
Loops in the Everyday World

You may not remember it, but you probably learned to walk about the time you were one year old.
With your first step, you had to figure out how to execute this process:

Put one foot in front of the other

At some point, you did just that, and it was a major accomplishment. Of course, this didn’t get
you very far. If you wanted to walk across the room, you needed to extend this process to:

Put one foot in front of the other
Put one foot in front of the other
Put one foot in front of the other

And so on.
This is not a very efficient way to describe what you did; a detailed list of your actions as you

ambled all over the house would get very long. Since you did the same thing over and over, a
much better way to describe your actions would be:

Repeat
Put one foot in front of the other

Until you get across the room

This way is short, convenient, and just as descriptive. Even if you want to take hundreds or
thousands of steps, the process can still be described in just three lines. This is the basic idea of
a loop.

Walking is just one of many examples of loops in your daily life. For example, if you have a
large family and need to prepare lunches for everyone in the morning, you can do this:

Repeat
Make a sandwich
Wrap the sandwich
Place the sandwich in a lunch bag
Place an apple in the lunch bag
Place a drink in the lunch bag

Until 7 lunches have been made

Where else would you encounter a looping process? How about in balancing your checkbook
(one check at a time), or while brushing your teeth, or even when playing a compact disc song by
song? After you read this chapter (one word at a time), you’ll be ready to place loops in your
programs as well.
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In this chapter, we will explore the topic of loops, or repetition structures, which con-
tain a block of statements that can be executed repeatedly. We will discuss differ-
ent types of loops, applications of loops, and using loops contained in other loops.
To be more specific, you will learn about

1. The difference between pre-test and post-test loops [Section 4.1].
2. How to use relational and logical operators in loop conditions [Section 4.1].
3. Constructing counter-controlled loops [Section 4.2].
4. Constructing sentinel-controlled loops [Section 4.3].
5. Some applications of loops, including data input and validation, and comput-

ing sums and averages [Section 4.3].
6. Using nested loops [Section 4.4].

1 C H A P T E R  F O U R 2

Repetition Structures: Looping
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4.1 3 An Introduction to Repetition Structures
All programming languages provide statements to create a loop (or rep-

etition structure)—a block of code that, under certain conditions, will
be executed repeatedly. In this section, we will introduce some basic
ideas about these structures.

A Simple Example of a Loop
We start with a simple example of a loop.

EXAMPLE 1 This program segment repeatedly inputs a number
from the user and displays that number until the user
enters 0. The program then displays the word Done.

Repeat
Prompt for and input a number, Num
Write Num

Until Num = 0
Write “Done”

In this pseudocode, the loop begins with the word
Repeat and ends with the line containing the word
Until. The body of the loop—the block of state-
ments that will be executed repeatedly—consists
of the statements between Repeat and Until. The
body of the loop is executed until the test condi-

tion following the word Until becomes true (in
this case, until the number input by the user is 0).
At that point, the loop is exited, and the statement
that follows the loop is executed. A flowchart for
this program is shown in Figure 1.

Let us trace (follow) execution of this program,
assuming that the user enters the numbers 1, 3,
and 0, in that order:

1 When execution begins, the loop is entered, the number 1 is input,
and this number is displayed. These actions make up the first pass

(time) through the loop. The test condition, Num = 0, is now “tested”
and found to be false (because, at this point, Num = 1), which caus-
es the loop to be reentered—the body of the loop is executed again.

1 On the second pass through the loop, the number 3 is input and dis-
played, and once again the condition Num = 0 is false, causing anoth-
er pass through the loop to take place.

1 On the third pass through the loop, the number 0 is input and dis-
played. This time, the condition Num = 0 is true, so the loop is exit-
ed—execution transfers to the statement after the loop (Write “Done”).

1 The word Done is displayed, and the program is complete.
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FIGURE 1
Flowchart for Example 1
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Beware of Infinite Loops If a loop’s test condition is never satisfied (in the
case of a Repeat ... Until loop, if the condition never becomes true), then the
loop will never be exited—it will become an infinite loop. It is therefore impor-
tant to make clear, through a suitable prompt, how the user is to terminate
the action of the loop. In Example 1, a suitable prompt would be:

Write “Enter a number; enter 0 to quit.”

Relational and Logical Operators
The “condition” that determines whether a loop is reentered or exited is
usually constructed with the help of relational and logical operators. We
will briefly discuss these operators here; this topic is covered in more
depth in Section 3.2.

Relational operators Here are the six standard relational operators

and the programming symbols we will use in this book to represent them:

equal to, = not equal to, <>
less than, < less than or equal to, <=
greater than, > greater than or equal to, >=

All six operators can be applied to either numeric or character string
data. In particular, this is the way these operators work with strings:

1 Two strings are equal if they contain exactly the same characters in
the same order. Otherwise, they are not equal.

1 If the two strings to be compared represent proper names (and thus
consist solely of letters), then alphabetical order determines the effect
of the operators <, <=, >, and >=. To be more specific, if Name1 and
Name2 represent proper names:

Name1 < Name2 if Name1 precedes Name2 under alphabetical 
ordering.

Name1 > Name2 if Name1 follows Name2 under alphabetical 
ordering.

Name1 <= Name2 if Name1 < Name2 or Name1 = Name2
Name1 >= Name2 if Name1 > Name2 or Name1 = Name2

For example, if Num = 3 and Name = “Joe” then the condition:

1 Num <> 1 is true because 3 is not equal to 1.
1 Name = “joe” is false because uppercase letters (like J) are different

characters from lowercase letters (like j).
1 Name <> “ Joe” is true because blanks are characters, so these two

strings do not contain the same characters.
1 Name >= “Jo” is true because “Joe” follows “Jo” under alphabetical

order.
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Logical operators The three basic logical operators, Or, And, and
Not, are used to create more complicated (compound) conditions from
given simple conditions. If S1 and S2 are conditions (such as Num <= 0
or Response = “Y”) then the compound condition:

1 S1 Or S2 is true if either S1 is true or S2 is true (or both); it is false if
both S1 and S2 are false.

1 S1 And S2 is true if both S1 and S2 are true; it is false if either S1 or S2
is false.

1 Not S1 is true if S1 is false; the condition is false if S1 is true.

For example, If Num = 3 and Name = “Joe”, then:

1 (Num = 1) Or (Name = “Joe”) is true but (Num = 1) And (Name = “Joe”) is
false, because one of the simple conditions (Num = 1) is false, while
the other is true.

