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Preface

Computer programming skills are currently must-have skills for every
university graduate in any fields of Science and Engineering. This book
is aimed to be a textbook suitable to be used in a first programming
course for university-level students. The primary goals of this book are to
introduce students to creating computer programs to solve problems
with high-level languages. Programming concepts appearing in modern
programming languages are presented through writing Java programs.
Java is selected as the language of choice due to its relatively simple
grammars. It is also a good choice for introducing students to the concept
of object-oriented programming which is one of the most popular
paradigms in the current days. Furthermore, Java is one of the most
widely-adopted programming languages by the industries.

This book is developed from the class notes that the author wrote for the
introductory computer programming course offered to students in the
International School of Engineering, Chulalongkorn University. The
writing style and the content organization of this book is designed to be
straight-forward. Details not crucial to understanding the main materials
presented in their related sections are usually omitted in order to relieve
the readers from worrying about having to know ‘too much’. References
for further readings will be given along the way.

The author hopes that this book would introduce readers to the joy of
creating computer programs and, with examples given in this book,
writing computer programs would appear to be more realizable,
especially for beginners with absolutely no programming background.

The source code used in all 101 examples, as well as possible list of errata,
i can be found on the Facebook page of this book:

http:/ /www facebook.com/programming101



Typographical Conventions

The following typographical conventions are used in this book:

Italic
indicates new terms, class names, method names, and arithmetic
variables.

Bol d constant width
indicates Java keywords, source codes, expressions used in their
related source codes.
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Chapter 1: Introduction to
Computer Systems

Readers should
e Be familiar with computer components and understand their main
functionalities.

e Conceptually understand how data are represented in computers.
e Be able to conceptually explain how to solve problems using
computers.

Hello Computer, my dear friend!

A computer is a machine capable of automatically processing data
according to instruction lists given. Data processing includes, but not
limited to, carrying out arithmetic operations, comparing logical values,
as well as, transmitting, receiving and storing information. Data
processing tasks, no matter how long or complex they are, can be
performed with series of some simple commands, considered “native” to
the computers processing those data.

From day one until now, the so-called “native” commands are done
electronically in most computers. Many benefits we gain by using
computers as our tools to problem solving are due to the fact that
electronic devices can perform these commands in a very fast and
reliable fashion. Here are some examples of such benefits in normal
circumstances.

Computers work fast. Despite common complaints that sounds like “My
computer is slow”, it does work very fast! A computer can execute
billions commands in a second. Suppose we have golf balls that each of
them can be either white or black, how fast can you compare the colors of
one thousand pairs of golf balls and say how many pairs are different? A
computer can do it in one nanosecond.



Computers work consistently. No matter how many times a computer
performs the same job, the result is similar every time. (Telling a
computer to intentionally does something randomly dose not count!)

Computers remember a huge amount of stuffs. A large amount of data
can be written into computers’ memory. Hundreds of books can be
stored in and recalled back from a computer’s memory with ease.

Computers are loyal. Computers do and only do as instructed,
straightforwardly. If the instruction is right, the result is right.

Computers work hard. Computers do not complain about doing
repetitive tasks. It does not get bored as it happens with people.
Surprisingly, repetitive tasks are things that computers do all the time
and do well. Furthermore, computers can work continuously for very
long periods.

Despite all the good points, ones need to keep in mind that a computer is
just another invention of our planet earth. As of the current technological
advance, computer does not think by itself and it does not have human’s
common sense. What we can do with the help of computers are not
unlimited, but, trust me; they are more than enough in most cases.

To learn how to “instruct” computers using sets of instructions called
“programs” is the main focus of reading this book.

Computers in Our Lives

Although the word “computers” was originally used to refer to a person
who performs calculation, nowadays, when coming across the word,
ones usually picture machines or devices manufactured in some certain
different form factors. Core capabilities of these machines include
“automated calculation” and “programmability” with the former infers
that the machines can perform some pre-defined calculation procedures
automatically and the later infers that there are ways to schedule series
of operations that the machines are capable of. In computers’ early days,
the two capabilities of the machines were enabled using mechanical



components while modern computers mainly rely on combinations of
electronic devices and mechanical parts. Advancements in many
technological fronts contribute to improved computer capabilities. The
“brain” of a computer was used to be a room filled with vacuum tubes
and large mechanical parts. It is now a package of wired electronic
devices with its size smaller than a matchbox due to advancements in
Semiconductor technologies. Paper-based punched cards were once used
to stored data which are represented by series of holes punched through
paper cards. Today’s data storages still more or less adopt such a concept
of data representation but with significantly reductions in time and space
requirements. For example, magnetic characteristics of a miniscule
region on the surface of a hard disk are manipulated instead of punching
a hole on a paper card. This allows data processing to be performed more
quickly and efficiently.

Figure 1 is a picture of the ENIAC, one of the first computers invented.
Its programmability is achieved by physically re-wiring its circuits.
Luckily for us who are now in the 21st century, computers are far more
powerful and, although their enabling technologies are complex, they are
far less complicate to use.

Figure 1: ENIAC
(This picture is a work of U.S. Army Photo and is available in the public domain.)

Today’s computers come in many different appearances, sizes, and
capabilities. Some are general-purposed computers, while some are
designed or pre-programmed for more specific tasks. Desktop and
notebook computers together with popularity-gaining “slate” or tablet



computers are probably among the most recognized forms of computers
in our everyday lives. However, do not ignore the fact that specific-
purposed computers embedded in appliances are far from rare. We
sometimes just do not notice one.

Notebook computer

Desktop Computer
(picture from www.sonystyle.com)

(picture from www.dell.com)

= e
Portable game console

Tablet computer
(picture from www.nintendo.com)

(picture from www.hp.no)

Washing machine with embedded
computer
(picture from www.lg.com)

Smart mobile phone
(picture from www.apple.com)

Figure 2: Different types of computers

What Computers do

Every form of computers has the same basic structures of operation.
First, they must have ways of taking input data into the systems. Data



supplied into computer systems could be in various forms such as
keystrokes, text messages, images, actions and etc. No matter which
forms they take, they will be converted into a uniform representation,
which will be discussed later in this chapter, and stored in the memory of
the systems. Then, computers process the data by reading from the
memory and placing the processed results back. Finally, they present
outputs to users or components outside their systems. During the
process, if computers need to store some data more permanently, they
can write those data into storages which are either integrated in the
systems or located externally outside their systems.

Processor

'A

ejep

100111101101 1111 1111 1000 1000 1011,

Memory

Sl

Storage

Figure 3: Conceptual diagram of how a computer works

Do computers need memory in order to process data? The answer is
“Yes, they do.” Memory is used for storing data either temporarily or
permanently in order to facilitate the desired data processing task. Let's



take performing an Arithmetic calculation as our example of data
processing. Suppose that we are to compute the result of multiplying two
numbers by ourselves, manually. Before our brains can perform such
multiplication, somehow, we have to memorize the two numbers first. If
the numbers are too large or the multiplication is too complex, we might
have to jot them down on a piece of paper. Memorizing or writing down
those numbers is analogous to the computer placing data into its
memory waiting for the data to be processed. Furthermore, the steps or
sequences of actions required for executing the calculation must also be
registered in the memory so that they can be retrieved in order for the
computer to figure out what to do for achieving the calculation result,
which, once obtained, will be written into the memory too.

Electronic devices and mechanical parts of computers are called
hardware, while contents that instruct computers what to do are called
software. Information or messages that do not directly control computer
hardware are considered data.

Hardware

Computer hardware can be grouped into three groups according to their
functionalities. They are:

e Central Processing Unit (CPU)
e Memory
e Input/Output (I/O) device

Given a program, every components work together according to the
instructions in that program.

Central Processing Unit

Central Processing Unit (CPU) is responsible for execute given
instructions. It is the brain that does arithmetic and logic processing, as
well as control other hardware coordination. A CPU is typically a small
chip whose functionalities are done via the controlling of electric current
flowing through the miniscule integrated circuit inside the chip.



Different generations and brands of CPUs differ in their architectures
and speed of operation. We often refer to different CPUs by their
commercial names, such as Intel® Pentium® M, Intel® Core™ 2 Duo,
Intel® Core™ i7, Intel® Atom™, Intel® Itanium®, AMD Athlon™ 64,
AMD Opteron™, AMD Phenom™, Sun UltraSPARC, PowerPC, and etc.

Each of most CPUs requires a clock signal that synchronizes the CPU’s
processes as well as other hardware devices. Generally, the faster the
clock signal, the more steps in the processes to be executed in certain
time intervals. Clock speeds are measured in the unit hertz (Hz). The
higher the clock speed, the more steps a CPU can perform in one second.

Memory

Memory is responsible for storing data and program. There are two
types of memory grouped by the purposed task for which that type of
memory is used. The first type is called main memory, which is a
temporary storage used for storing instructions and data currently in
use. This type of memory is usually more expensive but faster than the
other type of memory, called secondary storage. This type of storage is
used for storing data that is wished to be remembered permanently, or at
least, longer than the one stored in the main memory. Typically, such
data might be user’s data, for example document files, multimedia files,
and archived data etc. Secondary storages are slower but cheaper than
main memory.

Figure 4: A 2GB DDR2 RAM with integrated heat sinks.
(The picture was publicly distributed at http://commons.wikimedia.org by Victorrocha,
retrieved on Sept 13th, 2010)



Floppy disk Compact Disc Flash memory device

Figure 5: Different types of secondary storages

Examples of main memory are various types of Random Access Memory
(RAM), while Floppy disks, Hard Disk Drives, Compact Disc (CD) such
as CD-ROM, CD-R, CD-RW, etc., Digital Video Disc (DVD) such as
DVD-ROM, DVD-R, DVD+R, DVD-RW, etc., and flash memory devices
belong to the secondary storage.

I/O Devices

I/0 is abbreviated for Input/Output. Input devices are responsible for
taking data or information into computer systems. In contrary, output
devices are responsible for providing data or information to the outside
world. I/O devices can be used between computers and their users, as
well as among computer systems. Devices that can transmit data among
computer systems are also considered I/O devices.

Input into and output from computers can be of many forms. More
traditional forms of input information could be keystrokes made via
computer keyboards and movements of computer mice, while recent
trends in novel input forms come in the forms of multi-finger gestures
made on some input surfaces, live video input via web cameras, velocity
and acceleration measured by accelerometer embedded in input devices
of various forms, as well as voice commands spoken by human users. On
the output side of the story, nowadays output information are presented
to the users by many more means beyond graphical displays of
computer monitors or printed media made by printers. Information
encoded in rhythms of mechanical vibrations made on a device hold by
the users serves as an example belonging to this case. Considering a



device from its whole package, we usually can find devices that provide
both the input and the output.

Figure 6: The Wiimote, a device capable of delivering many forms of
input and output such as button pressing, position and acceleration of

the device, lamp signals, vibration as well as audio output
(The picture was publicly distributed at http:/ /commons.wikimedia.org by Asmodia,
retrieved on September 15, 2010. This file is licensed under the Creative Commons license.
(free to share and/or to remix))

Software

Software is a set of instructions that is used for controlling computer
hardware. Some software are designed to communicate directly with
computer hardware, while some other software are not, but they operate
on top of other software, such as operating systems (OS), that acts as
their delegates in communicating with hardware. Conceptually, the
relationship among users, application software, system software, and
hardware can be shown as in Figure 7. The users interact with computers
by having physical contacts with the hardware parts as well as consume
the output presented via the hardware. Application software normally
focuses on supporting users to accomplish the tasks they desire, while
system software takes care of providing environments of the computer
systems that are required for other applications to run as expected.



hardware - = N

Application software

PN )
J L

System software

17 /

Computer Hardware

Figure 7: Relationships among users, application software, and system
software

Application Software Vs. System Software

Application software covers programs that help user in accomplishing
specific tasks such as word processors, web authoring tools, computer
games, and etc. System software usually covers programs that are not
directly intended to help accomplishing the user’s task but supports
other application software. System software could involve providing
needed functionality for application software, maintaining computer
systems so that they are in suitable condition, facilitating application
software with productivity-related services, or even building other
application software. Examples of system software are operating
systems, system tools (e.g. antivirus, archiving tools, disk defragmenter),
and software development tools (e.g. compilers, debuggers, integrated
development environment suites).

Photo editing software Word processing software

Figure 8: Screenshots of some application software
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Operating System (OS)

An operating system (OS) is a system software that operates resources,
both hardware and software, of a computer. An OS usually pre-define
basic functionalities that are common to most applications and provide
such functionalities, such as file and device management, graphical user
interface rendering, and computer networking, to applications running
on that OS. This makes the development of application software easier
and faster. Examples of well-known OS’s include various versions of
Microsoft Windows, MacOS, and other Unix-based OS’s. In current
computing trends, OS’s designed for portable electronic devices are
gaining more influences. Some examples of these OS’s are variations of
the Andriod OS as well as the iphone OS.

Binary Representation of Data

In today's computer systems, places where data as well as programs can
be stored are manufactured in various ways. However, what is common
to most of them is the fact that, logically, they are designed to hold a long
sequence of "blocks" where each of the blocks, when ready, can be in
either one of two different states. We call each one of these blocks as a bit
and we usually refer to the two different states as the state '0' and the
state '1'. In other words, we say that each bit takes a binary value which
can be either 0 or 1. Different combinations of the binary values
associated with a bit sequence are used to represent different values
stored in the location corresponding to those bits. The amount of eight
bits is called one byte. The capacity of computer storage is measured in
numbers of bits or numbers of bytes.

Figure 9: An example binary representation of 1-byte data

In old days, these blocks were implemented using mechanical relays.
Today, they were implemented based on smaller (by several

11



magnitudes) devices utilizing electrical, optical, and other properties of
fabricated materials.

Different types of data, including but not limited to numerical data,
alphabetical data, and logical data, are represented in forms of sequences
of binary values using different encoding schemes. With a given
encoding scheme, a value can be converted correspondingly to its binary
representation and written into the memory. Unsurprisingly, with the
encoding scheme known, the binary values of a bit sequence can be read
from the memory and converted back to its original form.

For positive integer values, each value is stored in the memory using its
corresponding representation in base 2, E.g. the integer value ‘eleven
(11)" in the decimal system (base 10) is stored in the memory as 1011,. We
usually neglect the subscript 2 when it is obvious.

It is not within the scope of this book to cover encoding schemes for
various data types being used in computer systems.

The Power of Two

Since computers represent all data and instructions in binary formats, we
usually run into cases when the value of 2%, where 7 is a positive integer,
is needed. For example, we might want to calculate how many different
values can be stored in n bits of memory. Being familiar with the values
of 2" where n is a small positive integer can help us come up with
answers to some questions arising when we design our programs more
quickly. Adept programmers, computer scientists, and other computer-
related professionals use these numbers so often that they can naturally
tell their values without having to pause and calculate.

The following table lists the values of 2" from n being 0 to n being 11. It is
not much of a burden to memorize these values.
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n Values of 27 n Values of 2~
0 1 6 64
1 2 7 128
2 4 8 256
3 8 9 512
4 16 10 1024
5 32 11 2048
Table 1: Values of 2»
Units of Measure

When measuring capacity of computer storage, people add prefixes such
as kilo, mega, and giga in front of the byte unit to avoid explicitly using
large number. The commonly used prefixes, SI prefixes, are based on
powers of ten. For SI prefixes, kilo means one thousand (10%), mega
means one million (10°), giga means one billion (10°), and tera means one
million millions (10%2). Thus, the distance of 1 kilometer means 1,000
meters. However, in the computer industry, another type of prefixes
which are Binary prefixes are also used. In this latter system things are
counted using powers of two. The binary prefixes become as shown

below. E.g.: The capacity 1 Gigabyte (GB) equals to 1,073,741,824 bytes.

Binary Prefix Power of two Value

kilo (k)
mega (M)
giga (G)
tera (T)

210
220
230
240

1,024
1,048,576

1,073,741,824
1,099,511,627,776

Table 2: Binary prefixes

Example 1: How large is a giga byte?

Given that binary prefixes are used, how many kilobytes are there in 1
gigabyte?

13



There are 2% bytes in 1 Gigabyte and 1 kilobyte is 210 byte. Therefore,
there are 230/210 = 2(30-10) = 220=1 048,576 kilobytes in 1 gigabyte.

Example 2: Memory card capacity

Suppose that a digital camera invariably uses a space of 256kB to store an
image and it also reserves a space of 20kB per each memory card to store
some camera specific data. How many images can be stored on a blank
512MB memory card?

The remaining space of the card once the space required for the camera
specific information is deducted in kB is (512 x 210)-20 kB. Let n be the
number of images. Therefore, the maximum value of n is the largest
integer not exceeding

(512x2%)-20 _, 0 20 _u 20

256 256 256

Recall that 211 is 2,048, and we know that 20/256 is a positive value less
than 1. That makes 2,048 - 20/256 being 2,047 plus some fraction of 1.
Therefore, the maximum value of integer n in this case is 2047, or this
memory card can hold 2,047 images when using with this digital camera.

