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About Olabs’ Training
Manuals

Thistraining manual is organized into units, and within aunit it is organized by up to three
levels of headings. The unit title and first level heading are shown in top header of each
page following the first page of a unit. This allows you to quickly relate a second or third
level heading that occurs in a page to the main topic it is related to by simply looking at
the page header.

The figures in the manual coordinate with presentation files used by the instructor. Thus,
for example, if the instructor is showing a side labeled Figure 2-20, you will be able to
find thisin your manual labeled with the same number (the figure number 2-20 references
the 20th figure in Unit 2).

Most units conclude with review questions. Answers to these questions can be found in an
appendix of the manual.

Exercises are placed throughout the units, close to relevant topics. Exercises may require
coding, however some require analysis only. Icons next to the Exercise heading indicate
what type of exerciseit is. Icons are used in other situations within the manuals as well.
The following icons are used in the training manuals, however each one may not be used
in every manual:

Thisicon represents a hands-on exercise that requires compiling a program and
N @ running it.

This icon represents a hands-on exercise which is done on paper or as a
/ discussion; it does not require editing, compiling or running a program.

This icon represents a running code sample available on line that is to be
S| studied
. .

Thisicon represents that the material isrelated to a sample application.

=
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About Olabs’ Training Manuals

Accompanying this manual is a a set of electronic files which contain exercise templates
and solutions organized to follow the unit structure of the manual, sample programs
referenced in the manual, as well as solutions to analysis type exercises. These files are
supplied to you by the training organization. Third-party software required for the course
is not distributed by Outsource Laboratories.

Copyright © 2002 Outsource Laboratories, Inc.
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1 Basics of Programming

Introduction

In this unit we begin by providing some background about what computer programs do
and what the process of programming is about. Then we introduce you to pseudocode, an
English language like way to document the steps of a program. The Java programming
environment is introduced and we will learn how to run a Java program. The intended
learning outcomes for this unit are listed in Figure 1-1.

-~

.

~

At the end of this unit, the student will be able to:
« ldentify programming problems.
« List the steps in developing a program.
« ldentify actions expressed in pseudocode.

e Compile and run a Java program.

Figure 1-1: Unit Objectives

What is a Program?

A computer helps us to automate everyday processes. A program runs on a computer. A
program is a sequence of steps that the computer executes.

The computer itself is dumb, a computer can't come up with a problem and find a
solution. Humans have problems that they want to have solved by a computer, because
they are repetitive and boring to solve or they are complex and would take too long to
solve by humans.

Copyright © 2002 Outsource Laboratories, Inc. 1-1
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Computers are very good at making calculations for us according to a given sequence of
steps or formula. In a program therefore we define a sequence of steps that we want the
computer to execute according to a problem that we want to have solved.

Examples of problems that could be solved using a computer:

Example 1:

Your friend from Europe came to visit you in America. You are watching the weather
forecast. The temperature is given in Fahrenheit, but your friend is used to temperature
measures in Celsius. The problem isyou have to convert the Fahrenheit temperature into a
Celsius temperature so your friend knows what sort of weather to expect. The formulato
convert Fahrenheit into Celsiusis: Celsius = 0.55 * (Fahrenheit - 32).

You could write a computer program to do this.

Typically a program has three main steps as listed in Figure 1-2.

-~

The three main parts of every program

1. Take input.
2. Process the input.

3. Provide output.

_

Figure 1-2: Three Main Parts of a Program

In the case of the temperature conversion program the input would be the temperature in
Fahrenheit, the processing is the application of the formulato convert the Fahrenheit value
into a Celsius value. The output is the temperature in Celsius.

Given this problem you could write a program that fulfills exactly these steps and could be
run every time you need to convert a Fahrenheit temperature into a Celsius temperature.

Programs would normally we designed to be general, meaning they are not built for just
one particular problem, but for many problems that are similar.

Example 2:

Another problem that could be solved using a computer is the following:

1-2
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While shopping you want to add up the prices of the goods you intend to buy and also
calculate the total including the tax.

In terms of the three typical steps every program has for this program there are:
Input: Take in prices of goods that you are buying.

Process: Calculate the sum of the prices, calculate the tax you need to pay on that sum and
add tax to sum of prices.

Output: Thetotal cost including sales tax.
Example 3:

Another program could provide you with the name of the month given a number between
1and12.

Input: A number digit between 1 and 12.

Process: Compare the number that was given with a list of numbers in the program that
have names corresponding to the number. Find the respective name of the month.

Output: Provide the name of the month.

Thus, this program, if given the digit 5, would print “May” to the screen or send it to a
printer.

The three example programs are listed in Figure 1-3.

4 )

1. Convert Fahrenheit Temperature into Celsius Temperature.

2. Calculate the total amount at a grocery store including sales
tax.

3. Given a digit, provide the name of a month.

Figure 1-3: Examples of Problems for Programs

Copyright © 2002 Outsource Laboratories, Inc. 1-3
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Steps for Developing a Program

The design process of a program always starts with a problem. We just discussed three
example programs. At the start of each was a problem that needed solving. Before you can
finally run the program there are other steps involved.

In Figure 1-4 the steps that you would normally take in designing and writing a computer
program are listed.

o A N BRE

~

Identify a problem.

Outline the solution by writing the algorithm.