1 Not ((Num = 1) Or (Name = “Joe”)) is false, because (Num = 1) Or (Name =
“Joe”) is true.

Pre-test and Post-test Loops
All repetition structures can be divided into two fundamental types: pre-
test loops and post-test loops. The loop in Example 1,

Repeat
Prompt for and input a number, Num
Write Num

Until Num = 0

is an example of a post-test loop—one in which the test condition occurs
after the body of the loop is executed. In a pre-test loop, on the other
hand, the test condition appears at the top of the loop.

EXAMPLE 2 This is an example of a pre-test loop:

While Num <> 0
Write Num
Input Num

End While

In our pseudocode for a pre-test loop: the first statement begins with the
word While and is followed by the test condition (here, Num <> 0—Num
“not equal to” 0); the last statement in the loop is End While. As with post-
test loops, all statements in between comprise the body of the loop. When
the loop is entered, the test condition is evaluated. If it is found to be
true, the body of the loop is executed and control then returns to the top
of the loop; if it is false, then the loop is exited and the statement fol-
lowing End While is executed next.
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Suppose that in this example, the value of Num is 1 when the loop is
entered and that, on the next two passes through the loop, the user enters
the numbers 3 and 0. Here’s how execution flows in this case:

1 The While statement is executed testing the test condition, Num <> 0,
which is found to be true (Num is initially equal to 1). Thus, the body
of the loop is executed, 1 is displayed, and 3 is input. Then, control
returns to the top of the loop.

1 Again, the test condition is evaluated, and since 3 is not equal to 0, a
second pass is made through the loop. This time 3 is displayed and 0
is input, before control returns to the top of the loop.

1 Once again, the test condition is evaluated, and since Num is now
equal to 0, it is found to be false. The loop is therefore exited and the
statement following End While is executed next.

The flow of execution for the program of Example 2 is illustrated
under “pre-test loop” in Figure 2, which shows typical pre-test and post-
test loops.
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There are several basic differences between pre-test and post-test loops:

1 By definition, a pre-test loop has its test condition—the one that deter-
mines whether or not the body of the loop is executed—at the top; a
post-test loop has its test condition at the bottom.

1 The body of a post-test loop is always executed at least once. The
body of a pre-test loop will not be executed at all, however, if its test
condition is false on the first pass.

1 Before a pre-test loop is entered, the variables that appear in its test
condition must be initialized—they must be assigned a value. This is
not necessary in a post-test loop; here, the test condition variables
may be initialized within the body of the loop. For example, the fol-
lowing program segment uses a pre-test loop to display the squares of
numbers input by the user until he or she enters zero or a negative
number (which is not displayed).

Input Number
While Number > 0

Write Number ^ 2
Input Number

End While

Notice that we initialize the variable Number by using an Input state-
ment just prior to entering the loop. (Trace this pseudocode with the
test data 3, 1, –1 to see in detail how it works.)

Either a pre-test loop or a post-test loop can be used to accomplish a giv-
en task, although, as you will discover, some tasks are easier to accom-
plish with pre-test loops; others with post-test loops.

Indent the Body of a Loop To make it easier to read your pseudocode (and
the corresponding program code), you should indent the body of a loop rel-
ative to its first and last statements. For example, compare the loop on the
right, which is indented, to that on the left, which is not:

Not indented: Repeat Indented: Repeat
Input Num Input Num
Write Num Write Num
Until Num = 0 Until Num = 0

Reading Check 4.1

1. What numbers will be displayed if code corresponding to the
following pseudocode is run:
a. Set Num = 1 b. Set Num = 1

Repeat While Num < 3
Write 2 * Num Write 2 * Num
Set Num = Num + 1 Set Num = Num + 1

Until Num = 3 End While
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2. Is each of the following conditions true or false?
a. 5 = 5 c. 5 < 5 e. 5 > 5
b. 5 <> 5 d. 5 <= 5 f. 5 >= 5

3. If C1 = “Jo” and C2 = “jo”, is each of the following true or false?
a. C1 > “Al” d. (C1 = “Jo”) And (C2 = “Mo”)
b. C1 = “Jo ” e. (C1 = “Jo”) Or (C2 = “Mo”)
c. C1 <= “Joe” f. Not(C1 = C2)

4. List the main differences between pre- and post-test loops.
5. The following program is supposed to input numbers from the user

and display them as long as 0 is not entered. A statement is missing;
insert the missing statement.

Input Number
While Number <> 0

Write Number
End While

4.2 3 Counter-controlled Loops
In Section 4.1, we discussed two fundamental types of repetition struc-
tures, pre-test and post-test loops. In this section, we will discuss a spe-
cial type of pre-test loop known as a counter-controlled loop. A
counter-controlled loop is one that is executed a fixed number, N, of
times, where N is known prior to entering the loop for the first time.

Constructing a Counter-controlled Loop
A counter-controlled loop is so-named because it contains a variable (the
counter) that keeps track of the number of passes through the loop (the
number of loop iterations). When the counter reaches a preset number,
the loop is exited.

EXAMPLE 3 One common use of counter-controlled loops is to print “tables” of data. For
example, suppose we want to display the squares of the first N positive
integers, where N is to be entered by the user. The pseudocode for this
process is:

Prompt for and input the positive integer N
Initialize the counter to 1: Set Count = 1
While Count <= N

Write Count, Count ^ 2
Add 1 to Count: Set Count = Count + 1

End While

Notice that to ensure that the counter Count correctly keeps track of the
number of loop iterations:
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1 We set Count equal to its first value—we initialize it to 1—before
entering the loop.

2 We increment (increase) Count by 1 within the loop.

Thus,

1 On the first pass through the loop, the number 1 and its square are
displayed, and Count is incremented to 2.

1 On the second pass through the loop, the number 2 and its square are
displayed, and Count is incremented to 3.

This process continues until

1 On the Nth pass through the loop, N and its square are displayed, Count
is incremented to N + 1, and the loop is exited because the value of
Count now exceeds N.

A flowchart corresponding to this pseudocode is shown in Figure 3.
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Built-in Counter-controlled Loops
Most programming languages contain a statement that makes it easy to con-
struct a counter-controlled loop. We will use the following pseudocode to
represent this statement, which creates a “built-in” counter-controlled loop:

For Counter = InitialValue Step Increment To LimitValue
body of the loop

End For

In this typical For statement, Counter must be a variable, Increment must
be a constant (a number), and InitialValue and LimitValue may be con-
stants, variables, or expressions. For example, in the statement

For K = 1 Step 3 To N + 1

the counter is the variable K, the initial value is the constant 1, the incre-
ment is the constant 3, and the limit value is the expression N + 1.