Problem Solving Using Computer Program

When you, as a novice programmer, would like to solve some problems
by writing a computer program to solve them, you should have a set of
steps about how to do it in your mind. Different people may take
different steps. Experienced programmers are likely to deliver programs
(which are not too big) out of pure intuitions. However, for those with
less experience, it does not hurt to follow some steps. Here, we introduce
the following steps when developing a computer program for some
problems.
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Problem defining: Make sure you understand the thing you want to
solve. You want to make sure that your efforts are spent in solving the
real problem. A clever solution for the wrong problem is a waste!

Analysis: Determine inputs, outputs, and relevant factors for the defined
problem.

Design: Describe the methods used for solving the defined problem.
Provide a detailed process required to be done in order to go from taking
the inputs to producing the outputs.

Implementation: Write the code corresponding to the design. You can
always go back to improve earlier steps so that the code can be written in
an efficient fashion.

Testing: Test the program whether it delivers the correct results. You
may need to prepare some test cases, in which you know the expected
outputs for a set of test inputs. If any outputs do not appear as expected,
go back to the analysis and design steps. Once you are sure that they are
done correctly, the problem is likely to be caused by ‘bugs’ in the code.
Never deliver your code without carefully testing it.

Let’s look at an example scenario that we will use it to walk through
these steps in creating a computer program that solves an electrical
circuit problem.

Example 3: An electrical resistive circuit problem

Suppose that we would like a way to quickly find the amount of current
flowing through the circuits shown below in Figure 10, in which the
voltage source is fixed at 220 Volts while the amount of the resistance in
the circuit could be set to any positive value in Ohms.
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Figure 10: An electrical circuit with a resistor connected in series with a
voltage source of 220 Volts.

Problem defining: A program that calculates the amount of current in the
circuit with a voltage source of 220 Volts is connected in series with a
resistor whose resistance value will be defined at run-time, i.e. when the
program runs each time.

Analysis: Since the value of the resistance needs to be defined each time
the program runs, that value should be the input to the program. Let’s
decide that the input must be typed in correctly by the user of the
program via keyboards once prompted by the program. From the
problem definition, the output will be the corresponding amount of
current flows in the circuit. We will have the program show it on screen.
Another relevant factor is the amount of the voltage supplied by the
voltage source. This is always 220 Volts.

Design: From what we have learned from Circuit theory (or at least from
what I am about to tell you now), to obtain the output which is the
amount of current in Ampere, i, flowing through a resistance of r Ohms
connected in series with a 220V voltage source, we rely on the equation: i
= 220/r. Therefore, once the input value r is obtained, the program must
calculate the value of 220/r and show the result on screen.

Implementation: The source code of a Java program that is capable of
doing what are described above looks like the one in Figure 11. How to
come up with such a program (as well as more complicated Java
programs) is the main focus of the rest of this book.
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F---+-——-l----+——--2---—+----3-——-+----4——--+---IS----+-——-6----+——--?f;f
import java.io.*:
public class CalCurrent
i
public static woid main(String[] args) throws I0Exception
! final int v = 220;
double r:
BufferedReader stdin =
new BufferedReader (new Inputitreanfeader (System.in));
ysten.out.printi"Enter B [ohm):");
t = Double.parsebouble (stdin. readlLine()):
b System,out,println(”I = "+wir+ Amp."]d
}
}
b
| < >

Figure 11: A screenshot showing the source code of a Java program

Testing: Once the program is written. We have to compile and run the
program with a reasonable amount of test cases to ensure that the
program does not contain any bugs which are error caused by the
program. If there are bugs in the program, we re-consider our design and
implementation and correct them. This process of correcting error is
called debugging.

Methodologies used in precisely testing a program are beyond the scope
of this book. Interested readers should learn further in additional
readings such as [Pre2010] and [Mcc2009]

In this book, we will follow the problem solving steps presented here in
some examples that the steps are not trivial. In others, we will mainly
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focus on the details of the programs which are the deliverables of the
implementation step. Discussion will be made based on every source
code and relevant information presented in all examples.

Exercise

1.

S

N

18

For each of the following fields, give an example of how
computer can be used to assist human’s job. (Be creative!)

Automobile manufacturing
Education

Healthcare

Homeland security

News agency

Retail business

Which part(s) of a computer that you think its/their
functionalities are the closest to human’s brains?

How is the speed of a CPU measured?
Name two devices that can act as both input and output devices.
How many bits are required to store the decimal value 5,000?

A computer has 512MB RAM. How many bits can be stored at
once in its RAM?

How many Megabytes are there in a Gigabyte?

Argue whether each of the following software is application
software or system software.

Antivirus

Games

Calculator

Instant messenger

Java runtime environment
Operating system

Describe in brief what the following applications do.

Web browser
Word processor



10.

11.

Media player
Instant messaging program

Analyze and design a computer program that find the average of
5 numbers entered by the user of the program.

Suppose you are to write a currency converter program that can
convert the amount money among Baht, US Dollar, and Euro.
Describe how you would analyze the problem and design the
program to be written.
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Chapter 2: Programming
Concepts

Readers should

e Know the steps required to create programs using a programming
language and related terminology.

e Be familiar with the basic structure of a Java program.

e Be able to modify simple Java program to obtain desired results.

e Be able to use flowcharts to describe program processes.

Programming Languages

A program is a set of instructions that tell a computer what to do.

We execute a program to carry out the instruction listed by that program.
Instructions are described using programming languages.

High-level programming languages are programming languages that are
rather natural for people to write. Examples of high-level programming
languages include Java, C, C++, C#, Objective-C, Visual Basic, Pascal,
Delphi, FORTRAN, and COBOL. Still, these names are just a small
fraction of high-level programming languages available nowadays for
the general public to use.

The most primitive type of programming language is a machine language
or object code. Object code is a set of binary code that is unique to the type
of CPU. Each instruction of the object code corresponds to a fundamental
operation of the CPU. That means it usually requires many object code
instructions to do what can be done in one line of high-level language
code. Writing object code directly is tedious and error-prone.
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High-level language code does not get executed on a computer directly.
It needs to be translated from the high-level language to suitable
machine language first. Such a translator program is normally referred to
as a compiler.

The input of a compiler is referred to as source code. Source code is
compiled by a compiler to obtain target code.

Running a Java Program

Unlike other programming languages, compiling Java source code does
not result in a machine language program. Instead, when Java source
code is compiled, we get what is called Java bytecode. Java bytecode is a
form of machine language instructions. However, it is not primitive to
the CPU. Java bytecode runs on a program that mimics itself as a real
machine. This program is called the Java Virtual Machine (JVM) or Java
Run-time Environment (JRE).

This architecture makes Java bytecode runs on any machines that have
JVM, independent of the OSs and CPUs. This means the effort in writing
Java source code for a certain program is spent once and the target
program can run on any platforms. (E.g. Windows, MacOS, Unix, etc.)

Figure 12: Platform-independent architecture of Java language
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Typical Programming Cycle

During the implementation of a program, programmers always run into
a typical cycle, shown in Figure 13.

g

source code Java bytecode Java application

If there are errors

Figure 13: Typical cycle in Java programming

It normally starts with the coding step, in which the source code is
written in any text editors or integrated programming environment. In
Java, source code files are usually saved with .java extension. Once the
Java source code is saved, it is compiled using a java compiler, such as
javac.exe, to obtain the resulting Java bytecode, which is also called a Java
class. The actual Java class file is created with .class extension. Then, the
program is executed by running the command ‘java.exe’ on the class file.
If the result appears as expected, the cycle terminates. Otherwise, the
source code has to be edited, then compiled and executed again. The
process of fixing the source code in order to obtain the right result is
called ‘debugging’.
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Preparing Java Computing Environment
Getting the required software

A necessary step before ones can write computer programs to help solve
some problems is to prepare the required computing environment. Once
a programmer decides that he or she will use a specific programming
language (or an application development framework) to create computer
programs, certain sets of software needs to be installed. For a high-level
programming language, these usually include a text editor, which lets
programmers type in the instructions of the programs and save into a
text file, and a software that can change that text file into a file filled with
binary representations that can be understood by the operating systems
of the computer, upon which the programs are aimed to be run. Since the
platform-independent nature of Java relies on the fact that the Java
Virtual Machine (JVM) must be there to nullify the differences among
different operating systems, there is another piece of software that must
be installed on the machine apart from the two already mentioned.

Any text editors in the market would work for writing Java programs.
For beginners learning Java as their first programming language, a
simple text editor would suffice. In fact, beginners are encouraged to use
a really simple text editor such as notepad for their first few programs
rather than using a sophisticated Java-enabled editor that automatically
creates some mundane parts of Java code. Getting your hands dirty by
actually typing in every characters required in the Java code should help
you learn Java programming more profoundly, especially once different
parts of the Java code are demystified later on in this book.

Apart from the text editor which ones can choose according to their
preferences, probably, the easiest way to obtain the rest of the required
software is to download and install the Java Development Kit (JDK) from
the official Java website. Due to the quickly changing nature of computer
business, the website's specific URL might be changed over years. The
trick in finding it is to simply perform a search for "JDK download" on a
search engine.
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Figure 14: Sample search results for the keywords “jdk download”

The Java platform has many editions offered to be downloaded and
installed such as Java SE, Java Embedded, Java EE, Java ME, and etc. For
general purpose Java programs, Java SE (Java Platform, Standard
Edition) would be the most suitable one.

The JDK package contains many things useful for developing a Java
program as well as the Java Runtime Environment (JRE) that is needed
for running any Java programs developed by anyone. When JDK is
installed on a machine, it also installs JRE too. Note that for ordinary

users that may wish to just run a Java program, they only need to install
JRE.

Letting Your OS Know Where to Find Java

One way to compile the source code of a Java program and to run the
compiled Java bytecode on JVM is to execute certain programs from the
command prompt of the computer's operating system. The Java compiler
is the program file with the name javac.exe, and the Java interpreter,
which is the program to be called when executing any compiled Java
bytecode, is the program file with the name java.exe. The former one can
be founded in a subdirectory called bin (short for binaries) of the folder
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that JDK is installed, while the latter one is in the bin subdirectory of the
folder that JRE is installed.

How to open the command prompt differs among different operating
systems. In MS Windows, the command prompt can be found from the
start menu, while in MacOS as well as other Linux-based operating
systems, the command prompt are basically the Terminal program.

For the purpose of learning and practicing writing Java programs, we
usually save our source codes and run the corresponding programs in
directories different from the ones that JDK and JRE get installed. We
generally want to call javac.exe and java.exe directly from the directories
that the source codes are saved, or in other words, the directories in
which we are currently working and avoid providing the full path to
both javac.exe and java.exe each and every time we need to compile and
run Java programs. Therefore, in order to do that, we need to let the
operating system know where to look for programs that are called from
the command prompt and cannot be found in the current working
directory.

Readers should consult manuals of their operating systems of how to set
the paths that they should look inside for unfound programs. For MS
Windows, these paths can be registered by setting the environment
variable called path to include the paths to the bin subdirectories of both
the JDK and the JRE folders.
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Computer Name I Hardware | Advanced |System Frotection | Hemulel

*You must be logged on as an Administrator to make most of these changes

Performance

Visual effects. processor scheduling. memory usage, and virtual memory Environment Variables &J
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User Profiles Variable Value
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Figure 15: Windows in an MS Windows operating system for setting
up the system’s environment variables, including the system variable
called "Path" which is highlighted in the right window

Compiling and Running Java Programs

To compile a Java source code, the javac.exe program could be called
from the command prompt. The syntax used here is:

javac [ Sanpl e.javal

where [ Sanpl e. j ava] should be replaced with the filename of the Java
source code to be compiled. Programmers should always be aware of the
cases (uppercases or lowercases) of each letters used in the filename and
be precise about them. Although in some operating systems, including
MS Windows, the cases of every character are ignored. Uppercase and
lowercase characters are considered different in some systems. If the
latter is the case, it would make the file whose name is Sample.java
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different from the file named samplejava and also different from
Sample.Java.

To run or execute the compiled Java program, we call the java.exe
program using:

java [ Sanpl e]

where [ Sanpl e] should be replaced with the program name which is
identical to the name of your source code without its extension (without
java). Note that, at the execution time, the file that is actually needed is
the compiled bytecode which is named with the name of the original
source code but with .class extension. Figure 16 shows a screenshot of a
command prompt in an MS Windows operating system when a Java
program called is compiled by javac.exe and run by java.exe respectively.
Note that the sign “>” appearing on screen is part of the command
prompt.

B CA\Windows\system32\cmd.exe ==

>javac Sample.java

>java Sample

This progam is here just to show
how a Java progran is compiled and
executed from the command prompt.

Figure 16: Compiling and running a Java program from the command
prompt

Integrated Development Environment (/IDE)

An Integrated Development Environment (IDE) is a program that
facilitates steps in computer program development. An IDE usually
provides all functionalities a programmer would need in developing a
computer program. It usually consists of:
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e a built-in source code editor that highlights and colors texts
according to the keywords and syntactic constraints of chosen
programming languages,

e compilers and related tools of chosen programming langauges as
well as user interfaces for using them, including but not limited
to a console showing output and related messages,

e and a debugging tools facilitating users in debugging programs
with functionalities such as stepping through each instruction
and variable monitoring.

There are many IDEs that support Java and can be downloaded and used
for free. Some among the most popular ones are Eclipse
(http:/ /www.eclipse.org) and NetBeans IDE (http://www.
netbeans.org). Some guides to using these IDEs can be found in
[Bur2005] and [Dan2004] for Eclipse and [Mya2008] for NetBeans.

Basic Program Structure in Java

Let’s look at a source code named MyFirstProgram.java below. Note that
the number at the end of each line indicates line number. They are not
part of the source code.

public class MFirstProgram 1
{ 2
/1 This program just shows nessage on a consol e. 3

public static void main(String [] args) 4

{ 5
Systemout.print("Hello World!'"); 6

} 7

} 8

When compiled, this program shows the message “Hello World!” on
screen. Now we will investigate the structure of this Java source code in
order to get familiar with the basic structure.

First of all, we can observe that there are two pairs of curly brackets {}.
The opening curly bracket on line 2 and the closing curly bracket on the
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last line make a pair. The ones on line 5 and line 7 make another pair
locating inside the first one. Here, we will refer to the content between a
pair of curly brackets together with its associated header, ie. public
class MFirstProgram for the outer pair or public static void
main(String [] args)for the inner pair, as a block. The idea of looking at
the program structure as blocks can be illustrated in
Figure 17.

public class MFirstProgram 1
2
/] This program just shows nessage on a consol e. 3
public static void nmain(String [] args) .\ 4
{ 5
Systemout.print("Hello World!"); Block 1 b
} LN
} 8
Block 2

Figure 17: Blocks visualization in MyFirstProgram.java

Block 1 is the definition of the program. Block 2 is a part of the definition
which is called the main() method. The symbol // is used for indicating
that any texts after that until the end of the line are comments, which are
ignored by the compiler. They are just there for programmers to make
notes for themselves or other people reading their source code. Thus, we
can say that the definition of this program consists of a comment on line
3 and the main() method from line 4 to 7.

The main() method is the program’s entry point. A program is executed
following the commands listed in its main(), starting from the top. From
this example, when the program is executed, it is the statement on line 6
that prints the message “Hello World!” (without double quotes) on
screen.

In Java, what we do all the time is creating what are called classes. In this
MyFirstProgram.java source code, we create a class mnamed
MyFirstProgram. Each class that is created in Java can have one or more
methods, which are units of code that perform some action. They can be
generally thought of as subprograms which appear in the forms of
functions, procedures, or subroutines in other programming languages. A

30



class whose definition contains the main() method can be executed, or, in
other words, is a program. Classes that do not have the main() method
cannot be executed. They are there for other program to use.

Now that you have heard about the term class, Block 1 in the above
example is called the class definition of the class named MyFirstProgram,
which is a Java program since it has the main() method. The statement
public class MFirstProgramindicates the starting of the class definition,
while the statement public static void main(String [] args)explains
how the method named main() should be used. We will go into details
about these later.

Note that Java requires the source code to be saved using the same name
as the class contained in the file (with the extension .java).

Below is an example of a Java program that is perfectly correct but seems
to do nothing at all.

public class MFirstProgram 1
{ 2
public static void main(String [] args) 3
{ 4
} 5
} 6

Syntax, Keywords, and Identifiers

Writing program in Java, or other computer programming languages, is
like writing in any human spoken language but a lot more formal. When
constructing a sentence in a human language, we need to follow its
grammar. Programming languages also have syntax or rules of the
language and they have to be followed strictly.

Keywords are words that are reserved for particular purposes. They have
special meanings and cannot be changed or used for other purposes. For
example, from the class definition header in the last example, public
class MyFirstProgram, the word public and cl ass are keywords. Thus,
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both words cannot be used in Java programs for naming classes,
methods, or variables.

Identifiers are names that programmers give to classes, methods, and
variables. There are certain rules and styles for Java naming, which we
will discussed in details later in this book. For the previous example,
public class MFirstProgram the word MuyFirstProgram is a Java
identifier selected as the name of the class.

