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Introduction 

In ( e l:'Ist few chapters, you've s12en hew to solve co!nplex prcgl ammmg 

problems using for- loops to repeat CI?f'::i'n ta5k'; many imes Yo ve dlso 

seen how co introduce some flexibility l/lto YOUl· programs by using class 

constants and how to read values Input by [he user with a scanner 

obfcct. Now we are gOln;~ to exploro:.: a milch rrnre powerful ret hni<.jue 

for writing code that can adapt to difft:rent situations. 

h this chapter .... e ' lIlool. " t :onditionai e~e(lI;:i()n :r. t.he form Of co~tr(Ji 

st .. uctu :-~ knc'wn ;IS the i f.I e .i s," ~r.atGr,ent_ With i :f / QL~e sta r el1'lenr.s, 

you can Jnstruct the compulel to e;·:ecute dilL'l"i;ot !in e~ of co e depend­

mg on w;,ether eel tam C{)!"!,hiom arc true_ The i '/,:;15<' rtat :,_ment.llke 

-} : _oc~- hop. IS 50 powel \Ii that YOl1 will won r,r how you I1K\n]~ed (0 

write programs widlOut It. 

This .'hapter will also expand your understanding .)f wmrnClP program­

ming sltuatloL5_ It IIlc!udes an exploration of h_0F- t chnlques that we 

h.w"" l yet examined ;""d ir chdes a discussi J of text-processing issues_ 

Adding condi lonal execution to your reper owe will als~) require LIS to 

revisit methods. parametel s, and ret rn values ~o (hilt you can better 

under~itJnd some .i the fine pOints Th-_ r l lip er concludes with several 

,'ules of thumb that help us to design better procedural progr<lm~. 
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4.1 if/else Statement~ 

You will often find yourself writing code that you want to execute some of the time 
but not all of the time. For example, if you are writing a game-playing program, you 
might want to print a message each time the user achieves a new high score and store 
that score. You can accomplish this by putting the required two lines of code inside 
an if statement: 

if (currentScore > maxScore) { 

Systern.out.println("A new high score !") ; 

rnaxScore = currentScore; 

The idea is that you will sometimes want to execute the two lines of code inside the 
if statement, but not always. The test in parentheses determines whether or not the 
statements inside the if statement are executed. In other words, the test describes 
the conditions under which we want to execute the code. 

The general form of the if statement is as follows: 

if « tesb) { 
<statement>; 
<statement>; 

<statement>; 

The if statement, like the for loop, is a control structure. Notice that we once 
again see a Java keyword (if) followed by parentheses and a set of curly braces 
enclosing a series of controlled statements. 

The diagram in Figure 4.1 indicates the flow of control for the simple if state­
ment. The computer performs the test, and if it evaluates to true, the computer exe­
cutes the controlled statements. If the test evaluates to false, the computer skips the 
controlled statements. 

Is the test true? 

Execute the statement 
after the if statement 

Yes 

Figure 4.1 Flow of if statement 

Execute the 
controlled statement(s) 
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You'll use the simple if statement when you have code that you want to execute 
sometimes and skip other times. Java also has a variation known as the if! else 

statement that allows you [0 choose between two alternatives. Suppose, for example, 
that you want to set a variable called answer to [he square root of a number: 

answer = Math.sqrt(number ); 

You don't wam to ask for the square root if the nnmber is negative. To avoid this 
potential problem, you could use a simple i f statemer.t: 

i f ( number >= 0) { 

a n s wer = Ma~h. sqrt(numbe= ); 

Thi s code will avoid asking for the square root of a negative number, but what 
value will it assign to anSHer if number is negative? In this case, you'll probably 
want to give a \"alue to ans\.;er either way. Suppose you want ans~"er to be -1 when 
number is negative . You can express this pair of alternatives with the following 
if/e l se statement: 

if (number >= 0) { 

a n s wer Ma th. s qrt( number) ; 

e l se { 

an s we r - 1 ; 

The if! else statement prlwides nvo alternatives and executes one or the other. 
So, in the code above, you know that ans\;'er will be assigned a value regardless of 
whether !"lumber is positive or negative. 

The general form of the if/e l se statement is: 

if « test» { 

<st atement>; 
<statement >; 

<statement>; 
else { 

<st atement>; 
<statement>; 

<statement>; 
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Execute the el se 
controlled statement(s) 

No 
Is the test true? 

Execute the statement 
after the if/else statement 

Figure 4.2 Flow of if/else statement 

Yes 

Execute the if 
controlled statement(s) 
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This control structure is unusual in that it has two sets of controlled statements and 
two different keywords (if and else). Figure 4.2 indicates the flow of control. The 
computer performs the test and, depending upon whether the code evaluates to true 

or false. executes one or the other group of statements. 
As in the case of the for loop, if you have a single statement to execute, you 

don't need to include curly braces. However, the Java convention is to include 
the curly braces even if you don't need them, and we follow that convention in 
this book. 

Relational Operators 

An if/else statement is controlled by a test. Simple tests compare two expressions 
to see if they are related in some way. Such tests are themselves expressions of the 
following form and return either true or false: 

<expression> <relational operator> <expression> 

To evaluate a test of this form, first evaluate the two expressions and then see 
whether the given relation holds between the value on the left and the value on the 
right. If the relation holds, the test evaluates to true. If not, the test evaluates to false. 

The relational operators are listed in Table 4.1. Notice that the equality operator 
consists of two equals signs (==), to distinguish it from the assignment operator (=). 

Table 4.1 Relational Operators 

Operator Meaning Example Value 

equal to 2 + 2 == 4 true 

1= not equal to 3.2 != 4.1 true 

< less than 4 < 3 false 

> greater than 4 > 3 true 

<= less than or equal to 2 <= 0 false 

>= greater than or equal to 2.4 >= 1.6 true 
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Table 4.2 Java Operator Precedence 

Description Operators 

unary operator~ 

multiplicative operators 

additive operators 

relational operators 

equality operators 

a%ignmcnr Operah)rS 

~+ r --, + , -

* I i I % 

<, >, <=, >= 

, ! = 

=, +=, *=, 1= , %= 

Because we use the relational operators as a new way of forming expressions, 
we must reconsider precedence. Table 4.2 is an updated version of Table 2.5 
that includes these new operators. You will see that, technically, the equality com­
parisons have a slightly different level of precedence than the other relational 
operators, but both sets of operators have lower precedence than the arithmetic 
operators. 

Let's look at an example. The following expression is made up ofthe constants 3, 

2, and 9 and contains addition, multiplication, and equality operations: 

3 + 2 * 2 == 9 

Which of the operations is performed tirst? Because the relational operators have a 
lower level of precedence than the arithmetic operators, the multiplication is per­
formed first, then the addition, then the equality test. In other words, Java will perform 
all of the "math" operations first before it tests any relationships. This precedence 
scheme frees you from the need to place parentheses around the left and right sides 
of a test that llses a relational operator. When you follow Java's precedence rules, the 
sample expression is evaluated as follows: 

3 + 2 * 2 9 

~ 
3 + 4 
~ 

7 

9 

9 
'L __ ~v~_-' 

false 

You can put arbitrary expressions on either side of the relational operator, 
as long as the types are compatible. Here is a test with complex expressions on 
either side: 

( 2 - 3 * 8 ) / (4 35 I ( 7 * 2 ») <= 3.8 - 4.5 i ( 2.2 * 3.8 ) 
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One limitation of the relational operators is that they should be used only with 
primitive data. Later in this chapter we will talk about how to compare objects for 
equality, and in a later chapter we'll discuss how to perform less-than and greater­
than comparisons on objects. 

Nested if/else Statements 

Many beginners write code that looks like this: 

if «test1» { 
<statementl>; 

if « testZ» { 
<statementZ>; 

if (<test3» { 
<statement3>; 

This sequential structure is appropriate if you want to execute any combination of 
the three statements. For example, you might write this code in a program for a ques­
tionnaire with three optional parts, any combination of which might be applicable for 
a given person. 

Figure 4.3 shows the flow of the sequential if code. Notice that it's possible for 
the computer to execute none of the controlled statements (if all tests are false), just 
one of them (if only one test happens to be true), or more than one of them (if multiple 
tests are true). 

Often, however, you only want to execute one of a series of statements. In such 
cases, it is better to nest the if statements, stacking them one inside another: 

if «test1» { 
<statement1>; 

else 

if « test2» { 
<statementZ>; 

else 

if «test3» { 
<statement3>; 

When you use this construct, you can be sure that the computer will execute at 
most one statement: the statement corresponding to the first test that evaluates to 
true. If no tests evaluate to true, no statement is executed. If executing at most 
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No 
Is test I true? 

No 
Is test2 t rue? 

No 
Is test3 true? 

Figure 4.3 Flow of sequential ifs 

one statement is your objective, this construct is more appropriate than the 
sequential if statements. It reduces the likelihood of errors and simplifies the test­
ing process. 

As you can see, nesting if statements like this leads to a lot of indentation. The 
indentation isn't very helpful, because this construct is really intended to allow the 
choice of one of a number of alternatives. K&R style has a solution for this as well. If 
an else is followed by an if, we put them on the same line: 

if «test1» { 
<statement!>; 

e l se if «testZ» 
<statementZ>; 

else if «test3» 
<statement3>; 

} 
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Is testl true? 

No Yes 
Is test3 true? 

Figure 4.4 Flow of nested its ending in test 

When you follow this convention, the various statements all appear at the same 
level of indentation. We recommend that nested if/else statements be indented in 
this way. 

Figure 4.4 shows the flow of the nested if! else code. Notice that it is possible to 
execute one of the controlled statements (the first one that evaluates to true) or none 
(if no tests evaluate to true). 

In a variation of this structure, the final statement is controlled by an else instead 
of a test: 

if «test1» { 
<statement1>; 

else if «testZ» 
<statementZ>; 

else { 

<statement3>; 

In this construct, the computer will always select the final branch when all the 
tests fail, and thus the construct will always execute exactly one of the three state­
ments. Figure 4.5 shows the flow of this modified nested if/else code. 

To explore these variations, consider the task of having the computer state whether 
a number is positive, negative, or zero. You could structure this task as three simple 
if statements as follows: 
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if (number > 0) { 

System.out.println("Number is positive. ") ; 

if (number -- 0) { 

System.out.println("Number is zero. II); 

i f (number < 0) { 

Systerrl. out .. pri ntln ( "NIJ!Hber i s negat ive . ,. ) ; 

Yes 
I~ r.est! true! 

Yes 
Is test2 true! 

Figure 4.5 Flow of nested ifs ending in else 

To determine how many of the printlns are potentially executed, you have 
to stop and think about the tests being performed. But you shouldn't have to put that 
much effort into understanding this code. The code is clearer if you nest the if 
statement5: 

if (number > 0) { 

System.out.prir..tlr..("Number is positive. ") ; 

el ~3 ~ i f (number == C) { 

Syste:r.t.out.printl~(I1Number is zero."); 

e l se .if (number < 0) { 

System.out.println("Number is nega-::.ive. "); 

This solution has a problem, however. You know that you want to execute one and 
only one println statement, but this nested structure does not preclude the possibil­
ity of no statement being executed (which would happen if all three tests failed). 
Of course, with these particular tests that will never happen: If a number is neither 
positive nor zero, it must be negative. Thus, the final test here is unnecessary and 
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misleading. You must think about the tests to determine whether or not it is possible 
for all three tests to fail and all three branches to be skipped. 

In this case, the best solution is the nested if I else approach with a final branch 
that is always taken if the first two tests fail: 

if (number> 0) { 

System.out.println( "Number is positive." ) ; 

else if (number == 0) { 

System.out.println("NUmber is zero. " ) ; 

else { 

System.out.println("Number is negative. ") ; 

You can glance at this construct and see immediately that exactly one println 

will be executed. You don't have to look at the tests being performed in order to real­
ize this; it is a property of this kind of nested if I else structure. If you want, you can 
include a comment to make it clear what is going on: 

if (number> 0) { 

} 

System. out. println( "Number is positive. ") ; 

else if (number == 0) { 

System.out.println("Number is zero. "); 

else { II number must be negative 

System.out.println("Number is negative. ") ; 

One final benefit of this approach is efficiency. When the code includes three 
simple if statements, the computer will always perform all three tests. When the 
code uses the nested if/else approach, the computer carries out tests only until a 
match is found, which is a better use of resources. For example, in the preceding 
code we only need to perform one test for positive numbers and at most two tests 
overall. 

When you find yourself writing code to choose among alternatives like these, 
you have to analyze the particular problem to figure out how many of the branches 
you potentially want to execute. If it doesn't matter what combination of branches 
is taken, use sequential if statements. If you want one or none of the branches to 
be taken, use nested if/else statements with a test for each statement. If you 
want exactly one branch to be taken, use nested if/ else statements with a final 
branch controlled by an else rather than by a test. Table 4.3 summarizes these 
choices. 
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Table 4.3 if/else Options 

Situation 

'Hlll want to ex.~('ute any 

comhination of conlroiled 

statements 

Yuu wam to exe ute zero 

or one of the .:ontro!.led 

~tatements 

You W;]'llt to execute· exactly 

one lIt" the controlled 

statemcnts 

Construct 

Sequential ifs 

Nested its cnding in lest 

Ne~ted ifs ending 10 e l se 

Common Programming Error 

Choosing the Wrong if/else Construct 

Basic form 

if «test1» 
<statementl> ; 

if «testZ» { 
<statementZ>; 

} 

if «test3» { 
<statement3>; 

if «test1» { 
<statement1>; 

else if «testZ» 
<statementZ>; 

else if «test3» 
<statement3>; 

i f «test1» { 
<statementl>; 

else i f « testZ» 
<statementZ>; 

else { 

<statement3>; 

Suppose that your inSL'1.1c'(or ha. told you that grades will be dett~rrrllned as foli o, ·s: 

A for scores? 90 
B for scores 2: 80 
C f r s(.:ores 2: 70 
D for scores 2: 60 
F for score:', < fiO 

You can translate this scaJe into code 115 follows : 

Str.l ng grade; 

i f (sccre >= 90) 

grade = "A"; 

Continued on next page 
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Continued from previow> page 

if (score >= 80) { 

grade = liB"; 

} 

if ( score >= 70) { 

grade = "e" i 
} 

if (score >= 60) { 

grade = IIDr'; 

if (score < 60) { 

grade = "F"; 

However, if you then try to use the variable grade after this code, you'll get 
this error from the compiler: 

variable grade might not have been initialized 

This is a clue that there is a problem. The Java compiler i8 saying that it 
believes there are paths through this code that wiII leave the variable grade 

uninitialized. In fact, the variable will always be initialized, but the compiler can­
not figure this out. We can fix this problem by giving an initial value to grade: 

String grade = "no grade"; 

This change allows the code to compile. But if you compile and run the pro­
gram, you will find that it gives out only two grade8: D and F. Anyone who has a 
score of at least 60 ends up with a D and anyone with a grade below 60 ends up 
with an F. And even though the compiler complained that there was a path that 
would allow grade not to be initialized, no one ever gets a grade of "no grade." 

The problem here is that you want to execute ex.actly one of the assignment 
statements, but when you usc sequential if statements, it's possible for the pro­
gram to execute several of them sequentially. For example, if a student has a score 
of 95, that student's grade is set to "A", then reset to "Bn, then reset to "en, and 
finally reset to "0". You can fix this problem by using a nested if/else construct: 

String grade; 

if (score >= 90) 

grade = "An; 

} else if (score >= 80) { 

Continued on next page 
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Cuntinued from previous page 

grade = "Bit ; 

t1la p- _'f (score >= 70) 

grade = "COl; 

else if (score >= 60) 

grade = liD"; 

e l s e { I I score < 60 

qrade = "F" ; 

You Jon't need to set grade to "no grade" now because the compiler can 
see that no matter what path is followed, [he variable grade \~ill be assigned a 
\"aluc (exactly one of the branches will be executed). 

Object Equality 

You saw earlier in the chapter that you can use the == and ! = operators to test for 
equality and nonequality of primitive data, respectively. Unfortunately, these opera­
tors do not work the way you might expect \-\'hen you test for equality of objects like 
strings. You will have to learn a new way to test objects for equality. 