A For loop works like this:

1 Upon entering the loop, Counter is set equal to InitialValue and, if
InitialValue is not greater than LimitValue, then the body of the loop
is executed. If Counter is greater than LimitValue, the loop is skipped—
the statement following End For is executed next.

1 On each pass through the loop, Counter is increased by the value of
Increment and, if the new value of Counter is not greater than
LimitValue, the body of the loop is executed again. When the value
of Counter exceeds that of LimitValue, the loop is exited and the state-
ment following End For is executed next.

A flowchart depicting the action of a For loop is shown in Figure 4.
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EXAMPLE 4 The following For loop has the same effect as the While loop we con-
structed in Example 3 at the beginning of this section—it displays a table
of numbers from 1 to N and their squares.

Prompt for and input a positive integer N
For Count = 1 Step 1 To N

Write Count, Count ^ 2
End For

Here are a few more examples that illustrate additional features of
For loops.

EXAMPLE 5 This program provides an example of a For loop with an increment value
that is not equal to 1. It displays the odd numbers between 1 and 20.

For N = 1 Step 2 To 20
Write N

End For

On the first pass through this loop, N is initialized to 1, displayed, and incre-
mented by 2 (due to Step 2 in the For statement). Thus, on the second pass,
3 is displayed and N is incremented by 2 again. This continues until the
10th pass. On this loop iteration, the value of N (19) is displayed and incre-
mented to 21. Since N now exceeds the limit value (20), the loop is exited.

EXAMPLE 6 By using a negative value for the loop increment, we can “step backwards”
through a loop; that is, have the counter variable decrease in value from iter-
ation to iteration. For a negative increment, the loop is exited when the val-
ue of the counter becomes less than the loop’s limit value. Here’s an example:

For Index = 9 Step –2 To 5
Write Index

End For

In the first pass through this loop, Index is initialized to 9, this value is dis-
played, and then –2 (the increment) is added to it. The value of Index is
now 7. On the second pass, 7 is displayed and Index is decreased to 5.
Finally, on the third pass, 5 is displayed and Index is set equal to 3. Since
3 is less than the limit value (5), the loop is exited.

EXAMPLE 7 If the loop increment is positive and the initial value is greater than the lim-
it value, then the body of the loop is skipped.

Write “Before loop”
For K = 5 Step 1 To 4

Write “Help, I’m a prisoner in a For loop!”
End For
Write “After loop”
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Since the initial value (5) is greater than the limit value (4) and the incre-
ment is positive (it is 1), the body of the loop is skipped. Thus, the output
produced by code corresponding to this pseudocode is:

Before loop
After loop

Note that a For loop is also skipped when the increment is negative if
the initial value is less than the limit value.

Reading Check 4.2

1. What numbers will be displayed when code corresponding to the
following pseudocode is run:
a. Set N = 3 b. For K = 10 Step –2 To 7

For K = N Step 1 To N + 2 Write K
Write N, “ ”, K End For

End For

2. What output will be displayed when code corresponding to the
following pseudocode is run:
a. Set N = 3 b. For K = 1 Step 1 To 3

For K = 5 Step 1 To N Write “Hooray”
Write N End For

End For

3. Write a program (pseudocode) that contains the statement

For Count = 1 Step 1 To 3

and which would produce the following output if it were coded and run:

10
20
30

4. Rewrite the following pseudocode using a For loop instead of the
While loop shown here.

Set Num = 1
While Num <= 10

Input Response
Write Response
Set Num = Num + 1

End While

4.3 3 Applications of Repetition Structures
Throughout the rest of the book, you will see many examples of how the
repetition (or loop) structure can be used in constructing a program. In this
section, we will present a few basic applications of this control structure.
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Using Sentinel-controlled Loops to Input Data
Loops are often used to input large amounts of data: on each pass through
the loop, one item of data (or one set of data) is entered into the pro-
gram. The test condition for such a loop must cause it to be exited after
all data have been input. Often, the best way to force a loop test is to
have the user enter a special item, a sentinel value, to act as a signal
that input is complete. The sentinel item, or end-of-data marker, should
be chosen so that it cannot possibly be mistaken for actual input data.
For example, if a list of positive numbers is to be input, the sentinel value
could be chosen to be the number –1. Here is a simple example of a sentinel-

controlled loop, one that uses a sentinel value to determine whether or
not the loop is to be exited.

EXAMPLE 8 Suppose that the input data for a program that computes employee salaries
consists of the number of hours worked by each employee and his or her
rate of pay. The following pseudocode could be used to input and process
this data:

Prompt for and input the number of hours worked (Hours)
While Hours <> –1

Prompt for and input the rate of pay (Rate)
Set Salary = Hours * Rate
Write Hours, Rate, Salary
Prompt for and input Hours

End While

It is crucial that the input prompts for the number of hours worked (one
prompt prior to the loop, one within the loop) make it clear to users that
they must enter the number –1 when all employees have been processed.
Thus, a refinement of this pseudocode would be:

Write “Enter the number of hours worked.”
Write “Enter –1 when you are done.”
Input Hours
While Hours <> –1

Write “Enter the rate of pay.”
Input Rate
Set Salary = Hours * Rate
Write Hours, Rate, Salary
Write “Enter the number of hours worked.”
Write “Enter –1 when you are done.”
Input Hours

End While

In this program segment, if the value input for Hours is the sentinel val-
ue –1, the test condition in the While statement is false, the loop is exit-
ed and input is terminated. Otherwise the loop body is executed, inputting
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Rate, computing and displaying the salary, and again inputting Hours.
Then, the process is repeated.

EXAMPLE 9 Another way to allow the user to signal that all data have been input is to
have the program ask, after each input operation, whether or not this is
the case. This technique is illustrated in the following program segment.

Repeat
Write “Enter the number of hours worked.”
Input Hours
Write “Enter the rate of pay.”
Input Rate
Set Salary = Hours * Rate
Write Hours, Rate, Salary
Write “Process another employee? (Y or N)”
Input Response

Until Response = “N”

Here, the user enters the letter Y if there are more data to input, or N oth-
erwise. (Hence, the variable Response must be of character or string
type.) The test condition, Response = “N”, then determines whether or
not the loop is reentered.

Data Validation
To have the user enter a positive number at some point during program
execution, we use pseudocode similar to the following:

Write “Enter a positive number: ”
Input Num

However, despite the input prompt, the user might enter a negative num-
ber or zero, which may in turn cause an error when the program is run.
To ensure that this does not occur, you should include statements in the
program that check, or validate, the number input and request that the
user reenter it if it is not in the proper range. The next two examples use
loops to accomplish this task.

