Choices

The example programs so far were al similar in one respect: they al executed in a"straight line".
Each statement in the source program executed after the statement on the preceding line. Thisis
convenient if our goal is to learn the basic elements of Java programs, however the demo
programs were not very interesting. By providing a capability to "make choices’ or to perform
simple tasks "repeatedly” or "in a loop”, we can devise much more exciting programs. We can
begin to solve non-trivial problems, and, more importantly, we can begin to see why the string
literal "Java i s fun!" wasused so muchin the preceding examples.

We will now study how to ater the straight-line flow of programs by making choices with the i f
statement and the swi t ch statement, and by executing a series of statements in a loop using the
whi | e, do/ whi | e, andf or statements. Let’s begin with making choices.

Making a choice in a computer program is like confronting a fork in a road. The route taken
determines the sights encountered. The choice is something like, "For a scenic trip, turn left; for
a fast route, turn right". Such decisions aso surface in programming language like Java. Let's
begin our examination of programming choices with one of the oldest tools in computer
programming: flowcharts. Figure 1 shows two flowcharts illustrating (a) a straight-line program
and (b) a program that includes a choice.
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Figure 1. Program flow (a) straight-line execution (b) choice

There are detailed conventions on the design of flowcharts; however, they are not presented in
this text. For our purposes, the three basic shapes shown in Figure 1 will suffice. The shapes are
connected by arrows showing the flow from one program element to the next. Program
termination points are depicted within rounded rectangles using the labels "begin" and "end".
These refer to the termina points for an entire program, a method, or any other subsection of
code. Statements are enclosed in rectangles, and decisions are enclosed in diamonds. A decision
is aways based on arelational expression witht r ue or f al se value.

Unfortunately, the picture in Figure 1b is awkward to convert to computer instructions. The
problem is that program statements are entered line-by-line, one after the other. At some point,
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the two-dimensional layout in Figure 1b must be reworked in a one-dimensional format, as shown
in Figure 2.
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Figure 2. Straight-line flowcharts with choices

Each of part (a) and part (b) in Figure 2 isidentical in flow to Figure 1b. However, the pictures
are considerably less "pretty”. The most useful information in Figure 2 lies in the lines and
arrows, rather than in the juxtaposition of the shapes, asin Figure 1b. Figure 1b one more clearly
represents a human's mental model of flow with decisons, whereas Figure 2 more clearly
represents the line-by-line linear layout of program statements in a source file. The point is this:
flowcharts are considerably less useful than they are often made out to be. In this author's
experience, programmers rarely solve problems by first constructing a flowchart and then
developing the code using the flowchart as a guide. Even if a flowchart is a requirement of an
assgnment in a programming course, students write and debug the code first, then construct the
flowchart later to meet the requirements of the assignment. Is this a bad approach? Perhaps not.
Forcing the development process along ordered, isolated activities is usually overstressed and
probably wrong. As research in artificia intelligence has discovered, modeling human
intelligence is a dippery business. Humans appear to approach the elements of a situation in
pardlel, smultaneously weighting possible actions and proceeding by intuition.

We will use flowcharts only sparingly from this point onward.

A much more useful aid to the design of programs with non-linear flow is a technique inherited
from structure programming languages, such as C or Pascal. The technique is indentation.
Indentation is, by far, the best way to reved the flow or possible paths that a program may follow
during execution. Not adhering to a consistent style of indentation is an invitation for trouble.
The style shown in these notes is consistent. Y ou may adopt it, or adopt some other style; but, be
forewarned, as soon as your style of indentation wavers, you will introduce bugs that take far
more time to correct than the time to indent your source code. As a guideline, make sure every
line of source code has the proper indentation. If you aren't sure how much indentation is needed,
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stop! Take a few moments and consider the big picture. How does this statement interact with
the statements around it? Don't proceed until you are sure. Okay, so much for the sermon, let's
begin our study of program flow by examining Javasi f statement.

if Statement

In a computer program, we don't usually think about roads and which turn leads to a scenic route.
We are more likely to confront situations like this: "If the user typed 'Q', quit the program,
otherwise continue". Note the use of the word "if" in the preceding phrase. Not surprisingly, our
study of program flow begins with Java'si f statement.