For example, you might write code like the following to read a token from the 
console and to call one of two different methods depending on whether the user 
responded with "yes" or "no." If the user types neither word, this code is supposed (C 

plint an error message: 

System.out.print( I'yes or no? II); 

Strinq s = console.next(); 

if (5 == "yes") ( 

~ processYes(); 

} else if (s == "no") 

processNo(); 

e l se { 

System.out.println("You didn't ::ype yes or no"); 

Unfortunately, this code does not work. No matter what the user enters, this program 
always prints "You didn't type yes or no". \Ve will explore in detail in Chapter 8 \yhy 
this code doesn't work. For now the important thing to know is that Java proyides a 
second way of testing for equality that is intended for use with objects. bery Java 
object has a method called equals that takes another object as an argument. You can 
use this method ro ask an object whether it equals another object. For example, we 
can fix the previous code as follows: 

system.o\::t.print( "yes or no? "); 

String s = console.next( ) ; 
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if (s.equals("yes"» { 

processYes(); 

else if (s.equals("no" » 

proceSsNo(); 

else { 

System.out.println("You didn ' t type yes or no"): 

247 

Remember when you're working with strings that you should always call the 
equals method rather than using ==. 

The String class also has a special variation of the equals method called 
equalslgnoreCase that ignores case differences (uppercase versus lowercase letters). 
For example. you could rewrite the preceding code as follows to recognize responses 
like "Yes," "YES," "No," "NO," yES", and so on: 

System,out.print("yes or no? "); 

String s = console.next(); 

if (15, equalsIgnoreCase ( "yes" » { 

processYes()i 

else if (s.equalsIgnoreCase("no" » 

processNo ( ) i 

else { 

System.out.println("You didn't type yes or no"); 

Factoring if/else Statements 

Suppose you are writing a program that plays a betting game with a user and you 
want to give different warnings about how much cash the user has left. The nested 
if/else construct that follows distinguishes three different cases: funds less than 
$500, which is considered low; funds between $500 and $1000, which is considered 
okay; and funds over $1000, which is considered good. Notice that the user is given 
different advice in each case: 

if (money < 500) { 

System.out.println("You have $ " + money + " left."); 

System.out.print("Cash is dangerously low. Bet carefully." ) ; 

System.out.print( "How much do you want to bet? " ); 

bet = console.nextInt(); 

else if (money < 1000) { 

System.out.println("You have $" + money + " left. ") ; 

System.out.print("Cash is somewhat low. Bet moderately . "); 

System.out.print("How much do you want to bet? "); 

bet = console.nextInt(); 

else { 
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} 

System.out.println("You have $" + money + " left. ") ; 

System.out.print("Cash is in good shape. Bet liberally . "); 

System.out.pr i nt( "How much do you want to bet? ") ; 

bet = co~sole.nextlnt(); 

This construct is repetitious and can be made more efficient by using a technique 
calledfaetoring. Using this simple technique, you factor out common pieces of code 
from the different branches of the if! else construct. In the preceding program, 
three different branches can execute, depending on the value of the variable money. 

Start by writing down the series of actions being performed in each branch and com­
paring them, as in Figure 4.6. 

Money < sao 

I 
Report money 
Warn about low money 
Prompt for bet 
Read bet 

sao :5 Money < 1000 

I 
Report money 
Report okay money 
Prompt fo r bet: 
Read bet 

Figure 4.6 if / else branches before factoring 

Money 2: 1000 

I 
Report money 
Report good money 
Prompt for bet 
Read bet 

You can factor at both the top and the bottom of a construct like this. If you notice 
that the top statement in each branch is the same, you factor it out of the branching part 
and put it before the branch. Similarly, if the bottom statement in each branch is the 
same, you factor it out of the branching part and put it after the loop. You can factor the 
top statement in each of these branches and the bottom two statements, as in Figure 4.7. 

I 
Money < sao 

I 
Warn about low money 

I 

Report money 
Depending upon money 

I 
500 :5 Money < 1000 

I 
Report okay money 

I 
I 

Prompt for bet 
Read bet 

Figure 4.7 if/e l se branches after factoring 

1 
Money 2: 1000 

I 
Report good money 

I 

Thus, the preceding code can be reduced to the following more succinct version: 

System.out.println("You have $" + money + " left."); 

if (money < 500) { 
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System.out.print("Cash is dangerously low. Bet carefully. ") ; 

} else if (money < 1000) { 

System.out.print("Cash is somewhat low. Bet moderately. "); 

else { 

System.out.print( "Cash is in good shape. Bet liberally. "); 

System.out.print("Howmuch do you want to bet? " ); 

bet = conso1e.nextlnt(); 

Testing Multiple Conditions 

When you are writing a program, you often find yourself wanting to test more than 
one condition. For example, suppose you want the program to take a particular 
course of action if a number is between 1 and 10. You might say: 

if (number >= 1) { 

} 

if ( number <= 10) { 

doSomething( ) ; 

} 

In these lines of code, you had to write two statements: one testing whether the 
number was greater than or equal to I and one testing whether the number was less 
than or equal to 10. 

Java provides an efficient alternative: You can combine the two tests by using an 
operator known as the logical AND operator, which is written as two ampersands 
with no space in between (&&). Using the AND operator, we can write the preceding 
code more simply: 

if (number >= 1 && number <= 10) { 

doSomething(); 

As its name implies, the AND operator forms a test that requires that both parts of 
the test evaluate to true. There is a similar operator known as logical OR that evalu­
ates to true if either of two tests evaluates to true. The logical OR operator is writ­
ten using two vertical bar characters (II). For example, if you want to test whether a 
variable number is equal to 1 or 2, you can say: 

if (number == 1 I I number == 2 ) { 

processNumber(number); 

We will explore the logical AND and logical OR operators in more detail in the 
next chapter. 
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4.2 Cumulative Algorithms 

The more you program, the more you will find that certain patterns emerge. Many 
common algorithms involve accumulating an answer step by step. In this section, we 
will explore some of the most common cumulative algorithms. 

Cumulative Algorithm 

An operation in which an overall value is computed incrementally, often 
using a loop. 

For example, you might use a cumulative algorithm over a set of numbers to com­
pute the average value or to tind the· largest number. 

Cumulative Sum 

You'll often want to find the sum of a series of numbers. One way to do this is to 
declare a different variable for each value you want to include, but that would not be 
a practical solution: If you have to add a hundred numbers together, you won't want 
to declare a hundred different \'ariables. Fortunately, there is a simpler way. 

The trick is to keep a running [ally of the result and process one number at a time. For 
example, to add to a variable called sum, you would write the following line of code: 

sum = sum + next; 

Alternatively, you could use the shorthand assignment operator: 

sum += next; 

The preceding statement takes the existing value of sum, adds the value of a vari­
able caHed next, and stores the result as the new value of sum. This operation is per­
formed for each number to be summed. Notice that when you execute this statement 
for the tirst time sum does not have a value. To get around this, you initialize sum to a 
value that will not affect the answer: o. 

Here is a pseudocode description of the cumulative sum algorithm: 

sum = 0. 
for (all numbers to sum) { 

obtain "next" . 
sum += next. 

} 

To implement this algorithm, you must decide how many times to go through the 
loop and how to obtain a next value. Here is an interactive program that prompts the 
user for the number of numbers to add together and for [he numbers themselves: 
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1 II Finds the sum of a sequence of numbers. 

2 

3 import java.util.*; 

4 

5 p ublic class ExamineNumbersl { 

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

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2 4 

25 

26 

System.out.println("This program adds a sequence of" ) ; 

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

System.out.println( ) ; 

Scanner console new Scanner(System.in); 

System.out.print("How many numbers do you have? "); 

int totalNumber = console.nextlnt(); 

0.0; double sum 

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

} 

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

double next = console.nextDouble( ) ; 

sum += next; 

System.out.println( ); 

System . o ut.println("sum = " + sum); 

251 

The program's execution will look something like this (as usual, user input is boldface): 

This program adds a sequence of 

numbers. 

How many numbers do you have ? 6 

#l? 3.2 

#2? 4.7 

#3? 5.1 

#4? 9.0 

~5? 2.4 

#6? 3.1 

sum '" 27.5 

Let's trace the execution in detail. Before we enter the for loop, we initialize the 
variable sum to 0.0: 

suma 
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On the first execution of the for loop, we read in a value of 3 • 2 from the user and 
add this value to sum: 

sumB next B 

The second time through the loop, we read in a value of 4.7 and add this to the 
value of sum: 

sum B nextB 

Notice that the sum now includes both of the numbers entered by the user, because 
we have added the new 'alue, 4.7, to the old value, 3.2, The third time through the 
loop, we add in the value 5 . 1: 

Notice that the variable s um now contains the sum of the first three numbers 
(3.2 + 4.7 + 5. I), Now we read in 9.0 and add it to the sum: 

sum 122.0 I next:8 

Then we add in the fifth value. 2 . 4 : 

sumB nextB 

Finally, we add in the sixth value, 3. 1 : 

sum 12 7.51 next I 3.1 I 
We then exit the for loop and print the value of sum. 

There is an interesting scope issue in this particular program. Notice that the variable 
sum is declared outside the loop, while the yariable next is declared inside the loop. We 
have no choice bur to declare S!l.!ll. outside the loop because it needs to be initialized and it 
is used after the loop. But the variable next is used only inside the loop, so it can be 
declared in thar inner scope. It is best to declare variables in the innermost scope possible. 

The cumulative sum algorithm and variations on it will be useful in many of the 
programming tasks you solve. How would you do a cumulati,'e product? Here is the 
pseudocode: 

product = 1. 
for (all numbers to multiply) { 

obtain "next". 
product = product * next . 

} 

MinIMax Loops 

Another common programming task is to keep track of the maximum and/or mini­
mum values in a sequence. For example, consider the task of deciding whether it will 
be viable to build a living area on the Moon inhabited by humans. One obstacle is 
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that the average daily surface temperature on the Moon is a chilly - 50 degrees 
Fahrenheit. But a much more daunting problem is the wide range of values; it ranges 
from a minimum of -240 degrees to a maximum of 250 degrees. 

To compute the maximum of a sequence of values, you can keep track of the 
largest value you've seen so far and use an if statement to update the maximum if 
you come across a new value that is larger than the current maximum. This approach 
can be described in pseudocode as follows: 

initiali ze max. 
for (all numbers to examine) { 

obtain "next". 

} 

if (next > max) { 
max = next . 

} 

Initializing the maximum isn't quite as simple as it sounds. For example, novices 
often initialize max to o. But what if the sequence of numbers you are examining is 
composed entirely of negative numbers? For example, you might be asked to find the 
maximum of this sequence: 

- 84, -7, -14, -39, -410, - 17, -41, -9 

The maximum value in this sequence is -7, but if you've initialized max to 0, the 
program will incorrectly report 0 as the maximum. 

There are two classic solutions to this problem. First, if you know the range of the 
numbers you are examining, you can make an appropriate choice for max. In that 
case, you can set max to the lowest value in the range. That seems counterintuitive 
because normally we think of the maximum as being large, but the idea is to set max 

to the smallest possible value it could ever be so that anything larger will cause max 

to be reset to that value. For example, if you knew that the preceding sequence of 
numbers consisted of temperatures in degrees Fahrenheit, you would know that they 
temperatures could never be smaller than absolute zero (around -460 degrees 
Fahrenheit), so you could initialize max to that value. 

The second possibility is to initialize max to the first value in the sequence. That won't 
always be convenient because it means obtaining one of the numbers outside the loop. 

When you combine these two possibilities, the pseudocode becomes: 

initialize max either to lowest possibl e val ue or to f i rst value. 
for (all numbe rs to examine) { 

} 

obtain "next", 
if (next > max) { 

max = next; 
} 
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The pseudocode for computing the minimum is a slight variation of this code: 

initialize min either to highest possible value or to first value . 
for (all numbers to examine) { 

} 

obtain "next". 
if (next < min) { 

min = next . 
} 

To help you understand this better, let's put the pseudocode into action with a 
real problem. In mathematics. there is an open problem that involves what are 
known as hailstone sequences. These sequences of numbers often rise and fall in 
unpredictable patterns, which is somewhat analogous to the process that forms 
hailstones. 

A hailstone sequence is a sequence of numbers in which each value x is fol-
lowed by: 

(3x + 1). if x is odd 

( ~), if x is even 

For example, if you start with 7 and construct a sequence of length 10, you get the 
sequence: 

7,22,11,34,17,52,26,13,40,20 

In this sequence, the maximum and minimum values are 52 and 7, respectively. If 
you extend this computation to a sequence of length 20, you get the sequence: 

7,22, 11,34,17,52,26.13,40.20,10, 5,16,8,4,2, 1,4,2,1 

In this case, the maximum and minimum values are 52 and 1, respectively. 
You will notice that once L 2, or 4 appears in the sequence, the sequence repeats 

itself. It is conjectured that all integers eventually reach 1, like hailstones that fall to 

the ground. This is an unsolved problem in mathematics. Nobody has been able to 
disprove it, but nobody has proven it either. 

LeI's write a method that takes a starting value and a sequence length and prints 
the maximum and minimum "alues obtained in a hailstone sequence formed with that 
starting value and of that length. Our method will look like this: 

public static void printHailstoneMaxMin(int value , int length) 

} 

We can use the starting value to initialize max and min: 

int min = value; 

int max = value; 
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We then need a loop that will generate the other values. The user will input a param­
eter telling us how many times to go through the loop, but we don't want to execute the 
loop body length times: Remember that the starting value is part of the sequence, so if 
we want to use a sequence of the given length, we have to make sure that the number of 
iterations is one less than length. Combining this idea with the maximin pseudocode, 
we know the loop will look like this: 

for (int i = 1; i <= length - 1; i++) { 
compute next number. 

} 

if (value > max) { 
max = value. 

} else if (value < min) { 
min = value. 

} 

print max and min . 

To fill out the pseudocode for "compute next number," we need to translate the 
hailstone formula into code. The formula is different, depending on whether the cur­
rent value is odd or even. We can use an if/else statement to solve this task. For the 
test, we can use a "mod 2" test to see what remainder we get when we divide by 2. 
Even numbers have a remainder of 0 and odd numbers have a remainder of 1. So the 
test should look like this: 

if (value % 2 == 0) { 
do even computation. 

} el se { 
do odd computation. 

} 

Translating the hailstone mathematical formulas into Java, we get the following code: 

if (value % 2 == 0) { 

value value I 2; 

else { 

value 3 * value + 1; 

} 

The only part of our pseudocode that we haven't filled in yet is the part that prints 
the result. This part comes after the loop and is fairly easy to complete. Here is the 
complete method: 

public static void printHailstoneMaxMin(int value, int length) { 

int min = value; 

int max = value; 
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for ( i nt i = 1; i <= length - 1; i++ ) { 

if (value % 2 == 0 ) 

value value / 2; 

else { 

value = 3 * value + 1; 

if (value> max) 

max = value; 

else i f (value < min) { 

min = value; 

System.out.println("max 

System.out.println("min 

., .:. max) ; 

" + min); 

Cumulative Sum with if 

Let's now explore how you can use if! e2.se statements to create some interesting 
variations on the cumulative sum algorithm. Suppose you want to read a sequence of 
numbers and compute the average. This task seems like a straightforward variation of 
the cumulative sum code. You can compute the average as the sum divided by the 
number of numbers: 

double average = sum / totalNumber; 

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

But there is one minor problem with this code. Suppose that when the program 
asks the user how many numbers to process, the user enters o. Then the program will 
not enter the cumulative sum loop, and your code will try to compute the value of 0 

divided by o. Java will then print that the average is NaN, a cryptic message that is 
shorr for "Not a Number." It would be better for the program to print out some other 
kind of message which indicates that there aren't any numbers to average. You can 
use an if/else statement for this purpose: 

if (totalNumber <= 0) { 

} 

System.out.println("NO numbers to average"); 

e l se { 

double average = sum / totalNumber; 

System.out.pr i nt l n("average = " + average); 

Another use of if statements would be to count how many negative numbers the 
user enters. You win often want to count how many times something occurs in a program. 
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This goal is easy to accomplish with an if statement and an integer variable called a 
counter. You start by initializing the counter to 0: 

int negatives = 0i 

You can use any name you want for the variable. Here we used negatives 

because that is what you're counting. The other essential step is to increment the 
counter inside the loop if it passes the test of interest: 

if (next < 0) { 

negatives++i 

When you put this all together and modify the comments and introduction, you 
end up with the following variation of the cumulative sum program: 

1 II Finds the average of a sequence of numbers as well as 

2 II reporting how many of the user-specified numbers were negative. 

3 

4 import java.util.*i 

5 

6 public class ExamineNumbers2 { 

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

8 System.out.println("This program examines a sequence ") ; 

9 system.out.println("of numbers to find the average"); 

10 System.out.println("and count how many are negative." ); 

11 System.out.println () ; 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Scanner console new Scanner(System.in ) ; 

System.out.print("How many numbers do you have? "); 

int totalNumber = console.nextlnt( ) i 

int negatives = 0; 

0.0; double sum 

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

System.out.print(" #11 + i + "? II); 

double next = console.nextDouble( ) ; 

sum += next; 

if (next < 0) 

negatives++; 

System.out.println( )i 

if (totalNumber <= 0) { 
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31 

32 

33 

34 

35 

36 

37 

38 

system.out.print1n( "No numbers to average" ) ; 

} e lse { 

double average = sum / totalNumber; 

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

System.out.println("# of negatives " + negatives ) ; 

The program's execution will look something like this: 

This proqra~ ex~~ines a sequence 

of numbers to find the average 

and count how many are negative. 