Implement the algorithm using a programming language.
Run the program.

Maintain the program.

Figure 1-4: Steps for Developing a Program

Let’s discuss each of the steps.

IDENTIFY A PROBLEM

First you need a problem that you want to solve. It helps to define the problem in great
detail thinking of a general way to formulateit.

OUTLINE THE SOLUTION BY WRITING AN ALGORITHM

In this step you need to understand the problem and find a solution for the problem.

To outline the solution you can write down the steps the program needs to take to produce
the desired resullt.

A program is similar to a recipe to prepare a dish. In a recipe, for example a recipe to
prepare a soup, you list the steps that you need to take to be able to enjoy the soup. The
steps have to be taken in a given sequence. You can't take a step that is at the end of the
sequence for exampl e the garnishing of the soup before you have even cut and cooked the
vegetables that you prepare the soup with.

1-4
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In aprogram, similar to the recipe you list the steps the program needs to take to produce
the result. This sequence of stepsis called an algorithm.

An algorithm should be formulated as close to the programming language as possible. In
this course we will list the steps for your program using so-called pseudocode. We will
teach you how to document the steps for your programs using pseudocode.

We need to be very specific and concise when giving tasks to the computer. As you will
see the pseudocode that we will useis already very restricted in use of words and symbols.

Having our stepslisted in an algorithm we can test it with example input values.

IMPLEMENT THE ALGORITHM USING A PROGRAMMING LANGUAGE

The outline of the solution in an agorithm is still very general. We could use this outline
to implement the program in any programming language. So really once you have defined
an algorithm for a program you have to choose which programming language to use.

In this course we are using Java. Each programming language has its own set of rules,
symbols and special words. Learning a programming language is alot about learning these
rules and symbols and how they are used in a program.

Once an agorithm istrand ated into a programming language you call it code. The process

of writing a program in a programming language is caled coding. A big part of
programming however is the part of coming up with the algorithm.

RUN THE PROGRAM

Depending on the programming language you are using, the way you run the program
might be different. In this unit you will learn how to run a Java program.

MAINTAIN THE PROGRAM

Most programs are written to be used not just once but many times. Over time
maintenance is usually required. When you are dealing with more complex problems,
changes to the code might be necessary after a while or there are simply some bugsin the
program because not every possible test has been performed on the program.

It isalso necessary to comment your program. When you write a complex program and try
to understand and edit it after a year or so you most likely don’t know anymore what you
were thinking when you wrote the program first. For this case, and for the more likely case
that another programmer needs to understand your code, you have to incorporate
comments into your code that explain what your program does.

We have aready discussed three examples of how to define a problem for a program. To
take the next step, to outline the solution using an algorithm we need to learn how to write
the so-called pseudocode that we are using in this course.

Copyright © 2002 Outsource Laboratories, Inc. 1-5
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Introduction to Pseudocode

In this course we will use pseudocode to document the algorithm of a program. Thereisno
one standard for pseudocode. It is a way to formulate the programming problem using
prose which is as close as possible to the way you write programs in the programming
language, without using any of a programming language specific syntax.

We now introduce you to pseudocode as we will use it in this book. Then we will look at
our example programming problems again and formulate them in pseudocode. At the end
of this unit you should be able to read pseudocode to understand the logic of a program.
You won't have to write pseudocode yourself in this course.

~

Pseudocode is an English language like way to document the
algorithm of a program.

Based on pseudocode an algorithm can be implemented in a
programming language.

W

Figure 1-5: Introduction to Pseudocode

The pseudocode is a step in between normal language and the language the computer
understands to get us slowly used to the technical terms of the programming language.

To solve most of the programming problems we use six basic actions that are listed in
Figure 1-6. We will look at each of thesein more detail .

1-6
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4 )
Taking input.
Providing output.
Performing arithmetic.
Storing a value.

Choosing between alternative actions.

2 - A A

Repeating an action or set of actions.

Figure 1-6: Basic Actions in a Program

TAKING INPUT

Taking input describes the event when the program receives information over the
keyboard or another device. In pseudocode we describe any receiving of input with the
word ‘read’ .

The pseudocode for the part of a program where we read in data, for example the price of
an item in a shop, would be written as follows:

Read price

How would you write the pseudocode for the part of a program where the number of items
being purchased is input?

PROVIDING OUTPUT

Providing output describes the actions when the program provides information either
through the printer or on the screen.

We use theword ‘print’ in pseudocode to indicate that information is provided.

The pseudocode for the part of the program that describes the output for the sum of prices
for items that you bought is as follows:

Print sum

How would you write the pseudocode for the part of the program where the converted
temperature is provided.

Copyright © 2002 Outsource Laboratories, Inc. 1-7
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Example Programs in Pseudocode

Now let uslook at the pseudocode of the three example programs we discussed above.

EXAMPLE 1: CONVERSION OF FAHRENHEIT TO CELSIUS

Let's outline a solution for our first example program, the conversion from Fahrenheit to
Celsius. We have to perform the following steps:

1. Takein thetemperature in Fahrenheit
2. Apply the formulato convert atemperature from Fahrenheit to Celsius.
3. Print out the temperature in Celsius.