Note that Java is a case-sensitive language. Uppercase and lowercase
letters are not considered the same. Java keywords are only consisted of
lowercase letters.

Comments

It is a good practice to always add meaningful comments into the source
code. There are two ways of commenting in Java source code. The first
way is called single line commenting. It is done by using double slashes //
as shown previously. Any texts between and including // and the end of
the line are ignored by the compiler.

The second way is called block commenting. In contrary to the first way,
this can make comment span more than one line. Any texts that are
enclosed by a pair of the symbol /* and */ are ignored by the compiler,
no matter how many lines there are.

The following program, MyCommentedProgram.java, yields the same
result as MyFirstProgram. java. Lighter texts are the parts commented
out.

1
2
public class MyComent edPr ogram 3
{ 4
5
public static void main(String [] args) 6
{ 7
Systemout.print("Hello World!"); 8
9

10

11

12

13

} 14

} 15
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Be Neat and Organized

Whitespace characters between various elements of the program are
ignored during the compilation. Together with comments, good
programmers use space, new line, and indentation to make their
program more readable.

Observe the differences between the following two source code listings.

public class Exanpl ed ass{

public static void main(String [] args){
doubl e x=5; doubl e z, y=2; z=x+y;

Systemout.println(z);

1}
public class Exanpl eCl ass
{
public static void main(String [] args)
{
doubl e x=5;
doubl e z, y=2;
Z=X+Y;
Systemout. printin(z);
}
}

Both perform exactly the same task. Still, it is obvious that the bottom
one is easier to read and follow. Indentation is used in the bottom one, so
that the lines in the same block have the same indentation. And, the
indentation increases in deeper blocks. Curly brackets are aligned so that
the pairing is clear. Also, the programmer tries to avoid multiple
operations on the same line.

A First Look at Method's

Just a reminder, we mentioned that methods are units of code that
perform some actions. Here, without going too deep into the details, we
will take a look at two frequently-used methods. They are the method
print() and println().
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You might notice that when we talk about methods, there is always a
pair of parentheses () involved. It is not wrong to say that when you see
an identifier with a pair of trailing parentheses, you can tell right away
that it is a method name. When invoking a method, we put arguments
that are required for the action of that method inside its associated pair
of parentheses. What to put in there and in which order are defined
when the method is made. Right now, we will not pay attention to the
making of new methods just yet.

The method print() and println() are methods that print some messages
onto the screen. They are defined in a standard Java class called System.
When we say standard, it means that we can just use them and the
compiler will know where to look for definitions of those standard
methods. The print() and println() method are invoked by using:

System out . print(<nmessage you want to print>);
System out . println(<message you want to print>);

If you want to show a string of character on screen, replace <nmessage you
want to print> with that string of characters enclosed in double quotes.
If you replace <message you want to print> with a numeric value
without double quotes, both methods will show the number associated
with that numerical value. The different between the two methods is that
method println() makes the screen cursor enter the next line before
executing other instructions.

Example 4: Trivial printing samples

public class PrintDenp

{
public static void main(String [] args)
{
Systemout.printin("");
System out. println(" X");
System out. println(" S I
Systemout. println(" * *");
System out.println(" * 0 *");
System out. println(" * v o*"y);
System out. println(" * v **);
Systemout. println(" * o *");
System out.println(" R R I
System out. println(" I O D I
}
}
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EN C:\WINDOWS\system32\cmd.exe -8 ﬁ

C:>javac PrintDemo.java j

C:>java PrintDemo

=

Figure 18: A Java program printing a Christmas tree
The PrintDemo program simply shows a simple Java program that
invokes println() many times in order to print some patterns on screen

line by line.

Here is another example program.

public class PrintDenp2 1
{ 2
public static void main(String [] args) 3
{ 4
System out . print (" ") 5
System out . println(299); 6
System out. println("+ 800"); 7
Systemout.printin("------------- ") 8
System out. print (" "); 9
System out . println(299+800); 10
System out . printl n("============="); 11
} 12
} 13
B C:\WINDOWS\system32\cmd. exe =1E3)
C:>javac PrintDemo2. java ﬂ

C:>java PrintDemo2
299

]

Figure 19: Demonstration of using print() and println() with both
String and numeric input
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In the PrintDemo2 program, you should notice that different types of
value are used as inputs for the print() and printin() methods. A sequence
of characters enclosed by double quotes is called a string. Strings (which
will be discussed later in this book that they are objects of a class called
String) are used as inputs on lines 5, 7, 8, 9, and 11. On lines 6 and 10,
numeric values are used as inputs to the println() method.

Escape Sequences

An escape sequence is a special character sequence that represents
another character. Each of these special character sequences starts with a
backslash, which is followed by another character. Escape sequences are
used to represent characters that cannot be used directly in a string
(double quoted message). Some escape sequences are listed in the table
below.

Escape Represented Escape Represented
sequence character sequence character

\b Backspace \\ Backslash

\n Newline \" Double quote
\t Tab \' Single quote
\r Carriage return

Table 3: Escape sequences

Example 5: Tabulated output

The following Java code shows an example of how escape sequences
work.

public class EscapeSeq

{

public static void main(String [] args)

{
Systemout.print("\n");

(continued on next page)
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(continued from previous page)

System out. println("Nane\tHei ght\tGender");
Systemout.printIn("----------------------- ")
Systemout.printin("Anna\t5\' 4\ "\t F");
Systemout.printin("Artit\te\"'2\"\tM);
Systemout.println("Bina\t5\' 7\"\tF");

In this example, \n is used for entering a new line and \t is used for
inserting the tab character. The use of escape sequences is useful when
the output to the screen needs to be formatted nicely.

B C:\WINDOWS\system32\cmd. exe -0 ﬂ

C:>javac EscapeSeq.java j
C:rjava EscapeSeq

Name Height Gender

[« |

Figure 20: Demonstration of some usages of escape sequences

Variable at a Glance

Variables are symbolic names of memory locations. They are used for
storing values used in programs. We will discuss Java types of values
and variables later in this book. In many programming languages
including Java, before a variable can be used, it has to be declared so that
its name is known and proper space in memory is allocated. Syntax used
for declaring variables can be observed from Figure 21.

int x;
doubl e vy;
String myText;

Figure 21: Declaration of variables
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On the first line, a variable x is created for storing an i nt (integer) value.
On the second line, a variable y is created for storing a doubl e (double-
precision floating point) value. On the last line, a variable nyText is
created for storing a reference to String (a Java standard class
representing double quoted text) object. The name x, y, and nyText are
Java identifiers. i nt and doubl e are Java keywords. String is the name of
aJava class.

Variables are normally used with the assignment operator (=), which
assign the value on the right to the variable on the left as can be observed
in Figure 22

3;
= 6.5;
nyText = "Java Progranm ng";

X

int z;
zZ = X;

Figure 22: Assigning values to variables

On the first three lines, values are assigned to the three variables
according to their types. On the last two lines, a variable z is declared
and then assigned the value of the variable x.

Declaration and value assignment (initialization) could be done in the
same statement as can be observed in Figure 23

int i =1,
double f = 0.0;
String mySecondText = "Java is fun.";

Figure 23: Declaring and assigning values to variables in single
statements

Naming Rules and Styles

There are certain rules for the naming of Java identifiers. Valid Java
identifier must be consistent with the following rules.
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e Anidentifier cannot be a Java reserve word.

e An identifier must begin with an alphabetic letter, underscore
(), or a dollar sign ($).

e If there are any characters subsequent to the first one, those
characters must be alphabetic letters, digits, underscores (_), or
dollar signs ($).

e  Whitespace cannot be used in a valid identifier.

¢ Anidentifier must not be longer than 65,535 characters.

Also, there are certain styles that programmers widely used in naming
variables, classes and methods in Java. Here are some of them.

e Use lowercase letter for the first character of variables’ and
methods’ names.

e Use uppercase letter for the first character of class names.

e Use meaningful names.

e Compound words or short phrases are fine, but use uppercase
letter for the first character of the words subsequent to the first.
Do not use underscore to separate words.

e Use uppercase letter for all characters in a constant. Use
underscore to separate words.

e Apart from the mentioned cases, always use lowercase letter.

e Use verbs for methods’ names.

Here are some examples for good Java identifiers.

e Variables: height, speed, filenane, t enpl nCel ci us,
i ncom ngMsg, text ToShow.

e Constant: SOUND_SPEED, KM PER M LE, BLOCK_SI ZE.

e (lass names: Account, Dictionaryltem FileUtility, Article.

e  Method names: | ocat e, sortltem fi ndM nval ue,
checkFor Error.

Not following these styles does not mean breaking the rules, but it is
always good to be in style!
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Statements and Expressions

An expression is a value, a variable, a method, or one of their
combinations that can be evaluated to a value. Each line in Figure 24 is
an expression.

3.857
a+b-10
8 >= X
pll a

Mat h. sqrt (2)
squar eRoot Two = Mat h. sqrt (2)

Figure 24: Java expressions

A statement is any complete sentence that causes some action to occur. A
valid Java statement must end with a semicolon. Each line in Figure 25 is
a Java statement.

int k;

int j = 10;

doubl e d1, d2, d3;

k =a+ b - 10;

boolean p = ( a >= b );
Systemout.print(“go”);

squar eRoot Two = Math. sqrt(2);

Figure 25: Java statements

Each of statement in Figure 26 is not a valid Java statement since it either
does not cause any action to occur or is syntactically incorrect.

1

2 <= 3;
1+2+ 3+ 4
“go”:

Mat h. sqrt(2);

Figure 26: Invalid Java statements
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Simple Calculation

Numeric values can be used in calculation using arithmetic operators,
such as add (+), subtract (-), multiply (*), divide (/), and modulo (%). An
assignment operator (=) is used to assign the result obtained from the
calculation to a variable. Parentheses are used to define the order of the
calculation.

Example 6: Simple calculation and adaptation

The following program computes and prints out the average of the
integers from 1 to 10.

public class AverageDeno 1
{ 2
public static void main(String[] args) 3
{ 4
doubl e avg, sum 5
sum = 1. 0+2. 0+3. 0+4. 0+5. 0+6. 0+7. 0+8. 0+9. 0+10. 0; 6
avg = sum 10; 7
System out . println(avg); 8
} 9
} 10

In this example, the statement on line 5 declares two variables that are
used to stored floating point numbers. On line 6, the values from 1.0 to
10.0 are summed together using the + operator and the resulting value is
assigned to sum On line 7, the value of sum is divided by 10 which to
obtain their average. The statement on line 8 just prints the result on
screen.

Here, let’s look at how we can adapt the AverageDemo program a little in
order for the new program to calculate the sum of squares of the integer
values of 1.0 to 10.0

public class SuntSquareDenp
{
public static void main(String[] args)
{
doubl e sunfquar e;
sunquare = 1.0*1.0+2.0*2. 0+3.0*3.0

OO WNE

(continued on next page)
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(continued from previous page)

+4.0*4. 0+5. 0*5. 0+6. 0*6. 0+7. 0*7. 0 7
+8. 0*8. 0+9. 0*9. 0+10. 0*10. O; 8
System out . printl n(sunSquare); 9
} 10
} 11

A key modification made in this example compared to the previous one
is the statement calculating the main result of the program which is the
sum of squares of 1.0 to 10.0. The square of each number is found by
using the * operator with both operands being that number in order to
multiply the number, which consequently results in its square. Then,
multiple + operators are used to sum them together.

This example shows that sometimes there is no need to be an expert of
the language (just yet!) to modify an existing source code for it to work
as we desire.

More operators will be presented later in the next chapter.

Representing Algorithms Using Flowcharts

To create a computer program that works, one need not only the
knowledge about the rules and syntaxes of a programming language but
also a procedure or a process that is used to accomplish the objectives of
that program. Such a procedure is called an algorithm. Usually, before
creating a computer program, an algorithm is developed based on the
objective of the program before the source code is written. An algorithm
could be as simple as a single command. More often than not, they are
more complex.

Representing an algorithm using diagrams is useful both in designing an
algorithm for a complicate task and for expressing the algorithm to other
people. More than one ways of creating such diagrams have been created
and standardized. One of the simplest ways is to use a flowchart.
Although representing an algorithm using a flowchart might not be an
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ideal way for some situations, it is the most intuitive and should be
sufficient for beginners of computer programming,.

<details> Normal action Starting point /

termination

Figure 27: Symbols in a flowchart used for regular actions, starting
points and process termination

A flowchart needs a starting point of the program it represents and one
or more terminations. Steps or commands involved in the program are
represented using rectangles containing textual descriptions of the
corresponding steps or commands. These steps as well as the starting
and terminating points are connected together with line segments in
which arrows are used for determining the order of these steps. Shapes
are typically placed from the top of the chart to the bottom according to
their orders. The starting and terminating points are represented using
round-corner rectangles. Different shapes apart from the two shapes
already mentioned are defined so that they imply some specific
meanings.

The following flowchart shows an algorithm of a computer program that

prints out the average of the integers from 1 to 10 (which is the Java
program showed in Example 6).
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)

Declare variables avg and sur e- |

Starting Point ~~._
v __ 22z Action
sum = 1.0+2.0+3.0+40 e--71" -~
+5.0+6.0+7.0+8.0+9.0+10.0 -7
v
Display avg = sum10 e Termination

Figure 28: The flowchart of the AverageDemo program

In the flowchart above, the shape located just before the termination is
used to represent a step involving displaying an output on to the screen.

Manual Input

Skewed rectangles like the one in Figure 29 are used for steps which
involve manual input such as received user’s inputs from keyboards.
Detailed operations will be described as needed inside the shape.

/ <details > /

Figure 29: Symbol used in a flowchart for manual input

The following flowchart is another example where the program prompts
the user to input his/her name and then prints a greeting message
containing the input name on screen.
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Declare variable nane

v

Show “What is
Manual Input your nane?”

VA . .
/ Receive keyboard input /
v
Store the input in name

v
Show “ Hel | 0”
+nane

End

Figure 30: The flowchart of a program greeting a person whose name is
manually input via keyboard

Decisions and Iterations

A procedure that always follows a single path every time the program is
run might not be very attractive and is hardly useful. Usually, decisions
on which steps to be executed have to be made based on some specified

true false

conditions. The symbol used in this case can be shown in Figure 31

Figure 31: Symbol used in a flowchart for decisions
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Example 7: An algorithm to find absolute values

Consider the following example. The program shown receives an integer

from the user via keyboards and shows the absolute value of that integer

us

ing the logic “If an integer, n, is non-negative, then its absolute value is

just n. Otherwise; its absolute value is -n”. A rhombus specified with its

corresponding conditional statement is used for representing a decision
step. If the statement is true, the flow of the program follows the line

labeled true. If it is f al se, the flow follows the other path.

Declare variables n and absN

v

Show “ Ent er
an integer”
Decision

v

S~ . / Receive keyboard input /

~

~
~
~

~e Store the inputinn

2

< Show the result >

End

Figure 32: Flowchart of program calculating the absolute value of a
manually input integer value
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Conditional statements in decision steps might not necessary result in
bool ean (true or fal se) values. A decision step could result in more than
two paths, given that each path is labeled with the value(s) of the
conditional statement that makes the program follow that path.

Decision steps are also useful in developing algorithms in which some
portions of them are repeated for a certain number of iterations or until
some conditions are met.

Example 8: Factorial function algorithm
The following flowchart demonstrates a program that finds and prints

out the value of n!, where n is a non-negative integer input via
keyboards. Note that n! is defined as:

. nmn-Y(n-2)..1 n>1
"1 n=01

Note that the circular shapes labeled with the same number (which is 1
in this case) connect two parts of the flowchart together.
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Declare variablesi ,n, and nFact

v
< Prompt for n > alse

v true
/ Receive keyboard input / nFact = nFact*i
5 v
=i +1
Store the inputinn T
v
i =1,nFact =1 V
Show
“n! =" +nFact
End

Figure 33: Flowchart of program calculating the factorial of a manually-
input integer value

In this example, a loop is used. The value stored ini is used for counting
the number of iterations that have been performed. From the flowchart,
we can see that i is initialized with 1, and as long as the value of i does
not exceed the input n, the flow of the program will keep going back to
the point just prior to the decision step. This makes the value of nFact be
updated with the product of the original value of itself and the iteration
number stored in i . Note that i has to be updated in a way so that the
loop will eventually be exited.

To actually write a Java program that performs the process in the above
flowchart, you will need to know more on rules and syntaxes of the
language, which will be covered in later chapters.
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Subroutines

A subroutine is a portion of code within a larger program or a sub-process
within a bigger process. In creating a computer program, specific tasks
that might be performed many times or are relatively independent of the
rest of the programs are usually defined as subroutines. In Java,
subroutines are supported using methods briefly mentioned earlier.
More details concerning methods will be discussed in later chapters. The
symbol used for subroutines is shown in Figure 34.