H:Y:.' many numbers do you !lave? 8 

#1? 2.5 

#2? 9.2 

#3? -19.4 

#4? 208.2 

#5? 42.3 

116? 92.7 

#71 -17.4 

JIB? 8 

average <;0. 7 625 

# o f negatives = 2 

Roundoff Errors 

As you explore cumulative algorithms, you'll discover a particular problem that you 
should understand. For example, consider the following execution of the previous 
ExamineNumbers2 program with different user input: 

Th is p rogram examine s a sequ e nce 

of n umber s t o find t h e average 

and count h ow many are negative. 

How many numbers de you have? 

!11? 2.1 

#2? -3.8 

#3? 5.4 

#4? 7.4 

average = 2 . 77 5 000 0000000004 

# of negatives = 1 

4 
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If you use a calculator, you will find that the four numbers add up to 11.1. If you 
divide this number by 4. you get 2.775. Yet Java reports the result as 
2.7750000000000004. Where do all of those zeros come from, and why does the 
number end in 4? The answer is that t1oating-point numbers can lead to roundoff errors. 

Roundoff Error 

A numerical error that occurs because t1oating-point numbers are stored as 
approximations rather than as exact values. 

Roundoff errors are generally small and can occur in either direction (slightly high 
or slightly low). In the previous case, we got a roundoff error that was slightly high. 

Floating-point numbers are stored in a format similar to scientific notation, with a 
set of digits and an exponent. Consider how you would store the value one-third in 
scientific notation using base-lO. You would state that the number is 3.33333 (repeat­
ing) times 10 to the -1 power. We can't store an infinite number of digits on a com­
puter, though, so we'll have to stop repeating the 3s at some point. Suppose we can 
store 10 digits. Then the value for one-third would be stored as 3.333333333 times 10 
to the -1. If we multiply that number by 3, we don't get back 1. Instead, we get 
9.999999999 times 10 to the -1 (which is equal to 0.9999999999). 

You might wonder why the numbers we used in the previous example caused a 
problem when they didn't have any repeating digits. You have to remember that the 
computer stores numbers in base-2. Numbers like 2.1 and 5.4 might look like simple 
numbers in base-lO, but they have repeating digits when they are stored in base-2. 

Roundoff errors can lead to rather surprising outcomes. For example, consider the 
following short program: 

1 public class Roundoff 

2 public static void main(String[] args) 

3 double n = 1.0; 

4 for ( int i = 1; i <= 10; i++) 

5 n += 0.1; 

6 System.out.println (n ) ; 

7 

8 

9 } 

This program presents a classic cumulative sum with a loop that adds 0.1 to the 
number n each time the loop executes. We start with n equal to 1.0 and the loop iter­
ates 10 times , which we might expect to print the numbers 1.1, 1.2, 1.3, and so on 
through 2.0. Instead, it produces the following output: 

1.1 

1.2000000000000002 

1.3000000000000003 
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1. 4000000000000004 

1. 500000000000 000 4 

1. 60000000 0000000 5 

1 . 7000000000000006 

1 . 8 000 000 00000000 7 

1 .9 000 0000 00 0000 08 

2.0 0000000 00 0 00 01 

The problem occurs because 0.1 cannot be stored exactly in base-2 (it produces a 
repeating set of digits, just as one-third does in base-lO). Each time through the loop 
the error is compounded, which is why the roundoff error gets \yorse each time. 

As another example, consider the task of adding together the values of a penny, a 
nickel, a dime, and a quarter. If we use variables of type i~t, we will get an exact 
answer regardless of the order in which we add the numbers: 

int cents1 = 1 + 5 + 10 + 25 ; 

int cents2 = 25 + 10 + 5 + 1 ; 

System.out.pr i ntln(centsl ); 

System.out.println(cents2) ; 

The output of this code is as follows: 

41 

41 

Regardless of the order, these numbers always add up to 41 cents. But suppose 
that instead of thinking of these "alues as whole cents, we think of them as fractions 
of a dollar that we store as doubles: 

double dollarsl = 0.01 + 0.05 + 0.10 ~ 0.25; 

double dollars2 = 0.25 + 0.10 + 0.05 ~ 0.01; 

System.out.println(dollars1); 

System.out.println(dollars2); 

This code has surprising output: 

0 . 410 000000 00000 003 

0.4 1 

Even though we are adding up exactly the same numbers, the fact that we add 
them in a different order makes a difference. The reason is roundoff errors. 

There are several lessons to draw from this: 

• Be aware that when you store floating-poine values (e.g., doubles), you are stor­
ing approximations and not exact values. If you need to store an exact value, store 
it using type into 
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• Don't be surprised when you see numbers that are slightly off from the expected 
values. 

• Don't expect to be able to compare variables oftype double for equality. 

To follow up on the third point, consider what the preceding code would lead to if 
we were to perform the following test: 

if (dollarsl == dollars2) { 

The test would evaluate to false because the values are very close, but not close 
enough for Java to consider them equal. We rarely use a test for exact equality when 
we work with doubleS. Instead, we can use a test like this to see if numbers are close 
to one another: 

if (Math.abs(dollarsl - dollars2) < 0. 001) { 

We use the absolute value (abs) method from the Math class to find the magnitude 
of the difference and then test whether it is less than some small amount (in this case, 
0.001). 

Later in this chapter we'll introduce a variation on print/println called printf 

that will make it easier to print numbers like these without all of the extra digits. 

4.3 Text Processing 

Programmers commonly face problems that require them to create, edit, examine, 
and format text. Collectively, we call these tasks text processing. 

Text Processing 

Editing and formatting strings of text. 

In this section, we'll look in more detail at the char primitive type and introduce a 
new command called Systern.out.printf. Both of these tools are very useful for 
text-processing tasks. 

The char Type 

The primitive type char represents a single character of text. It's legal to have vari­
ables, parameters, and return values of type char if you so desire. Literal values of 
type char are expressed by placing the character within single quotes: 

char ch = ' A'i 
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Table 4.4 Differences between char and string 

Type of nlue 

Memor}· usage 

Methods 

Number of letters 

Surrounded b~ 

Comparing 

char 

primnive 

:2 byte, 

none 

c.\acrly 1 

apll'trophc~: . c . 

<. >=, == . ... 

String 

object 

depe":G<; on length 

length . tolJppe=Case , ... 

o to inanv 

quotes: " St r" 

equals 

It is also legal to creme a c har value tha[ represents an escape sequence: 

char newl ine = ' \ n ' ; 

In the pre,·ious chapLer we discussed String objects. The distinction between 
char and Stri!1g is a subtle one that confuses many new Java programmers. The 
main difference is that a String is an object, bur a char is a primitive value. A char 

occupies a Yery small amount of memory, but it has no methods. Table 4.4 summa­
rizes several of the differences between the types. 

\\ hy does Java na\·e t\yO types for such similar data? The char type exists primar­
ily for historical reasons; it dates back to older languages such as C that influenced 
the design of Java. 

So why ,,"ould a person eyer use the char type when String is ayailable? It's 
often necessary to use cha::c because some methods in Java's APT use it as a parame­
ter or return type. But there are also a fe",· cases in which using char can be more 
useful or simpler than using String. 

The characters of a St:r-ing are stored inside the object as values of type char. 

You can access the indi,-jdual characters through the object's charAt method, which 
accepts an integer index as a parameter and returns the character at that index. 'Ve 
often loop over a su·ing to examine or change its characters. For example, the follow­
ing method prints each character of a string on its own line: 

public stat~~ void printvertical(String message) 

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

char ch = message.charAt(i); 

System.out .?rintl n(ch); 

char versus int 

Values of type char are stored internally as 16-bit integers . A standard encoding 
scheme caiJed Unicode determines \~hich integer value represents each character. 
(Unicode will be covered in more detail later in this chapter.) Since characters are 
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really integers, Java automatically converts a value of type char into an int when­
ever it is expecting an int: 

char letter = 'a' + 2; II stores ' c ' 

It turns out that the integer value for I a I is 97, so the expression's result is 99, 

which is stored as the character I c I • An int can similarly be converted into a char 

using a type cast. (The cast is needed as a promise to the compiler, because not every 
possible int value corresponds to a valid character.) Below is an example of a code 
segment that uses a type cast to convert an int value to a value of type char: 

int code = 66; 

char grade = (char) code; II stores ' B ' 

Because values of type char are really integers, they can also be compared by using 
relational operators such as < or ==. In addition, they can be used in loops to cover 
ranges of letters. For example, the following code prints every letter of the alphabet: 

for (char letter = 'a'; letter <= ' z ' ; letter++) { 

System.out.print(letter) ; 

if ( c == '8') { ... II true 

You can learn more about the character-to-integer equivalences by searching the 
web for Unicode tables. 

Cumulative Text Algorithms 

Strings of characters are often used in cumulative algorithms as discussed earlier in 
this chapter. For example, you might loop over the characters of a string searching for 
a particular letter. The following method accepts a string and a character and returns 
the number of times the character occurs in the string: 

public static int count(String text, char c) { 

int found = 0; 

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

if (text.charAt(i) == c) { 

found++; 

return found; 

A char can be concatenated with a String using the standard + operator. Using 
this idea, a String can be built using a loop, starting with an empty string and 
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Table 4.5 Useful Methods of the Character Class 

Method Description Example 

getNumericvalue(ch) Conyert, a character that looks Character.getNumericValue('6') 

returns 6 

iSDigit(ch) 

i sLetter(ch) 

isLowerCase (ch) 

isUpperCase(ch) 

toLowerCase (ch) 

tOUpperCase(ch) 

like a numher into that number 

Whether or not the character is 

one of ,he digits '0' through '9' 

Whether or not ,he character is in 

tnt' range 'a' :0 'z' or '!\' tp 'Z ' 

'Whether or not the character is a 

lowercase letter 

Whether or not the charac ter is an 

upper.:asc lette, 

The lowerca~e version of the give n 

letter 

The uppercase version of the given 

letter 

Character.isDigit('X') 

returns false 

Character.isLetter( 'f f } 

rcturru; true 

Character.is~owerCase ('Q') 

return" false 

Character.isUpperCase('Q' ) 

rerums true 

Character.toLowerCase('Q' ) 

!"eturns I q I 

Cnaracter.toUpperCase('X') 

returns I X I 

concatenating individual characters in the loop, This is called a cumulative concate­
nation. The following method accepts a string and returns the same characters in the 
reverse order: 

public static String reverse(Stri ng phrase) { 

String result = 1111. , 
for (int i = 0; i < phrase.length(); i++) 

resu l t = phrase.charAt ( i ) + result; 

} 

retu r n result ; 

For example. the call of reverse( "Tin man") returns "nam niT". 

Several useful methods can be called to check information about a character or 
convert one character into another. Remember that char is a primitive type, which 
means that you can't use the dot symax used with StringS. Instead, the methods are 
static methods in a class called Cna:::-acter; the methods accept char parameters and 
return appropriate values. Some of the most useful Character methods are listed in 
Table 4.5. 

The following method counts the number of letters A-Z in a Str ing, ignoring all 
nonletter characters such as punctuation, numbers, and spaces: 

p~blic static i nt countLetters(String phrase) 

int count = 0 ; 

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

char ch = phrase.charAt(i); 
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if (Character.isLetter(ch» 

count++; 

return count; 

} 

For example, the call of countLetters ( "grS JoB I" ) returns 5. 

System.out.printf 

So far we've used System. out. println and System. out. print for console output. 
There's a third method, System. out. pr intf, which is a bit more complicated than 
the others but gives us some useful new abilities. The "f" in printf stands for "format­
ted," implying that System. out. printf gives you more control over the format in 
which your output is printed. 

Imagine that you'd like to print a multiplication table from I to 10. The following 
code prints the correct numbers, but it doesn't look very nice: 

for (int i = 1; i <= 10; i++) { 

} 

for (int j = 1; j c= 10 ; j++) { 

System.out.print(i * j + " "I ; 

System.out.println( l ; 

The output is the following. Notice that the numbers don't line up vertically: 

1 2 3 4 5 6 7 8 9 10 

246 8 10 12 14 16 18 20 

3 6 9 12 15 18 21 24 27 30 

4 8 12 16 20 24 28 32 36 40 

5 10 15 20 25 30 35 40 45 50 

6 12 18 24 30 36 42 48 54 60 

7 14 21 28 35 42 49 56 63 70 

8 16 24 32 40 48 56 64 72 80 

9 18 27 36 45 54 63 72 81 90 

10 20 30 40 50 60 70 80 90 100 

We could separate the numbers by tabs, which would be better. But this separation 
doesn't give us very much control over the appearance of the table. Every number 
would be exactly eight spaces apart on the screen, and the numbers would appear 
left-aligned. It would be a pain to try to right-align the numbers manually, because 
you'd have to use if/else statements to check whether a given number was in a cer­
tain range and, if necessary, pad it with a given number of spaces. 
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Did You Know? 

ASCII and Unicode 

\Ve store data on a computer as binary numbers (sequences of Os and I s) . To :;;tore 
textual data. we need an encoding scheme that will tell us what sequence of Os and 
1 s to use for any given character. Think of it as a giant secret decoder ring that says 
things like, "Ifyou want to store a lowercase 'a: use the sequence 01100001." 

In the early 1960s IBM developed an encoding scheme called EBCDIC that 
\\'orked well with the company" punched cards, \\ hich had been in use for 
decades before computers were c\"en invented. But it soon became clear that 
EBCDIC wasn't a convenient encoding ~cheme for computer programmers. 
There were gaps in the sequence that madc characters like' i' and' j' appear 
far apart even though they fn!lo \V one directly after the other. 

In \967 the American Standards Association published a scheme kno\.\'n as .4SCII 
(pronounced "AS-kee") that ha~ been in common use eyer since. The acronym is 
shott for 'American Standard Code for Information Interchange:' In its original form. 
ASCU defined 128 characters that each could be stored with 7 bits of data. 

The biggest problem wi th ASCll is that it is an American code. There are many 
character~ in common use in other countries that were not included in ASCII. For 
example, the Sriti "h pound (f) and the Spanish variant of the letter n (5) are not 
included in the standard 128 ASCII characters. Various attempts have been made 
to extend ASCII, doubling it to 256 characters so that it can include many of these 
special characters. However, it rums out that even 256 characters is simply not 
enough to capture the incredible diversity of human commumcation, 

. round the time that Java was created. a consonium of software professionals 
introduced a new standard for encoding characters known as L nicode. They decided 
that the 7 bits of standard ASCn and the 8 bi.ts of extended ASCII were simply not 
big enough and chose not to set a limit on how many bits they might use for encod­
ing characters. At the time of this writing, the consortium has identified over 110.000 
characters, which require a little over 16 bit~ to store. Unicode includes the characters 
used in most modern languages and eyen some ancient languages. Egyptian hiero­
glyphs were added in 2007. although it still does not include Mayan hieroglyphs, and 
the consortium has rejected a proposal to include Kl ingon characterr-. 