In pseudocode the program can be described as follows:

Converter
Read tenperature in Fahrenheit
Apply formula to convert tenperature
Print tenperature in Cel sius

END

. /

Figure 1-8: Pseudocode for Temperature Converter

Converter is the name of the program. In this example we use the special word ‘read’ to
describe the process of reading in a temperature value. In the second line we apply the
formula to convert Fahrenheit into Celsius and assign the resulting value to a variable
called celsius.

As a result of running the program, the calculated celsius temperature is printed to the
screen.

EXAMPLE 2: CALCULATE TOTAL INCLUDING SALES TAX

An outline for a solution for our second problem - calculate the total including sales tax of
goods that we buy at a store - is as follows:

Copyright © 2002 Outsource Laboratories, Inc. 1-11
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1. Readtheprices.

2. Cadculate the sum.

3. Usethe sum to calculate the tax.
4. Calculate the total sum with tax.
5. Output the grand total.

In pseudocode the program can be described as follows:

Tot al Cal cul at or
Read the prices.
sum = pricel + price2 + price3
tax = ((sum* 8) / 100)
total = sum + tax
Print out total
END

N _/

Figure 1-9: Pseudocode for Total Calculator

First we need to read in the prices of the good we intend to buy, then we cal culate the sum
of the prices by adding the prices up. Next we calculate the tax (in this case 8%) for all
goods and add it to the sum. Then we can print out the total amount we have to pay.

EXAMPLE 3: PROVIDE THE NAME OF THE MONTH

And let’s do the same thing for the third problem we described.

1-12 Copyright © 2002 Outsource Laboratories, Inc.
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In pseudocode the algorithm can be described as follows:

END
N

Mont hs

Read nonth
| F month ==
print
ELSE | F
print
ELSE | F
print
ELSE | F
print
ELSE | F
print
ELSE | F
print
ELSE | F
print
ELSE | F
print
ELSE | F
print
ELSE | F
print
ELSE | F
print
ELSE | F
print

‘January’
nmont h ==

‘ February’
month == 3
‘ March’
month == 4
“April’
month == 5
‘ My’

month == 6
“June’
month == 7
“July’
month == 8
“ August’
mont h ==

‘ Sept enber’
month == 10
‘ Cct ober’
month == 11
‘ Novenber’
month == 12
‘ Decenber’

~

Figure 1-10: Pseudocode for Month Name Finder

In this program we first read in the digit representing the month, then we compare this
digit with the digits from 1 to 12. Once we find the exact digit we print out the respective
name of the month.

Copyright © 2002 Outsource Laboratories, Inc.
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Compiling and Running a Java Program

USING THE DOS PROMPT

Throughout this course we will be using the so-called DOS or command prompt to
compile and run our programs. Through the command prompt you can talk directly to the
DOS operating system. In the following section we will introduce you to some of the
commands that you will use when dealing with Java programs.

Sarting a Command Prompt Window

First we have to start the command prompt window. Assuming you are working on a
Windows machine you should have a Start button in the left bottom corner. Click on the
‘Start’ button and choose ‘Programs’ as the option. Then choose ‘ Command Prompt’ as
the option. A new window should appear on your screen that looks as shown in Figure 1-
15.

~

Figure 1-15: Starting a Command Prompt
Start a new command prompt on your computer now.
When the Command Prompt window first opensit always shows the system prompt c:\
The hard disk of your computer is called ¢ in most cases. On your disk you can arrange a

hierarchy of directories. When you first start the command prompt it directs you to the
main disk. From there you can wander through the folder hierarchy.

1-18
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You have probably worked with Windows Explorer and have seen how you can structure
your drives on the computer into different directories. In the Windows Explorer you could
click on afolder that represents afolder to see the contents of that folder.

When using the Command Prompt we have to use commands to change to a different
folder and list al files that are contained in afolder or to run programs on files.

All the exercise files for this course arein afolder called o0l 303.

So we should first learn how we can get to this folder from the c:\ prompt.

CHANGING INTO A DIFFERENT FOLDER

The command to change afolder is: cd (change directory).

To change into the folder 0l303 that stores all lab files for this course you should type the
following command at the command prompt: cd 0l303. Thisis shown in Figure 1-16.

4 )

Microsof t(R> Windows HT{TH>
(G Copyright 17985-17?6 Microsoft Corp.

G:inred ol3@3

G0 1383 %5

. W

Figure 1-16: Changing into a Different Folder

At your computer change into the folder 0l303 or if this folder does not exist into the
folder that holds the exercise and example files for this course.

Once you have typed in the command ‘cd’ followed by the name of the folder you want to
change into, the prompt indicates that you are now in the folder with the name ol 303.

LISTING ALL FILES IN A FOLDER

Now agood thing to do would beto list al the files that are contained in this folder. There
isthe command ‘dir’ that will list al files and subdirectoriesin the current folder.
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Type the command ‘dir’ at the command prompt and see what happens.

The result is shown in Figure 1-17.

C:~01383>xdir

Uolume in drive C has no label.
Uplume Serial Mumber is 8437-1D37

Directory of C:~0l1383

12,1981
121981
12,1981
121981
121981

18:1%a
1@:1%a
18:1%a
1@:1%a
18:1%7a
1@:1%a
18:1%a
36:355

<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
<DIR>
File<s>

156.237.824 huytes free

Unit@2
Unit@3
UnitcB4
Unit@5
Unit@l

UnitBk
8 hutes

W

Figure 1-17: Listing all Files

On the screen, 6 sub folders are displayed, one folder for every unit of the course. Each of

these sub folders contains the exercise and examplefiles for that unit.