<details>

Figure 34: Symbols used in a flowchart for a subroutine

Example 9: Combination function algorithm

The following flowchart shows an example of how to represent
subroutines. The program finds the value of the combination function,
c(nk), where n and k are integer values taken as the inputs to the
program. The function is defined as:

n!
c(n, k)= m

(Note that this function is used for finding the number of subsets with k
elements where each element is taken from a set with n elements.)
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Declare variables ¢, n, k, nFact , kFact, and nM nusKFact

Subroutines

Figure 35: Flowchart of a program calculating a combinatorial function

The sub-process used in finding the value of n! is defined in a subroutine
whose detailed steps could be described in another flowchart such as the
one in the previous example. Notice the symbol used for representing

subroutines.

v

Prompt for n
and k

v

< D

/ Receive keyboard input /

v

Store the inputs in n and k

. v

v

Find n! and store
K4 in nFact

"® | Find k! and store
in kFact

\\ *

‘o Find (n-k)! and
store in
nM nusKFact

v

cC =

v
< Show ¢ >
v

End
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More Shapes

There are more shapes used and adopted in representing processes or
algorithms using flowcharts. Here are some more examples of the
shapes.

A printed document or Connectors
report
8 Database U A manual loop

Figure 36: Some of other symbols used in a flowchart

More details on these shapes or other shapes and symbols not mentioned
here are intentionally omitted. Although using the proper notation is
important in communicating algorithms with other people, our primary
concern here is to be able to plan the steps required in creating a
program for accomplishing some tasks with the assist of flowcharts.

Example 10: An algorithm for finding the biggest of three inputs

Suppose we would like to create a simple program that lets the user
input three numeric values via keyboards and then shows the biggest
value among the three inputs, the simplest algorithm might be just
performing a comparison to find the maximum value between a pair of
the inputs first and then comparing whether the maximum of the two is
bigger than the other input. This way, we could use three variables to
hold the value of the three inputs and another variable, m to store the
most up-to-date maximum value as we do the comparisons. Once we
finish the two comparisons mentioned, the value in mshould be shown
on screen. The mentioned process could be described using a flowchart
as the following.
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Declare variables a, b, and c for
storing the three inputs, and a
variable mto store the maximum

value among them. false true
v v v
Prompt for a, b, m= a m=b
and ¢
v
true
Receive the three m<c
keyboard inputs and !
store them in a, b, ~
and c false m=c
Show “ maxi num ="
+n
End

Figure 37: Flowchart of a program finding the biggest of the three
manually-input values

Exercise

1. What are the differences between machine languages and high-
level programming languages?

2. Explain why Java is said to be a platform-independent language.
3. Describe the benefit(s) of using proper indentation.

4. Write a complete Java program that shows your first name and
last name on screen.
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10.

Write a complete Java program that shows the pattern similar to
the following.

*kkkkkk*k kkkkkk*k
* * *
*kkkkkk*k *kkkkkk*k

Change this source code as little as possible, so that it gets
compiled successfully?

public class Ex2_6
public static void main(String [] args)

Systemout.printlin("Wat’'s wong with me?)

}

Show how to use method print() once in order to print the
following message on screen.

He called O ancy at headquarters and said:
“There’'s a fam |y of ducks wal kin’ down the street!”

Which of the following identifiers are not valid?

google $money company_motto java.org
12inches money$ X-Ray cC
Item3 $$money lalert_sign entry point
public main Class _piece
JavaApplet fillForms “Gorilla” _1234

List every keywords and identifiers appeared in the class
definition of Aver ageDenm.

Modify the source code of the class AverageDeno so that the
program shows both the summation and the average of the
integer 1 to 5 as the following. Also draw a flowchart for the
program.

The sumof 1 to 5is 15.0
The average of 1 to 5is 3.0
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11. Draw a flowchart describing a process that a bank customer
could use in making cash withdrawal from an ATM machine.

12. Read the following recipe and draw a corresponding flowchart.

~

Shrimp Scampl Bake

o Preheat oven to 450 degrees F (230
degrees C).

¢ In a small saucepan over medium
heat, combine the butter, mustard,
lemon juice, garlic, and parsley.
When the butter melts completely,
remove from heat.

o Arrange shrimp in a shallow baking
dish. Pour the butter mixture over
the shrimp.

¢ Bake in preheated oven for 12 to 15
minutes or until the shrimp are pink
and opaque.

- /

Figure 38: A recipe for shrimp scampi bake



Chapter 3: Working with Data

Readers should
e Be familiar with the eight primitive data types and non-primitive
data types.

e Understand memory allocations and value assignments of variables.
e Be able to use operators and some methods to do some
computations.

Strong Data Typing

Programming languages differ in many aspects. One aspect is whether
the languages place strict rules on identifying types of every piece of
data involved in the program. A programming language is called a
strong data typing language if the language needs the instructions in the
programs to clearly state the types of all data unless the data type can be
unambiguously implied. In contrary, if a programming language allows
creation of data whose type cannot be determined or it allows data to be
used as one type in one place and as another type at a different place
without any explicit transformation, the language is not a strong data
typing language.

Java as well as languages in the C-family (E.g. C, C++, C#) are strong
data typing languages, while some examples of popular programming
languages that are not strong data typing are Visual Basic and PHP.

Although writing a program without having to worry about data types
might seem tempting to programmers, strong data typing lets the
compiler catches possible errors more often and it also enable
programming languages to carry out more fancy features. Interested
readers can consult [Seb2009] for more advanced topic relating features
of programming languages.
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Since Java is strongly typed, we have to learn about available data types
in Java and how to process data with concerns over their types in this
chapter. Conversions among data and variables of different data typed
will be discussed in the next chapter.

Data Types in Java
There are 2 main types of data in Java.

1. Primitive data types
2. Classes

Primitive data types are data types considered basic to Java. They cannot
be added or changed. There are eight primitive data types in Java
including 4 types for integer values, 2 types for floating-point values, 1
type for characters, and 1 type for logical values (true/false).

Value type Primitive data types
Integer (E.g.: 5, -1, 0, etc.) byte, short, int, long
Floating-point (E.g.: 1.0, 9.75, -3.06, etc.) float, double
Character (E.g.: 'a', 'A', '@, '4', etc.) char
Logical (true/false) boolean

Table 4: Primitive data types in Java

Classes are more complex data types. There are classes that are standard
to Java such as String, Rectangle, etc. Also, new classes can be defined by
programmers when needed.

Primitive Data Type for Integers

There are four primitive data types for integer values, including byte,
short, int, and | ong. They are different in the sizes of the space they
occupied in memory. The reason why Java has multiple integer (as well
as, floating-point) types is to allow programmer to access all the types
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support natively by various computer hardware and let the program
works efficiently.

Recall that a space of 1 byte (8 bits) can store 28 different things.

A byte occupies 1 byte of memory. It can represent one of 28 (256)
integers in the range -128, -127,...,0,1, ...,126,127.

A short occupies 2 bytes of memory. It can represent one of 216 (65,536)
integers in the range -32,678, ...,0,1, ..., 32,767.

An int occupies 4 bytes of memory. It can represent one of 232
(4,294,967,296) integers in the range -2,147,483,648, ..., 0, 1, ...,
2,147,483,647.

A | ong occupies 8 bytes of memory. It can represent one of 264 integers in
the range -2%, ..., 0,1, ..., 263-1.

The default primitive type for integer valueisint.

Choosing the data type for an integer value according to its range leads
to efficient data processing as well as memory usage. However, for
beginners focusing on writing small application programs, it is perfectly
fine to handle all integer value with the i nt data type, unless the values
are beyond the value range of i nt .

Primitive Types for Floating-Point Values
There are two primitive data types for floating point values. They are
float, and doubl e. They are different in their sizes and precisions. The

default primitive type for integer value is doubl e.

A float occupies 4 bytes of memory. Its range is from -3.4 x 10% to 3.4 x
10%8, with typical precision of 6-9 decimal points.

A doubl e occupies 8 bytes of memory. Its range is from -1.8 x 10%% to 1.8 x
10°%%8, with typical precision of 15-17 decimal points.
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There are two ways to write floating-point values. They can be written in
either decimal or scientific notation. 123.45, 0.001, 1.0, 8.357, 1., and .9 are
in decimal notation. 1.2345e2, 10e-4, 1£0, 0.8375€E1, 1000E-3, and 9.0E-1 are
in scientific notation representing 1.2345x102, 10x10-4, 1x10°, 0.8375x10?,
1000x10-3, and 9.0x10! respectively. The character E can also be replaced
with e.

It is usually okay to use doubl e for all of the floating point values in the
program.

Primitive Type for Characters

The primitive data type for characters is char. A character is represented
with single quotes. For example the character for the English alphabet Q
is represented using 'Q".

Characters include alphabets in different languages (‘a', 'b', 'n'), numbers
in different languages ('1', 2!, '), symbols ('%', '#, '{'), and escape
sequences ('\t', '\n','\"");

In fact, the underlying representation of a char is an integer in the
Unicode character set coding. Characters are encoded in 2 bytes using
the Unicode character set coding.

Character Unicode encoding

‘A 65
'B' 66
'a' 97
'b' 98
1 49
#' 35

Table 5: Some examples of characters with their corresponding
unicode encodings
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Unicode character set encoding guarantees that '0' <'1'<"2'< ... <'9 'a’
<Pp'<'c'<...<'z,and'A'<'B'<'C'<... <'Z". Also,

'0'+1is'1','1'+2is '3', ..., '8'+1is '9',
'a'+1lis'b', 'b'+1is'c, ..., 'y'+1is 'z', and

'A'+1is 'B, 'B'+1is'C, ..., 'Y'+1is 'Z".

Primitive Type for Logical Values

There are only two different logical values, which are true and fal se. A
primitive type called bool ean is used for logical values. In Java, 0 does
not mean fal se and 1 does not mean true. Logical values and numeric
values cannot be interchangeably.

String

String is an example of a data type that is not a primitive data type.
String is a standard class in Java. It is used for representing a sequence of
zero or more characters. Double quotes are used to designate the String
type. For example, "Wow!" is a data of String type. Be aware that "100" is
not the same as the integer 100, and "Q" is not the same as the character

IQ|'

Pointers

In some programming languages such as C and C++, there is another
important data type called pointer. Data of the type pointer, or simply
called pointers, are memory locations or addresses of other data or
instructions. The use of pointers allows accessing data stored in specific
memory locations directly. In Java, pointers are not available. Most
functionality traditionally obtained by the use of pointers is available
with some other mechanisms in Java.
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Assigning Data to Variables

Data can be assigned to or stored in variables using the assignment
operator (=). Like data, variables have types. A variable can only store a
value that has the same data type as itself. Assigning values whose data
types are different from the variables to which they are assigned must
involve data type conversions. Such conversions can be done either
implicitly or explicitly using cast operators. More discussion on this will
be brought up in the next chapter.

Variable types are specified when the variables are declared, using the
name of the desired data types followed by the name of the variables. Do
not forget semicolons at the end.

For each variable whose type is one of the primitive data types, memory
space of the size corresponding to its type is allocated. The allocated
space is used for storing the value of that type. However, it works
differently for a variable of a non-primitive type. The memory space
allocated for such a variable is for what is called a reference. When
assigned with a value, the reference points, or refers, to the memory
location that actually stores that value.

We have discussed briefly about how to declare variables and assign
values to them in the last chapter. Here, we revisit it again with another
example. This time, attention should be paid on the data types.

To better illustrate the memory allocation and value assignments of
variables, we add to the following example code segment with some
illustration of the allocated memory. Here, we represent a variable by a
box captioned with its name. When a value is assigned to a variable, we
write the value inside the box associated with that variable.
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X d c b s
int x; -
doubl e d; - B
char c; - - -
bool ean b; - - - -
String s; - - - - -
x = 256; 256 - - - -
d = 1.5; 256 15 - - -
c='Q; 256 15 Q' - -
b = true; 256 1.5 '‘Q" | true -
s = "Conputer"; 256 1.5 Q' true o—

» "

Figure 39: Storing values into variables

Computer"

On the first four lines of the above code segment, a variable x of typeint,
a variable d of type doubl e, a variable ¢ of type char, and a variable b of
type bool ean are created and allocated with memory space of the size
according to the type. On the fifth line, String s is the declaration of a
variable s of String type. On this line, a reference to String is created but
it has not referred to anything yet. Variables are assigned with values of
the corresponding data types on the last five lines. For the last line, the
reference in s is made to point to the String "Computer" located
somewhere else in the memory.

Figure 40 shows an example of String assignment between two variables.

String sl1, s2; sl - 2 -
sl = "John"; "John" <¢—5t1@ 2 E
s2 = "Mary"; "John" ~<¢—sH-@ 2|  @—» "Mary"
sl = s2; "John" s1.@ s2 ®——» 'Mary"

&_/

Figure 40: Reassigning a String variable

The next figure contains another code segment showing what we can do.
The discussion comes after the figure.
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int x,y = 8;
double z = 0.6, w,

doubl e k=3.0;
w = k;
X =Y;

Figure 41: Various variable declaration and assignment examples

The first two lines show how to declare two variables of the same type in
one statement. Also, they show how to assign values to variables at the
same time as the variables are declared. Note that, the integer value 8 is
only assigned to y, not x, on the first line. On second line from the

bottom,

the doubl e value stored in k is assigned to the variable w. On the

last line, the i nt value stored iny is assigned to the variable x.

Figure

42 and Figure 43 show some examples of bad variable

declarations and/ or assignments.

int i =9 /1 no semcolon at the end
int j =1.0; /1 msmatched data type
bool ean done = "fal se"; /1 msmatched data type
char input character = "'x'; /* syntax error

or illegal identifier */
Int k = 1; /1 Undefined data type
doubl e k; m = 5e-13; /1 undefined variable m
char class = "A'; /* use a reserve word

as an identifier */
String s1 = "'W; /1 msmatched data type
string s2; /1 Undefined data type

Figure 42: Invalid variable declarations and assignments

int i, j;
int kK =2
int i = 6; /1 declaration of redundant variable i
int j =8 /1 declaration of redundant variable j
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Final Variables

Sometimes, we want to store a value that cannot or will not be changed
as long as the program has not terminated in a variable. The variable
with such an unchangeable value is referred to as a final variable. The
keyword final is used when a variable is declared so that the value of
that variable cannot be changed once it is initialized, or assigned for the
first time. Programmers usually use all-uppercase letters for the
identifiers of final variables, and use underscore (_) to separate words in
the identifiers (E.g: YOUNG_S_MODULUS, SPEED_OF_LIGHT).
Attempting to change the value of a final variable after a value has been
assigned results in an error.

For example:

/1 Declaration and assignnent in a single statenent
final double G = 6.67e-11;

Il Declare first and then assign the value only once
final doubl e SPEED OF_SOUND;
SPEED OF_SOUND = 349.5; // Speed of sound at 30 degree cel cius

The following code segment will produce an error due to the assignment
statement on line 8. Observe the explanation of the error given by the
compiler in the output screen in Figure 44.

public class Final Variabl eError { 1
public static void main(String [] args){ 2
final int C 3

int k = 6; 4

C = 80; 5

C = k + 300; 6

7

8
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B C\Windows\system32\cmd.exe T [ ] |

>javac FinalvariableEkrror.java

FinalvariableError.java:6: variable C might already have been assigned
C = k + 300;
A

1 error

>

Figure 44: Assigning a new value to a final variable

Un-initialized Variables

When a variable is declared, a space in the memory is reserved for the
size of the type of that variable. However, as long as it is not assigned
with a value, the variable does not contain any meaningful value, and it
is said that the variable has not been intitialized. If the value of an un-
initialized variable is used, an error occurs.

The following code segment will produce an error due to the attempt to
use an un-initialized variable (which is x) on line 4 .

public class UninitVarError {
public static void main(String [] args){
int x, y =2
System out. printl n(x+y);

OO WNE
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.
B C\Windows\system32\cmd.exe =

>javac UninitvarError.java
UninitvarError.java:4: variable x might not have been initialized
system.out.printin(x+y);
A

1 error

>,

Figure 45: Using an uninitialized variable

Operators

Values can be manipulated using built-in arithmetic and logic operators
(such as +, -, *, /, %), or using available methods (such as abs(), sqrt(),
exp(), floor(), log(), getTime()). Many methods are defined in some
standard classes such as the Math class. Although you are expected to be
able to use the methods that have previously seen in this class, such as
print() and println(), we will defer the detailed discussion on using
methods for now. In this chapter, we will mostly discuss about using
built-in operators and some small number of selected methods to
manipulate data.

Arithmetic operators that you should know include addition (+),
subtraction (-), multiplication (*), division (/), modulo (%), for which a%b
returns the remainder of a+b, and negation (-).

Logic operators that you should know is logical AND (&&), logical OR
(1 1), and logical negation (!).

Portions of code that are either constant values, variables, methods, or

any combinations of the mentioned items from which some values can be
computed are called expressions.

65



Logic operator

Usage

&&
N

!

a&&b yields true if and only if both a and b are true.

a| | b yields false if and only if both a and b are false.

! a yields the opposite logical value of a.

Table 6: Description of logic operators

Operators that require two operands are called binary operators, while

operators that require only one operand are called unary operators.