There are two forms of the i f statement: i f andi f/ el se. The syntax of thei f/ el se form
is

if (relational_expression)
statenent 1;

el se
st at enent 2;

st at enent 3;

where "r el ati onal _expressi on" is any term or expression with a boolean value. If the
relational expression istrue, statement #1 executes, otherwise statement #2 executes. After
statement #1 or #2 executes, the program continues with statement #3. Any statement can be
replaced by a statement block using braces:

if (relational_expression)

{
st at enent 1a;
st at enent 1b;
st at enent 1c;

}

el se

st at enent 2;
st at enent 3;

Theel se part isoptional:

if (relational_expression)
st at ement 1;
st at ement 2;

With this form, statement #1 executes only if the relational expression is true. Either way, the
program proceeds with statement #2. Figure 3 shows the flowcharts for ani f / el se statement
andani f statement.
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Figure 3. Flowarts (@) i f / el se statement (b) i f Statement
Let's examine the if/else daement in a smple demonstration program.

Denol f El seSt at ement prompts the user to enter his or her age. The outputs depends on the
value entered (see Figure 4).

1 inport java.io.*;

2

3 public class DenolfEl seStat enent

4

5 public static void main(String[] args) throws | OException

6 {

7 Buf f eredReader stdin =

8 new Buf f er edReader (new | nput St r eanReader (Systemin), 1);
9
10 System out. println("Wl cone to the Java Roadhouse!");
11 System out. print("Pl ease enter your age: ");
12 int age = Integer.parselnt(stdin.readLine());
13 if (age < 19)
14 Systemout.println("Here's a ticket for a free soda");
15 el se
16 Systemout.println("Here's a ticket for a free beer");
17 }
18 }

Figure4. Denol f El seSt at enent . j ava

All the elements in this program were discussed earlier, except for the i f/ el se statement in
lines 13-16. Two sample dialogues are shown below. (User input is underlined.)
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PROVMPT>j ava Denvol f El seSt at enent
VWl cone to the Java Roadhouse!
Pl ease enter your age: 17
Here's a ticket for a free soda
Pl ease enter

PROVMPT>j ava Denvol f El seSt at enent
VWl cone to the Java Roadhouse!
Pl ease enter your age: 23
Here's a ticket for a free beer
Pl ease enter

Inline 13, an i f statement uses the relational expression "age < 19" to determine which of
two statements to print. The variable age is compared with 19 using the < operator. The result
isabooleanvalue, t r ue if age islessthan 19, f al se if age is 19 or greater.

In many programming Situations the else part of an if statement is not necessary. For example,
the following statement

if (tenperature < 15)
Systemout.println("Don't forget your coat!");

prints a reminder to bring your coat if the variable t enper at ure is less than 15. If
t enper at ur e is 15 or greater, the reminder is not printed. Either way, the program continues
with the next statement. Note above that there is no statement that executes only if the
temperature is 15 or greater.

Nested i f statements

It is quite common to have i f statements nested inside other i f statements to provide multiple
aternativesin a programming problem. Thisisillustrated in Figure 5.
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Figure5. Nestedi f statementsfor multiple aternatives
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An example is shown in the program Gr ades. j ava which outputs a letter grade based on a
numeric mark.
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1 inport java.io.*;
2
3 public class G ades
4
5 public static void main(String[] args) throws | OException
6
7 Buf f eredReader stdin =
8 new Buf f er edReader (new | nput St r eanReader (Systemin), 1);
9
10 Systemout.print("Enter your mark in percent: ");
11
12 doubl e mark = Doubl e. par seDoubl e(stdi n. readLi ne());
13
14 if (mark >= 80)
15 System out. println("You got an A");
16 else if (mark >= 70)
17 System out. println("You got a B");
18 else if (mark >= 60)
19 Systemout. println("You got a C');
20 else if (mark >= 50)
21 System out. println("You got a D'");
22 el se
23 System out. println("You got an F");
24 }
25 }

Figure 6. G ades. j ava

A sample dialogue with this program follows:

PROVMPT>j ava G ades
Enter your mark in percent: 66.6
You got a C

At the point where a relational expression yields t rue in Gr ades. j ava, the letter grade is
printed, and no further relational expressions are evaluated. Note that the last el se handles the
"none of the above" condition.

It can be difficult determining the pairings for the i f and el se parts of nested i f/ el se
statements (particularly if indentation is inconsistent). The rule is this; an el se is associated
with the nearest preceding i f that does not have an el se immediately following it.

Figure 7 illustrates nesting i f / el se statements within each half of a preceding if/ el se
Statement.
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Figure 7. Nestingi f / el se insde i f/ el se

Two possible implementations are given in Figure 8.

if (rel_expl
i(f (rel pez(pz) if (rel_expl && rel _exp2)
st at enent 1; statenent 1,
el se ' else if (rel_expl && !rel _exp2)
st at ement 2; st at ement 2;
el se ' else if (!rel _expl & rel _exp3)
if (rel _exp3) statenent 3;
st at enment 3: else if (!rel_expl && !rel _exp3)
el se st at enent 4;
st at enent 4,
(@ (b)

Figure 8. Two implementations for the nested i f / el se statementsin Figure 7.