On your computer list all files that are in the folder that you are currently in by using the
command ‘dir’.

To get into one of those sub folders, what do you think you have to do?

Yes, change the folder again. How would you do that?

Type in the command ‘cd’ followed by the name of the folder that you want to change
into: e.g., ‘cd Unit01’

Please change now into the folder *Unit01" and then list all files that are contained in that
folder as shown in Figure 1-18.

1-20
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01383~ UNITAL *dir
Uolume in drive C has n
Volume Serial Humber is

Directory of C:ol3@3%U

12.,19,81 18:17a
12,19,81 18:17a
1 /82,82 B7:81p
A1l /082,82 11:46a
1 /82,82 11:47a
A1 /82,82 11:47a
i /82,82 11:48a
A1 /87,02

o lahel.
8439-1D37

NITAi

<DIR>
<DIR>

755

743

872

1.413

899

273

Converter.class
CostCalculator.class
CostCalculator. java
Months . java

Months .class
Converter. java

L.655 bytes
187.432.7268 hytes free

\

Figure 1-18: Listing all Files in Folder Unit01

If you want to be able to go back to the folder above the subfolder you arein:

cd ..

You can always use ‘dir’ to check which files are contained in the folder you arein.

A FEW WORDS ABOUT FILES AND FILENAMES

When you list the files inside one of the units you see that they have a name, followed by
adot followed by either java or class. Each filename is made up of two parts: the file name
(the piece before the dot) and the extension (the piece after the dot). The extension tells
you of what type the fileis. All files with the extension .java are files with Java code (like
the ones you'll be writing), files with the extension .class are compiled Java programs
created from the .javafile. You might have seen other extensions such as .txt for atext file
or .doc for a text file that has been created using Win word. The parts of afile name are

shown in Figure 1-19.

Copyright © 2002 Outsource Laboratories, Inc.
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4 N

File Name Extension

Converter.java

N _

Figure 1-19: Parts of the Name of a File

The extension of afilewill always help you to identify the type of file or program you are
dealing with.

COMPILING A JAVA PROGRAM

One thing we will do throughout this course is compile Java programs. So we should now
learn how we can do that.

To compile a Java program from the command prompt we use the command javac. To
compile a particular file with Java code you need to:

1. Gotothefolder that containsthe file with your Java program. (It should be afile with
the extension .java)

2. Typethe word ‘javac’ followed by the name of the program including the extension
Java. If your program is called Converter.java you would typein:
javac Converter.java

as shown in the screenshot below.
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4 )

To compile a Java program, type the command ‘javac’ followed by the
name of the program including the extension .java at the
command prompt:

C:wo13A3SUNITAL > javac Converter.java

o _

Figure 1-20: Compiling a Java Program

Asaresult of executing this command, a class file (the runnable Java program) is created
called Converter.class.

Go into the folder UnitO1 if you are not already there and type in the command to compile
the Converter program as shown in Figure 1-20.

RUNNING A JAVA PROGRAM

To run the compiled program (that is the class file) we use the command ‘java’. To run a
particular Java program, you need to:

1. Goto the folder that contains the compiled Java program (the file with the extension
.Class).

2. Type the word ‘java followed by the name of the program, this time without the
extension. If your program is called Converter you would typein:
java Converter

as shown in the screenshot in Figure 1-21.
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~

To run a Java program type the command ‘java’ followed by the name of
the program at the command prompt:

C:w013A3SUNITAL > java Converter
8.8 in Fahrenheit are 26 degress in Celsius

G:~ol1383UNITA1 >

_/

Figure 1-21: Running a Java Program

Run the Converter program on your computer by typing in ‘java Converter’ as shown in
Figure 1-21.

1-24
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Exercise 1-1: Compiling and Running Java Programs

Purpose: Learn to compile and run Java programs.

Instructions: In the last section we learned how to compile and run a Java program. We
compiled and ran one of our three example programs. Let’s now compile and run the other
two programs. Follow the instructions in Figure 1-22 and Figure 1-23 to complete this
exercise.

Open a new command prompt.

Go to the folder 0l303/unit01 that contains the example
programs for this unit using the command ‘cd’.

Compile the program CostCalculator by typing in the
command:

javac CostCal cul ator.java
Check if the file has been compiled by using the following
command to find the CostCalculator.class file:

dir

Run the program CostCalculator by typing in the command:

j ava Cost Cal cul at or

What is the result of running this program?

~

Figure 1-22: “Compiling and Running Java Programs” Exercise
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1. Stay in the same folder.

2. Now compile the program Months by typing in the command:

javac Months. java

3. Check if the file has been compiled by using the command:
dir

4. Run the program Months by typing in the command:

j ava Mont hs

5. What is the result of running this program?

. _/

Figure 1-23: “Compiling and Running Java Programs” Exercise (cont’d)
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Review Questions

1. What are the three main parts of most programs?

2. Following are the steps for developing a program. They are jumbled up. Bring them
into the correct sequence.

Run the program.

Outline the solution (algorithm).

Identify a problem.

Maintain the program.