Parentheses, (), are called grouping operators. They indicate the portions of

the calculation that have to be done first.

Values can be compared using relational equality operators, == and !=,
which return either one of the boolean values depending on the value of
the operand. a==b yields true if and only if a and b have the same value.
a! =b yields true if and only if a and b have different value. Comparison

can also be done using <, >, <=, and >=.

Below are two examples showing how values of variables change due to

value assignments and the use of some operators.

1
»

|
3,
i
|

NINININ =

[6S) Nev) NOSh RN T

Figure 46: Operating on int variables

bool ean p = true;
bool ean g = fal se,
s =p && q;

s =s || r;
p=1(s ==0q);

Figure 47: Operating on boolean variables
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String and the addition operator (+)

The addition operator (+) can be used to concatenate two Strings
together. For example, “Comp”+ “uter.” will results in “Computer”. The
concatenation can also be used upon Strings that are stored in variables.

The following program shows an example of concatenating two String
objects referred to by two variables and assigning the new String to
another String variable.

public class StringConcatl {
public static void main(String [] args){
String s1 = "Conputer”, s2 = "ized", s3;
s3 = sl + s2;

OO WNE

Figure 48: String concatenation with + operator

The variable s3 contains the String “Computerized” since it is the result
of concatenating s1 and s2 with the + operator on line 4.

Whenever one of the operands of the addition operator is a String, the
operator performs the String concatenation. Thus, if a String is added
with values of different data types, the compiler will try to convert the
values that are not String to String automatically. Good news is that the
automatic conversion usually returns the String that makes very much
sense! E.g.: numeric values will be converted to the Strings whose
contents are consistent with the original numbers.

Example 11: Using + to concatenate multiple strings together
Observe this source code and its output.

public class StringConcat?2

{

public static void main(String[] args)

doubl e di stance, speed;
di stance = 2500; // meters

OO WNPRE

(continued on next page)
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(continued from previous page)

speed = 80; // km per hour 7
Systemout.print("lt would take a car”); 8
System out.print(“running at "+speed+" kmh "); 9
System out . print ((di stance/ 1000/ speed) *60*60+" sec.”); 10
Systemout.print(“to travel "); 11
System out . println(di stance/ 1000+" km"); 12
} 13
} 14
B3 C:\WINDOWS\system32\cmd.exe =]
>javac StringConcat.java i‘

>java StringConcat
It would take a car running at 88.8 kmsh 112.5 sec. to travel 2.5 km.

e

=
Figure 49: Using + operators with String and other data types

Consider the input parameter to print() on line 9, the input to the method
is an expression that uses two + operators on operands which are Strings
as well as a number. The number in speed is converted to “80. 0" prior to
String concatenation according to the principle mentioned just above.
Same things are applied with the statements on line 10 and on line 12.

Math methods

Among the first groups of problems that we usually write computer
programs to solve are performing mathematics calculation. Here are
some example methods that provide useful mathematic functions that
we might come across frequently.

Mat h. abs(<a nuneric val ue>);
returns the absolute value of the input value.

Mat h. round(<a numeric val ue>);
returns the integer nearest to the input value.

Mat h. cei | (<a nuneric val ue>);
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Mat h.

Mat h.

Mat h.

Mat h.

Mat h.

Mat h.

Mat h.

Mat h.

Mat h.

returns the smallest integer that is bigger than or equal to the
input value.

floor(<a nuneric val ue>);
returns the biggest integer that is smaller than or equal to the
input value.

exp(<a nuneric val ue>);
returns the exponential of the input value.

max(<a numeric val ue>, <a nuneric val ue>);
returns the bigger between the two input values.

m n(<a nureric val ue>, <a nuneric val ue>);
returns the smaller between the two input values.

pow(<a nuneric val ue>, <a nuneric val ue>);
returns the value of the first value raised to the power of the
second value.

sqrt(<a nuneric val ue>);
returns the square root of the input value.

sin(<a nuneric val ue>);
returns the trigonometric sine value of the input value in radian.

cos(<a nuneric val ue>);
returns the trigonometric cosine value of the input value in
radian.

tan(<a nuneric val ue>);
returns the trigonometric tangent value of the input value in
radian.
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Example 12: Mathematic methods

The source code below demonstrates how to perform the calculation of
many mathematic functions. Readers should observe the result shown on
each line of the output in comparison to the statements presented on the
corresponding line of the source code to see that the methods work in the

fashion described above.

public class MathTest
{
public static void main(String[] args)
{
double a =
System out .
System out .

2.8, b = 3.1,
printin("a+b \t\t="
printin("|al

c = 6.0;

\t\t=" + Math.

+ (at+b));

abs(a));

System
System
System

out.
out.
out.

println("round(a) \t="

printin("ceil (a) \t="

printin("floor(a) \t="

+ Math. round(a));
+ Math.ceil (a));
+ Math.floor(a));

System out .
System out .
System out .
System out .

B C:\WWINDOWS\system32\cmd.exe

printin("exp(a) \t\t=" + Math.exp(a));
printin("max of a and b \t="
printin("mn of a and b \t="
printin("2”c \t\t= "+Math. powm(2,c));

+ Math. max(a, b)) ;
+ Math.nmin(a, b));

~[alx]

C:>javac MathTest.java

C:>java MathTest
a+h

ial
pound{a}
ceilfa>
floor{a?
expiad

max of a and b
min of a and b
2%c

C>

@® ©w
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Figure 50: Using + operators with String and other data types
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Precedence and Associativity

Consider the following expression.
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int nyNumber = 3 + 2 * 6;

This expression is evaluated to 30 if the addition operator is executed
first. However, it is 15 if the multiplication operator is executed first. In
fact, Java compiler has no problem with such ambiguity. Order of the
operators can be determined using precedence and association rules.

Each operator is assigned a precedence level. Operators with higher
precedence levels are executed before ones with lower precedence levels.
Associativity is also assigned to operators with the same precedence
level. It indicates whether operators to the left or to the right are to be
executed first, in the case of equal precedence levels.

Expressions in parentheses () are executed first. In the case of nested
parentheses, the expression in the innermost pair is executed first.

Operator Precedence  Associativity

Grouping operator ( () ) 17 Left to right
Unary operator (+, -, !) 13 Right to left
Multiplicative operator (*, /, %) 12 Left to right
Additive operator (+, -) 11 Left to right
Relational ordering (<, >, <=, >=) 10 Left to right
Relational equality (==, |=) 9 Left to right
Logical and (&&) 4 Left to right
Logical or (| |) 3 Left to right
Assignment (=) 1 Right to left

Table 7: Precedence and associativity of some basic operators

Example 13: Applying rules on precedence and associativity (1)

Evaluate the following expression by clearly state the order of operations
of all operators according to the precedence and associativity rule.

4*2+20/ 4

71



There are three operators in the above expression. They are *, + and /.
The precedence values of * and / are both 12, while the precedence value
of + is just 11. Therefore, * and / must be operated prior to +. Since * and
/ have the same precedence value, we need to look at their associativity
which we can see that the one on the left have to be performed first.
Therefore, the order of operation from the first to the last is ¥, / and then
+. Consequently, the evaluation of the expression value can take place in
steps shown in the figure below, and the resulting value can be shown to
be 13.

4 * 2+ 20/ 4

Figure 51: Order of operations in evaluating 4*2+20/4

Example 14: Applying rules on precedence and associativity (2)

Evaluate the following expression.
2+2==6- 2+0

Considering the precedence values of the four operators appearing in the
expression, which are + (the leftmost one), ==, —, and + (the rightmost
one), we can see that +, and — have the same precedence value of 11
(additive operators) which is higher than the one of ==. Among the three
additive operators, we perform the operation from the left to the right
according to their associativity. The resulting value of this expression can
be evaluated to t r ue according to the figure below.
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——
4 =6-2+0
——

4 == 4 +0

——

4 == 4

——
true

Figure 52: Order of operations in evaluating 2+2==6-2+0

Example 15: Applying rules on precedence and associativity (3)

Evaluate the following expression. Also determine the value of the
variable x after the expression is evaluated. Assume that the variable x
has already been properly declared as an i nt variable.

(x=3) ==(x=+1-2) &&t rue

First, we perform the expression in the left pair of parentheses. The
variable x is assigned with the i nt value 3 and this is also the resulting
value of the expression in this pair of parentheses. Then, the expression
x=+1-2 is evaluated due to the fact that it is in the next pair of
parentheses. In this expression, we have the assignment operator = (with
the precedence value of 1), the unary positive + (with the precedence
value of 13), and the binary operator — (with the precedence value of 13).
Based on the comparison of their precedence value, the unary positive is
performed first. This operator just indicates the positiveness of its
operand. Consequently, the value of the right side of the assignment
operator is -1 and then it is assigned to x. Therefore, the new value of x is
-1 which is the value of this pair of parentheses too. The next operator to
be performed is the equality operator ==. It compares the values of
(x=3) and(x=+1-2), which have just been shown that they are not equal.
Therefore, the resulting value associated with the action of this operator
is the bool ean value fal se. Finally, the logical AND (&&) is performed
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and the final result of the expression in this example is the bool ean value
fal se. Figure 53 illustrates the order of operations described above.

(x=3) == ( x +1 — 2 ) && true

3 = ( x =+1 - 2 ) &k true
3 = (x= 1-2) && true
——
3 = ( x = -1 ) && true
-
3 == -1 && true
— _J
'
fal se && true
— _
YT
fal se

Figure 53: Order of operations in evaluating (x=3)==(x=+1-2) &é&true

Example 16: Applying rules on precedence and associativity (4)

Place the grouping operators () into the following expression in order to
explicitly determine the order of operations of all operators appearing in
the expression. Evaluate the values of every expression involved in steps
according to the inserted parentheses.

-9.0+45.0*3.0-1.0/0.5 >= 5. 0%. 0&&6. 0+3. 0- 9. 0==0

By considering the precedence values of all operators appearing in the
expression above, we can place parentheses into the expression in order
to explicitly determine the order of operation and then evaluate the
values of each part as shown below.

((-9.0)+(5.0*3.0)—(1.0/0.5) >= (5.0%.0))&&(((6.0+3.0)-9.0)==0)
((-9.0)+15.0 - 2.0 >= 1.0 ) &&( ( 9.0 -9. 0) =0)
( 4.0 >= 1.0 ) &&( ==0)
( true ) &&( true )
true.
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Let’s finish this chapter with a more realistic example of a program that
makes use of some mathematic functions from the methods defined in
the Math class.

Example 17: Distance in 3-D space

The distance, d, between two points in the three-dimensional space
(x1,y1,21) and (x2,Y2,22) can be computed from:

d=y(% = %)+ (Y- V)2 +(z - 2,)?

The program in Figure 54 computes and shows the distance between
(2,1,3) and (0,0,6).

public class Distance3d 1
2

public static void main(String[] args) 3

{ 4
doubl e x1,y1, z1,x2,y2,2z2, d; 5
doubl e xDiff, yDiff, zDiff; 6

x1 =2.0; y1 =1.0; z1 = 3.0; 7

x2 = 0.0; y2 =0.0; z2 = 6.0; 8

xDi ff = x1-x2; 9
yDi ff = yl-y2; 10
zDiff = z1-z2; 11

d = Math.sqrt(xDiff*xDiff+yDiff*yDiff+zDiff*zDiff); 12
System out. print("The distance between"); 13
System out. print("("+x1+","+yl+", "+z1+") and"); 14
Systemout. println(" ("+x2+","+y2+", "+z2+") is "+d+"."); 15

} 16

} 17

Figure 54: The source code of the Distance3d program

On line 5 and line 6, we declare all variables needed in the program.
Then, on line 7 and line 8, we assign specific values into variables
associated with the co-ordinates of the two points. To make the
statement cleaner, we decide to calculate the different between the two
points in each dimension first (on lines 9-11) and store them into the
variable xDi ff, yDiff, and zDiff. We then multiply each variable that
contain the difference with itself to obtain the square of its value before
passing their summation as an input to Math.sqrt(), on line 12. The result
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is assigned to d. Finally, the statements on lines 13 to 15 format the result
and nicely place them on screen.

B Wi\ ystem 3 emd e [E=rE

>javac Distance3d.java

»java Distance3d
e distance between(2.0,1.0,3.0) and (0.0,0.0,6.0) is 3.7416573867739413.

>

Figure 55: The output of the Distance3d program

Exercise
1. What are the differences between primitive data types and class?
2. How many different things can be represented using n bytes?

3. Which of the eight primitive data types can store a numeric
value 2367

4. Give the bool ean values of the following expressions.

01<2e-1

8+0.0>=8.0

‘>

2+3*2-6 == ((2+3)*2)-6
Ia/>l$/ | |/bl<l$/

I(true| | '6">'#")&&!false

mo AN o

5. Determine the resulting values of x and y in the following code.

public class Ex3_5

public static void main(String[] args)

{

=3

n =0;

=0
+
+

X < x
R

i
X
y
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6. Give the reason why the following code will not be compiled
successfully.

public class Ex3_6

public static void main(String[] args)

{
int x, y, z =3;
y =X
z =y,
}
}
7. Write a Java program that calculates and shows these values on
screen.
a. (6+5)(7-3)
b, ‘—(6.5)2+(3.7)2‘
c.  3sin(l.2)

d. The floating point result of _8

1+10
The biggest integer that is less than 3.75
The smallest integer that is bigger than 3.75

3
:. Zi (i+D)
i=0

8. Write a Java program that shows the truth values of the
following statements on screen for all possible combination of p
and q. (ie. (truetrue), (truefalse), (falsetrue), and
(fal se,fal se))

=

p and q

porq

either p or g

either p or its negation

pan oe

9. Modify Distance3D.java so that the distance d is calculated from:

W00 (- ) w2 - 2,)

YW W w,?

where w, = 0.5, w, = 0.3, and w, = 0.2.
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10. Write a Java program that performs the following steps.

an op

e.

Declare two i nt variables named x and y.

Assign 3 to x.

Assign twice the value of x to y.

Interchange the value of x and y (without explicitly
assign 3 to y).

Print the values of both variables on screen.

11. Show a single Java statement that can perform both tasks in step
b and c in the last problem.



Chapter 4: More Issues on Data
Manipulation

Readers should

e Understand how to work with different data types including
calculations and conversions.

e Be aware of imprecision in floating point calculations.

e Understand overflow, underflow, I nfini ty, NaN, and divided-by-zero
exception.

¢ Be able to use compound assignments correctly.

e Understand and be able to use increment and decrement operators
correctly.

Numeric Data Type Specification

If we type numbers without decimal points, such as 1, 0, -8, 99345 etc.,
the data types of those numbers are all int by default. If we type
numbers with decimal points, such as 1.0, 0.9, -8.753, 99345.0 etc., the
data types are all doubl e by default.

At times, we may want to specify a specific data type, apart from the two
default types (i nt and doubl e), to some numeric values. This can be done

by:

e addingan! oran L behind an integer to make its type | ong.

e addinganf or an F behind a floating point value to make its type
float.

e adding a d or a D behind a floating point value to make its type
doubl e.

Note that for the type doubl e, adding a d or a Dis optional, since doubl e is
the default type for a floating point value.
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All of the following statements assign data to variables whose types are
similar to the type of the data.

int i =1;
long | = 1L;
long k = 256l ;

float f = 2.0f;
float g = -0.56F;
double d1 = 1.0;
doubl e d2 = 2.0D;
doubl e d3 =

Data Type Conversion

As mentioned earlier, data can be assigned to only variables whose types
are the same as the data. Failure to do so generally results in a
compilation error. However, in some situations we need to assign data to
variables of different types. Therefore, data type conversion is needed.

Data type conversion can be done explicitly by using cast operators,
written as the name of the data type, to which you want to convert your
data to, enclosed in parentheses. Cast operators are put in front of the
data to be converted. Cast operators have higher precedence than binary
arithmetic operators but lower precedence than parentheses and unary
operators. That means type conversion by a cast operator is done before
+, —, %, /,and %, but after () and unary operators.

Converting floating point numbers to integers will cause the program to
discard all of the floating points, no matter how large they are.

Example 18: Data type conversion
Consider the following two programs and their outputs.

public class TypeConversi onDenbl

{

public static void main(String[] args)
{

int i;

double d = 0.0;

OO WNE

(continued on next page)
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(continued from previous page)

i = (int) d; 7
Systemout.println("d ="+d); 8
Systemout.println("i ="+i); 9

i =09; 10

d = (double) i; 11

Systemout.printin("d ="+d); 12

Systemout.println("i ="+i); 13

} 14

} 15

B C:\WINDOWS\system32\cmd.exe o =1E

C:>javac TypeConversionDemol. java

C:>java TypeConversionDemol
d =8.8

i =A

d =7.8

i =2

C:r_

Figure 56: A program demonstrating data type conversion

The cast operator (int) is used on line 7 for converting the doubl e value
0.0 stored in the variable d to the type int. Then it is assigned to the
variable i which is of type i nt. The cast operator (doubl ) was used on
line 11 for converting the i nt value 9 stored in the variable i to 9.0. Then,
it is assigned to the variable d which is of type doubl e.

