bet.ween 1 a nd 10. The n I, the comp~lter , l.'w~ill t.ry 

my best to gl'eS5 it. 

Is it 8? (yin) n 

Is it 7? (yin) n 

Is i t 5? (yIn} n 

Is i t 1? ( yin) n 

Is it B? ( y /r:) n 

Is it l? ( y /n) n 

Is it 9? (yin) y 

I got you::: numbe r of 9 c o rrect in 7 guesses , 

For an added d ull I '11 _ '. ("onsider !1avin", the lIS.~r hint to the ~'Oli1plltt'r w hcth~r the correct number I ~ higher or 11.'-':,<,:' 

than the computer's guess . The compmer s hould adjlb[ i[;. range <)f nH!dofll g ue~,e, on till' bw;b of tlu.: hint , 

5. Writ\! a game th,lt play:-o !\lC!ny rPtlnu~ of Rrx:k Pap.:r Sci~~ilr~ . Tlte u ~l;! r <til'! ,,)mputer will ~;lch c h()()s~ het lVcen three 

Items; fllck ( defea~, 'c i "i-(l~, l UI !ost!, [<l I>"P":I'). papt'(' ' jdcat ~ n.lck. bUlln, ;.:" to ~ci s,or~), and :-o cj ~~or~ (defcat." paper, 

but lo~e<, to rockl. If [he player and ('omputcr choose thc samc Itelll, the game ib a tie. 

Yml l'ould ext nd thi, program to mdudc dIfferent uig(lrithOl!c \ tratcgie , for dloo,ing the besll tem. ShilU!d the COI11-

PiJtt~r pic),; randomly'! Should it a lway~ p!l:k a particuiar it.::m or u r,'peating pattcrn PI' item' '.' ShoulJ it (;()unt the num­

ber of !i :u.e.:. th l: opponent ch, )()~e s \1ariOlh item" and ba. c it ~ trat<': l!Y' .11l thi> hl~t(J lf: 

h. Write a program that draws a gmphlcu] Ji ,,~'lay d" 2D rantinm walk lI,o;i llg a Dra:·Ji'lgPane l. Starr it pixel \ • .Iker in 

the middle of r.hl': paneL On l:<Ich -ti::p. choos(' t 1 move I pi;o;d up. down. left. or right. [ben redraw tbe pixel. r 'fUll l'an 

J raw a , ingle pixd l,y drawing 1I r<:c umgk {,f sh e I :< I. ) 

7. Wnte a progrum that rla) s the dio.:e ~ time "Pig" Pi g j ~ ill\\o-play~r game where the player, ta).,e turn;, rcrcatedl~' 

I"li ling :l .1nglc 6-,;idt.'tI dk; a player repealedly ~(Il b (he die until (lne of two events OcCUfll . b ther thc' player dlOLIses 

w ' top roiling. U1 whidl ,'ase the sum or that pby~r'~ wib nre ,!ddcd to his/her [,)lal p.)j nt~ ; or if the player I\lll~ a I <Il 

any tJllle. :-til pOInt, for that turn are lost and the turn ends immediately. The first player to n'lI,'h ,1 ;.core of at k a6! i 00 

puinh wi n' . 