Implement the algorithm using a programming language.

3. What is pseudocode?

4. Following there are two commands. Mark which of the command compiles the
program and which one runs the program.

java Geeting
javac Greeting.java

5. What isthe extension of a Java program that is not yet compiled?

6. What isthe extension of the file that is created when you compile a Java program?
7. Which DOS command lists all filesin the current folder?

8. What isthe DOC command to change into a different folder?

9. Below thereisatable with example programming problems on the left hand side and
statements written in pseudocode on the right-hand side.
Match the problems to the pseudocode

Programming Problems Pseudocode

Output the result of a calculation Cookies = 15
WHILE (cookies > 0) DO
Eat one cookie

cookie - 1
ENDWHILE
Eat cookies until they are all gone given 15 Print result
cookies.
Copyright © 2002 Outsource Laboratories, Inc. 1-27
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Input the name of a person IF age <21
Print “Sorry you can't enter
this place”
ELSE
Print “Please come in”
ENDIF
Store the price of an item you buy in a shop price = 67.80
Check if the age is less than 21. If that is the result =7 * 45
case print “Sorry, you can't enter this place”. If
the value is equal or more than 21 print
“Please come in”
Multiply 7 buy 45 and store the result. Read name

1-28
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Using Simple Programming Logic

2 Using Data Types,
Variables and Operators

Introduction

In this unit we learn the basic building blocks of a program. Let’'s say you wanted to write
a program to do a simple calculation such as summing up two prices for goods that you
bought (e.g. $423.70 + $45.90). A program that executes this calculation would have to be
flexible to alow you to sum up any two prices. Therefore, we need placeholders for the
two dollar amounts. In programming terminology we call these placeholders variables.
When running the program you would store different values in these placeholders and
then have the program calculate with the respective values.

The computer needs to know what sort of values you want to store inside a variable. You
could have a program where you store dollar amounts in your variables asin our example
or you might want to store words in variables. You need to indicate to the computer what
types of data you are using. These are the data types of the variables in programming
terminology.

Finally we need to discuss what we can do with the variables. In our program we sum up
two prices. In other programs you might want to multiply values. We call these operations,
and the symbol that indicates which type of operation we want to perform is called an
operator. The ‘+ in our price example is an operator. Other operators are (-) for
subtraction or (*) for multiplication.

In order to write a program that does a ssimple calculation you need to know how to use
variables, datatypes and operators. That’s what you are going to learn in this unit. At the
end of the unit you will be able to write your own little program using these basic building
blocks. The intended learning outcomes for this unit are listed in Figure 2-1.
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Data Types, Variables and Operators

The Structure of a Java Program

-

At the end of this unit, the student will be able to:
« Use variables and operators in a program.
- Differentiate the five main data types in Java.
« Use comments to document a program.

« Write a simple Java program.

The

Figure 2-1: Unit Objectives

Structure of a Java Program

In the last unit we compiled and ran a few simple Java programs. Let us now look at the
structure and the main parts of a Java program in more detail.

Every Java program starts with the word ‘class’ followed by the name of the program,
followed by an opening curly bracket ({). Look at the first line of program code in
Figure 2-2. There we see the word ‘class’ followed by ‘ AddingNumbers' (the name of the
program) and an opening curly bracket ({).

The name of the program is also the name of the file that we save it as. The program
AddingNumbersis saved in the file AddingNumbers.java.

Curly brackets indicate a grouping of lines of code. In the extract of program code that is
shown in Figure 2-2 everything that belongs to the class AddingNumbers is grouped
inside an opening ({) and aclosing (}) curly bracket.

Inside the class there is a ‘main method’. Again everything inside this main method is
grouped together by an opening and a closing curly bracket. We will learn what a method
isin unit 5.

Theline ‘public static void main (String[] args)’ starts the main method. You don’t need to
understand the meaning of these words yet. Just keep in mind that each Java program
needs to have a main method that starts with the sequence of words as you seein line 3.

2-2
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Basic Structure of a Java program:

1
2
3
4
5
6
7
8

cl ass Addi ngNunbers {
public static void main(String[] args) { 1

[This is where the rest of the
program code goes]

}

}
'\ end of the program

keyword to start the program
name of the program

f main method

W

Figure 2-2: Structure of a Java Program

Let us now look at an example program that we will be using at many points throughout
this unit.

Our example program sums up two numbers and prints out the result.

To fully understand everything in this program we need to learn how to use variables, data
types and operators. That is what we will be doing in the following sections. At the end of
this unit you will be able to write asimple program all by yourself.

The problem we are solving with this program is as follows. Declare three variables of
type integer, assign numbers to two of those variables, add these two numbers together,
assign the value to the third variable and print the result.

The program would be written in pseudocode as follows:

Addi ngNunber s
Read nunberl
Read nunber2
result = nunberl + nunber2
print result
END

The steps * Read number1’ and ‘Read number2’ in the pseudocode involve the declaration
of variables and assigning values to the variables. In Figure 2-3 the complete Java
program ‘AddingNumbers' is shown. Concentrate on the structure of the program for the
moment. Look at the program in Figure 2-3 and answer the following three questions:
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1. What isthe name of the program?
2. Inwhich line does the main method start?