EXAMPLE 10 This pseudocode validates the number entered using a post-test loop.

Repeat
Write “Enter a positive number ---> ”
Input Num

Until Num > 0

In this technique for validating data, the prompt

Enter a positive number --->

is repeated until the number entered (Num) is positive.
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EXAMPLE 11 Sometimes, in validating data, we want to emphasize the fact that the user
has made an error by displaying a message to this effect. We can do this with
a pre-test loop, as illustrated in the following pseudocode.

Write “Enter a positive number ---> ”
Input Num
While Num <= 0

Write “The number entered must be positive”
Write “Please try again ---> ”
Input Num

End While

Notice that in validating input data with a pre-test loop, we use two Input
statements (and accompanying prompts). The first is positioned before
the loop and is always executed; the second is contained within the loop
and is executed only if the data entered is not in the proper range. Although
this means of validating input data is a little more complicated than that
used in Example 10, it is also more flexible and user-friendly. Within the
body of the data validation loop, you can provide whatever message best
suits the situation.

Sometimes it is important that the number entered by the user be an
integer—a whole number. (For a specific example of such a situation,
see Section 4.5.) How such input is validated depends on the program-
ming language. In this book, we will introduce the Int function to do the
job. (A function is a procedure that computes a specified value.)

An expression of the form, Int(X), where X represents a number,
numeric variable, or arithmetic expression, is the integer obtained by dis-
carding the fractional part, if any, of the value of X. For example, sup-
pose that Num1 = 15.25 and Num2 = –4.5. Then:

Int(Num1) = 15, Int(Num2) = –4, and Int(Num1 – 5.25) = 10

The Int function may appear anywhere in a program that an integer con-
stant is valid. For example, if Num is a numeric variable, then each of
the following statements is valid:

Write Int(Num)
Set Y = 2 * Int(Num – 1) + 5

However, the statement Input Int(Num) is not valid.
The next example demonstrates how we use the Int function to vali-

date integer input.

EXAMPLE 12 This program segment checks that the number N entered by the user is an
integer, then displays a table of the squares of all integers from 1 to N.
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Repeat
Write “Enter an integer:”
Input N

Until Int(N) = N
For Count = 1 Step 1 To N

Write Count, Count ^ 2
End For

If the number entered by the user in the Repeat ... Until loop is not an
integer, then the test condition, Int(N) = N, will be false and the loop will
be reentered. If the number entered is an integer, the test condition will
be true and the loop will be exited. Notice that the For loop will be exe-
cuted only if N is greater than or equal to 1. In that case, the table of
squares will be displayed; otherwise, the For loop will be skipped.

Validate Input Data Your programs should, whenever possible, validate input
data; that is, check that it is in the proper range. A pre-test or post-test loop
can be used for this purpose, as shown in Examples 10, 11, and 12.

Data validation is an example of defensive programming, writing
code that checks during execution for improper data. Section 3.4 dis-
cusses other defensive programming techniques.

Computing Sums and Averages
To use a calculator to sum a list of numbers, you add each successive
number to the running total, the sum obtained so far. In effect, you are
looping, repeatedly applying the addition operation until all the numbers
have been added. To write a program to sum a list of numbers, you do
essentially the same thing, as illustrated in the next example.

EXAMPLE 13 The following pseudocode adds a list of positive numbers entered by the
user. It uses 0 as a sentinel value—this number is entered by the user to indi-
cate that input is complete.

Initialize the sum to 0: Set Sum = 0
Write “Enter a positive number. Enter 0 when done.”
Input Number
While Number > 0

Add Number to Sum: Set Sum = Sum + Number
Write “Enter a positive number. Enter 0 when done.”
Input Number

End While
Write “The sum of the numbers input is ”, Sum

Upon exit from the loop, the variable Sum, which in this context is called
the accumulator, contains the sum of all the positive numbers entered
and is displayed. A flowchart for this example is shown in Figure 5.
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To better understand how this algorithm works, let us trace execu-
tion of this pseudocode if input consists of the numbers 3, 4.2, 5, and 0:

1 Prior to entering the loop, we initialize the variable Sum; we set it
equal to 0 so that it will not be an undefined variable (see Section
1.2) when the right side of the statement

Set Sum = Sum + Number

is evaluated. For the same reason, we input the initial value of Num-
ber from the user prior to entering the loop.

1 On the first pass through the loop, Number equals 3, so the test con-
dition is true and the loop body is executed. Thus, the current values
of Sum and Number are added and the result, 3, is assigned to Sum.
Moreover, the next number (4.2) is input and assigned to Number.
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1 A second pass is now made through the loop with Number = 4.2,
which is added to the current running total, 3, to increase the value of
Sum to 7.2. In this pass, the number 5 is input.

1 Since Number is still not 0, the loop body is executed once more
assigning 12.2 to Sum and 0 to Number.

1 Now, Number is 0, so the test condition is false. The loop is exited
and the current value of Sum, 12.2, is displayed.

To calculate the average (or mean) of a list of numbers, we compute
their sum and divide it by the number of data items on the list. Thus, the
process of finding an average is similar to that of finding a sum, but here
we need a counter to keep track of how many numbers have been entered.
The pseudocode for finding the mean of a list of positive numbers is:

Initialize a counter: Set Count = 0
Initialize an accumulator: Set Sum = 0
Prompt for and input a Number
While Number > 0

Add 1 to Count: Set Count = Count + 1
Add Number to Sum: Set Sum = Sum + Number
Prompt for and input Number

End While
Set Average = Sum / Count

In this pseudocode, notice that:

1 The While loop sums the numbers, but the mean is computed after
the loop has been exited.

1 If the first number entered by the user is negative or 0, when the
statement

Set Average = Sum / Count

is executed, the value of Count will be 0, and a “division by zero” error
will occur when the program is run. We show how to avoid this situ-
ation using defensive programming techniques in Section 3.4.

Reading Check 4.3

1. Write pseudocode using a post-test (Repeat…Until) loop that inputs
a list of characters from the user until the character * (an asterisk)
is input.

2. Suppose you want to input a number that should be greater than 100.
Write pseudocode that validates input data to accomplish this task
a. Using a pre-test (While) loop.
b. Using a post-test (Repeat…Until) loop.