The designers of JU\'U used Unicode as the standard for the type char. which 
means that Java programs are capable of manipulating a full range of characters. 
Fortunate!). the Unicode Consort ium decided to incorporate the ASCII encod­
ings , so ASClJ can be seen as a subset of Unicode. If you are curious about the 
actual ordering of characters in ASCII, type "ASCII table" into your favorite 
search engine and you will tind millions of hib to explore. 
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A much easier way to print values aligned in fixed-width fields is to use the 
System. out. printf command. The pr intf method accepts a specially written 
Str ing called aformat string that specifies the general appearance of the output, fol­
lowed by any parameters to be included in the output: 

system.out.printf«format string>, <parameter>, ... , <parameter»; 

A format string is like a normal Str ing, except that it can contain placeholders 
calledformat specifiers that allow you to specify a location where a variable's value 
should be inserted, along with the format you'd like to give that value. Format speci­
fiers begin with a % sign and end with a letter specifying the kind of value, such as d 

for decimal integers (int) or f for floating-point numbers (real numbers of type 
double). Consider the following printf statement: 

int x = 38, Y = -152; 

System.out.printf( "location: (%d, %d) \n", x, y); 

This statement produces the following output: 

l ocation: (38, -152) 

The %d is not actually printed but is instead replaced with the cOlTesponding parame­
ter written after the format string. The number of format specifiers in the format string 
must match the number of parameters that follow it. The first specifier will be replaced 
by the first parameter, the second specifier by the second parameter, and so on. 
System. out. printf is unusual because it can accept a varying number of parameters. 

The printf command is like System. out. print in that it doesn't move to a new 
line unless you explicitly tell it to do so. Notice that in the previous code we ended 
our format string with \n to complete the line of output. 

Since a format specifier uses % as a special character, if you want to print an actual 
% sign in a printf statement, instead write two % characters in a row. For example: 

int score = 87; 

System.out.printf("You got %d%% on the exam!\n", score); 

The code produces the following output: 

You got 87% on the exam! 

A format specifier can contain information after its % sign to specify the width, pre­
cision, and alignment of the value being printed. For example, %Bd specifies an integer 
right-aligned in an 8-space-wide area, and % 12 .4 f specifies a double value right­
aligned in a 12-space-wide area, rounded to four digits past the decimal point. Table 4.6 
lists some common format specifiers that you may wish to use in your programs. 
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Table 4.6 Common Format Specifiers 

Specifier Result 

%d I!lIege! 

%8d Integer. right-aligned, X-space-wide field 

%-6d Integer, left-altgned, 6-~pace-\Vide tield 

%f Floating-point number 

%l2f Fluating-pomt number, right-aligned. !2-,pace-wiJe field 

% • 2 f Fi()atlng-pmnt !lumber. r":mdcd ttl nearest hundredth 

% 16.3 f Floating-point number. wnnded to nearest thousandth, 16- pacC"-wide field 

%s String 

%8s S[ring. eight-aligned, 8-space-wide field 

%-9s String. kft-aligned, 9-,p&ce- wide Geld 

As a comprehensiYe example, suppose that the following variables have been 
declared to represenrinformation about a student: 

int score = 87; 

double gpa = 3.18652; 

St~ing name = "Jessica"; 

The following code sample prints the preceding variables with several format 
specifiers: 

System.out.printf("student name: %108\n", name); 

System.out.printf("exam score 

system.out.printf l "GPA 

%lOd\n", score); 

%10.2f\n", gpa); 

The code produces the following output: 

student name: 

exam score 

GPA 

Jess ica 

87 

3.19 

The three values line up on their right edge, because we print all of them with a 
width of 10. The printf method makes it easy to line up values in columns in this 
way. Notice that the student's GPA rounds to 3.19, because of the 2 in that variable's 
format specifier. The specifier 10.2 makes the value fit into an area 10 characters 
wide with exactly 2 digits after the decimal point. 

Let's return to our multiplication table example. Now that we knmv about printf, 

we can print the table with right-aligned numbers relatively ea;;,ily. We'll right-align 
the numbers into fields of width 5: 

for (int i = 1 ; i <= 10; i+~) { 

for ( int j = 1 ; j <= 10; j++ ) 
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System.out.printf( " %5d" , i * j ) ; 

System.out.println( ) ; 

This code produces the following output: 

1 2 3 4 5 6 7 8 9 10 

2 4 6 8 10 12 14 16 18 20 

3 6 9 12 15 18 21 24 27 30 

4 8 12 16 20 24 28 32 36 40 

5 10 15 20 25 30 35 40 45 50 

6 12 18 24 30 36 42 48 54 60 

7 14 21 28 35 42 49 56 63 70 

8 16 24 32 40 48 56 64 72 80 

9 18 27 36 45 54 63 72 81 90 

10 20 30 40 50 60 70 80 90 100 

The printf method can also solve the problem with the Roundoff program intro­
duced earlier in this chapter. Fixing the precision of the double value ensures that it 
will be rounded to avoid the tiny roundoff mistakes that result from double arith­
metic. Here is the corrected program: 

1 I I Uses System.out.printf to correct roundoff errors. 

2 public class Roundoff2 { 

3 public s tatic void main(String[] args) 

4 double n = 1.0; 

5 for ( int i = 1; i <= 10; i++) { 

6 n += 0.1; 

7 System.out.printf ( ""3.lf\n", n ) ; 

8 

9 

1 0 

The program produces the following output: 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 
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4.4 Methods with Conditional Execution 

We introduced a great deal of information about methods in Chapter 3, including how 
to use parameters to pass values into a method and how to use a retur!1 statement to 
have a method return a value. Now that we've introduced conditional execution, \ 'e 
need to revisit these issues so that you can gain a deeper understanding of them. 

Preconditions and Postconditions 

Every time you write a method you should think about exactly what that method is 
supposed to accomplish. You can describe how a method works by describing the 
preconditions that must be true before it executes and the postconditions that will be 
true after it has executed. 

Precondition 

A condition that must be true before a method executes in order to guarantee 
that the method can perfonn its task. 

Postcondition 

A condition that the method guarantees will be true after it finishes executing, 
as long as the preconditions were true before the method was called. 

For example, if you are describing the task of a person on an automobile assembly 
line, you might use a postcondition like, "The bolts that secure the left front tire are 
on the car and tight." But postconditions are not the whole story. Employees on an 
assembly line depend on one another. A line worker can't add bolts and tighten them 
if the left tire isn't there or if there are no bolts. So, the assembly line worker might 
have preconditions iike, "The left tire is mounted properly on the car, there are at 
least eight bolts in the supply box, and a working wrench is available." You describe 
the task fully by saying that the worker can make the postcondition(s) true if the pre­
condition(s) are true before starting. 

Like workers on an assembly line, methods need to work together, each solving its 
own portion of the task in order for them all to solve the overall task. The precondi­
tions and postconditions describe the dependencies between methods. 

Throwing Exceptions 

We have seen several cases in which Java might throw an exception. For example, if 
we have a console Scanner and we call nextInt, the program will throw an excep­
tion if the user types something that isn't an into In Appendix C we examine how 
you can handle exceptions. For now, we just want to explore some of the ways in 
,vhich exceptions can occur and how you might want to generate them in your own 
code. 
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Ideally programs execute without generating any errors, but in practice various 
problems arise. If you ask the user for an integer, the user may accidentally or per­
haps even maliciously type something that is not an integer. Or your code might have 
a bug in it. 

The following program always throws an exception because it tries to compute the 
value of 1 divided by 0, which is mathematically undefined: 

1 public class CauseException { 

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

3 int x = 1 I 0; 

~ 4 
5 

System.out.println(x) ; 

6 } 

When you run the program, you get the following error message: 

Exception in thread "main" java.lang.ArithmeticException: I by zero 

at CauseException.main(CauseException.java:3) 

The problem occurs in line 3, when you ask Java to compute a value that can't be 
stored as an into What is Java supposed to do with that value? It throws an exception 
that stops the program from executing and warns you that an arithmetic exception 
occurred while the program was executing that specific line of code. 

It is worth noting that division by zero does not always produce an exception. You 
won't get an exception if you execute this line of code: 

double x = 1.0 I 0.0; 

In this case, the program executes normally and produces the output Infinity. 

This is because floating-point numbers follow a standard from the Institute of 
Electrical and Electronics Engineers (IEEE) that defines exactly what should hap­
pen in these cases, and there are special values representing infinity and "NaN" (not 
a number). 

You may want to throw exceptions yourself in the code you write. In particular, it 
is a good idea to throw an exception if a precondition fails. For example, suppose that 
you want to write a method for computing the factorial of an integer. The factorial is 
defined as follows: 

n! (which is read as "n factorial") = 1 * 2 * 3 * ... * n 

You can write a Java method that uses a cumulative product to compute this result: 

public static int factorial ( int n) 

int product = 1; 

for (int i = 2; i <= n; i++) { 
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product = product * i; 

:::-eturn product; 

You can then test the method for various values with a loop: 

for {i~t i = 0 ; i <= 10; i++) { 

System.out . println( i + 11 1 = " + fac t orial( i » ; 

The loop produces the following ourput: 

o i 1 

l! 1 

2 1 2 

3 I 6 

4 ! 24 

5 ! 120 

6 ! 720 

7 ! 5040 

8 ! 40320 

9 ! 362880 

10! = 3628800 

It seems odd that the factorial method should return 1 when it is asked for Ol, 
but that is actually part of the mathematical definition of the factorial function. It 
returns 1 because the local variable product in the factor ial method is initialized 
to 1, and the loop is never entered when the parameter n has the value o. So, this is 
actually desirable behavior for OL 

But what if you're asked to compute the facIOlial of a negative number? The method 
returns the same value, 1. The mathematical definition of factorial says that the function 
is undefined for negati\"e \alues of n, so it actually shouldn't e'en compute an answer 
when n is negative. Accepting onl. numbers thar are zero or positive is a precondition of 
the method that can be described in the documentation: 

il pr e : n >= 0 

II post: retu:::-ns n factorial (n !) 

Adding comments about this restriction is helpful , but what if someone calls the 
factoria l method with a negative value anyway? The best soluti.on is to throw an 
exception. The general syntax of the throw statement is: 

t~row <exception>; 
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In Java, exceptions are objects. Before you can throw an exception, you have 
to construct an exception object using new. You ' ll normally construct the object as 
you are throwing the exception, because the exception object includes information 
about what was going on when the error occurred. Java has a class called 
IllegalArgumentException that is meant to cover a case like this where someone 
has passed an inappropriate value as an argument. You can construct the exception 
object and include it in a throw statement as follows: 

throw new IllegalArgumentException(); 

Of course, you'll want to do this only when the precondition fails, so you need to 
include the code inside an if statement: 

if ( n < 0) { 

throw new IllegalArgumentException( ) ; 

You can also include some text when you construct the exception that will be dis­
played when the exception is thrown: 

if (n < 0) { 

throw new IllegalArgumentException (, "l'\cglativG n: " + 11) ; 

Incorporating the pre/post comments and the exception code into the method 
definition, you get the following code: 

I I pre: n >= 0 

II post: returns n factorial in!) 

publ i c s t at ic int factorial(int n ) 

if ( n < 0) { 

throw new rllegalArgllrnentExcept ion ( "no;!gative n: " + n ) ; 

int product = 1; 

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

product = product * i; 

return product; 

You don't need an else after the if that throws the exception, because when an 
exception is thrown, it halts the execution of the method. So, if someone calls the 
factorial method with a negative value of n, Java will never execute the code that 
follows the throw statement. 
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You can test this code with the following main method: 

publ ic static void main(Strir.g[] arg s ) 

System.out.println(factorial( - l)); 

When you execute this program, it stops executing and prints the following 
message: 

Ex::epticn in t hread ,omai:1 11 

java. lang. I liegalA=gumer:tExcept ion : ne gative ~. -1 

a t Fac~o~ia12.facto=i a l (Facto~ia 1 2.java:8} 

at Pactoria1 2.main(Fact cria12.java: 3l 

The message indicates that the program Factoria12 stopped running because an 
IllegalArgumentException was thrO\yn with a negative n of -1. The system then 
shov,s you a back\\ard trace of how it got there. The illegal argument appeared in line 
8 of the factorial method of the Fa.ctoria12 class. It got there because of a call in 
line 3 of the main of the Factor ia12 class. This kind of information is very helpful 
when you want to find the bugs in your programs. 

ThrO\ ·ing exceptions is an example of defensive programming. We don ' t 
intend to have bugs in the programs we virite, but we're only human, so we want 
to build in mechanisms that \vill give us feedback when we make mistakes. 
Writing code that will test the values passed to methods and throw an 
Il l ega l ArguI!lentException when a value is not appropriate is a great way to 

provide that feedback. 

Revisiting Return Values 

In Chapter 3 we looked at some examples of simple calculating methods that return a 
value, a<; in this method for finding the sum of the fIrst n integers: 

public stat i c int sum(int n) 

return (r. + 1) * n ! 2; 

Now that you know how to write if/ else statements, we can look at some 
more interesting examples involving return values. For example, earl ier in this 
chapter you S3\\" that the Hath class has a method called max that returns the larger 
of two values. There are actually two different vers ions of the method, one that 
finds the larger of two integers and one that finds the larger of two doubles. Recall 
that when two methods have the same name (but different parameters), it i.s called 
overloading. 
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Let's write our own version of the max method that returns the larger of two inte­
gers. Its header will look like this: 

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

} 

We want to return either x or y, depending on which is larger. This is a perfect 
place to use an if/else construct: 

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

if (x > y) { 

return x; 

} else { 

return y; 

This code begins by testing whether x is greater than y. If it is, the computer exe­
cutes the first branch by returning x. If it is not, the computer executes the else 

branch by returning y. But what if x and yare equal? The preceding code executes 
the else branch when the values are equal, but it doesn't actually matter which 
return statement is executed when x and y are equal. 

Remember that when Java executes a return statement, the method stops execut­
ing. It's like a command to Java to "get out of this method right now." That means 
that this method could also be written as follows: 

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

if (x > y) { 

return x; 

return y.; 

This version of the code is equivalent in behavior because the statement return x 

inside the if statement will cause Java to exit the method immediately and Java will 
not execute the return statement that follows the if. On the other hand, if we don't 
enter the if statement, we proceed directly to the statement that follows it (return y). 

Whether you choose to use the first form or the second in your own programs 
depends somewhat on personal taste. The if / else construct makes it more clear that 
the method is choosing between two alternatives, but some people prefer the second 
alternative because it is shorter. 

As another example, consider the indexOf method of the String class. We'll 
define a variable s that stores the following String: 

String s = "four score and seven years ago"; 
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Now we can write expressions like the following to determine where a particular 
character appears in the String: 

int r = s.inciexOf('r'); 

int v = s.indexOf('v'); 

This code sets r to 3 because 3 is the index of the first occurrence of the letter 'r' 

in the String. It sets v to 17 because that is the index of the first occurrence of the 
letter 'v' in the String. 

The indexOf method is part of the Str ing class, but let's see how we could write 
a different method that performs the same task. Our method would be called differ­
ently because it is a static method outside the String object. We would haye to pass 
it both the String and the letter: 

int r indexOf('r', s); 

int v inciexOf('v', s); 

So, the header for our method would be: 

public static int indexOf(char ch, String s) { 

Remember that when a method returns a value, we must include the return type 
after the words public static. In this case, we have indicated that the method 
returns an int because the index will be an integer. 

This task can be solved rather nicely with a for loop that goes through 
each possible index from first to last. We can describe this in pseudocode as 
follows : 

for (each index i in the string) { 
if the char is at position i, we ' ve found it. 

} 

To flesh this out, we have to think about how to test whether the character at posi­
tion i is the one we are looking for. Remember that String objects have a method 
called charAt that allows us to pull out an individual character from the String, so 
we can refine our pseudocode as follows: 

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

if (s . charAt(i) == ch) { 
we've found it. 

} 

} 
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To complete this code, we have to refine what to do when "we've found it." If we 
find the character, we have our answer: the current value of the variable i. And if that 
is the answer we want to return, we can put a return statement there: 

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

if (s.charAt(i) == ch) { 

return i~ 

To understand this code, you have to understand how the return statement works. 
For example, if the String s is the one from our example ("four score ... ") and we 
are searching for the character 'r', we know that when i is equal to 3 we will find 
that s. charAt (3) is equal to 'r'. That case causes our code to execute the return 

statement, effectively saying: 

return 3; 

When a return statement is executed, Java immediately exits the method, which 
means that we break out of the loop and return 3 as our answer. Even though the loop 
would normally increment i to 4 and keep going, our code doesn't do that because 
we hit the return statement. 