3. Inwhich line does the main method end?

// 1 class Addi ngNunbers { \\
2
3 public static void main(String[] args) {
4
5 /1 Declare three variables of type integer
6 i nt nunber 1;
7 i nt nunber 2;
8 int result;
9
10 /1 Initialize two of the variables
11 /1 nunberl represents the first val ue
12 /1 nunber2 represents the second val ue
13 nunberl = 678;
14 nunber2 = 345;
15
16 /1 Sumthe two nunbers and store the result in ‘result’
17 result = nunberl + nunber?2
18
19 /1 Print out the result
20 Systemout.println("The result of adding nunberl and
nunber2 is " + result);
21 }

/

Figure 2-3: Structure of a Java Program (cont’d)

Inside the main method we find the code that is actually doing the things we want the
program to do. You will learn everything you need to know to understand this central part
of the program in this unit. Before we dive into it, let usfirst compile and run the program.

RUNNING THE PROGRAM

You have already compiled and run a few programs in the last unit. Remember the steps
you need to take? To remind you, the steps are listed in Figure 2-4.

2-4
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1. Compile the program. At the command prompt type:

j avac Addi ngNunbers. j ava

2. Check if the class file AddingNumbers.class has been created
by using the dos command ‘dir’. At the command prompt type:
dir
If the file AddingNumbers.class is listed, the program compiled
without errors.
3. Run the program. At the command prompt type:
j ava Addi ngNunber s

Figure 2-4: Running the Program

Below a screenshot shows the two commands and the result of running the program:

C:xo0l13A3SUNITAZ > javac AddingMumbers. java
C:so0l13A3SUNITA2 > java AddingMumbers

The result of adding numberld and numbher2 is 1623
C:~0l3B3~UNITA2 >

Copyright © 2002 Outsource Laboratories, Inc. 2-5
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Statements

Before we start discussing other concepts let’sfirst talk about statements.

What is a statement? A statement represents a sequence of hundreds or thousands of
machine instructions. These statements are trandated into machine instructions when we
compile and run the program. Every program is more or less a list of statements. In the
program AddingNumbers,java that we saw in Figure 2-3 every line that ends with a
semicolon (;) represents a statement.

For example:

line 13: nunber 1 = 678; or
line 17: result = nunberl + nunber?2;

A program is put together out of many statements and there are different types of
statements defined in the rules (syntax) of the programming language.

In this unit we will discuss the form of statements to declare variables and to do simple
operations. In the following units we will move on to more complex statements that |et
you solve more complex problemsin your program.

2-6
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What are Variables ?

4 N

456

numberl

. /

Figure 2-5: The Variable - A Storage Box for Values

Variables are like storage boxes for values. Imagine a variable as a little box with a name
as shown in Figure 2-5. When we assign a value to that variable we can imagine that we
put a piece of paper with a number or a word on it into the box. Each variable would be
represented with one box. Whenever we use the name of the box in our program we have
to open it and look at the number or word on the piece of paper inside the box. Then we
can calculate with the numbers on the piece of paper in the box or write the number or
word that is written on the piece of paper to the screen.

In the AddingNumbers program that we investigated we used three variables: numberl,

number2 and result. The variables numberl and number2 held two numbers and the
variable result held the result of adding the two numbers.

DECLARING VARIABLES

When we want to use variables in a program we have to tell the program the names of our
variables. In Java we call that the declaration of variables. In lines 6 to 8 in the program
in Figure 2-3 we are declaring three variables as shown in Figure 2-6.

Copyright © 2002 Outsource Laboratories, Inc. 2-7
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-~

6 i nt nunberl
7 i nt nunber 2;
8 int result;

_

Figure 2-6: Declaring Variables

In every programming language there are strict rules about how everything has to be
written. We call this the syntax of a programming language. When declaring a variable
you need to indicate the type of the variable. We will be talking about the possible types
of variables in the next section. The variables that we are using in our example program
are of type integer. This means that those variables can only store whole numerical values
(e.g., 1,34,189, ...). In Java you indicate a variable of type integer by writing ‘int’ before
the name of the variable.

After the name of the variable we have to put asemicolon (;). Asyou seein the examplein
Figure 2-3, there is a semicolon (;) at each end of the line. Each of the linesin Figure 2-6
is a statement. The syntax to declare avariable is shown in Figure 2-7.

-~

~

Syntax to declare a variable in Java:
dat aType vari abl eNane;

The following line of code declares a variable of type /nteger with the
name numberl.

i nt nunber1;

Figure 2-7: Declaring Variables (cont’d)

2-8
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ASSIGNING VALUES TO VARIABLES

The declaration of avariable is only the first part of using avariable. Once the variable is
declared we normally use it to store a value in the variable. To store avalue in a variable
we use the ‘assignment’ operator (=), we also say we assign avalue to avariable.

Figure 2-8 explains the syntax to assign a value to a variable and gives examples of
assigning values to variables of different types.

-

To store a value in a variable, use the Assignment operator (=).
Examples:

int counter;
counter = 7;

double price3;
price3 = 34.50;

String greeting;
greeting = “Good morning”;

Figure 2-8: Assigning Values to Variables

Copyright © 2002 Outsource Laboratories, Inc. 2-9
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VARIABLE NAMES

When choosing a variable name you should not take any name. There are conventions that you
should follow when deciding on a variable name. They arelisted in Figure 2-9.