3. Give the number displayed by each of the following statements:
a. Write Int(5) b. Write Int(4.9)
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4. Use a For loop to sum the integers from 1 to 100.
5. Modify the program of Problem 4 so that it finds the average of the

first 100 positive integers.

4.4 3 Nesting Loops
Programs sometimes employ one loop which is contained entirely within
another. In such a case, we say that the loops are nested. The larger loop
is called the outer loop; the one lying within it is called the inner loop.

Nested For Loops
The pseudocode in the following example contains nested For loops. It
illustrates the order in which the loop iterations (passes through the
loops) take place.

EXAMPLE 14 Each time the inner loop in this program is reentered, the values of the
counter variables for both loops are displayed.

For OutCount = 1 Step 1 To 2
For InCount = 1 Step 1 To 3

Write “Outer-”, OutCount, “ Inner-”, InCount
End For (InCount)
Write

End For (OutCount)

When this program is executed, OutCount is set equal to 1 by the first
For statement, and control passes to the second For statement, the top of
the inner loop. The inner loop is then executed with InCount (and OutCount)
equal to 1, displaying the text

Outer-1 Inner-1

Then, control returns to the top of the inner loop and increments InCount
to 2. In this way (with OutCount still equal to 1), the inner loop is executed
two more times, with InCount equal to 2 and 3, displaying

Outer-1 Inner-2
Outer-1 Inner-3

Thus, for the initial value of OutCount (1), the inner loop is executed suc-
cessively for all values (1, 2, and 3) of its counter variable, InCount, and
then this loop is exited. At this point, the Write statement following the
end of the inner For loop displays a blank line, then control transfers to
the top of the outer loop and OutCount is incremented to 2.

Now, the body of the inner For loop is entered once again. InCount is
initialized to 1, and the inner loop is executed three more times—with
InCount successively equal to 1, 2, and 3 (and OutCount equal to 2). Then,
the inner loop is exited and this time, since OutCount has reached its lim-
it value, the outer loop is exited as well.
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The complete output of this program segment is:

Outer-1 Inner-1
Outer-1 Inner-2
Outer-1 Inner-3

Outer-2 Inner-1
Outer-2 Inner-2
Outer-2 Inner-3

Figure 6 contains a flowchart that shows the flow of execution in this
example.

Nesting For Loops If For loops have any statements in common, then one of
them must be nested entirely within the other (they may not partially over-
lap) and their counter variables must be different. To illustrate this point, the
following two sets of pseudocode show two different valid ways in which
three For loops may be nested.
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For I = . . . For I = . . .
For J = . . . For J = . . .

For K = . . .
End For (J)
For K = . . . End For (K)

End For (J)
End For (K) End For (I)

End For (I)

Nesting Other Kinds of Loops
So far, we have illustrated the nesting process only with For loops. The
next example contains nested Repeat and While loops.

EXAMPLE 15 This pseudocode makes use of a post-test Repeat loop to allow the user to
sum several sets of numbers in a single run. This (outer) loop, in effect,
allows the entire program to be re-executed if the user so desires. It also con-
tains statements that initialize the sum to 0, input the first number, and
then display the sum computed by the inner While loop.

Repeat
Initialize the sum to 0: Set Sum = 0
Prompt for and input a number, Num, to be summed

(Use 0 as a sentinel value)
While Num <> 0

Set Sum = Sum + Num;
Prompt for and input Num

End While
Write Sum
Ask if user wants to enter another set of numbers to be summed

and input Response (Y or N)
Until Response = “N”

Notice that with the exception of its last statement, the body of the out-
er (Repeat...Until) loop contains the usual pseudocode for summing a set
of numbers input by the user (see Section 4.3). The last statement in this
loop queries (asks) the user if he or she would like to continue, inputs
this response, and then uses it in the test condition for the Repeat loop.
Here’s a refinement of this crucial step:

Write “Sum another list of numbers? (Y or N)”
Input Response

A flowchart tracing the flow of execution in this example is shown
in Figure 7.
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Nesting Loops and Selection Structures*

Loops may be nested within the Then or Else clause of a selection struc-
ture and a selection structure may be nested entirely within a loop. Exam-
ple 16 illustrates the latter.
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EXAMPLE 16 This program segment inputs numbers from the user (terminated by 0)
and counts how many positive and negative numbers have been entered.

Set PosCount = 0
Set NegCount = 0
Write “Enter a number. Enter 0 when done.”
Input Number
While Number <> 0

If Number > 0 Then
Set PosCount = PosCount + 1

Else
Set NegCount = NegCount + 1

End If
Write “Enter a number. Enter 0 when done.”
Input Number

End While

Prior to entering the While loop, we initialize the counters PosCount
and NegCount and input the first number from the user. Then, within the
loop, each number that has been entered is examined by the If-Then-Else
structure. If the number is positive, the Then clause is executed and
PosCount is incremented by one; if the number is negative, the Else clause
is executed and NegCount is incremented by one. When the loop is exit-
ed, PosCount and NegCount contain, respectively, the total number of
positive and negative numbers entered. (A flowchart for this program
segment is shown in Figure 8.)

Reading Check 4.4

What is the output of the code corresponding to the pseudocode in Exer-
cises 1 and 2?

1. For I = 2 Step 1 To 4
For J = 2 Step 1 To 3

Write I, “ ”, J
End For (J)

End For (I)

2. For I = 1 Step 3 To 5
Set K = 2 * I – 1
Write K
For J = I Step 1 To I + 1

Write K
End For (J)

End For (I)

3. Draw a flowchart corresponding to the pseudocode of Exercise 1.
4. Write pseudocode containing two nested Repeat loops that inputs

and validates a number X to be greater than 0 and less than 10.
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4.5 3 Focus on Problem Solving
The program developed in this section uses a counter-controlled loop to
display a table of data. It also features data validation (using post-test
loops) and finds the mean (average) of a set of numbers.

A Cost, Revenue, and Profit Problem
The KingPin Manufacturing Company wants to compute its costs, rev-
enue, and profit for various production levels of its only product, king
pins. From past experience, the company knows that when a certain num-
ber of king pins, x, are produced and sold, then:

1 The total cost (in dollars), C, to the firm of producing them is

C = 100,000 + 12x
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1 The total revenue (in dollars), R, received by the firm is

R = x(1000 – x)

For example, if 200 king pins are produced and sold, then, x = 200 and the

Total cost is: C = 100,000 + 12(200) = $102,400
Total revenue is: R = 200(1000 – 200) = $160,000

The difference, R – C, is the firm’s profit; in this case, $57,600.
To gauge the effects of various production levels (x, in the formula)

on the resultant profit, the company would like to create a table listing the
costs, revenue, and profit corresponding to a wide range of production lev-
els. The company would also like to know the average profit for all these
production levels.