There is only one thing missing from our code. If we try to compile it as it is, we 
get this error message from the Java compiler: 

missing return statement 

This error message occurs because we haven't told Java what to do if we never 
find the character we are searching for. In that case, we will execute the for loop in 
its entirety and reach the end of the method without having returned a value. This is 
not acceptable. If we say that the method returns an int, we have to guarantee that 
every path through the method will return an into 

If we don't find the character, we want to return some kind of special value to 
indicate that the character was not found. We can't use the value 0, because 0 is a 
legal index for a String (the index of the first character). So, the convention in Java 
is to return -1 if the character is not found. It is easy to add the code for this return 

statement after the for loop: 

public static int indexOf(char chi String s) { 

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

if ( s.charAt(i ) == ch) { 

return i; 

} 

return -1; 

} 
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I Common Programming Error _ 

String Index Out of Bounds 

It's very easy to forget that the last index of a Stri ng of length n is actuCllly fl - I . 
Forgetting this fact can cause you to write incorrect text-processing [oops l ike 
this one: 

II Th! s vers i on of the c ode has a mi s t ake l 

Ii The test should be i < s.length() 

public stat i c i nt indexOf(char ch, Str i ng s ) 

for ( i nt ! = 0; i <= s.length !); i++ ) 

i f (s.charAt( i ) == ch i { 

return i ; 

r!'l t urn -1; 

The program \\'ill throw an except ion if the loop runs past the end of the 
Str i ng. On the last pags through the loop, the value of the variable i will be 
equal to 5 .length ( ) . \Vhen it executes the if stCltement test, the program will 
throw the exception. The error message will resemble the following : 

Excepti.nn i n th~ead I'ma i n" 

j ava.lang.Stri ng I ndexOutOfBoundsExcept i on: 

String i ndex OUt of range: 11 

at java. l ang.String .charAt(Unk nm·Jr. Source) 

at OutOf30undsExample. indexOf (O'.l 'o.OfBoundsExample. j ava: 9 ) 

at Ou lOfBoundsExamp l e .rr.a! n (O utOfBour.dsExamp1.e. j ava: 4) 

An interesting thing about the bug in this example is that it only occurs if the 
S t ring does not contain the character ch. If ch is contained in the Str i ng, the 
i f test will be true for une of the legal indexes in s, so the code will return that 
inJ ex. Only if all the characters from s have been examined withollt fi nding ch 

wi ll the loop attempt its last fatal pass. 

It may seem strange that we don't have a test for the final return statement 
that returns -1, but remember that the fo r loop tries every pos sible index of the 
String searching for the character. If the character appears anywhere in the 
String, the return statement inside the loop will be executed and we'll never get 
to the return statement after the loop. The only way to get to the return state­
ment after the loop is to find that the character appears nowhere in the given 
String. 
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Reasoning about Paths 

The combination of if/else and return is powerful. It allows you to solve many 
complex problems in the form of a method that accepts some input and computes a 
result. But you have to be careful to think about the different paths that exist in the 
code that you write. At first this process might seem annoying, but when you get the 
hang of it, you will find that it allows you to simplify your code. 

For example, suppose that we want to convert scores on the SAT into a rating to be 
used for college admission. Each of the three components of the SAT ranges from 
200 to 800, so the overall total ranges from 600 to 2400. Suppose that a hypothetical 
college breaks up this range into three subranges with totals below 1200 considered 
not competitive, scores of at least 1200 but less than 1800 considered competitive, 
and scores of 1800 to 2400 considered highly competitive. 

Let's write a method called rating that will take the total SAT score as a parame­
ter and will return a string with the appropriate text. We can use the AND operator 
described earlier to write an if/else construct that has tests for each of these 
ranges: 

public static String rating(int totalSAT) { 

if (totalSAT >= 600 && totalSAT < 1200 ) 

return "not competitive"; 

} else if (totalSAT >= 1200 && totalSAT < lBOO) { 

return "competitive"; 

else if (totalSAT >= IBOO && totalSAT <= 2400) { 

return "highly competitive"; 

This method has been written in a logical manner with specific tests for each of 
the three cases, but it doesn't compile. The compiler indicates at the end of the 
method that there was a "missing return statement." That seems odd because there are 
three different return statements in this method. We have included a return for 
each of the different cases, so why is there a compiler error? 

When the compiler encounters a method that is supposed to return a value, it com­
putes every possible path through the method and makes sure that each path ends 
with a call on return. The method we have written has four paths through it. If the 
first test succeeds, then the method returns "not competi ti ve". Otherwise, if the 
second test succeeds, then the method returns "competi ti ve". If both of those tests 
fail but the third test succeeds, then the method returns "highly competitive". 

But what if all three tests fail? That case would constitute a fourth path that doesn't 
have a return statement associated with it. Instead, we would reach the end of the 
method without having returned a value. That is not acceptable, which is why the 
compiler produces an error message. 

It seems annoying that we have to deal with a fourth case because we know that 
the total SAT score will always be in the range of 600 to 2400. Our code covers all of 
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the cases that we expect for this method, but that isn't good enough. Java insists that 
we cover every possible case. 

Understanding this idea can simplify the code you write. If you think in terms of 
paths and cases, you can often eliminate unnecessary code. For our method, if we 
really want to return just one ofthree different values, then \ye don't need a third test. 
We can make the final branch of the nested if / else be a simple else: 

pub l ic static String rating(int totalSAT) { 

if (totalSAT >= 600 && totalSAT < 1200 ) 

e~se i= ( ~ctalSAT >= 1200 && totalSAT < 1800) { 

ret:.lrr.. "competi t i ".:e II ; 

e l s e { II tota l SAT >= 1800 

:::eturn "highly competitive" ; 

This yersion of the method compiles and returns the appropriate string for each 
different case. We were able to eliminate the final test because we know that we want 
only three paths through the method. Once we haye specified two of the paths, then 
everything else must be part of the third path. 

\Ne can carry this idea one step further. \oVe'ye ,,·nnen a method that compiles and 
computes the right answer, but we can make it even simpler. Consider the first test, for 
example. \\-hy should we test for the total being greater than or equal to 6007 If we 
expect that it will always be in the range of 600 to 2400, then we can simply test 
whether the total is less than 1200. Similarly, to test for the highly competitive range, 
\ve can simply test whether the score is at least 1800. Of the three ranges, these are the 
two simplest to test for. So we can simplify this method eyen further by including tests 
for the first and third subranges and assume that all other totals are in the middle range: 

public sta tic String rating(int totalSAT ) 

if (totalSAT < 12 00) { 

retur~ I' net compet i tiv e 'j ; 

e l se if ( totalSA~ >= 18 00 ) 

return "highly competitive" ; 

else { II 1200 <= total SAT < 1800 

return "competitive" ; 

Whenever you write a method like this, you should think about the different cases 
and figure Ollt which ones are the simplest to test fOf. This \vill allow you to ayoid writ­
ing an explicit test for the most complex case. As in these examples, it is a good idea to 

include a comment on the tInal else branch to describe that particular case in English. 
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Before we leave this example, it is worth thinking about what happens when the 
method is passed an illegal SAT total. If it is passed a total less than 600, then it 
classifies it as not competitive and if it passed a total greater than 2400, it will clas­
sify it as highly competitive. Those aren't bad answers for the program to give, but 
the right thing to do is to document the fact that there is a precondition on the total. 
In addition, we can add an extra test for this particular case and throw an exception 
if the precondition is violated. Testing for the illegal values is a case in which the 
logical OR is appropriate because illegal values will either be too low or too high 
(but not both): 

II pre: 600 <= totalSAT <= 2400 (throws IllegalArgumentExcept~on if not) 

public static String rating(int totalSAT) { 

if (totalSAT < 600 II totalSAT> 2400) { 

throw new IllegalArgumentException("total: .. + totalSAT); 

} else if (totalSAT < 1200) { 

return "not competitive"; 

else if (totalSAT >= 1800) { 

return "highly competitive"; 

else { II 1200 <= totalSAT < 1800 

return "competitive"; 

4.5 Case Study: Body Mass Index, 

Individual body mass index has become a popular measure of overall health. The 
Centers for Disease Control and Prevention (CDC) website about body mass index 
(http://www.cdc. gov /healthyweightl assessinglbmilindex.html) explains: 

Body Mass Index (BMI) is a number calculated from a person's weight and 
height. BMI provides a reliable indicator of body fatness for most people and 
is used to screen for weight categories that may lead to health problems. 

It has also become popular to compare the statistics for two or more individuals 
who are pitted against one another in a "fitness challenge," or to compare two sets of 
numbers for the same person to get a sense of how that person's BMI will vary if a 
person loses weight. In this section, we will write a program that prompts the user for 
the height and weight of two individuals and reports the overall results for the two 
people. Here is a sample execution for the program we want to write: 

This program reads data for two 

people and computes their body 

mass index and weight status. 
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Enter next person's information: 

height (in inches)? 73.5 

weight (in pounds)? 230 

Enter next person's information: 

height (in inches)? 71 

weight (in pounds)? 220.5 

Person #1 body ~ass index 29.93 

overvleight 

Person #2 body mass index 30.75 

obese 

In Chapter 1 we introduced the idea of iterative enhancement, in which you 
develop a complex program in stages. E very professional programmer uses this tech­
nique, so it is important to learn to apply it yourself in the programs you write. 

In this case, we eventually ,vant our program to explain to the user what it does 
and compute BMI results for two different people. We also want the program to be 
well structured. But we don't have to do everything at once. In fact, if we try to do so, 
we are likely to be overwhelmed by the details. In writing this program, we will go 
through three different stages: 

1. First, we'll write a program that computes results for just one person, without an 
introduction. We won't worry about program structure yet. 

2. Next, we'll write a complete program that computes results for two people, includ­
ing an introduction. Again, we won't worry about program structure at this point. 

3. Finally, we will put together a well-structured and complete program. 

One-Person Unstructured Solution 

Even the first version of the program will prompt for user input, so we will need to 

construct a Scanner object to read from the console: 

Scanner console = new Scanner(System.in); 

To compute the BMI for an individual, we will need to know the height and weight 
of that person. This is a fairly straightforward "prompt and read" task. The only real 
decision here is with regard to the type of variable to use for storing the height and 
weight. People often talk about height and weight in whole numbers, but the question 
to ask is whether or not it makes sense for people to use fractions. Do people ever 
describe their heights using half-inches? The answer is yes. Do people eyer describe 
their weights using half-pounds? Again the answer is yes. So it makes sense to store 
the values as doubles. to allow people to enter either integer values or fractions: 

System.out.println("Enter next person's information:"); 

System.ouLprint( "height (in inches)? "); 
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double heightl = console.nextDouble( ) ; 

System.out.print("weight (in pounds)? " ) ; 

double weightl = console.nextDouble( ) ; 

283 

Once we have the person's height and weight, we can compute the person's BM!. 
The CDC website gives the following BM! fonnula for adults: 

_w_e_ig=-h_t_(l_b)_ X 703 

[height (in)f 

This formula is fairly easy to translate into a Java expression: 

double bmil = weightl / (heightl * heightl) * 703; 

If you look closely at the sample execution, you will see that we want to print 
blank lines to separate different parts of the user interaction. The introduction ends 
with a blank line, then there is a blank line after the "prompt and read" portion of the 
interaction. So, after we add an empty pr intln and put all of these pieces together, 
our main method looks like this: 

public static void main(String[] args) { 

Scanner console = new Scanner(System.in); 

System.out.println("Enter next person's information:" ) ; 

System.out.print("height (in inches)? ") ; 

double heightl = console.nextDouble(); 

System. out. print ( "weight (in pounds)? ") ; 

double weightl = console.nextDouble(); 

double bmil = weightl / (heightl * heightl) * 703; 

System.out.println( ) ; 

This program prompts for values and computes the BM!. Now we need to include 
code to report the results. We could use a println for the BMI: 

System.out.println("Person #1 body mass index =" + bmil); 

This would work, but it produces output like the following: 

Person #1 body mass index = 29.930121708547368 

The long sequence of digits after the decimal point is distracting and implies a 
level of precision that we simply don't have. It is more appropriate and more appeal­
ing to the user to list just a few digits after the decimal point. This is a good place to 
use a printf: 

System.out.printf("Person #1 body mass index %5.2f\n", bmil ) ; 
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Table 4.7 Weight Status by BMI 

BMI Weight status 

below 18.5 um!erweight 

18.5-24_9 normal 

25.0-29.9 overweigh, 

30.0 and abo\"c obe<;e 

In the sample execution we also see a report of the person's weight status. The CDC 
website includes the information shown in Table 4.7. There are four entries in this table, 
so we need four different print In statements for the four possibilities. We will want to 
use if or if/else statements to control the four println statements. In this case, We 
knO\v that We want to prim exactly one of the four possibilities. Therefore, it makes 
most sense to use a nested if/else const11lct that ends with an else. 

But what tests do we use for the nested if I else? If you look closely at Table 4.7, 
you will see that there are some gaps. For example, what if your BMI is 24.95? That 
number isn't bet\\"een 18.5 and 24.9 and it isn't between 25.0 and 29.9. It seems clear 
that the CDC intended its table to be interpreted slightly differently. The range is 
probably supposed to be 18.5-24.999999 (repeating), but that would look rather odd 
in a table. In fact, if you undersrand nested if/else statements, this is a case in 
which a nested if/else construct expresses the possibilities more clearly than a 
table like the CDC's. The nested if/else construct looks like this: 

if (bmil < 18.5) { 

System.out..println {" underweight" }; 

else if (~mil < 25) { 

Systern.out . print.ln ( 'Ir:or~alll ) i 

e lse if (~rnil < 30) { 

System .. out.printl!'!( 'tcver:-:eigh:t ll
) i 

else { II bmil >= 30 

System.out.prin"t.ln!, "obese") i 

So, putting all this together, we get a complete version of the first program: 

1 import java.util .~; 

2 

3 public class BMIl { 

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

5 Scanner console = new Scanner(Sys"t.em.in ); 

6 

7 

8 

System.out.println("Ente~ next person's infc:::ma-tion:" )i 

System.out.print("height (in inches) ? " Ii 
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double height 1 = console.nextDouble( ) ; 

Systern.out.print("weight (in pounds)? "); 

double weightl = console.nextDouble(); 

double brnil = weightl I (heightl * height1) * 703; 

Systern.out.println(); 
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9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Systern.out.printf("Person #1 body mass index %5.2f\n" , bmi1 ) ; 

if (bmil < 18.5) { 

System.out.println("underweight"); 

else if (bmi1 < 25) { 

System.out.println( "normal" ); 

else if (bmil < 30) { 

System.out.println("overweight"); 

else { II bmi1 >= 30 

Systern.out. println( "obese"); 

Here is a sample execution of the program: 

Enter next person's information: 

height ( in inches)? 73.5 

weight ( in pounds)? 230 

Person #1 body mass index 29.93 

overweight 

Two-Person Unstructured Solution 

Now that we have a program that computes one person's BMI and weight status, 
let's expand it to handle two different people. Experienced programmers would 
probably begin by adding structure to the program before trying to make it handle 
two sets of data, but novice programmers will find it easier to consider the unstruc­
tured solution first. 

To make this program handle two people, we can copy and paste a lot of the code 
and make slight modifications. For example, instead of using variables called 
height!, weight!, and bmil, for the second person we will use variables height2, 

weight2, and bmi2. 

We also have to be careful to do each step in the right order. Looking at the sample 
execution, you'll see that the program prompts for data for both individuals first and 
then reports results for both. Thus, we can't copy the entire program and simply paste 
a second copy; we have to rearrange the order of the statements so that all of the 
prompting happens first and all of the reporting happens later. 
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We've also decided that when we move to this second stage, we will add code for 
the introduction. This code should appear at the beginning of the program and should 
include an empty println to produce a blank line to separate the introduction from 
the rest of the user interaction. 