4 N

« A variable name should describe its purpose (a variable should
have only one purpose).

« A variable name must be made up of one or more alphabetical
characters, numerical digits, underscore (_), or dollar signs ($).

« A variable must begin with an alphabetical character, underscore
or dollar sign.

« A variable must not be one of the reserved keywords for the
language you are using.

Figure 2-9: Variable Names

Thelist of reserved keywords in Javais provided in the appendix of this book.
These are examples of valid variable names:

numberl

result

_celsiusvalue

_fahrenheitValue

These areinvalid variable names:

3333a (the variable does not start with an alphabetical character)

class (thisis areserved word)

return (thisis areserved word)

2-10 Copyright © 2002 Outsource Laboratories, Inc.
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Exercise 2-1: Find Valid Variable Names

Purpose: Practice identifying valid variable names.

Instructions: In Figure 2-10 valid and invalid variable names are listed. Study the rules
for naming variable names that are given above and mark the valid variable names by
drawing acircle around them.

~

$name celsius class vegetarian
7mark _counter mark $a
1234 numberl counter bi

Figure 2-10: “Find Valid Variable Names” Exercise

A list of the valid variable namesis provided in Unit02/exercisesol2_1.txt.

Copyright © 2002 Outsource Laboratories, Inc. 2-11
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What are Data Types?

Every variable in a Java program needs to be of a data type that is defined for the
programming language. In our sample program, for example, we are using variables of
type integer. There are 5 main data types that are used in Java and in many other
programming languages.

The data type determines what sort of value can be stored in a variable. A variable could
for example either store a number or a word. It is important to distinguish between
different types of data as the program hasto handle different data types in different ways.

For example, a program can only calculate with numbers, it cannot make any calculation
with words. Words, however, can be printed to the screen. Variables of different types are
assigned different amounts of space in the memory of the computer. A variable of type
integer for example takes up 32 hits of space, a variable of type double takes up 64 bits of
space. A bit is the smallest unit of storage in a computer. Thus, you have to be careful in
using the different types; you cannot assign a double value to an integer variable for
exampl e as the doubl e val ue takes more space than the integer variable provides.

The main datatypes that are used in Javaare listed in Figure 2-11.

int - integer, a whole numerical value (e.g. 9)

double - a fractional numerical value (e.g. 56.50)

char - character, an individual letter, digit or symbol (e.g. ‘R)
boolean - a boolean variable can have the values true or false

String - words or sequences of letters or numbers

Figure 2-11: Data Types in Java

Now let uslook at each of those data typesin more detail.

2-12
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The Data Type integer

Variables of type integer represent whole numerical values. In a program you use a
variable of type integer for example to store the value for a the number of loops a runner
has compl eted or the number of employeesin a company.

In Figure 2-12 the syntax for declaring a variable of type integer and examples are
presented. In Javato declare a variable of type integer you write ‘int’.

-~

.

~

Declaration of integer variables:

i nt vari abl eNane;

Examples:

i nt nunber O Loops;
i nt nunber O Enpl oyess;

Example values:

4, 56, 70002, 456

W

Figure 2-12: Variables of Type integer

The example program Unit02/AddingNumbers.java uses variables of type integer. Go
back to Figure 2-3 and study lines 6,7 and 8 where the variables of type integer are
declared.

Copyright © 2002 Outsource Laboratories, Inc. 2-13
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\/@ Exercise 2-2: Declare a Variable of Type integer

Purpose: Practice declaring a variable using the data type integer by modifying our
sample program.

Background: In the program Unit02/AddingNumbers.java we declare three variables
(numberl, number2 and result). The variable result stores the result of adding the values
of numberl and number2. In this exercise we want to sum up three numbers instead of just
two numbers. The pseudocode describing this program is as follows:

Addi ngNunber sSol
Read nunberl
Read nunber2
Read nunber3
result = nunberl + nunber2 + nunber3
print result
END

Instructions; Thisisthe first program that you are going to edit. We provide you with a
template where you are prompted to fill in one line of code: the declaration of avariable.
Look for a line of code that starts with //**. After this line we want you to fill in the
declaration of the variable. In the template we aready declared three of the variables for
you and we assign values to all of them. We also do the calculation for you and print the
result to the screen. So the only thing that is missing in the program is the declaration of
the variable number3.

Use the program AddingNumbersTem.java as a starting point and complete the steps as

-

To complete the exercise, carry out the following steps:
1.
2.

outlined in Figure 2-13.

Open the file Unit02/AddingNumbersTem.java.

Edit the file:
Declare a variable with the name number3 of type integer.
You can use the number2 variable declaration as a model.

Save the file.
Compile the program.

Run the program.

Figure 2-13: “Declare a Variable of Type integer” Exercise

2-14
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Answer the following questions:
1. What value is assigned to the variable number2?

2. Find the line where the result is calculated and copy the whole
line into your book.

3. How many variables are being used in this program?

N /

Figure 2-14: “Declare a Variable of Type integer” Exercise (cont’d)

The solution for this exercise is available online in Unit02/AddingNumbersSol .java
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Exercise 2-3: Assigning Values to Variables of Type integer

Purpose: Practice assigning values to variables of typeinteger.

Instructions: Follow the steps outlined in Figure 2-15 to compl ete this exercise.