The code in Figure 8a s clearly easier to follow; however the code in Figure 8b takes fewer lines.
The solution in Figure 8b combines relational expressions to more directly arrive at the desired
statement. Note the important role of the logical ! (NOT) operator; it effectively captures the
"f al se" pathsthroughthei f/ el se statements.

There are advantages and disadvantages to each approach in Figure 8. In Figure 8a, only two
relational expressions are evaluated in reaching the correct statement. In Figure 8b, as many as
eight relational expressions may be evaluated. So, in general the approach in Figure 8b is sower.

The approach in Figure 8b aso suffers from other "possible” problems. If statement #4 is to be
executed, then rel _expl is evaluated four times. Not only is this time consuming, if the
expression includes any operations that change the content of a variable in the expression (eg.,
x++), then the variable will not hold the same value each time the expression is evaluated. There
may be a subtle, hidden bug lieng in wait! Here's another "possible" problem with the approach
in Figure 8b. Due to lazy evauation (see below), it is not certain how many timesr el _exp2 or
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rel _exp3 are evaluated. It is not possible, therefore, to predict the final vaue of any variable
used in these expressions that changes. Again, a bug may exist that only surfaces under certain
initial conditions.

Pay special attention to the effect of lazy evaluation for logical operators. In the first i f
expression in Figure 8b, r el _exp2 isnot evaluatedif r el _explisfal se. (Ifrel _explis
f al se, the combined expression must be f al se!) Thisis not a bug; it is simply a behaviour
that must be understood by Java programmers. The trick is to make sure no variables used in
rel _exp2 are assigned new values!

Despite the caveats above, programmers still construct i f/ el se hierarchies with complex
relational expressions. Is this bad? Not necessarily! As noted earlier, humans approach
problems and their solutions in a variety of complex and intuitive ways. To stifle such creativity
by imposing rigid coding guidelines probably brings forth more problems than those guidelines
are worth. The main prerequisite to proceeding creatively in solving problems in Java is a
thorough understanding of the constructs of the language.

While we're on the subject of lazy evaluation, let's examine a powerful technique to incorporate
safeguards in relational expressions. Suppose s references a string of characters.  Suppose
further that we want to do something specia if the string begins with ' Z' . This could be
achieved asfollows:

if (s.substring(0, 1).equals("Z"))
Systemout.println("Begins with Z2");

If, by chance, s references an empty string, we're in trouble because accessing a non-existent
index in astring isillegal and will cause a run-time error or exception. Thisis effectively averted
asfollows:

if (s.length() > 0 &% s.substring(0, 1).equals("Z"))
Systemout.println("Begins with Z2");

If s references an empty string, the first relational expression above yields f al se. Since the &&
(AND) operator connects the two relational expressions, the combined result must be f al se.
Therefore, due to lazy evaluation, the second expression is not evaluated and the error is averted.

Selection Operator

The selection operator (? : ) provides a convenient shorthand notation for certain conditional
assgnments. For example, the followingi f / el se statement

if (a<b)
zZ = a;
el se
z = b;

can be coded as

Z=a<b?a: b;

The variable z is assigned the value of a (if a isless than b) or the value of b (if a is greater than
or equal to b).

The general syntax for the? : operator is
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rel _exp ? expl : exp2

Thisis just an expression which returns the value of expl (if rel _exp istrue) or exp2 (if
rel _exp isfal se). Expresson rel _exp is a relational expression, whereas expl and
exp2 are expressions returning any data type or an object. Since the ? : operator takes three
operands, it is called aternary operator.

switch Statement

As with the selection operator, the swi t ch statement provides a convenient aternative (but it is
not essential). Its main use is to avoid an unsightly series of i f/ el se statements when
choosing one aternative among a set of alternatives. The syntax for swi t ch statement follows:

switch (integer_expression)

{

case O:
st at enent O;
br eak;

case 1:
statenent 1;
br eak;

case 2:
st at enent 2;
br eak;

defaul t:
defaul t _statement;

}

Note that "switch", "case", "break”, and "default" are reserved words in Java. If the integer
expression equas 0, statement #0 executes, then the br eak statement executes. The br eak
statement causes an immediate exit from the swi t ch. |If the integer expresson equals 1,
statement #1 executes, and so on. If no case matches the integer expression, the default statement
executes. If the br eak statements are omitted, the correct case is till chosen; however,
execution proceeds through the other statements until the end of the swi t ch or until a br eak
statement is eventually reached. This is usually a programming error. The br eak statement is
discussed in more detail |ater.