We now combine these elements into a complete program: 

1 /1 This program finds the body mass index (BMI) for -::wo 

2 II individuals. 

3 

4 import j ava . uti l . *; 

5 

6 public class BMI2 { 

7 public static void ma i n (Stringll args ) { 

8 System.o"Jt.print l ro("Th i s pro-gram reads dat a for two"); 

9 Systell' .. out.print l n{ "peopl e arod oor:cputes the i r body"); 

10 System. out. println ("mass index and weigh-:: status."); 

11 System.out.print l n() ; 

12 

1 3 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

Scanner conso l e = new Scanner(Sys"';:em.in) ; 

System.out.println("Enter next person's information:"); 

System.out.print("height (in inches ) ? "); 

double heightl = ccnsole.nextDcuble( ); 

System.out.pri nt ( "'deight (in pcur.ds)? "); 

double 1-leightl = ccr.so l e. r..extDcuble ( ) ; 

double bmil = weightl I (height l * heightl ) * 703; 

System.out.print1n( ); 

System.out.println{"Enter next person ' s information: "); 

System. out. prin-:: ("height (in inches )? "); 

double height2 = ccnso l e.nextDoubl e( ); 

System.out.print( "vreight ( i n pounds)? "); 

double weight2 = censo1e.nextDcuble( ); 

double bmi2 = we i ght 2 i (height2 * height2) * 703; 

System.out.println(); 

Systerr .. out.print f ( "Peyser.. #1 body mass i ndex 

if (bmil < 18.5) { 

System.ouLpyint lnt "undeY'."ei-ght"); 

else if (bmil < 25) { 

Systern.out.pr intln ("normal " ) i 

else if (bmil < 3D) { 

System.out.pyintln( "overv:eight" ); 

else { II bmil >= 30 

%5. 2f\n" , bmil); 
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System.out.println(nobese n ) ; 39 

40 

4 1 

42 

43 

44 

45 

46 

47 

48 

49 

50 

5 1 

52 

53 

System.out.printf(nperson #2 body mass index %5.2f\nn , bmi2 ) ; 

if (bmi2 < 18.5) { 

System.out.println(nunderweight"); 

else if (bmi2 < 25) { 

System.out.println(nnormal n ) ; 

else if (bmi2 < 30) { 

System.out.println(noverweightn); 

else { II bmi2 >= 30 

System.out.println( nobese n ) ; 

This program compiles and works. When we execute it, we get exactly the interaction 
we wanted. However, the program lacks structure. All of the code appears in main, and 
there is significant redundancy. That shouldn't be a surprise, because we created this ver­
sion by copying and pasting. Whenever you find yourself using copy and paste, you 
should wonder whether there isn't a better way to solve the problem. Usually there is. 

Two-Person Structured Solution 

Let's explore how static methods can improve the structure of the program. Looking 
at the code, you will notice a great deal of redundancy. For example, we have two 
code segments that look like this: 

System.out.println("Enter next person ' s information:"); 

System.out.print(nheight (in inches)? n ) ; 

double heightl = console.nextDouble () ; 

System.out.print( "weight (in pounds )? n) ; 

double weightl = console.nextDouble () ; 

double bmil = weightl I (heightl * heightl ) * 703; 

System.out.println(); 

The only difference between these two code segments is that the first uses vari­
ables heightl, weightl, bmil, and the second uses variables height2, weight2, 

and bmi2. We eliminate redundancy by moving code like this into a method that we 
can call twice. So, as a first approximation, we can tum this code into a more generic 
form as the following method: 

public static void getBMI(SCanner console) { 

system.out.println("Enter next person's information: n ); 

system.out.print(nheight (in inches)? n) ; 
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double height = co~sole.nextDouble( ); 

System.out.print( ",veigh t (i~ pounds)? "); 

double weight = co~sole.nextDouble(); 

double bmi = weight I (height * height) * 703; 

Systern.out.prin tln(); 

We have to pass in the Scanner from nair .. Otherwise we have made all the vari­
ables local to this method. From ,win we can call this method twice: 

getBMI (console); 

getBMI(console); 

Unfortunately, introducing this change breaks the rest of the code, If we try to 
compile and run the program, we find that \'.-e get error messages in main whenever 
we refer to the variables bmil and bmi2. 

The problem is that the method computes a bmi value that we need later in the 
program. We can fix this by having the method return the brr.i 'alue that it computes: 

public static double getBMI(Scanner conso l e ) { 

System..C}ut.p~int l Yi..( Jl E!yte~ next person s information: "); 

doub l e hei~ht = c8nso le.Lex~DOuble{}; 

System. out. p1:'int ~ llv,rs i gnt (in poands ) ? "); 

double T,\~eiqht. = conso l e. nex~Doubl e:: ) ; 

double bmi = weight I (height * helght) ~ 703; 

System.out.pri~t ln(); 

r e turn bmi ; 

Notice that the method header now lists the return type as double. We also have to 
change main . \\le can't just call the method m ice the way v,e would call a void 

method. Because each call returns a BMI result that the program will need later, for 
each call we have to store the result coming back from the method in a variable: 

double bmil 

dOuble bmi2 

getBMI(console); 

getBMI(console ); 

Study this change carefully, because this technique can be one of the most chal­
lenging for novices to master. 'When we write the method, we have to make sure that 
it returns the BMI result. 'When we write the call, ,ye have to make sure that we store 
G~e result in a variable so that we can access it later. 

After this modification, the program will compile and run properly. But there is 
another obvious redundancy in the main method: The same nested if! else C011-

struct appears twice. The only difference between them is that in one case we use the 
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variable bmil, and in the other case we use the variable bmi2. The construct is easily 
generalized with a parameter: 

public static void reportStatus(double bmi ) 

if (bmi < 18.5) { 

} 

System.out.println( "underweight"); 

else if (bmi < 25) { 

System.out.println ( Unormal" ); 

else if (bmi < 30) { 

System.out.println ( "overweight" ) ; 

else { II bmi >= 30 

System.out.println("obese" ) ; 

Using this method, we can replace the code in main with two calls: 

System.out.printf("Person #1 body mass index %5.2f\n", bmil ) ; 

reportStatus(bmil); 

System.out.printf("Person #2 body mass index %5.2f\n", bmi2); 

reportStatus(bmi2); 

That change takes care ofthe redundancy in the program, but we can still use static 
methods to improve the program by better indicating structure. It is best to keep the 
main method short if possible, to reflect the overall structure of the program. The prob­
lem breaks down into three major phases: introduction, the computation of the BMI, 
and the reporting of the results. We already have a method for computing the BMl, but 
we haven't yet introduced methods for the introduction and reporting of results. It is 
fairly simple to add these methods. 

There is one other method that we should add to the program. We are using a for­
mula from the CDC website for calculating the BMI of an individual given the per­
son's height and weight. Whenever you find yourself programming a formula, it is a 
good idea to introduce a method for that formula so that it is easy to spot and so that 
it has a name. 

Applying all these ideas, we end up with the following version of the program: 

1 II This program finds the body mass index (BMI) for two 

2 1/ individuals. This variation includes several methods 

3 /1 other than main. 

4 

5 import java.util.*; 

6 

7 public class BMI3 { 

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

9 givelntro(); 



290 Chapter 4 Conditional Execution 

10 

11 

12 

Scanner console = new Scanner(System.in); 

double bmil getBMI (console); 

double bmi2 getBMI (console); 

13 reportResults(bmil, brni2 ) ; 

14 } 

15 

16 // introduces the p~og~am to the user 

17 public static void gi'7elnt~o () { 

18 Systern.out.println( "This p~ogram reads data fo~ two" ) ; 

19 Systerr,.out.printlnl "people and COI:'.putes their body" ) ; 

20 System.ol:t.p~intln("mass index and weight status. ") ; 

21 System.ou t.println( ); 

22 

23 

24 // prompts for one person's statistics , returning the BMI 

25 public static double getBMI(Scanner console) { 

26 System.out.p~ir.tln( "Ente~ next pe~son's information: ") ; 

27 

28 

29 

30 

3 1 

32 

33 

34 

35 

System.out.print(l!height (in inches ) ? II); 

double height = cor.sole.nextDouble( ) ; 

System.out.p~int( "weight (in pounds ) ? " ) ; 

double ' . .;eight = console. nextDo:lble ( ) ; 

double bmi = BMIFor (height, ,,-eight ); 

System.o:lt.println( ) ; 

return bmi ; 

36 / / this method contains the bcdy ;nass index formula for 

37 /; conve~ting the given height (in i nches) and weight 

38 ,: i (in pounds) into a Bl·lI 

39 public static double BMIFor( double hei ght, double weight) { 

40 return weight / (height * height) * 703; 

41 

42 

43 /1 reports the overall bmi val ues and weight status 

44 public static void reportResults( double bmil, double bmi2) 

45 

46 

47 

48 

49 

50 

System.out.printf{"Pe~son H body mass index = %5.2f\n", bmil); 

repo~tStatus(bmil ); 

SysteIl' .. out .printf ( "Person #2 body mass index 

reportSta,,;:us (bmi2); 

%5.2f\n",bmi2 ) ; 

51 // reports the we ight statu s for the given BMI va l ue 

52 public static void reportStatus( double bmi) 

53 if (brei < 18.5) { 
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54 

55 

56 

57 

58 

59 

60 

61 

62 } 

63 

System.out.println ( "underweight"); 

else if (bmi < 25) { 

System.out.println( "normal" ) ; 

} else if (bmi < 30) { 

System.out.println("overweight" ) ; 

else { II bmi >= 30 

System.out.println ( "obese" ) ; 
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This solution interacts with the user the same way and produces the same results 
as the unstructured solution, but it has a much nicer structure. The unstructured pro­
gram is in a sense simpler, but the structured solution is easier to maintain if we want 
to expand the program or make other modifications. These structural benefits aren't 
so important in short programs, but they become essential as programs become 
longer and more complex. 

Procedural Design Heuristics 

There are often many ways to divide (decompose) a problem into methods, but some 
sets of methods are better than others. Decomposition is often vague and challenging, 
especially for larger programs that have complex behavior. But the rewards are worth 
the effort, because a well-designed program is more understandable and more modu­
lar. These features are important when programmers work together or when revisiting 
a program written earlier to add new behavior or modify existing code. There is no 
single perfect design, but in this section we will discuss several heuristics (guiding 
principles) for effectively decomposing large programs into methods. 

Consider the following alternative poorly structured implementation of the single­
person BMI program. We'll use this program as a counterexample, highlighting 
places where it violates our heuristics and giving reasons that it is worse than the pre­
vious complete version of the BMI program. 

1 II A poorly designed version of the BMI case study program. 

2 

3 import java.util.*; 

4 

5 public class BadBMI { 

6 

7 

8 

9 

10 

11 

12 

13 

public static void main (String[] args ) { 

System.out.println("This program reads data for one" ) ; 

System.out.println( "person and computes his/her body" ) ; 

System.out.println("mass index and weight status . ") ; 

System.out.println( ) ; 

Scanner console = new Scanner(System.in); 

person(console ) ; 
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14 

15 

16 public static void person(Scanner conso l e ) { 

17 Sys~em.cut.println("Enter next person's information: "); 

18 System.cu~.print("height (in inches)? H); 

19 double height = consol e.nextDoub1e(); 

20 getWeight(co~sole, height); 

21 

22 

23 public static void getWeight(Scanner console, double height ) 

24 System.out.print("weight (in pounds)? "); 

25 double weigh~ = console.nextDoubl e(); 

26 reportStatus (console, height, ,";eight); 

27 

28 

29 public static void reportStatus(Scanner console, double height, 

30 double ,,,ei ght) { 

31 double bmi = \".'eight I (height * height) * 703; 

32 Systern.out.printlq"Person U body mass ir..dex = " + bmi); 

33 if (bmi < 18.5) { 

34 System.out.print l n("underweight" ) ; 

35 else if (bmi < 25) { 

36 System.out.print l n( "norma l " ); 

37 else if (bmi < 30) { 

38 System.out.print l n("overweight" ) ; 

39 else { 

40 Syst em.out.println("obese" ) ; 

41 

42 

43 

The methods of a program are like workers in a company. The author of a program 
acts like the director of a company, deciding what employee positions to create. how 
to group employees together into working units, which work to task to which group, 
and how groups will interact. Suppose a company director were to divide work into 
three major departments, two of which are overseen by middle managers: 

Marketing 
administrator 

Secretary Architect 

Director 

I 
Design 

manager 

I 

Engineer 

Engineering 
manager 

Administrator 
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A good structure gives each group clear tasks to complete, avoids giving any 
particular person or group too much work, and provides a balance between workers 
and management. These guidelines lead to the first of our procedural design 
heuristics. 

1. Each method should have a coherent set of responsibilities. In our analogy 
to a company, each group of employees must have a clear idea of what work it is to 
perform. If any of the groups does not have clear responsibilities, it's difficult for the 
company director to keep track of who is working on what task. When a new job 
comes in, two departments might both try to claim it, or a job might go unclaimed by 
any department. 

The analogous concept in programming is that each method should have a clear 
purpose and set of responsibilities. This characteristic of computer programs is called 
cohesion. 

Cohesion 

A desirable quality in which the responsibilities of a method or process 
are closely related to each other. 

A good rule of thumb is that you should be able to summarize each of your 
methods in a single sentence such as "The purpose of this method is to .... " Writing 
a sentence like this is a good way to develop a comment for a method's header. It's 
a bad sign when you have trouble describing the method in a single sentence or 
when the sentence is long and uses the word "and" several times. Those indications 
can mean that the method is too large, too small, or does not perform a cohesive set 
of tasks. 

The methods of the BadBMI example have poor cohesion. The person method's 
purpose is vague, and getWeight is probably too trivial to be its own method. The 
reportStatus method would be more readable if the computation of the BMI were 
its own method, since the formula is complex. 

A subtler application of this first heuristic is that not every method must produce 
output. Sometimes a method is more reusable if it simply computes a complex result 
and returns it rather than printing the result that was computed. This format leaves the 
caller free to choose whether to print the result or to use it to perform further compu­
tations. In the BadBMI program, the reportStatus method both computes and prints 
the user's BM!. The program would be more flexible if it had a method to simply 
compute and return the BMI value, such as BMIFor in the BMI3 version of the code. 
Such a method might seem trivial because its body is just one line in length, but it has 
a clear, cohesive purpose: capturing a complex expression that is used several times 
in the program. 
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2. No one method should do too large a share of the oyerall task. One subdi­
vision of a company cannot be expected to design and build the entire product line 
for the year. This system would overwork that subdiyision and would leave the other 
divisions withom enough work to do. It would abo make it difficult for the subdivi­
sions to communicate effectively, since so much important information and responsi­
bility would be concentrated among so few people. 

Similarly, one method should not be expected to comprise the bulk of a program. 
This principle follows naturall~ from our first heuristic regarding cohesion, because a 
method that does too much cannot be cohesiye. We sometimes refer to methods like 
these as "do-eyerything" methods because they do nearly everything involved in 
>,olving the problem. You may have written a "do-everything" method if one of your 
methods is much longer than the others, hoards most of the variables and data, or 
contains the majority of the logic and loops. 

Tn the BadBNI program, the person method is an example of a do-everything 
method. This fact may seem surprising, since the method is not very many lines long. 
But a single call to person leads to several other calls that collectively end up doing 
all of the work for the program. 

3. Coupling and dependencies between methods should be minimized. A 
company is more productive if each of its subdivisions can largely operate indepen­
dently when completing small work tasks. Subdivisions of the company do need to 
communicate and depend on each other, but such communication comes at a cost. 
Interdepartmental interactions are often minimized and kept to meetings at specific 
times and places. 

·When we are programming, \ve try to avoid methods that have tight coupling. 

Coupling 

An undesirable state in which two methods or processes rigidly depend 
on each other. 

Methods are coupled if one cannot easily be called without the other. One way to 

determine how tightly coupled two methods are is to look at the set of parameters one 
passes to the other. A method should accept a parameter only if that piece of data 
needs to be provided from outside and only if that data is necessary to complete the 
method's ta&k. In other \Yords, if a piece of data could be computed or gathered inside 
the method, or if the data isn't used by the method, it should no. be declared as a 
parameter to the method. 

An important ,yay to reduce coupling between methods is to use return state­
ments (0 send information back to the caller. A method should return a result value 
if it computes something that may be useful to later parts of the program. Because it 
is desirable for methods to be cohesive and self-contained, it is often better for the 
program to return a result than to call further methods and pass the result as a 
parameter to them. 
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None of the methods in the BadBMI program returns a value. Each method passes 
parameters to the next methods, but none of them returns the value. This is a lost 
opportunity because several values (such as the user's height, weight, or BMI) would 
be better handled as return values. 

4. The main method should be a concise summary of the overall program. The 
top person in each major group or department of our hypothetical company reports to 
the group's director. If you look at the groups that are directly connected to the direc­
tor at the top level of the company diagram, you can see a summary of the overall 
work: design, engineering. and marketing. This structure helps the director stay 
aware of what each group is doing. Looking at the top-level structure can also help 
the employees get a quick overview of the company's goals. 

A program's main method is like the director in that it begins the overall task and 
executes the various subtasks. A main method should read as a summary of the over­
al! program's behavior. Programmers can understand each other's code by looking at 
main to get a sense of what the program is doing as a whole. 

A common mistake that prevents main from being a good program summary is the 
inclusion of a "do-everything" method. When the main method calls it, the do-everything 
method proceeds to do most or all of the real work. 

Another mistake is setting up a program in such a way that it suffers from 
chaining. 

Chaining 

An undesirable design in which a "chain" of several methods call each 
other without returning the overall flow of control to main. 