Here is the second program showing explicit type conversions.

public class TypeConversi onDenp2 1
{ 2
public static void main(String[] args) 3
{ 4
int i,j; 5
double d1 = 0.5, d2 = 0.5, d3,d4; 6
i = (int)dl+(int)8.735f; 7
j = (int)(d1+d2); 8
Systemout.printin("i = "+i); 9
Systemout.printin("j = "+4j); 10
d3 = (double)i-(double)j; 11
d4 = (double)(i-j); 12
System out. println("d3= "+d3); 13
System out. println("d4= "+d4); 14
} 15
} 16



B8 C:\WINDOWS\system32\cmd.exe i m ﬂ

-
:>javac TypeConversionDemo2. java :j

C:>java TypeConversionDemo2
i <

-
1]

3
4

S
]

[~

Figure 57: Another program demonstrating data type conversion

On line 7, d1 whose value is a double 0.5 is converted to i nt using the
(int) operator. The resulting int value is 0 since decimal points are
truncated. On the same line, the f 1 oat value of 8.735f is also converted to
the i nt value of 8. So, i equals 0+8 = 8. On line 8, the sum of d1 and d2 is
a double 1.0. It has to be converted to an i nt 1 using the (int) operator.
On line 11, the int values ini and j are converted to double using the
(doubl e) operator before being subtracted and assigned to the variable
d3, which is of type doubl e. On line 12, the two doubl e values ini and |
are operated first before the resulting i nt value is converted to doubl e.

Automatic Type Conversion and Explicit Type
Casting

Explicit casting must be used (i.e. cast operators must be used) when
converting wider data types (i.e. data types with larger numbers of
bytes) to narrower data types (i.e. data types with smaller numbers of
bytes). However, converting narrower data types to wider data types can
be done implicitly without using cast operators. In other words, Java can
convert data types automatically if the value ranges of the destination
can cover the original data types. For example, doubl e d = 2.5f; can be
done without any explicit use of a cast operator, while float g = 2.5;
will result in a compilation error. To perform such an assignment, f1 oat
g = (float) 2.5; must be used.
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The following table shows the possibility of converting among primitive
data types. The label 'A' means that the data type on that row can be
automatically converted to the data type in that column. The label 'C'
means that the associated cast operators are required. The label X' means
that such a conversion is not allowed in Java.

from\to byte short int long float double char boolean
byte A A A A A C X
short C A A A A C X
int C C A A* A C X
long C C C A* A* C X
float C C C C A C X
double C C C C C C X
char C C A A A A X

boolean X X X X X X X

* indicates that precision lost might occur from the conversion.
Table 8: Data type conversion table

Note that the conversion from a wider data type to a narrower data type
is called narrowing, while the opposite is called widening.

Expressions with Multiple Data Types

It is not uncommon to run into an expression that contains operators
whose operands are values and/or variables of different data types. In
Java, the data type of the resulting value from evaluating any one
expression can be determined precisely. Before we state the rule used for
determining it, let’s observe the expressions in the following example.

Example 19: Resulting data type of an expression

public class DataTypesFronExp 1
{ 2
(continued on next page)
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(continued from previous page)

public static void main(String[] args) 3
{ 4
int k = 10; 5
Systemout.println("k/3 = "+k/ 3); 6
Systemout.println("k/(float)3 = "+k/((float)3)); 7
Systemout.printin("k/3.0 = "+k/3.0); 8
}
}
B C:\WINDOWS\system32\cmd. exe A=
C:>javac DataTuypesFromExp.java i‘

C:=>java DataTlypesFromExp
/3 =3

k/(float>3 = 3.3333333
k3.8 = 3.3333333333333335

C:>

Figure 58: A Java program showing expressions with operands being
of multiple data types

On line 6, the expression k/ 3 is an operation between two i nt values. The
result of this expression is a value of type i nt, as we can see no decimal
points in the output. Doing simple division by hand, we can see that
10/3 results in 3.333... However, following some rules which we are
going to discuss later, the resulting data type of k/ 3 must be an i nt. Thus,
3.333... is truncated to the integer 3. Following the same set of rules, the
resulting type of an operation between an int and a float, such as
k/ ((float) 3),isafloat and the resulting type of an operation between
anint and a doubl e, such as k/ 3. 0, is a doubl e.

As promised, here is the rule that governs the resulting date types of
expressions with operands with mixed data types.

Consider A $ B where $ is a binary operator, while Aand B are its
operands. When A and B are of the same data type, the resulting
data type is that data type.
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o If either operand is of type doubl e, the other is converted to
doubl e.

e Otherwise, if either operand is of type float, the other is
converted to fl oat .

o Otherwise, if either operand is of type Iong, the other is
converted to | ong.

e  Otherwise, both operands are converted to typeii nt.

The table below gives us some example statements and their results.

Statement Value of x Statement Value of x
floatx =8/9; 0.0f int x = (int)(1.5+1.5) 3
double x =10d + 8/9 10.0 double x = (int)1.5+1.5 2.5
double x = (10.0+8)/9 2.0 double x =3/4.0 0.75
float x = 8.0+9; error double x =3/4*4/3 0.0
double x = (1/4)*(12d-4) 0.0d double x = 4/3*(float)3/4 0.75

Table 9: Data types from expression evaluation

Limitation on Floating Point Computation

Consider the source code listed below. First, a variable d is defined and
initialized to 0.0. The program adds 0.1 to d ten times. The program
shows the current value of d after each time 0.1 is added to d.

public class LimtedPrecisionl

{

public static void main(String[] args)

{

double d = 0.0;
doubl e increment = 0.1;
Systemout.printin("Oiginal d \t\t="+d);
d += increnent;
Systemout.printin("d + 1 increments \t="+d);
d += increnent;
Systemout.printin("d + 2 increments \t="+d);
d += increnent;
Systemout.printin("d + 3 increments \t="+d);
(continued on next page)
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d += increnent
Systemout.println("d
d += increnment
System out. println("d
d += increnent
Systemout.println("d
d += increnment
System out. println("d
d += increnent
Systemout.println("d
d += increnment
System out.println("d
d += increnent
Systemout.print("d +

10

4 increnents \t="+d);
5 increments \t="+d);
6 increments \t="+d);
7 increments \t="+d);
8 increments \t="+d);
9 increments \t="+d);
increnments \t="+d);

@8 C\Windows\system3Z\cmd.exe

[EE

>java LimitedPrecisionl

original d

1 increments
increments
increments
increments
increments
increments
increments
increments
increments

0 increments

4+

2
3
4
5
6
7
8
9
1

VyoooooooooQ

>javac LimitedPrecisionl.java

=0.
=0.

=0
=0

=0.
=0.
=0.

=0
=0
=0
=0

0000000000000004

N hWNRO

-7999999999999999
.8999999999999999
.9999999999999999

St

Figure 59: A demonstration of the fact that precisions are limited in the

floating-point calculation using computers

The above figure shows the output of the program. With simple
mathematics, one will definitely say that the eventual value of d is 1.0.
However, when this program is executed, we have found that the
eventual value of d is very close to but not exactly 1.0. This is because of
the imprecision of representing floating point values with binary
representation. Thus, some decimal points cannot retain their exact




decimal values when represented with binary representation. And, 0.1 is
one of them.

An Issue on Floating Point Value Comparison

With the fact about limited precisions in the floating point calculation
kept in mind, one should be aware that floating point values should not
be compared directly with relational equality operators (== and !=). A
good practice for comparing a floating point value A and a floating point
value B is to compute d = | A — B|, and see whether d is small enough. If
so, you could consider that A equals to B.

Overflow and Underflow

It is possible that the results of some arithmetic operations are larger or
smaller than what numeric values can handle. When a value is larger
than the biggest value that a data type can handle, it is said that an
overflow has occurred.

Programmers should be careful about the range of value that a data type
can handle. When an overflow of a value of the typei nt occurs, it neither
leads to any compilation errors or warnings nor causes the program to
terminate when executed. However, overflowed values could causes
unexpected (but explainable) results.

For floating point values, Java has special float and double values
representing a positive value that is larger than the largest positive value
that the respective data type can handle as well as values representing a
negative value that is smaller (more negative) than the smallest negative
value that the data type can handle. The former is the value Infinity,
and the latter is the value —I nfinity.

If a floating point value is too close to zero for its associated data type
can handle, that value might be rounded to 0. This situation is called
underflow. Just like overflow, underflow might cause some arithmetic
computations to yield unexpected results.
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Example 20: Oops! They are too big.

The program Overflowl java listed below shows an example of when
overflows have occurred. A variable veryBiglinteger of type int is
declared and set to a big integer value of 2,147,483,647, which is still in
the range that i nt can handle. Adding 1 to 2,147,483,647 would normally
result in 2,147,483,648. However, such a value is too large for an int.
Thus, the program gives an unexpected answer. A similar situation
happens when 1 is subtracted from a very small number -2,147,483,648
and when 2,147,483,647 is multiplied by 2. Notice that the program does
not warn or give any errors or exceptions when an overflow occurred
with int. Thus, programmer should be aware of this situation and
prevent it for happening.

public class Overflowl 1
{ 2
public static void main(String[] args) 3
{ 4
int veryBiglnteger = 2147483647, 5
Systemout.print("veryBiglnteger\t\t="); 6
System out. println(veryBiglnteger); 7
System out. print("veryBiglnteger+1\t="); 8
System out . println(veryBiglnteger+1); 9
Systemout. print("veryBiglnteger*2\t="); 10
System out. println(veryBiglnteger*2); 11
int verySmalllnteger = -2147483648; 12
System out.print("verySmalllnteger\t="); 13
System out. println(verySmall | nteger); 14
Systemout.print("verySmalllnteger-1\t="); 15
System out. println(verySmalllnteger-1); 16
} 17
} 18
B C\Windows\system32\cmd exe = | B i)
=

>javac Ooverflowl.java

>java Overflowl

veryBigInteger = 2147483647
veryBigInteger+l = -2147483648
verysmallInteger = -2147483648
verySmallInteger-1 = 2147483647

veryBigInteger+2 -2

>,

< iy

Figure 60: Demonstration of several occurrences of overflow for int
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Example 21: Once an infinity, always an infinity

The program Overflow2java shows an example of when an overflow
occurred with doubl e. However, Java has a floating point value (both
float and doubl e) that can handle a very large number. Such a value is
I nfinity. Remember that I nfinity is a floating point value. So, it can be
treated as one. —Infinity represents a floating point value that is very
small. Also, notice the effect of I nfi ni ty from the result of line 10.

public class Overflow2 1
{ 2
public static void main(String[] args) 3
{ 4
double d = 1.0e308; 5
doubl e dSquare = d*d; 6
Systemout.printin("d = "+d); 7
System out. println("d"2 = "+dSquare); 8
Systemout.println("-d*2 = "+(-dSquare)); 9
Systemout.printin("sqrt(d”*2) = "+Math.sqrt(dSquare)); 10
} 11
} 12

E¥ CA\Windows\system32\cmd.exe (=] e

>javac overflow2.java

>java Overflow2
d

= 1.0E308
da2 = Infinity
-dA2 = -Infinity
sqrt(da2) = Infinity
>

Figure 61: A Java program that results in the double-valued Infinity

Example 22: Too close to zero
The program Underflowl.java shows an example when a value becomes

closer to zero than its associated data type can handle, it is rounded to
zero. In this example, d is set to 1.0x10-23, which is still in the precision
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range of a doubl e. Divide that value by 10 results in the value that is
closer to zero than what doubl e can handle. Consequently, the result of
the expression d/ 10*10 becomes zero since the division is executed first
and it results in a zero. Notice the difference between the value of p and

g.

public class Underflowl 1
{ 2
public static void main(String[] args) 3
{ 4
doubl e d = 1. 0e-323; 5
doubl e p = d/10*10; 6
doubl e g = 10*d/ 10; 7
Systemout.println("d = "+d); 8
Systemout.println("d/ 1010 = "+p); 9
Systemout.println("10*d/10 = "+g); 10
} 11
} 12
B C:\WINDOWS\system32\cmd. exe =
=>javac Underflowl_java ﬂ

zr»java Underf lowi
= 1.8E-323

#18=18 = 8.8

@xd-18 = 1.8BE-323

Ed

E

Figure 62: A demonstration of cases when underflow occurs

Numbers Divided by Zero

Mathematically when a number is divided by zero, it is sometimes
considered as an undefined case or it can be thought of as resulting in a
infinitely large number. In Java, handling of such a case depends on the
data types of the values involved in the division operation. For int
operations, the compiler will not catch such a case during the
compilation and the program will produce a kind of error (technically
called exception) producing at the execution of the program and
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terminate the program at the step when the divided-by-zero event
happens. For operations that result in f | oat or doubl e values, a number
divided by zero will not cause the program to terminate and the
resulting floating point values will be the I nfini ty or —I nfini ty values.

When a floating point value of zero is divided by another zero, the
resulting value is NaN, which stands for “Not a Number”. NaN is also used
to represent a square root of negative number.

Example 23: Dividing by zeros: Types matter.

public class DivBylntZerol { 1
public static void main(String [] args){ 2

int nunber = 4, zero = 0; 3

System out. printl n(nunber/zero); 4

} 5

} 6
B C\Windows\system32\cmd.exe [E=ST =5

>javac DivByIntZerol.java

>java DivByIntZerol

Exception in thread "main" java.lang.ArithmeticException: / by zero
at DivByIntZerol.main(DivByIntZerol.java:4)

>

Figure 63: A Java program that produces the divided-by-zero exception

In this example, an int variable zero is intentionally assigned with the
int value of 0 in order to demonstrate that when it is used as a
denominator in the input of System.out.printin() on line 4, the program
produces an exception that causes the program to terminate. It is
unsurprising that the compiler does not complain anything during the
compilation since it does not check for values of all variables used to
divide other values. Therefore, it cannot catch this during the time the
program gets compiled.
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Now let’s look at another case in which floating-point numbers are
divided by zeros.

public class Di vByFl oati ngPoi nt Zerol { 1
public static void nmain(String [] args){ 2
float f = 4.0f, floatZero = 0.0f; 3
double d = 4.0, doubleZero = 0.0; 4
System out. printlin(); 5
Systemout.print("f/floatZero\t=\t"); 6
System out. println(f/floatZero); 7
System out . print("d/ doubl eZero\t=\t"); 8
System out . println(d/doubl eZero); 9
Systemout.print("-f/floatZero\t=\t"); 10
Systemout.printin((-f)/fl oatZero); 11
System out. print("-d/doubl eZero\t=\t"); 12
System out. println((-d)/doubl eZero); 13
Systemout.print(" 0.0f/ 0.0f\t=\t"); 14
System out. println(fl oatZero/fl oatZero); 15
Systemout.print(" 0.0/ 0.0\t=\t"); 16
System out . printl n(doubl eZer o/ doubl eZer o) ; 17
Systemout. print("-0.0f/ 0.0f\t=\t"); 18
Systemout.println((-floatZero)/fl oatZero); 19
Systemout.print("-0.0/ 0.0\t=\t"); 20
System out . println((-doubl eZero)/doubl eZero); 21
} 22
} 23

B C/\Windows\system3Z\cmd.exe = | B S|

>javac DivByFloatingPointzZerol.java

>java DivByFloatingPointzZerol

T/floatzero = Infinity
d/doublezero = Infinity
-f/floatZero = -Infinity
-d/doublezero = -Infinity
0.0f / 0.0F = NaN

0.0 / 0.0 = NaN
-0.0f / 0.0Ff = NaN

-0.0 / 0.0 = NaN

>

< »

Figure 64: A Java program with expressions evaluated to the double-
valued Infinity, -Infinity and NaN
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Observe the result of this program, we can see that the program prints
out Infinity or —Infinity in the cases that floating point numbers are
divided by zero. Both values differ in the way that the former one is
positive and the latter one is negative. Also, we can observe the
occurrences of NaN due to the fact that zeros are divided by zeros.

Example 24: An ‘infinity” has its data type

The following source code shows errors that emphasize the fact that
I'nfinity is a value that is subjected to strong data typing as well as other
values.

public class TypeOfInfinity { 1

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

float f1 = 4.0/0.0; 3

float f2 = 0.0/0.0; 4

float f3 = 4.0f/0. 0f; 5

float f4 = 0.0f/0. 0f; 6

} 7

} 8
B C:\Windows\system32\cmd.exe |E‘E‘éj

>javac TypeofInfinity.java
TypeofInfinity.java:3: possible loss of precision
Found : double
required: float
float f1 = 4.0/0.0;
A

TypeofInfinity.java:4: possible loss of precision
Found : double
required: float
float f2 = 0.0/0.0;
A
2 errors

>

| | »

Figure 65: Compilation errors due to data type mismatch in the cases
when numbers are divided by zeros

From the screenshot showing the errors, we can see that the Java

compiler report two errors caused by the assignment statements on line 3
and on line 4. Although the expression 4. 0/0. 0 should be evaluated to
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I'nfinity without any problems, its data type is double which cannot be
directly assigned to a float variable. On line 4, the expression 0. 0/0.0
results in the value NaN of the type double which also caused another
error when assigned to a float variable. However, errors do not occur
for the statements on line 5 and on line 6 since the resulting I nfi ni ty and
NaN are of the type f1 oat .