Problem Analysis As is often the case, the best way to attack this prob-
lem is to start with the desired output (the table of cost, revenue, and
profit), and to then determine the input and formulas needed to produce
this output. We will have the program display a table with four columns:
The first (left) column will list a range of different production levels (num-
ber of king pins produced); the other three columns will display the cost,
revenue, and profit corresponding to each production level. Thus, the
column headings and a few of the rows in the table would look some-
thing like this:

Number Cost Revenue Profit
------ ------ ------– ------

100 101200 90000 –11200
200 102400 160000 57600
300 103600 210000 106400

(The negative number for Profit in the first row represents a loss of
$11,200.)

The problem description does not specify the number of rows that
the table is to contain, nor does it specify the range of production levels.
So, upon further consultation with the KingPin company, we decide to:

1 Input the number of production levels to be listed (that is, the num-
ber of rows in the table), NumRows, from the user.

1 Specify that the largest production level (in the left column) that can
appear be 1000.

Thus, in the left column we will display evenly-spaced production levels,
X—NumRows of them—up to X = 1000. For example, suppose that the
user input for NumRows is 5. Then, the left column of the five table rows
would contain the following entries (values of X): 200, 400, 600, 800, 1000.
(Notice that the spacing here between the values of X is 1000/5 = 200.)
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In general, to determine the correct spacing between the values of X
in the left table column, we divide 1000 by the number of rows in the
table. That is:

Spacing = 1000 / NumRows

This seems to be a straightforward step, but there is a potential problem
here—the production levels must be integers (whole numbers), but the
result of the division may have a fractional part. For example, if Num-
Rows = 3, then 1000/NumRows is 333.33. . . .* To ensure that Spacing has
an integer value, we use the Int function introduced in Section 4.3 to trun-
cate the result of the division:

Spacing = Int(1000 / NumRows)

Now, if NumRows = 3, Spacing = Int(1000/3) = 333, and the production lev-
els that appear in the table are 333, 666, and 999.

To obtain the entries in any row of the Cost and Revenue columns, we
substitute that row’s value of X (from the left column) into the supplied
formulas:

Cost = 100000 + 12 * X
Revenue = X * (1000 – X)

To find the Profit entry in any row, we just subtract:

Profit = Revenue – Cost

The average (or mean) profit is obtained by adding all the individual prof-
its, obtaining a figure we will call Sum, and then applying the formula:

Average = Sum / NumRows

Program Design To design this program using a top-down modular
approach, we first determine its major tasks. The program must perform
the following operations:

1 Input the necessary data
1 Compute the table entries
1 Display the table
1 Display the average profit

We should also provide a welcome message, a general description of
the program that is displayed at the beginning of a program run. Moreover,
since the values of Cost, Revenue, and Profit will be calculated and dis-
played (in a loop) one row at a time, the second and third tasks are done
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almost simultaneously. Taking these points into consideration, a better
approach might be to create the following major modules:

1 Display a welcome message
2 Input data from the user
3 Display the table
4 Display the average profit

The third of these tasks makes up the bulk of this program, and should
be further subdivided. In displaying the table, we must first do some
“housekeeping” tasks (such as setting up the table, displaying titles, ini-
tializing variables, etc.) and then perform the necessary calculations to cre-
ate the table entries. Thus, we break task 3 into two subtasks:

3 a. Do table housekeeping
b. Do table calculations

The second of these tasks actually does several small jobs—it computes the
table entries, displays them, and accumulates the profits—and could be
further subdivided. However, as you will see, all these operations are per-
formed within a single loop, so we will let this task stand as it is. The hier-
archy chart in Figure 9 shows the relationships among the program modules.

We now design, using pseudocode, each program module. First, we give
a relatively rough outline of the program; then, we refine it as necessary.

Main module The main module need only call its immediate submod-
ules; they will perform all the necessary program tasks. In the main mod-
ule, we also declare all variables that will be used by more than one
submodule. The resultant pseudocode is:

Declare NumRows, Sum As Real
Call Welcome Message module
Call Input Data module
Call Display Table module
Call Display Average module
End Program

Welcome Message module This module just displays general information:

Briefly describe program

To be more specific (to refine this module):

Display a title for the program (“A Cost/Revenue/Profit Table”)
Display a brief overall description of the program
Describe, in general, how the user input affects the table

Input Data module This module is straightforward:

Prompt for, input, and validate the number of rows desired in the table 
(NumRows)

4

120 3 CHAPTER 4 Repetition Structures: Looping

IS
B

N
: 0-536-12326-8

tion with Addison Wesley, a division of Pearson Education.
Extended Prelude to Programming: Concepts and Design, Second Edition by Stewart Venit. Copyright © 2004 by Scott/Jones, Inc. Published by Scott/Jones, Inc., in conjunc-



To validate the input, notice that we want NumRows to be a positive inte-
ger. We can check both conditions (that NumRows is greater than zero and
that NumRows is an integer) with the aid of a logical operator. The
pseudocode is:

Repeat
Write “Enter the number of desired production levels.”
Write “It must be an integer greater than or equal to 1”
Input NumRows

Until (Int(NumRows) = NumRows) And (NumRows >= 1)

Display Table module This module just calls its submodules (and declares
the only variable that is used solely in the two of them):

Declare Spacing As Integer
Call Table Housekeeping module
Call Table Computations module

Table Housekeeping module This module does a few minor things
in preparation for the computation and display of the table entries
(which take place in the next module). It must

1 Display the table title:

Write “KingPin Manufacturing Company”

1 Display the table headings:

Write “Number Cost Revenue Profit”
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1 Calculate the spacing for the production levels (X) in the left col-
umn, remembering that this variable must be an integer:

Set Spacing = Int(1000 / NumRows)

1 Initialize the sum of the profits to 0:

Set Sum = 0

Table Computations module This module is the heart of the program
and contains the bulk of the computation. It consists of a single count-
er-controlled loop which, for each production value X:

1 Calculates the corresponding values of Cost, Revenue, and Profit.
1 Displays these values (on a single line).
1 Adds the value of Profit to a running total, Sum, for use in com-

puting the average profit.