The program TaxRat e. j ava demonstrates the swi t ch statement.
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1 inport java.io.*;
2
3 public class TaxRate
4
5 public static void main(String[] args) throws | OException
6
7 Buf f eredReader stdin =
8 new Buf f er edReader (new | nput St r eanReader (Systemin), 1);
9
10 Systemout.println("What is your incone bracket?");
11 Systemout.println("1l = less than 25K");
12 Systemout.println("2 = 25K to 50K");
13 Systemout.println("3 = nore than 50K");
14 Systemout.print("Enter: ");
15 int bracket = Integer.parselnt(stdin.readLine());
16 switch (bracket)
17 {
18 case 1:
19 System out. println("Pay no taxes");
20 br eak;
21 case 2:
22 System out. println("Pay 20% t axes");
23 br eak;
24 case 3:
25 System out. println("Pay 30% taxes");
26 br eak;
27 defaul t:
28 Systemout.println("Error: bad input");
29 }
30 }
31 }
Figure9. TaxRat e. j ava

A sample dialogue follows:

PROVMPT>j ava TaxRate
VWhat is your
1. less than 25K
2. 25K to 50K

3. nore than 50K
Enter: 2

Pay 20%t axes

i ncome bracket ?

This program implements a simple menu. The user is prompted to enter 1, 2, or 3 to select an
income bracket. The vaue is inputted and converted to an i nt in line 15, then passed as an
argument to the swi t ch statement in line 16. In the dialogue above, the user entered "2", so the

message printed was "Pay 20% t axes".

The statementsin lines 16-29 could be coded using aseriesof i f / el se statements as follows:
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if (bracket == 1)
Systemout.println("Pay no taxes");
el se if (bracket == 2)
Systemout. println("Pay 20%taxes");
else if (bracket == 3)
Systemout. println("Pay 30%taxes");
el se
Systemout.println("Error: bad input");

The arrangement above takes fewer lines, but it's also less clear. The difference is more dramatic
is the statements are replaced by statement blocks. The choice of using aswi t ch statement or a
seriesof i f/ el se statements is a personal preference, and well not adhere strictly to either style
in these notes.

The swi t ch satement only works with integer arguments. This is a limitation in some
situations. Sinceani f statement uses a relational expression, it is more flexible. However, with
some "preprocessing” a switch can often till be used. For example, assume a program inputs
words and processes them differently depending on their length. If word isa Stri ng object
variable referencing the inputted word, then the processing could proceed as follows using
i f/ el se statements:

if (word.length() == 1)
else if (word.length() == 2)
else if (word.length() == 3)

el se

Each elipsis (. . . ) would be replaced by a statement or statement block, as appropriate. The
final el se handles the "none of the above" situation of wor d referencing an empty string. (An
empty string has length zero.) The same effect is achieved using aswi t ch statement as follows:

int len = word. |l ength();
switch (len)

case 1: /1 length is 1
br eak;

case 2: /1 length is 2
br eak;

case 3: /1 length is 3
br eak;

defaul t: /1 enpty string (length is 0)

}
Besides the more appealing look, the arrangement above has one other benefit. The expression
"word. | engt h() == n" in the preceding example is re-evaluated for each if-test. Thisis

time consuming since it requires a cdl to a class method. On the other hand the integer
comparison in the swi t ch statement is extremely fast. The speed difference may not appear in
small programs, but it may be a concern in some situations.
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Let's reconsder this example with a dightly different goal. Suppose the words are processed
separately depending on the first letter in the word. Can aswi t ch statement be used? Yes, but
a little ingenuity is required. Here's the approach. First, we initidize an i nt variable code
either with -1 if wor d references an empty string, or with the lexical difference from ' a' of the
first letter inwor d:

i nt code;

if (word.length() == 0)
code = -1;

el se

code = word. substring(0, 1).tolLowerCase().conpareTo("a");

So, if the word is "able", code is O, if the word is "baker", code is 1, if the word is "charlie’,
code is 2, and so on. It is important to check for an empty string, as above. The expression
wor d. substring(0, 1) generates a run-time eror (the program crashes!) if word
references an empty string. The arrangement above effectively guards against this. With this
preparation, the words are processed using aswi t ch statement as follows:

switch (code)

case O: // word begins with "a" or "A
br eak;
case 1: /! word begins with 'b'" or 'B
br eak;
case 2: /! word begins with 'c' or 'C
br eak;
defaul t: /1 enpty string or doesn't begin with a letter
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