Compound Assignment

One common task frequently found in general computer programming is
when an operator is applied to the value of a variable, and then the result
of the operation is assigned back to that variable. For example, k = k +
7:, m=nm3;,and s = s+ ful”;. These can be written in a shorthanded
fashion in Java.

Let ¢ be a Java operator, k be a variable, and mbe any valid Java
expression. The operation:

k =k O m can be written as k 0= m

For example,

k + 1; can be written ask += 1;
i i * 8; can be writtenasi *= 8;
i = I 3; can be writtenasj /= 3;
sl = sl + s2; can be written ass1 += s2;

k

Increment and Decrement

Java has special operators for incrementing and decrementing a numeric
variable. The increment operator (++) add to the value of the variable to
which it is applied. The decrement operator (--) subtract from the value
of the variable to which it is applied.
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++k and k++ is equivalent tok = k +1; or, similarly, k += 1;
--k and k- - is equivalenttok = k - 1; or, similarly, k -= 1;

The difference between when the increment or decrement operator is
applied prior to the variable (prefix version) and after the variable
(postfix version) becomes apparent when it is a part of a longer
expression when the value of the variable is used. In such a situation, if
an increment or decrement operator is applied prior to the variable, the
value of that variable increases or decreases by one prior to being used as
a part of the expression. In contrary, if it is applied after the variable, its
value is used prior to the incrementing or the decrementing.

Consider the following example.

Example 25: Prefix-postfix frenzy

Observe the difference between the results of the prefix and the postfix
versions of the increment operator used in the following program.

public class IncDecOp { 1
public static void nmain(String [] args){ 2

int x=1, y=1; 3

System out.printlin(); 4
Systemout.printin("Start at x = 1"); 5
Systemout.println("Line 6 ->" + x++); 6
Systemout.printin("Line 7 ->" + x); 7
Systemout.println(); 8
Systemout.printin("Start at y = 1"); 9
Systemout. printin("Line 10 ->" + ++y); 10
Systemout.println("Line 11 ->" + vy); 11

} 12

} 13
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B C\Windows\system32\cmd.exe (= B

>javac IncDecOp.java
>java IncDecOp

Start at x = 1

Line 6 ->1

Line 7 -»2

Start aty =1

Line 10 ->2

Line 11 ->2

>

o ,

Figure 66: A Java program demonstrating the difference between the
prefix and the postfix versions of the increment operator

Let’s focus on the output due to the statement on line 6. In this statement,
x++ is used as a part of the expression supplied as the input to
System.out.println(). Since the increment operator used here is the postfix
version, the value of x (which is 1) is used as an operand for evaluating
the expression input to the method prior to the increment of x. As we
print the value of x out after that, we can observe that the resulting value
of x is indeed incremented from 1 to 2, as the result of the increment
operator.

In contrary to the postfix version, the increment expression in the
statement on line 10 uses the prefix version on y. This makes the
expression increase value of y by 1 before the increased value is used for
the rest of the statement. Therefore, the value 2 is concatenated with
“Line 10 ->" and printed out on screen.

Exercise

1. Specify the data type of these values.

9.0 8 15d 900F 258234
g "ggag" "16. 0d" 151 ngn
0x99 (int)9.1 lel 256f 900L
1. 0elO
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2. Specify the data type of the values resulting from these

operations.

1/2 9F+3D (int)(5+5.0)
6. 099 1.0%1/1 9+(doubl ) 4
1.5f +3 (int)5.0+5.0 (doubl e)5+"6"

3. Explain widening and narrowing in the context of Java primitive
date type conversion.

4. Explain why the following code segment causes a compilation

error.
int x1,x2;
double y = 1.0;
x1 = (int)y;
x2 = 1L;

5. Determine the resulting value of the variable x in the following
code segment.
doubl e x;
int y = 90;
x = y/100;
System out . println("x="+x);
6. Write a Java program that performs the following steps. Perform
appropriate type casting when needed.

a. Declareafl oat variable called f.

b. Declare an int variable called k.

c. Assign225tof.

d. Assign the value of f to k.

e. Convert the current value of f to short and print it out on
screen.

7. Write a Java program that performs the following steps:

a. Declare anint variable called k.

b. Declare a doubl e variable called pi and initialize it to the
value of ©

c. Calculate the smallest integer that is bigger than the
square of the value in pi, and assign the resulting value
to k. (Do not forget type casting.)

8. Determine what will be shown on screen if the following
statements are executed.
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10.

11.

12.

13.

14.

15.

float f = 500F, g = 500F;
System out. println(f/0);
Systemout.println(-f/0);
Systemout.printIn((f-500)/(f-g));
Systemout.printin(-(f-500)/(f-9));

Determine the value of x when the following code segment is
executed.

double x = 1;

X += 3;
X *= 10;
x -= 10;
x /= 5;
X % 5;

In one valid Java statement, assign y with twice the value of x
and then increase x by one. Assume that x and y are variables of
type i nt which are correctly declared and initialized.

In one valid Java statement, make the value of x twice as big as
its current value and then assign the value to y. Assume that x
and y are variables of type i nt which are correctly declared and
initialized.
Explain why the following code segment causes a compilation
erTor.

int x;

(X++) ++;
Determine what will be shown on screen if the following
statements are executed.

int x=1,y=5;

System out . print (++x+",” +y++);
Determine what will be shown on screen if the following
statements are executed.

int x=1,

System out . print (X+(x++) +(x++));
Determine what will be shown on screen if the following
statements are executed.

int x=1;
System out . print (X+( ++x) +(++x));



16. Determine what will be shown on screen if the following
statements are executed.

int x=1,y;
System out. print (y=x++ +x);
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Chapter 5: Using Objects

Readers should

Understand classes and objects.

Be able to use class methods and data from existing classes.

Be familiar with the String class and be able to use its methods.

Be able to use the BufferedReader class as well as the Scanner class to
get users’ input from keyboards.

Be able to process keyboard input as String and numeric values.

Classes and Objects

In real world, the word class is used to identify category of things, while
objects of a class are instances of things belonging to that category.

Figure 67: A classroom with 17 desks and 16 chairs
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If we look at Figure 67 and say “There are 17 desks and 16 chairs in the
classroom”, we could consider that each of the word ‘desk” and the word
‘chair’ is a class. Each of the 17 desks is an instance or object of the class
‘desk’” and each of the 16 chairs is an instance or object whose type is
different from each of the 17 desks. Objects of the same class must share
some aspects of their properties. From the setting of the classroom in the
figure, we might say that from the 17 desks, there are 16 desks that are
student desks and the other one is a teacher desk. An instance of a
student desk might have some properties that are absent from a teacher
desk. At the same time, it might have some properties that are irrelevant
to a teacher desk. However, both the student desk and the teacher desk
share some common aspects. They are both desks. This means it is
natural that they belong to the same class.

In Java, classes are data types which can be comparable to categories of
things in real world. Classes are considered non-native data types. New
classes can be created while primitive data types cannot. As in the real
world, an object is an instance of a class. The data type of an object is the
class it belongs to.

Consider the following Java statements. Note that, as we have
mentioned, String is a class in Java.

String si;
sl = "Chocol ate Chip";

In the first statement, a variable named s1 is declared as a variable that is
used for storing an object of the class String. In the second statement, an
object of class String is created with the content "Chocolate Chip" and
assigned to the variable s1. In other words, s1 is made to point to the
String object "Chocolate Chip". What have occurred can be depicted in
Figure 68.
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s1is created. It does not
contain anything yet.

________________________________

sl =["Choco| ate Chip"; ]

A String object containing
“Chocolate Chip” is created,
but unreferenced.

"Chocol ate Chip"

s1 is made to point to the
String object "Chocolate Chip".

s
=3
B
(@)
=X
Q0
2
]
@)
2.
’.U:

________________________________

®
y
o)
=
Q
@)
<3
5
]
o)
=

’-c:

________________________________

Figure 68: Declaration and assignment of a String object

Using Data and Methods provided in Classes

An object of a class contains data and methods. For example, there is a
Java class names Rectangle, which is a data type used for representing a
rectangle. The data contained in each object of this Rectangle class are
hei ght, wi dth, x, and y, which stores necessary attributes that define a
rectangle. Apart from data, the class also provides several methods
related to using the rectangle, such as getHeight(), getWidth(), getX(),
getY(), and setLocation(). This class might be illustrated in Figure 69. Note
that the illustration used for describing class details here mainly adopts
an industry-standard notation for describing classes but it differs in
details for the sake of simplicity.
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Rectangle

N
hei ght ]

I:l > Data

getHeight() A
getWidth()
8 e?;g > Methods
ge

setLocation()

J

Figure 69: An abstract representation of the details of a class

Generally, when we write computer programs in Java, we make use of
existing methods and data that have already been defined or made in
some existing classes. The dot operator (.) is used for accessing data or
methods from a class or an object of a class. We have already seen (and
used) two methods that print message onto the screen since earlier
chapters. Here, we discuss the meaning of them. Consider the two
methods below.

Systemout. print("Strawberry Sundae");
System out. println("Banana Split");

The four periods seen in both statements above are the dot operator.
System is a class in a standard Java package. This class contains an object
called out, whose class is a class called PrintStream. Thus, using the dot
operator, we refer to this out object in the class Systen by using
System out. Consequently, the PrintStream class contains print() and
println(), and we can access the two methods using System out. print ()
and Systemout. printin().
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\

\
\
‘e System ‘e PrintStream
data data
in |:| .
out [ >
I . methods
methods .print()
' println()
4 '
/ I

L ]

[ Syst emout.print() ]

- 1
!

[ System out.println()]

Figure 70: An abstract representation classes, objects, and methods
involving in System.out.print() and System.out.println()

Some data and methods can be accessed by using the dot operator with
the name of the class while some can be accessed by using the name of
the variable storing the object of that class. Data and methods that are
accessed via the class name are called class (or static) data and class (or
static) methods. Data and methods that are accessed via the object name
are called instance (or non-static) data and instance (or non-static) methods.
At this point, you are not expected to know that whether the data and
methods that you have never come across before are associated with
classes or instances (objects). Just make sure you understand what you

are doing when accessing ones.

Example 26: Area of a circle

public class AreaOCircle

{

public static void main(String[] args)

{

abhwWNPF

doubl e area, r = 10;
(continued on next page)
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String s1 = "The Area of a circle with "; 6
String s2 =" r ="; 7
String s3 =" is " 8
String s4; 9
area = Math. Pl *Mat h. pow(r, 2); 10
s4 = sl.concat(s2); 11
System out . println(s4+area); 12
} 13
} 14
B3 C:\WINDOWS\system32\cmd.exe = £
c:r>javac ArealfCircle. java ij

c:r>java ArealdfCircle
The Area of a circle with » = 314.1592653589793

cz

=
| | »

Figure 71: A program calculating the area of a circle

This Java program calculates the area of a circle with radius r, where r
equals 10. On line 10, we calculate the area by multiplying mat h. Pl with
Mat h. pow(r, 2) . The former expression refers to the n value that is defined
in a constant value names PI in the Math class. The later is the activation
of a method called pow() that is also defined in the Math class. pow(r, 2)
computes the square of r. Notice that we do not need to create an object
of the Math class but we access the data and method from the name of
the class directly.

On line 11, we make use of a method called concat(). It is accessed from a
variable that contains a String object. si.concat(s2) returns a String
object resulting from the concatenation of the String object in s1 and the
String object in s2. Also, on line 11, the concatenated String object is
assigned to s4.
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Useful String methods

Let’s look at some methods that we can use from a String object. The
methods discussed here do not make the complete list of the methods
provided by String. Examples are given so that you can see what each
method does as well as practice your code reading skill at the same time.

charAt()

Let s be a String object and i be anint.s.charAt (i) returns the char
value at the i thindex.

length()

Let s be a String object. s. 1 engt h() returns the i nt value equals to the
length of the String.

Example 27: Demonstration of String methods (1)

Consider the following Java program.

public class Char At Deno

{

public static void main(String[] args)

{

String s = "ABCD\ nEFGH";

char c;

Systemout.printin("s = ");
System out. println(s);

¢ = s.charAt(0);

System out. println("charAt(0)="+c);

¢ = s.charAt(1);

System out. println("charAt(1)="+c);

¢ = s.charAt(5);

System out. println("charAt(5)="+c);
Systemout.print("The length of this stringis ")
Systemout.printin(s.length()+" characters");
¢ = s.charAt(s.length()-1);

System out. println("The |ast char ="+c);

CoO~NOUAWNBE
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B C:\WINDOWS\system32\cmd.exe -0 ﬁ

a
c:>javac CharAtDemo.java :J

c:r»java CharfAtDemo
e =

charft{@>=A

charft(1>=B

charft{(5>=E

The length of thiz string is ? characters
The last char =H

cIP
< | ;IJ

Figure 72: Demonstration of using charAt() and length()

From the above Java program, the String s contains 9 characters, which
are‘'A, 'B, ‘C, ‘D, ‘\n, ‘E, ‘F, ‘G, and ‘'H . Notice that an
escape sequence is considered a single character. On line 9, line 11, and
line 13, the characters at 0, 1, and 5 which are ‘A, ‘B and ‘E are
assigned to the char variable c. Then, ¢ is printed out to the screen after
each assignment. On line 16, and line 17, the length of the String in s is
extracted via the method length(). Be aware that, the first index of a
string is 0, so the location of the last character iss. | engt h() - 1.

concat()

Let s be a String object and r be another String object. s. concat (r)
returns an new String object whose content is the concatenation of
the Stringins and r.

Example 28: Demonstration of String methods (2)

public class Concat Denp 1
{ 2
public static void main(String[] args) 3

{ 4

String s1 = "First"; 5

String s2 = "Second"; 6

String s3, s4; 7

8

s3 = sl.concat(s2); 9

s4 = s2.concat(sl); 10
Systemout.printin("sl is "+sl); 11

(continued on next page)
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Systemout.println("s2 is "+s2); 12
Systemout.printin("s3 is "+s3); 13
Systemout.printin("s4 is "+s4); 14

15

String s5 = "AB".concat("CD").concat ("EF"); 16
Systemout.printin("s5 is "+s5); 17

} 18

} 19

B C:\WINDOWS\system32\cmd.exe -0 ﬂ

c:>javac ConcatDemo.java :ﬂ

c:>java ConcatDemo
sl is Fipst

52 is Second

&3 is FirstSecond
s4 is SecondFirst
=5 is ABCDEF

Figure 73: Demonstration of using concat()

Notice the difference between si.concat(s2) and s2.concat(s1). Also
note that invoking the method concat() from a String s creates a new
String object based on s and the String input into the parentheses, it does
not change the value of the original String object. On line 16, we show
two things. Firstly, we can invoke String methods directly from a String
object without having to be referred to by a variable, i.e.
“AB’.concat (“CD') can be done without any errors. Secondly, since
“AB’. concat (“CD’') results in a new String object, we can call a String
method from it directly, e.g. “AB’. concat (“CD’). concat (“EF’), and the
result is * ABCDEF”, as expected.

indexOf()

Let s be a String object and ¢ be a char value. s.indexdf (¢c) returns
the index of the first ¢ appearing in the String. It returns -1 if there is
no c in the String. If i is an i nt value equals to the Unicode value of
¢, s.indexd (i) returns the same result. A String r can also be used in
the place of c. In that case, the method finds that String inside the
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String s. If there is one, it returns the index of the first character of r
found in the String s. Again, it returns -1 if r is not found ins.

lastIndexOf()

lastIndexOf() works similarly to indexOf{() but it returns the index of
the last occurrence of the input character or the index of the first
character in the rightmost occurrence of the input String.

Example 29: Demonstration of String methods (3)

The following program demonstrate some results of using indexOf() on a
String object.

public class | ndexOf Deno 1
2
public static void main(String[] args) 3
{ 4
String s = "0XX-XO0--X0X0"; 5
Systemout.println("The first 'x' is at "+s.indexOF('x"')); 6
Systemout.printin("The first 'o' is at "+s.indexO('0")); 7
Systemout.printin("The first '-' is at "+s.indexCf (45)); 8
Systemout.println("The first 'X is at "+s.indexOF('X)); 9
} 10
} 11
B3 C:\WINDOWS\system32\cmd.exe =1E
c:>javac IndexOfDemo.java i‘

c:>java IndexOfDemo
The first *x’ is at 1
The first is at @

il
'l
3

‘o
The first '—' iz at 3
The first "8’ is at 18
c:>
| ;IJ

Figure 74: Demonstration of using indexOf|()

From the program, we can see that the first occurrence of the character
‘X" is at position 1 and it is at position 0 for ‘o’. You should be reminded
that the first position is indexed as the position 0. These can be compared
with the result of the statements on line 6 and line 7.
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The statement on line 8 shows an example of when the input to indexOf()
is an i nt value. Since the Unicode of * -* is 45, the method returns 3 as it
is the first position that* -* occurs.