N o g &

. Open Unit02/AddingNumbersA.java.

. What are the current values?

numberl :
number2 :

Pick new values.
numberl:
number?2 :

What do you expect the result to be?
Now change the values of the variables in the Java program.
Compile the program.

Run the program.
Is the result as you expected?

W

Figure 2-15: “Assigning Values to Variables of Type integer” Exercise

2-16
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The Data Type character

Variables of type ‘ character’ represent a single character. The character type encompasses
all the letters, digits and symbols that appear on a keyboard.

In a program you might want to use variables of type character for example to store the
names of buildings of a university. Think of auniversity that has buildingsthat have single
characters as the identifying name: The Math building ‘A’, the Physics building ‘B’, the
Music department building ‘C'.

Variables of type character are also useful for the options in a menu system for a program.
A computer program might offer the options ‘p’ for printing, ‘s for saving and ‘€ for
exiting aword processing program for example. The options are represented as character
variablesin the program.

In Figure 2-27 the syntax for declaring a variable of type character is shown. In Java to
declare avariable of type character you write ‘char’.

The syntax for declaring a variable of type character is as follows:

char vari abl eNane;

Examples:

char mat hBui | di ng;
char physi csBui | di ng;

Example values are:

_

Figure 2-27: Declaring a Variable of Type character

The program Unit02/FindBuilding.java as shown in Figure 2-28 uses variables of type
character. The pseudocode for this program is shown below:

Fi ndBui | di ng
read mat hBui | di ng
read physicsBuil di ng
print “The Math department is in building mathBuilding”
print “The Physics departnment is in building
physi csBui | di ng”
END

2-28
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1 class FindBuilding {

2

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

4

5 /1 Declare two variables of type character
6 char mat hBui | di ng;

7 char physi csBui | di ng;

8

9 /1 Assign values to the variabl es

10 mat hBui l ding = ' A"
11 physi csBuilding = 'B';

13 Systemout. println("The Math departnment is in building " +
mat hBui | di ng) ;
14 System out . println("The Physics departnent is in building™"
+ physi csBui | di ng);
15 }
16 }

o _

Figure 2-28: FindBuilding.java

In lines 6 and 7 the variables of type character are declared. Then in lines 10 and 11 we
assign values to the variables. Note that values of type character always need to be inside
single quotes (*'). That is what the syntax of Javarequires.

Compile and run the program as shown bel ow. H
[]

C:so0l13A3SUNITAZ2 > javac FindBuilding. java
C:sol13A3SUNITAZ > java FindBuilding

The Mathsz department iz in building A
The Physics department iz in building B

G0 13A3~UNITA2 >
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\/@ Exercise 2-8: Declare a Variable of Type character

Purpose: Practice declaring a variable using the data type character.

Background: In the program Unit02/FindBuilding.java we declared two variables of type
character, one for the Math building and one for the Physics building. In this exercise we
want you to declare a third variable of type character to identify the Music department of
the university.

The pseudocode for this program is as follows:

Fi ndBui | di ngSol

Read nat hBui | di ng

Read physi csBui |l di ng

Read nusi cBui | di ng

print the values of the three variabl es
END

Instructions: We provide you with a template. You are prompted to fill in one line of
code: the declaration of the variable. The rest of the code is already written for you.

Use the program Unit02/FindBuildingTem.java as a starting point and complete the steps
asoutlined in Figure 2-29

-

\

To complete the exercise, carry out the following steps:

1.
2.

Open the file /Unit02/FindBuildingTem.java.

Edit the file:
Declare a variable of type char with the name musicBuilding.

Save the file.
Compile the program.

Run the program.

Figure 2-29: “Declare a Variable of Type character” Exercise

2-30
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« Try to come up with other ideas of other situations where you
would use the data type character.

« Where could this data type be useful?

Figure 2-30: “Declare a Variable of Type character” Exercise

A solution can be found in Unit02/FindBuildingSol .java.
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Unit Review

Questions

Given the program below answer the following questions:

1 class Summ ngPrices {
2
3 public static void main(String[] args) {
4
5 doubl e pricel;
6 doubl e price2;
7 doubl e resul t;
8
9
10 pricel = 234.55;
11 price2 = 40.00;
12
13 result = pricel + price2;
14
15 /1 Print out the sum
16 Systemout.println("The result of adding pricel and price2 is "
+
result);
17 }
18 }
1. What variables are declared. List them:
2. What aretheir types?
3. Which operator isbeing used in line 13?
4. What will be the value of the variable sum?
5. Inwhich line does the main method start?
2-70 Copyright © 2002 Outsource Laboratories, Inc.
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10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

In which line does the main method end?
What other operators could you usein line 137

Why can’t you use the concatenation operator in line 13 without changing the type of
the variables?

What would be the value of the variable result if you were using the subtraction (-)
operator with the given values?

Which sign is always at the end of a statement?
Isnumberl avalid variable name?

Is 7math avalid variable name?

List three integer values.

Could you assign an integer value (e.g. 15) to a double variable without getting an
error when you compile the Java program?

What are the two possible boolean values?

List three values of type character.

What does method printin do?

Which are the operators that can be used for integer as well as double variables?

What is the result of the following expression? Why?
8+4*3

What are the two types of commentsin Java?
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