(Notice that the variables X, Cost, Revenue, and Profit are used only
in this module.) Thus, the pseudocode is:

Declare, X, Cost, Revenue, Profit As Integer
For X = Spacing Step Spacing To 1000

Set Cost = 100000 + 12 * X
Set Revenue = X * (1000 - X)
Set Profit = Revenue – Cost
Set Sum = Sum + Profit
Write X, Cost, Revenue, Profit

End For

Display Average module This module is very simple; it just computes
and displays the average profit:

Declare Average As Real
Set Average = Sum / NumRows
Write “The average profit is ”, Average

Program Coding The program code is now written using the design as
a guide. At this stage, header comments and step comments (see Section
2.3) are inserted into each module, providing internal documentation for
the program. Here are a couple of other points concerning the coding
that are specific to this program:

1 To improve the look of the output, we should begin the program by
using the programming language’s “clear screen” statement to remove
any text that is currently displayed on the screen. A clear screen state-
ment would also be appropriate prior to printing the table of cost,
revenue, and profit.

1 Most programming languages contain statements that help the pro-
grammer to format output. For example, in this program, we would
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like our table to look as professional as possible. The data in the table
should line up in columns, and the dollar amounts should be preced-
ed by a dollar sign and contain commas in the appropriate places. If
we just use our Write statements to create the output, part of it might
look like this:

Number Cost Revenue Profit
------ ---– ------– ------
800 109600 160000 54,000
900 110800 90000 –20800
1000 112000 0 –112000

However, using the special formatting statements that most languages
supply, these same table rows could look like this:

Number Cost Revenue Profit
------ ---– ------– ------

800 $109,600 $160,000 $ 54,000
900 110,800 90,000 –20,800
1000 112,000 0 –112,000

Program Test To adequately test this program, we must run it with sev-
eral sets of input data.

1 To test the data validation Repeat loop, we input (in separate runs) val-
ues of NumRows that are not positive or not integer.

1 To verify that the computations are being done correctly, we make a
few program runs using simple input data so that the results can be
checked easily with a calculator. For example, we might input (in
separate runs) the values 10 and 3 for NumRows. (The second of these
values will also check that non-integer values for 1000/NumRows are
handled correctly.)

Reading Check 4.5

All problems in this Reading Check refer to “A Cost, Revenue, and Prof-
it Problem” described in this section.

1. For each of the following production levels, calculate the corre-
sponding Cost, Revenue, and Profit.
a. X = 0 b. X = 900

2. For each of the following input values, give the resulting value for
Spacing and list the values of X displayed in the Number (left)
column of the resulting table.
a. NumRows = 4 b. NumRows = 7

3. Validate the input value of NumRows (in the Input Data module)
without using a logical operator by using nested Repeat loops.

4. Replace the For loop in the Table Computations module with a
While loop.
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Chapter Review and Exercises

1 Key Terms

1 S T U D Y  S K I L L S 2
Using the Textbook

Many students try to get through a course without reading the required textbook. (You’re obvious-
ly not one of them if you’re reading this page!) Textbooks may seem to be intimidating and, to a
generation raised on computers, not particular user-friendly. Yet, making an effort to read the text-
book and use it properly can greatly improve your chances of success in the course.

� Keep in mind that reading a textbook is not as easy as reading a magazine. You will find that
you have to read a text more slowly and carefully. At first, some definitions, examples, or expla-
nations might not make sense. You may have to read them over several times until the idea
becomes clear. (And, sometimes, even that won’t make the concept clear. In this case, you
have to get help from another human being.)

� As you read, highlight definitions, facts, explanations of statements, and any other informa-
tion that you feel is important. Doing this will help you in reviewing the material, especially in
preparing for a test.

� Some students find that to grasp certain concepts, it is easiest to first read a relevant example
and then go back, if necessary, to the explanation of the general concept. Other students find
this “nonlinear” approach to reading the material unhelpful or even counterproductive. You
will have to discover what works for you.

� After completing a section, try the Reading Check exercises for that section (even if they
haven’t been assigned) to see if you’ve really understood the concepts. If you have trouble with
a particular exercise, return to the relevant explanation or example within the section to clar-
ify matters.

� This textbook provides comprehensive review materials at the end of each chapter. Read the
Key Terms and Chapter Summary to refresh your memory about the concepts that were covered
in the chapter. (To use the Key Terms to best advantage, write your own definition for each of
them.)

� Work the Review Exercises at the end of the chapter (even if they haven’t been assigned). Just
like the Reading Checks, the Review Exercises will help determine the topics on which you
still need to work.

� Use the textbook for reference purposes, as well. If you’ve forgotten something or want more
information about a certain topic, look up a key word in the index to locate the relevant mate-
rial in the textbook.

Loop (repetition) structure
Body of a loop
Test condition
Post-test loop
Pre-test loop

Counter-controlled loop
Sentinel value
Sentinel-controlled loop
Validate data
Nested loops

IS
B

N
: 0-536-12326-8

tion with Addison Wesley, a division of Pearson Education.
Extended Prelude to Programming: Concepts and Design, Second Edition by Stewart Venit. Copyright © 2004 by Scott/Jones, Inc. Published by Scott/Jones, Inc., in conjunc-



1 Chapter Summary
In this chapter, we have discussed the following topics:

1. Pre-test and post-test loops:
� Structure of a pre-test loop

While test condition
body of the loop

End While

� Structure of a post-test loop

Repeat
body of the loop

Until test condition

2. Differences between pre-test While and post-test Repeat loops:
� For pre-test loops, the test condition is at the top of the loop;

for post-test loops, the test condition is at the bottom.
� Repeat loops are reentered as long as the test condition is false;

While loops are reentered as long as the test condition is true.
� The body of a post-test loop must be executed at least once;

this is not true for a pre-test loop.
� Variables appearing in the test condition for a pre-test loop

must be initialized prior to entering the loop structure; this is
not true for a post-test loop.

3. The six relational operators:

Equal to (=) Not equal to (<>)
Less than (<) Less than or equal to (<=)
Greater than (>) Greater than or equal to (>=)

The three basic logical operators:

Not, And, Or

4. Counter-controlled loops:
� Built-in counter-controlled loops have the form:

For Counter = InitialValue Step Increment To LimitValue
body of the loop

End For

� If the loop increment is positive, the body of a For loop is execut-
ed until the value of the counter exceeds the loop’s limit value.

� If the loop increment is negative, the body of a For loop is
executed until the value of the counter becomes less than the
loop’s limit value.