A program suffers from chaining if the end of each method simply calls the 
next method. Chaining often occurs when a new programmer does not fully under­
stand returns and tries to avoid using them by passing more and more parameters 
down to the rest of the program. Figure 4.8 shows a hypothetical program with 
two designs. The flow of calls in a badly chained program might look like the dia­
gram on the left. 

main main 

methodl 

method2 

method3 

method4 

methodS 

Figure 4.8 Sample code with chaining (left) and without chaining (right) 
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The BadBMI program suffers heavily from chaining. Each method does a small 
amount of work and then calls the next method, passing more and more parameters 
down the chain. The main method calls person, which calls getWeight, which calls 
reportStatus. Never does the flow of execution return to main in the middle of the 
computation. So when you read main, you don' t get a very clear idea of what compu­
tations will be made. 

One method should not call another simply as a \yay of moving on to the next 
task. A more desirable flow of control is to let main manage the overall execution of 
tasks in the program, as shown in the BIH 3 program and on the right side of Figure 
4.8. This guideline doesn't mean that it is always bad for one method to call another 
method; it is oka; for one method to call another when the second is a subtask within 
the oyerall task of the first, such as in BHI3 when the reportResul ts method calls 
reportStatus. 

5. Data should be "owned" at the lowest leyel possible. Decisions in a com­
pany should be made at the lowest possible level in the organizational hierarchy. For 
example, a low-le,·el administrator can decide ho\', to perform his or her own work 
without needing to constantly consult a manager for approval. But the administrator 
does not have enough information or expertise to design the entire product line; this 
design task goes to a higher authority such as the manager. The key principle is that 
each work task should be given to the lowest person in the hierarchy \vho can cor­
rectly handle it. 

This principle has two applications in computer programs. The first is that the 
main method should ayoid performing low-level tasks as much as possible. For 
example, in an interactiye program main should not read the majority of the user 
input or contain lots of println statements. 

The second application is that variables should be declared and initialized in the 
narrowest possible scope. A poor design is for main (or another high-level method) to 
read all of the input, perform heavy computations, and then pass the resulting data as 
parameters to the various 100\"-level methods. A better design uses low-level methods 
to read and process the data, and return data to main only if they are needed by a later 
subtask in the program. 

It is a sign of poor data ownership when the same parameter must be passed do\\"n 
seyeral method calls, such as the height variable in the BadBMI program. If you are 
passing the same parameter dow"n several levels of calls, perhaps that piece of data 
should instead be read and initialized by one of the lower-level methods (unless it is a 
shared object such as a Scanner). 
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Chapter Summary 

An if statement lets you WrIte code that will execute only incrementally adds to that vruiable'~ value inside the 

if a certain condition is met. An if/else 8tatement lets loop. 

you execute one piece of code if a conilltlOn is met. and 

another if the condition is not met Condition~ are Boolean 

expre8sions and can be written using relatIOnal operators 

sU~'h as <, >= . and ! = You can test multiple conchtions 

using the && and I I operators. 

You can ne.st if/else ~tatements to te'>t a 8erie8 of condi­

tions and execute the appropriate blo(;k of code on the 

basis of whichever condition 18 true. 

The == operator that tem pJimItlve data for equalit)­

doesn't behave the way we would expect WIth obJect8, so 

we test objects for equalit) by calling their equals 

method im.tead. 

Common code that appears III evel), branch of an 

if/else statement should be factored out '>0 that It b not 

replicated multiple times in the code. 

Cumulative algorithms compute value~ incrementally. 

A cumulative sum loop declares a sum vatiable and 

Self-Check Problems 

Section 4.1: if/else Statements 

Since the double t)- pe doe.., not store all values exactly. 

small roundoff en'or~ can occur when the computer pel­

forms calculations on real numbers. Avoid these error~ by 

providing a small amount of tolerance III your code for 

valueg near the value.s that you e~pect. 

The char type represent~ indi\'ldual character8 of text. 

Each letter of a Str~ng IS stored internally ,lS a char 

,alue, dnd you can use the String\ charAt method to 

access these characters WIth an mdex 

The System. out. printf method prints formatted text. 

You can ~peClfy complex. format string~ to control the width. 

alignment. and preCision by which values are printed. 

You can ·'thro'W·' (generate) exceptions in YOUl own code. 

This technique can be useful if your code ever reache~ an 

unrecoverable erroLconilitlOn. such as the pa~~ing of an 

invalid argument value to a method. 

1. Ttanslate each of the following Englj~h statemenl~ mto logIcal tests that could be u8ed in an if/else ~tatement Wnte 

the appropriate ~f statement WIth yoU! logical te~t. Assume that three int \'atiable~, x, y, and z, have been declared. 

a. z is odd. 

b z is not greater than y's !>quare root. 

c y i~ po~itive . 

d. Either x or y is even, and the other is odd. 

e. y is a multiple of z. 

f. z is not zero. 

g. y is greater in magllltude than z. 

h. x and z are of opposite slgn~. 

i. y is a nonnegatIve one-dIgit number. 
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j . z h nonnegative . 

k. x is even. 

l. x is :Illser in value to y than z h . 

2. Gi ven thi;' \'ariable declarations 

int x 4; 

i nt y -3; 

i!1 t z = 4; 

what are the result:'> of the following relational exprclo. ions '! 

a, x 4 

b. x y 

~. x == z 

d. y -- z 

c. x + y > 0 

f. x - z != 0 

g, Y * Y <= Z 

h. y y 1 

!. x * (y + 2 i > y - (y + z ) * 2 

3. Which of the folil)'.,ving if ~ t i\lemem he:tders u&e~ the ~onel:t sylllax'! 

i.l. if x = 10 then 

b. if [x 101 { 

.;, if (X => y) { 

d. if (x equals 42) 

e. if (X =~ y) { 

4. 'The following program contain$ 7 mist:tkes! What Clrc they'! 

public class Oop~4 { 

2 publ ic static void ~ain(Str i ng(j a rgsj { 

3 

4 

5 

6 

? 

8 

int a = 7, b = 42; 

rr. i. n i mum(a, b); 

if {smaller = a} 

5y s t e m.out.println{"e is the s mal lest!II ) ; 

} 

i,O public static vo id rnin5.muIr.( int a , int b) 

11 

12 

13 

14 

15 

16 

17 

18 

if ( a < OJ { 

int omalle r 

else ( a => bj 

int smaller 

ai 

b ' . 
retU.l.'n int s ma l l e r ; 
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5. Consider the following method: 

publ1C static void 1fElseMysteryl(int x, int y) { 

int 2 = 4; 

} 

if (2 <= X) { 

2 = X + 1; 

} else { 

2 = Z + 9; 

} 

if (2 <= y) { 

y++; 

} 

System.out.println(z + .... + y); 

What output is produced for each of the following calls? 

a. ifElseMysteryl (3, 20); 

b. ifElseMysteryl ( 4, 5); 

C. ifElseMysteryl (5, 5); 

~ ifElseMysteryl(6, 10); 

6. Conslder the folloWIng method: 

publ1C static void ifElseMystery2(int a, int b) { 

if (a * 2 < b) 

a = a * 3; 

} else if (a > b) { 

b = b + 3; 

} 

1f (b < a ) 

b++; 

else { 

a--; 

System.out.println(a + .... + b); 

} 

What output is produced for each of the following calls? 

a. ifElseMystery2 ( 10 , 2); 

b. ifElseMystery2(3, 8); 

c. ifElseMystery2 (4, 4); 

d. ifElseMystery2 ( 10, 30); 
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7. Write Java code to read an integer from the user, then print even if that number is an even number 01 odd otherw18e. 

You may a~sume that the. user types a valid integer. 
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8. The following code contai n. a logic error: 

Scanner console = new Scanner(System. i n); 

Syst.em.out.print ( "Type a number: "); 

i nt number console.nextInt(); 

if (number t 2 == 0) 

i f (number % 3 0) 

System.cut.pr i ntl n l"Di v i s i ble by 6."); 

} else { 

System. ou t . pr i ntin ( "Odd . " ) ; 

Examine the cude and d.: . t:ribe a case in which the code would print somethmg that IS untrue aboUt the number that 

',on !. entered. Explain why. Then correct the logic error in the code, 

9. De~cribe it problem lVi th the foHm ing cock : 

Scanner conso l e = new Scanner(System.in); 

System. out.print (",',liat i s your favor i te cole r?"); 

String name = conso l e.next(); 

if (name == "blue") { 

System.out.pr i ntln("Mi ne, too!"); 

10. Factor out redundant c )de from the fl'lIO\\in g example by mo\ ing it out of the if I else Sl3tefllent, preservmg the 

~ume output. 

if (X < 30) 

a = 2; 

x++; 

System.oilt.pri nt l r.("Java i s a.~esomel " + X); 

e l se { 

a = 2; 

System.out .println( "Java i s awesome] " T x); 

1 I. The foilowing (;ode j, P,)orly 8tructured: 

::'n t s um = 100 0 ; 

Scanner console = new Scanner(System. i n); 

Systern .ou t..pr i nc("Is your money mu l tiplied 

int t i mes = console.nextlnt(); 

if t t imes == 1) { 

or 2 t Imes ? !o j ; 

System.out.pri nt("And how much are you contr i but i ng? "); 

i nt donation = conso l e.nextlnt(); 

sum = sum + donati on; 

countl +. +; 

total = total + donat i on; 



Self-Check Problems 

if (times == 2) { 

} 

System.out.print( "'And how much are you contributing? " ); 

int donation = console.nextlnt( ) ; 

sum = sum + 2 * donation; 

count2++; 

total = total + donation; 

Rewrite it so that It has a bettel structure and avoids redundancy. To simplify thing~. you may assume that the 

user al\>\ays t),1>es 1 or 2. (How would the code need to be modIfied to handle an)' numbel that the mer might 

type' l ) 

12. The following code is poorl) structUled 

Scanner console = new Scanner(System.ln); 

System.out.print("'How much will John be spending? "') ; 

double amount = console.nextDouble(); 

Systern.out.println(); 

int numBillsl (int) (amount I 20.0); 

if (numBillsl * 20.0 < amount) { 

numBillsl++; 

} 

System.out.print ( "'How much will Jane be spending? n) ; 

amount = console.nextDouble(); 

System.out.println(); 

int numBills2 (int) (amount I 20.0); 

if (numBills2 * 20.0 < amount) { 

numBills2++; 

} 

Systern.out.println ( "'John needs" + nUmBillsl + "' bills ") ; 

Systern.out.println ( "Jane needs" + nUmBills2 + " bills" ) ; 

Re'Wn1e it so that it has a bettel structure and avoids redundancy. You may Wi8h to intmduce a method to help 

capture redundant code. 

301 

13. Wnte a pIece of code that read~ a shorthand te1<.t d~cnption of d color and pIints thle" longer eqmvalent Acceptable color 

names are B fot Blue, G fOJ" Green, and R for Red If the use! t) pes somethmg other than B, G, or R, the program ~hould 

prmt an errOl mes~age. Make your program ca~e-insensltive so that the user can type an uppercase UI lowercase letter. 

Here are some example executions: 

What color do you want? B 

You have chosen Blue. 

What color do you want? 9 

You have chosen Green. 

What color do you want? Bark 

Unknown color: Bark 
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14. wri t.: a p iece of code that reads :J. shorthand t~.x t descrIption of a playing card and prints the longhll nJ equ ivalen t. 

The slw n hand ,kscrlpt i.lIl i~ tht! carll" , rank \ 2 through 10. J. Q. K, or A) followed by it- w i; (C, D, H, or s ). You 

shoul d ex pand the shorthand mto the form "'<Rank> of <Suit>" You mily aSS UIl!,' that the u~~r Iype, \la iiJ input. 

Her.: ,Ire two sample execut ions: 

En t er a card : 9 S 

Hi.ne o f Spad e s 

En t e r a oard ! K C 

King of Club s 

Section 4.2: Cumulative Algorithms 

15. What is wflmg w h h th~ foi klwi ng code. which a tl' mph to add all m.! · 1 'lb,~rs from 1 to a gJven n\a~ ! !11Un: '! Descnoe 

how ill fLx lhe code . 

public static i n t SumTO( i nt D) { 

for ( i nt i- I ; i <- n; i.t ) 

i !1t sum =: 0; 

sum += i r 

} 

return sum; 

16. What L~ wrong With :nt! fnj iowing code, which ;llt.::r.pb to return the number of tactofs " I' a give n integer II '! 

Des<.:('ibc how III ih. the ('our. 

publ i c stat i c int CDo n t Fa c tor s(int n j 

for ( l u t i - 1 ; i <- n; i ++) { 

i f ( n % i. == 0) If f actor 

retur. n i; 

} 

17. \" 'n Il' ~odc to prodm.:.: a cumulative prr,duct by mu irlplyi ng togcllwr mitny numbers that are reaLl f:' )!Ii (}JC c' nsolc. 

18. The fo llowing exp! ssion shou id e.qu1I1 6 .8 . but i.n JJvt! I t doc" nt'!. Why not '! 

0.2 + 1.2 + 2.2 + 3 . 2 

19. Thc follow ing code wa~ intended to print a mc~~ag.:: . but it IictualJy produces 110 outp ut. De cribc hn\~ tn fix tht" 

t Ilde- [() prim the expected message. 

doub l e s p a = 3.2; 

2f (g~a ~ 3 == 9.6) 

Syst.em. out . . println ("You e arned enough c r e d its. "); 
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Section 4.3: Text Processing 

20. What output is produced by the following plOgram? 

1 public class CharMystery { 

2 publ~c stat~c voi d printRange( char startLetter, c har endLetter) { 

3 for (char letter = startLetter; letter <= endLetter; letter++) 

4 System.out.print(letter ) ; 

5 

6 System.out.println(); 

7 } 

8 

9 public static void main(string[] args ) { 

10 

11 

12 

13 

14 

15 } 

printRange('e', 'g'); 

printRange('n', 's'); 

printRange('z', 'a'); 

printRange('q', 'r'); 

21. Write an if statement that tests to~ee ~hether a string begins With a capital letter. 

22. What is wrong with the following code, which attempts to count the number occum~ncef> of the letter ' e ' in a 

String. case-insensitively? 

int count = 0; 

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

if (s.charAt (i).toLowerCase( ) 'e' ) 

count++; 

} 

} 

23. Consider a String stored in a variable called name that ~tores a per~on's first and last name (e.g .. "Marla Smger"). 

Write the expression that would produce the last name followed by the first initial (e.g, "Smger, M."). 
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24. Write code to examine a String and detemune how many of It~ letters come from the 8econd half of the alphabet 

(that is, have values of 'n' or subsequent letter<;). Compare case-insensitively. such that values of 'N' through' Z' also 

count. Assume that every character in the string i& a letter. 

Section 4.4: Methods with Conditional Execution 

25. Consider a method printTriangleType that accepts three Integer arguments representing the lengths of the sides 

of a triangle and prints the type of triangle that these ~Ides form. The three types are equilateral. Isosceles, and sca­

lene. An equilateral triangle har, three ~ide,> of the same length. an Isosceleg triangle ha.., two :.ides that are the same 

length, and a scalene triangle ha'> three l>ides of dIfferent lengths. 

However, certain integer values (or combination<; of value'» would be illegal and could not l'epre&ent the side<; of 

an actual triangle. What are these value~') How would you describe the precondltion(~) of the printTriangleType 

method? 
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26. C{lJ1~ider a method getGrade that accepts an integer representing a student 's grade perc:eUlage in a course J11d 

return~ that student's numerical C\.lur"e grade, The gradt' c;,lt\ be between 0.0 (fading) and 4. 0 ~perfect), What are 

th:e pn!condi:ions {.If such a meth )d'" 

27. Th~ :o:rt)';";~lg method att.:mpt~ \(, rerum th.: median (middle.) of three integer v:!luc , btll it ,:ont.lim; logic ern)~,. In 

\\h:.!t cast: dot's the method rCUlrn an ~ !h:o n"'(,'t ro:, lilt} H,)\\ ' can the code be fixeJ'. 

public static lnt me d i anOf3 (iat nJ, i m: Il2, int n3} 

if (n1 < n2) 

if (n2 < 03) 

return n2; 

else { 

return n3; 

else 

if (nl. < n3) { 

return nl; 

else { 

return n3; 

28. One of the exert'is,"!' in Chapter 3 a.~ked YOLI to write :t :nct/h)d that would find the roots of a quadratic equarion of 

the form a\l + h:t + c = I), Tbe llt1adratic method W <l$ passed a, b, anJ c ~'nd thell appl ied th,~ following qlladr:uk 

formula: 

- Ii t . V/,T ~~ ':;;;: 
\ = -.----~~---

2,1 

Und~r what conditions would tIllS fomlUJa [.liP Modify the quadratic method so that it will rejed invalid values 

of a , b. ,Ir c by thrnwiut! an exception, I,' y'\'U did not complete the exerci,e in the prcvioll' chapter, just write the 

method', header and tht! eJiception"throwing code,) 

29. C'onsid(,j' th~ foBo\ ing Java rnethoJ. \vhieh ! ~ \vrittc :1. llK'fl!T('Cti ) : 

II This method should return ho" mar.y of its three 

1/ argurne:1ts ace odd nt.:rnbers. 

public static void pr i ntNumOdd(int nl , int n2, int n3) 

int coent = 0; 

if (n1 % 2 l= G) 

co~nt.;..+; 

e 1:;e if (n2 % 2 l = 0) 

count++; 
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} else if (n3 % 2 J = 0) { 

count++; 

} 

System.out.println{count + " of the 3 numbers are odd. ") ; 

} 

Under what ca~e8 will the method print the correct an&wer, and when will it print an inconect answer? What ~hould 

be changed to fix the code? Can you think of a way to wnte the code correctly without any if/else ~tatement~? 