5. Some applications of loops:
� Inputting data until the user enters a sentinel value
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� Validating data—ensuring that they are in the proper range
� Computing sums and averages

6. The Int(X) function, which discards the fractional part of the value
of X.

7. How to correctly nest loops; that is, use one loop inside another.

1 Review Exercises
1. Determine whether each of the following expressions is true or false.

a. 3 <> 5 b. “Ed” <= “Edy” c. “Al” > “Hal”
2. If Num = 3, determine whether each of the following expressions is

true or false.
a. (Num * Num) >= (2 * Num)
b. (3 * Num – 2) >= 7

3. Determine whether each of the following expressions is true or false.
a. “A” <> “A ” b. “E” = “e”

4. If N1 = “Ann” and N2 = “Anne”, is each of the following expressions
true or false?
a. (N1 = N2) And (N1 >= “Ann”)
b. (N1 = N2) Or (N1 >= “Ann”)
c. Not(N1 > N2)

5. Consider the following loop:

Set Num = 2
Repeat

Write Num
Set Num = Num – 1

Until Num = 0

a. Is this loop a pre-test loop or a post-test loop?
b. List the statements in the body of the loop.
c. What is the test condition for this loop?

6. Give the output of the loop in Exercise 5.
7. Consider the following loop:

Set Num = 2
While Num <> 0

Write Num
Set Num = Num – 1

End While

a. Is this loop a pre-test loop or a post-test loop?
b. List the statements in the body of the loop.
c. What is the test condition for this loop?

8. Give the output of the loop in Exercise 7.
9. Draw a flowchart for the pseudocode in Exercise 5.

10. Draw a flowchart for the pseudocode in Exercise 7.
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11. True or false: The body of a pre-test loop must be executed at least once.
12. True or false: The body of a post-test loop must be executed at least

once.
13. True or false: A counter-controlled loop cannot be constructed

using a While statement.
14. True or false: A counter-controlled loop cannot be constructed

using a Repeat statement.
15. Consider the counter-controlled loop:

For K = 3 Step 2 To 8
Write K

End For

a. What is the name of the counter variable?
b. Give the values of the initial value, the increment, and the limit

value.
16. Give the output of the loop in Exercise 15.
17. Fill in the blank: The counter variable in a For loop will decrease in

value on each pass through the loop if the value of the loop’s
increment is ____________.

18. Fill in the blank: If a For loop’s increment is positive, then the body
of the loop will not be executed if the initial value is ____________
the limit value.

19. Fill in the blank: A special symbol that indicates the end of a set of
data is called an end-of-data marker or a ____________.

20. Fill in the blank: To ____________ data means to ensure that they
are in the proper range.

21. Add statements to the following pseudocode that create a post-test
loop which validates the input data:

Write “Enter a negative number: ”
Input Num

22. Redo Exercise 21 using a pre-test loop.

Exercises 23–26 make use of the Int function introduced in Section 4.3.

23. Give the value of each of the following expressions:
a. Int (5) b. Int (4.7)

24. Let Num1 = 2 and Num2 = 3.2. Give the value of each of the follow-
ing expressions:
a. Int (Num2 – Num1) b. Int (Num1 – Num2)

25. What is the output of code corresponding to the following pseudocode?

Set N = 4
Set X = 10 / N
Write X
Set X = Int(X)
Write X
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26. Use a While loop in a program segment that inputs numbers from
the user until the number entered is an integer.

27. Complete each statement regarding the following pseudocode,
which sums a set of numbers:

Set A = 0
For B = 1 Step 1 To N

Set A = A + 2 * B – 1
End For
Write A

a. The accumulator for this program is the variable ____________.
b. The counter variable for this program is ____________.

28. If N = 4 in the pseudocode in Exercise 27, then what number is
displayed when the corresponding code is run?

29. Rewrite the code in Exercise 27 using a While loop instead of the
For loop.

30. Draw a flowchart corresponding to the pseudocode of Exercise 27.
31. Is the loop in Exercise 27 a pre-test loop or a post-test loop?
32. Add statements to the pseudocode of Exercise 27 that find the

average of the N numbers 2*B – 1 generated within the loop.
33. What is the output of the code corresponding to the following

pseudocode?

For I = 1 Step 1 To 3
For J = 4 Step 1 To 5

Write I * J
End For (J)

End For (I)

34. Suppose that the variables I and J in Exercise 33 are interchanged
(each I is changed to J and vice-versa). What is the output now?

35. What is the output of the code corresponding to the following
pseudocode?

Set N = 1
Repeat

Repeat
Write “Hello”

Until N >= 1
Set N = N + 1

Until N = 3

36. Suppose that the first statement in Exercise 35 is changed to:

Set N = 2

What is the output now?
37. True or false: If one For loop is nested within another, then the

counter variables for the two loops must be different.
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38. True or false: If one For loop is nested within another, then the
limit values for the two loops must be different.

39. True or false: A While loop may not be nested within a For loop.
40. True or false: Two non-overlapping loops may not be nested within

a third loop.

1 Programming Problems
For each of the following problems, use the top-down modular approach
and pseudocode to design a suitable program to solve it. Whenever appro-
priate, validate input data.

1. Find the sum of the squares of the integers from 1 to N, where N is
input by the user.

2. Input a list of people’s ages from the user (terminated by 0) and
find the average age.

3. The number N factorial, denoted by N!, is defined to be the product
of the first N positive integers:

N! = 1 × 2 × . . . × N

(For example, 5! = 1 × 2 × 3 × 4 × 5 = 120.) Find N!, where N is a
positive integer input by the user. (Hint: Initialize a Product to 1
and use a loop to multiply that Product by successive integers.)

4. Allow the user to enter a series of temperatures in degrees Celsius
(C) terminated by –999. For each one, find the corresponding
temperature in degrees Fahrenheit (F). The conversion formula is
F = 9 * C / 5 + 32.

5. A biologist determines that the approximate number, N, of bacteria
present in a culture after T days is given by the formula

N = P * 2 ^ (T / 10)

where P is the number present at the beginning of the observation
period. Input P from the user and compute the number of bacteria
in the culture after each of the first 10 days. Display the output in
the form of a table with headings Day and Number.

6. Alberta Einstein teaches a business class at Podunk University. To
evaluate the students in this class, she has given three tests. It is
now the end of the semester and Alberta would like to have a
program that inputs each student’s test scores and outputs the
average score for each student and the overall class average.

The solutions to Problems 7 and 8 require the use of selection structures
(which are covered in Chapter 3).

7. Find and display the largest of a list of positive numbers entered by
the user and terminated by 0.

8. For a list of numbers entered by the user and terminated by 0, find the
sum of the positive numbers and the sum of the negative numbers.
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