Exercises 

1. Write a method called fractionsum that accepts an mteger parameter 11 and retulD!> as a double the sum or the 

first n terms of the sequence 

n 1 
~­
~l 

In other words. the method should generate the following sequence: 

I I I I + --+- + -- + -+ 
2 345 

You may assume that the parameter n is nonnegative 

2. Write a method called repl that accepts a String and a number of repetition~ as parameters and returns the 

String concatenated that many times. FOI example, the call repl ("hello", 3) should return 

"hellohellohello" . If the number of repetitions IS zero orle~s. the method ~hould return an empty string. 

3. Write a method called season that takes a~ parameter, two integers representing a month and day and returns a 

String indicating the season for that month and day. Assume that the month is spec1fied as an mteger between I 

and 12 (1 forJanuary. 2 for February, and so on) and that the day of the month is a number between I and 31 If the 

date taUs between 12/16 and 3115, the method should return "winter" . If the date falls between 3/16 and 6/15. the 

method should return "spring" . If the date faIls between 6/16 and 9/15, the method should retum "summer" And 

It'the date fa11~ between 9116 and 12/15, the method should return "fall" . 

4. Write a method called dayslnMonth that takes a month (an integer between I and 12) as a parameter and returns 

the number of days in that month in thls year. Fm ellample, the call dayslnMonth{ 9) would retum 30 because 

September ha~ 30 day~. Assume that the code IS not being run during a leap year (that February always has 28 day~) 

The following table lists the number of days m each month : 

Month I lan 2 Feb 3 Mar -tApr 5 May 6 lun 7 lui SAug 9Sep 10 Oct 11 Nov 12 Dec 
--

Days 31 28 31 30 31 30 31 31 30 31 30 31 

5. Wnte a method called pow that accepts a ba~e and an exponent a~ parameters and returns the base raised to the given 

power. F(lf example, the call pow ( 3, 4) should return 3 * 3 * 3 * 3. or 81 . Assume that the babe and exponent 

are normegauve_ 
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6. Write a melhexl called pr intRange that a~i.:epts two integers as argl!ments and print> the ;;equL'nce of numbers 

helWCt~ n ih<- l',\O arguments, 5epdnlred by spaces, Print an increa~ing SCljUCl1ce If the tin;! argument is ~maller than 

lh' S~(Il!lJ : lltlierwisc. prim a decreasing sequence, If the two numher" are the same, that numher ~hould he printed 

by it$elf. Here :ire ~OJn~ saInpl~ cails to t,)r i ntRange: 

printRange ( 2, 7) ; 

pri~tRange(19, 11); 

printRange(5, 5); 

The output pr\)c!a '<xi ft'Gm these calls should be the following ~eql,;':Hi:e of number.;: 

234 5 6 "i 

19 18 17 16 15 14 13 12 11 

i. Wnte II ii ta,; , method caJled xo that accepts an integer ,liz!:' as a parameter and pnnt, a square L)f li:c b) li;:e charac­

ters. where ali charJ<:ler, are "0" except that an "x" paltern of "x" Ch;lr:lCh!I~~ hi t:. bc~r. drmvr. 1'10111 the ';(lrners ;.,1' ,11.: 

''''luarC' . On the first line. the firs t and ia"t churactenL,lre "X II : ,m the ,cC\lnJ li nt!. the second and ~lx:()nd-tmm-!a st 

characters are "x": and so on. Here are 1\\0 ;:xampie OlltpLHS: 

xo(5) ; xo(6) ; 

xooox xoooox 
oxoxo oxooxo 
ooxoo ooxxoo 
oxoxo ooxxoo 
xooox oxooxo 

xoooox 

8. Writa a mcrhnu ..:alted smallestLargest that accepts a Scanner for the console as a parameter and u~b lit;:) user 

ro enter numbers. then prinb the 5.111; licq noll h:rge" (!f all the illllnb.:r, supp lied hy th.;: llser. Y('tl ma~ a,"lIi1l~ thllt 

the ;: ~.:r c,pters u "alid number greater thall 0 fe!' the number of numbelO> to read. Her.: is a ;;amp'" ,::--.:..:utlon: 

HOIr: J:lany numbers do you want to enter? 4 

Number 1: 5 

Number 2: 11 

Number 3: -2 

Number 4: 3 

Smallest = --2 

Larges1; = 11 

9. Write a lllt'!hod cal:ed evenS umNax that accl::pt~ a Scanner for the c()n~o e a~ a pammeier. The method "huuld 

pl'l..1mpt tht= user tor ~l nUluber nC i nteg cr~. then pnHnp[ the infc~er ~hat anany t!rl1C'S. ()n-.;I..! ~h~ U:"\.!,· ha~ eilt~ re,d aU the 

il1legl'r~ , me method should pri'lt Ih..: sum of all the even numbeI's the user typed , along with the largest eyen number 

typed. You maya· ~tlml' that ,he user \ 'iII lype at least one nonnegative even integer Here is an I.'.\ampic J;.,inglH': : 

Row many integers? 4 

Next integ'er? 2 



Exercises 

Next integer? 9 

Next integer? 18 

Next integer? 4 

Even sum = 24 , Even max = 18 

10. Write a method called printGPA that accepts a Scanner for the console ab a patameter and calculates a student's 

grade point average. The u~er will type dIme of input containing the student's name. then a number that represents 

the number of ~corcs. followed by that many mteger score8. Here are two eAample dialogues: 

Enter a student record: Maria 5 72 91 84 89 78 

Maria's grade is 82.8 

Enter a student record: Jordan 4 86 71 62 90 

Jordan's grade is 77.25 

Mana's grade is 82.8 became her average of (72 + 91 + 84 + 89 + 78)! 5 equals 82.8. 

11. Write d method called longestName that accepts a Scanner for the comole and an integer n as parameter~ and 

prompa. for 11 names, then print~ the longebt name (the name that contains the most characters) m the format ~hown 

below, whIch ITIlght result from a call of longestName (console, 4 ) . 

name Ill? Roy 

name il2? DANE 

name 13? sTeFaNiE 

name 1I4? Mariana 

Stefanie ' s name is longest 

12. Write the method called pnntTriangleType referred to in Self-Check Problem 25. This method accepts three 

integer arguments representing the lengths of the sides of a triangle and prints the type of triangle that the~e side~ 

form. Here are some sample calls to printTr~an9leType : 

pr~ntTriangleType(5, 7, 7 ) ; 

printTriangleType(6, 6, 6 ) ; 

printTriangleType(5, 7, 8)i 

printTriangleType(2, 18, 2); 

The output produced by these calls should be 

isosceles 

equilateral 

scalene 

isosceles 

Your method should throw an IllegalArgumentException if passed mvalid values. such as ones \\-here one 

SIde'S length is longer than the sum of the other two, which is impossible in a triangle Fm example. the call of 

pr~ntTriangleType( 2, 18, 2); 5,hould thmw an exceptlOn. 

13. Write a method called average that takes two mtegers as parameters and return. the avelage ot the two integer8. 
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14. M,xlify your pow method from Exercbe 5 to ma ke a ncw method called pO'.~2 that use~ the type double for til" fi.r,;l 

pan\ln~ter and that work.,> l'OlTcctly for Ilegativc nllmba~ , For example, the c.all pow2 (-4.0, 3) ~h('1I1J return -4.0 

~ - 4 .0 * -4.0,Of-64.0.antithcclilpow2(4.0, -Z) sll'.'u idn?lurnl.l 16 . 0;'0, 062 5 

15. Write;, m;;:thoJ ca lled ge tGrade thalliccept~ an integer repl';:,~cmir!g ;J sl\;dcnt", gr:;<.k in l: cou;-,.: and r,~twn., that 

swuer.!'s numerical course grad;;:. The grade l'an be between 0.0 ;:ra.ili n)!:, "ud 4 . C perfe~·t} , .L\"U!l t' ;hat 't'nl'" arc 

in thc range (If 0 to 100 and tha t grade. <Ire ha~ed on the follow ing ,.;ale: 

Score Grade 

<60 0.0 

60-62 0.7 

63 0.8 

6~ 0.9 

65 1.0 

9~ 3.7 

93 3.8 

94 3.9 

>= 95 H) 

For an 'lulled ctdknt!c. make your method Ihrow an IllegalArgumentException j f the Ul>cr rJ~~es a grade Il,wcr 

than 0 or higher than 100. 

16. Wntc <I meth()d Lall~J :;>rintPal indr-Oine [hat accept~ a Scanner- iilr !hc ('on~()1e as a paru!l1~t<:'r. prompts ~he u.,;er 

to cater on(- or ri10re \- or t ~. and pr ~ nt~ \\.fh~ther the ~n~..:!rcd St:: in c; b =- pa:~!ldr:"'il.i.:." (Le .. read" the- '~DHe 

hrward a, it doc" hac' ward. like "abba" or "racecar"). 

1-'01' <l.n uddd ch,d! 'nge. make the code case- insens itive, so that words !ike "Ah!:>b" and "Madam" ,,,ill be 

l'\.ll1sidereJ pal indron c ,~ 

17. Wrn..: a mdhod called s ':lapPairs ih<i: accepts a String a~ a parameter and r~ll! rn Ill;:! St:r i ng WI! h o:ach pHir of 

adjac:.:!nt i~tt.~r~ r(' (..'r .... clL If the Str.i ng hLl"; ~nl odd numb\.~r of letters, the J H~11etr0r i~ t:I~L . .-ht:!iged. Fc-rc\an\ple, the 

caJ s~~vapp:Ji rf5 " I~ exar.lple") ~h\luld re~urn "xemalpe n ant! ~hc culi s:. ... a?pairg ( ";'1e 1. 1c -:'".ne re. lI
) ~hl)u ld rl.~turi1 

"en11 ohtre e " . 

18. Write a illt'tlwd called wor-dCO'l!lt: th:tt al:.:epts a String u~ It pi!ia rneter and "~llirn :> :ilt' numhcr of word in 

the Stri ng. A word 1S a sequenl:e o r (1[;e or mor~ nonspace character~ (any chlU'acter Clther tban' ' !. Fnf c\.;i!npk. 

the call wordCount( "hello") should return i. the t.:all wordCount( "how ,n'e you? ") "h,l(lid rl'W:':, 3. :h<' \.'il/i 

wordCount (" this string has wide spaces ") should return 5, anJ [\::: cal! \·.'OrdCourrt (H ") ,hould 

return O. 
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19. Write a method called quadrant that accepts a8 parameters a pair of double value!. representmg an (x. y) point and 

returns the quadrant number for that point Recall that quadrants are numbered a& integers from 1 to 4 with the 

upper-right quadrant numbered I and the subsequent quadrants numbered in a countercloc\c","l5e fashion: 

y-axis 

Quadrant 2 Quadrant I 

_-----r-----__+x-axis 

Quadrant 3 Q uadrant 4 

Notice that the quadrant is determined by whether the x and y coordinates ale pOSltlve or negative numbers . Return 0 

if the point Jie~ on the .\- or y-axu, . For example, the call of quadrant (-2.3, 3.5) .. hould return 2 and the call ot 
quadrant (4,5, -4.5) ~hould return 4 . 

20. Wnte a method called numUnique thattakes thlea integer~ J!> parameters and return!> the number of unique Integers 

among the three. For example. the call numUnique ( 1 B, 3, 4) should retum 3 because the parameters have three 

different yalues. By contrah1, the call numUnique (6, 7, 6) should return 2 hecause there are only t\\,o unique 

number~ among the three parameters : 6 and 7. 

21. Wnte a method caIled perfectNumbers that accepts an integer maxImum as its parameter and printi> all "perfect 

numhers" up to and includlOg that maximum. A perfect number IS an Integer that is equal to the sum of its proper 

factors , that is. all numbers that evenly divide it other than I and Itself. For e:>.ample, 28 is a perfect number hecau~e 

J + 2 + 4 + 7 + 14 = 18 The call perfectNumbers { 500 ) ; should produce the following output: 

Perfect numbers up to 500: 6 28 496 

Programming Projects 

1. Write a program that prompts for a number and dhplays it in Roman numerals. 

2. Write a program that prompt~ for a date (month. day, year) and report~ the day of the week for that date. It might be 

helpful to know that January I, 1601 , wa~ a Monday. 

3. Wnte a program that compares two college applicants The program should prompt for each ~tudent's GPA, SAT, 

and ACT exam scores and repo!'t which candidate is mote qualIfied on the basis ofthc<;e scores 

4. Write a program that prompts for two people's birthdays (month and day), along with tOday'5 month and day The 

program should figure out how many day~ remaIn until each user's birthday and which birthday is ~ooner. Hint: It I~ 

much ea<,ier to solve this problem If you convert each date into an "absolute day" of year, from 1 through 365. 
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:.. \Vme a pw¥mm that C()mpll[e~ a student\ grade In a ( oursc. The C()ur~c grade has threc components: hop.wwork 

nil: ignments, a midterm exam. and a final exam. The program ~hOll!d prompt th", u,cr for all mformati()f) 11 ('c e. ~ar\' 

tu compute' ttle ~radc . .'i Lh.:h it;, tht! llumher or hOlne'work as~i ¥nments. the point& e.amed and p OlJlb p,),~ i blc for cileh 

a.~~ignmem. ihe midterm and fmal exam score·~. and whether each t'XUIll \','a" curvcd (and. if su. by h,\\V ,ntu.:h ). 

Consider wriring :1 variati on vf thl ~ program that rep(Jlt~ wh<lr tlnal e."am ~core the l>tucient needs tn get a .:ertain 

~nuj";-;e gnH-ic. 

6. l\ u:\eful techniqlle for c at c hH1~ typing error" I ~ t~) u~c H \.· b~t.' k Jig-i t. F(1r ~ '\'U11pi.:. ~lIPP(lS ~ thai a ~cho()l a&:-,igns (J 

:il\-di¥i t numbt:r to ea 'h ,itltieat. A ~eventh digit Cit,] be J ett!rrninc'd f rol!l the utht' l" digits \~ ith the !lse of the r\'lkl\~ . 

iog formula: 

7th dign = (1 'r (lst di t;lt) + 2 * (2nd digit ) + . .. + h ,;, (lith digit)) % 10 

\Vhen a user type.s m a student Ilumhe:'. the lI~er tYf " - :Iii • " 'en digit!--. Ir !he number b typ;; ·j i n~orrectly, the che<.: J... 

digit wi ll fail w mmc:h in lIO';, ,)1' :l1c .:a~,!~ . Write an JJ1\t'I'actj\'c prugmm Ihllt promp!1> l(1r::l 5ix-Jigit student numher 

and rcplln~ ',he dJ..:ci\ dig i. t"0r that number, U ~1!lg th(: prcccd in~ fOflnula , 

7. \Vrite a program that di:;pluy, Pascal' ~ tt1angle : 

l 

2 
1 3 3 1 

1 4 6 4 1 

1 ~ 10 10 5 1 
6 15 20 15 6 1 

7 21 35 3 5 21 1 
1 8 28 5G 70 56 28 8 

1 9 36 84 126 126 8 4 36 9 
10 4 5 120 2 10 252 2I D 120 45 10 

U, e System. out . pr int. f W fomlat the output into fiel ds of Width 4. 