Also, make sure you remember that Java is a case-sensitive language.
That is why the result of s.index0f(*x’') is different than the one of
s.indexOr (* X).

The following program use String objects as inputs to indexOf().

public class | ndexCf Denp2 1
{ 2
public static void main(String[] args) 3
{ 4
String s = "Chul al ongkorn University"; 5
System out. println(s); 6
Systemout.printin("Univ is at "+s.indexCf("Univ")); 7
Systemout.printIn("0123 is at "+s.indexCf ("0123")); 8
} 9
} 10
B C:\WINDOWS\system32\cmd. exe i [=1E3
c:>javac IndexQf DemoZ.java ij

c:>java IndexOfDemo2
Chulalongkorn University
Univ is at 14

8123 is at -1

Cira

-
< | 3

Figure 75: Demonstration of using lastiIndexOf()

The indexOf() methods on line 7 and line 8 find the first occurrences of
the input String objects in s. Each of them returns the position of the first
character of the first occurrence of the String supplied as input. Figure 76
illustrates the position of “Univ” ins.
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Position 0 1 2 3 4 5 6 7 8 9 10 11

Position 12 13 14 15 16 17 18 19 20 21 22 23

n Uln|li]|]v]e]|r]|s|[i]|]t]|y

T— “Uni v*

Figure 76: Finding Strings in another String

The int value -1 is returned when the string cannot be found, as we can
see from the result of the statement on line 8.

Example 30: Demonstration of String methods (4)

This example demonstrate the use of lastIndexOf().

public class | ndexCf Denp3

public static void main(String[] args)

{
String s = "say ABC ABC ABC';
System out. println(s);
Systemout.print("lastlndexOf(\'B\') =");
Systemout.println(s.lastlndexOf('B));
System out. print("lastlndexOf (\"AB\")=");
Systemout. println(s.lastlndexCf("AB")); 10

©CoO~NOOhWNEF

B C:\WINDOWS\system32\cmd.exe o | ﬂ

c:>javac IndexOfDemo3. java :EJ
c:>java Index0fDemo3d

say ABC ABC ABC

lastIndexOf ('B'> =13

lastIndexOf ("AB">=12

cIy

-
| | »

Figure 77: Demonstration of using lastIndexOf()
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On line 8, the method is input with a char value while it is input with a
String object on line 10. In the case of String, the method returns the
position of the first character of the last occurrence.

startsWith()

Let s be a String object and prefix be another String object.
s.startsWth(prefix) returns true if the String s starts with prefi x.
Otherwise, it returns f al se.

endsWith()

Let s be a String object and suffix be another String object.
s.endsWth(suffix) returns true if the String s ends with suffix.
Otherwise, it returns f al se.

trim()
Let s be a String object. s. trin() returns a new String object, which is
a copy of s, but with leading and trailing whitespaces omitted.

Example 31: Demonstration of String methods (5)

public class TrinmDenp 1
2

public static void main(String[] args) 3
{ 4
String s1 = " Conputer Engineering 5
String prefix = "Conputer"; 6
String suffix = "ing"; 7
Systemout.print("\""+s1+"\" has \""+prefix); 8
Systemout.print("\" as a prefix:\t"); 9
Systemout.printin(sl.startsWth(prefix)+"."); 10
Systemout.print("\""+s1+"\" has \""+suffix); 11
Systemout.print("\" as a suffix:\t"); 12
System out. println(sl.endsWth(suffix)+"."); 13
14

String s2 = sl.trim); 15
Systemout.print("\""+s2+"\" has \""+prefix); 16
Systemout.print("\" as a prefix:\t"); 17
Systemout.printin(s2.startsWth(prefix)+"."); 18
Systemout.print("\""+s2+"\" has \""+suffix); 19
Systemout.print("\" as a suffix:\t\t"); 20

(continued on next page)
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Systemout. println(s2. endsWth(suffix)+"."); 21

} 22

} 23
B C:\WINDOWS\system32\cmd. exe o] x|

-
:>javac TrimDemo. java :J

:2java TrimDemo

" Computer Engineering " has “Computer" as a prefix: false.
" Computer Engineering " has "ing" as a suffix: false.
"Computer Engineering"” has "Computer" as a prefix: true .
"Computer Engineering" has "ing" as a suffix: true.

B

|

Figure 78: Demonstration of using trim(), startsWith(), and endsWith()

The String s1 contains one whitespace character at the beginning and
three of them at the end. A new String object is created with these
leading and trailing whitespace characters trimmed before being
assigned to s2. Since s2 contains “ Conput er” right at the beginning and
“ing” right at the end of the String, s2.startsWth(prefix) and
s2. endsWt h(suffix) return the bool ean value t r ue.

substring|()

Let s be a String object. s.substing(a, b), where a and b are int
values, returns a new String object whose content are the characters
of the String s from the a™ index to the (b- 1) th index. If b is omitted
the substring runs from a to the end of s.

toLowerCase()

Let s be a String object. s. t oLower Case() returns a new String object
which is a copy of s but with all uppercase characters converted to
lowercase.

toUpperCase()

Let s be a String object. s. t oUpper Case() returns a new String object
which is a copy of s but with all lowercase characters converted to
uppercase.
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Example 32: Demonstration of String methods (6)

Sometimes we might want to extract portion of a String object in which
we know that a certain number of sub-strings reside as well as that a
certain character is used as the delimiter. In this example, we show a
program that extracts sub-strings from “One:Two:Three” when the
character ‘" is thought of the delimiter that divides the three words:
“One”, “Two”, and “Three”.

public class SubStringDenpl {

public static void main(String [] args){
String s = "One: Two: Three", sl1,s2,s3
sl = s.substring(0,s.indexOf(":"));
s2 = s.substring(s.indexOf(':")+1,s.lastlndexOf(':"));
s3 = s.substring(s.lastlndexOf(':")+1);
System out. println(sl);
System out. println(s2);
System out. println(s3);

PRPOO~NOORAWNE

o]

B C\Windows\system32\cmd.exe = | 5 ||

>javac SubstringDemol. java

>java SubStringDemol
ONE

TWO

THREE

-

J By

Figure 79: Demonstration of using substring() with methods that find
the position of characters in String objects as well as toUppercase()

The word “One” is extracted by creating a new String object from s
starting from the position 0 upto just before the first occurrence of " The
word “Two” is from the position after the first occurrence of “:" upto just
before the position of the last (second, in this case) occurrence of .. The
word “Three” is from the position after the last occurrence of “:" up until
the end of s.
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In this example, we also convert every characters to their uppercases
using tolUppercase() before printing them on to the screen.

valueOf()

valueOf() is a static or class method provided by the String class. It
creates a new String object whose value is the corresponding String
representation of the value input to the method. Recall that to use a
class method, we use the dot operator with the name of the class.

Reading Input String from Keyboards

It is usually a common requirement to obtain values from the user of the
program via keyboards. In Java, this capability is provided by some
methods, already defined in classes. A class called BufferedReader
provides a method that read characters from keyboard input, until a
newline character is found, and store the characters into a String object.
This method is called readLine(). Note that the newline character (\n)
signaling the end of the input is not included in the String.

First, since we are going to use the BufferedReader class, which is not
packages which are included by default, we need to let the compiler
know where to look for the definition of this class by adding the
following statement in to our source code on a line prior to the start of
our program’s definition.

import java.io.*;

Then, we need to create an object of class BufferedReader by using the
following statement.

Buf f eredReader stdin = new BufferedReader (new
I nput St r eanReader (Systemin));

This statement creates a variable named stdin that refers to a
BufferedReader object. For simplicity, we will say that stdin is a
BufferedReader object. It is perfectly fine that you use exactly this
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statement to create a BufferedReader object. Detailed explanation is
omitted here.

Once a BufferedReader object is created, we can access the readLine()
method from that object. For example, we can use the following
statement to read keyboard input to a String object called s. Note that
st di n is the object we created in the previous statement.

String s = stdin.readLine();

Once the statement is executed, the program waits for the user to type in
the input until a newline character is entered. This input can be used
later in the program from the String s.

Example 33: Greeting the users by their names

The following program asks the user to input his/her first and last name.
Then it prints a message containing the names on to the screen. Notice
that another thing that is required to be added is t hrows | OException in
the header of the main() method. Again, explanation is omitted until you
learn about exceptions in Java. At this time, make sure you do not forget
to adds it in your program when readLine() is used in the main() method.

import java.io.*; 1
public class Geeting 2
{ 3
public static void nmain(String[] args) throws |OException 4
{ 5
String firstname, |astnane; 6
Buf f er edReader stdin = 7
new Buf f er edReader ( 8
new | nput StreanReader (Systemin)); 9
System out. print("Please enter your firstnane:"); 10
firstnane = stdin.readLine(); 11
System out. print("Please enter your |astname:"); 12
| ast name = stdin. readLi ne(); 13
Systemout.printin("--------ccmmmmi "); 14
Systemout.printin("Hello "+firstnane+" "+l astnane); 15
Systemout.println("--------mmmmmmi i ")y, 16
} 17
} 18
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B C:\WINDOWS\system32\cmd.exe i | ﬂ

-
c:>javac Greeting.java :‘

c:>java Greeting
Please enter your firstname:Atiwvong
Please enter your lastname:Suchato

Hello Atiwong Suchato

iy
-
| | 3

Figure 80: A program that reads two String inputs from the keyboard

In this example, italicized expressions are what you need to pay attention
to. On line 1, the i nport statement tells the compiler about a location that
it should look if there appear to be non-standard methods. In the
statement that spans line 7 to line 9, a BufferedReader object, which we
name it stdin, is created using the statement mentioned earlier. On line
11 and line 13, the method readLine() is used to bring in the keyboard
inputs. It is a common practice that messages are shown prior to the
execution of readLine() in order to instruct users about what they should
be doing. Such messages are shown using print() on line 10 and line 12.

Converting Strings to numbers

Since the readLine() method returns a String object and sometimes we
expect the keyboard input to be numeric data so that we can process
numerically, we need a way to convert a String object to an appropriate
numeric value. Luckily, Java has provided methods responsible for
doing so.

parselnt()

parselnt() is a static method that takes in a String object and returns
an int whose value associates with the content of that String.
parselnt() is defined in a class called Integer. Thus, we should know
by now that calling a static method named parselnt() from the Integer
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class takes the form: I nteger. parsel nt (s), where s is a String object
whose content we wish to convert toi nt.

parseDouble()

parseDouble() is a static method that takes in a String object and
returns an doubl e whose value associates with the content of that
String. parseDouble() is defined in a class called Double. Again, calling
parseDouble() takes the form: Doubl e. parseDoubl e(s), where s is a
String object whose content we wish to convert to doubl e.

Useful Methods and Values in Class Integer and
Class Double

It is necessary to know that Integer is a class, not the primitive type i nt,
and Double is another class, not the primitive type doubl e. Furthermore, it
might come in handy if you know some of the constants and static
methods provided in these two classes (Apart from parselnt() and
parseDouble(), of course).

Here are some of them.

I nt eger . MAX_VALUE
is an i nt holding the maximum value an i nt can have (231-1).

I nteger. M N_VALUE
is anint holding the minimum value an i nt can have (-231).

I nteger.toBinaryString(<an int>)
returns a String of the i nt argument as an unsigned integer in
base 2.

Integer.toCctal String(<an int>)
returns a String of the i nt argument as an unsigned integer in
base 8.

I nt eger. toHexString(<an int>)
returns a String of the i nt argument as an unsigned integer in
base 16.
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Integer.toString(<an int>)
returns the String representation of the i nt argument.

Doubl e. MAX_VALUE
is the largest positive finite value of type doubl e.

Doubl e. M N_VALUE
is the smallest positive nonzero value of type doubl e.

Doubl e. NaN
is a Not-a-Number (NaN) value of type doubl e.

Doubl e. POSI TI VE_I NFI NI TY
is the positive infinite value of type doubl e.

Doubl e. NEGATI VE_I NFI NI TY
is the negative infinite value of type doubl e.

Doubl e.i sl nfinite(<a doubl e>)
returns t r ue if the doubl e argument is infinitely large in
magnitude.

Doubl e. i sNaN(<a doubl e>)
returns t r ue if the doubl e argument is an NaN value.

Doubl e. t oHexSt ri ng(<a doubl e>)
returns the hexadecimal String of the doubl e argument.

Doubl e. toStri ng(<a doubl e>)
returns the String representation of the doubl e argument.

Example 34: Showing the binary representation of the input number

The program ShowBinary.java shown below is used for showing the
binary representation of an integer input by the user. This program could
act as a simple tool that helps you convert integers to its base 2 format.
Make sure you go through the program and try to understand all of the
statements.

import java.io.*; 1
public class ShowBi nary 2
(continued on next page)
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3
public static void main(String[] args) throws | OException 4
{ 5
String readStr; 6
int i; 7
Buf f er edReader stdin = 8
new Buf f er edReader ( new 9
I nput St r eanmReader (Systemin)); 10
Systemout.print("Enter an integer:"); 11
readStr = stdin.readLine(); 12
i = Integer.parselnt(readStr); 13
Systemout.printin("Binary -> "+l nteger.toBinaryString(i)); 14
} 15
} 16
B3 C:\WINDOWS\system32\cmd.exe =1
c:>javac ShowBinary.java ij

c:>java ShowBinary
[Enter an integer:129
Binary —> 108068661

CIr

=
| | 3

Figure 81: A program that reads two String inputs from the keyboard

The key idea to this program is that whenever you need to use the input
entered from the keyboard via readLine() as numeric values, the input
String object usually has to be converted to values in some numeric data
types first. On line 13, we use Integer.partInt() to convert the input String
object obtained from readLine() to i nt before using it as a numeric value
further in the program.

Example 35: Selective substrings

This example shows a program that receives multiple keyboard inputs.
Some are treated as strings, while some are converted to numbers.

import java.io.*; 1

public class Sel ectiveSubString { 2
(continued on next page)

121



(continued from previous page)

public static void main(String [] args) throws | OException 3
{ 4
String input, output; 5
int start,len; 6
Buf f er edReader i n; 7
in = new Buf f eredReader ( 8
new | nput StreanReader (Systemin)); 9
Systemout. print("Enter a message:"); 10
input = in.readLine(); 11
Systemout.print("Enter the starting position:"); 12
start = Integer.parselnt(in.readLine()); 13
Systemout.print("Enter the |length of the sub-string:"); 14
I en = Integer.parselnt(in.readLine()); 15
output = input.substring(start,start+len); 16
System out. println("\nYour sub-string is \""+output+"\""); 17
} 18
} 19
B C:\Windows\system32\cmd.exe (=] E ]
H

>javac SelectivesubsString.java
>java SelectiveSubString

Enter a message:Sir Isaac Newton
Enter the starting position:4

Enter the length of the sub-string:5
Your sub-string is "Isaac"

>

4 o[

Figure 82: A program that reads two String inputs from the keyboard

The program asks the user to input a line of text as well as to pick a
portion of the line by specifying the starting position together with the
number of characters of that portion. The program uses readLine() to read
in the input. On line 13 and line 15, the starting position and the length
are converted to int values. The int values are then used with
substring() correspondingly.

Example 36: Funny encoder

Let’s look at the following Java program called FunnyEncoder.java. This
program uses only what we have learnt so far. The program converts a 4-
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digit string (E.g. 0345, 1829, etc.) into a specific code by mapping each
digit to a specific funny pattern defined in the following table.

Digit Pattern Digit Pattern
0 ("™ 5 (")
1 (-_-) 6 (ho")
2 (>_<) 7 (" ™)
3 (0_0) 8 (@@
4 (0 .0) 9 (*__*)

Table 10: FunnyEncoder encoding scheme

For example, if the input digit string is 0123, the encoded string is (- _-
) (>_<)(0_0) (0 0). Here is the source code for the program and some
example outputs. Make sure you go through the program and try to
understand all of the statements.

inport java.io.*; 1
public class FunnyEncoder 2
3

public static void main(String[] args) throws | OException 4
{ 5
int |oc; 6
String input, output ="", s =""; 7

s += "("_1) " 8

s +="(-_-) 0

s += "(>.<) " 10

s += "(0_0) " 11

s += "(0.0) " 12

s += "("vh) " 13

s += "("oM) 14

s += "(~ M 15

s +="(@@ ; 16

s +="( *_* )" 17

18

Buf f er edReader stdin = new Buf f er edReader ( 19
new | nput StreanReader (Systemin)); 20
Systemout.print("Enter a 4-digit string:"); 21

i nput = stdin.readLine(); 22

loc = 9*I nteger. parsel nt(input.substring(0,1)); 23

out put += s.substring(loc,loc+9).trin(); 24

| oc = 9*Integer. parselnt(input.substring(1l,2)); 25

out put += s.substring(loc,loc+9).trin(); 26

loc = 9*I nteger. parsel nt(input.substring(2,3)); 27

out put += s.substring(loc,loc+9).trin(); 28

| oc = 9*Integer. parselnt(input.substring(3)); 29

(continued on next page)
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out put += s.substring(loc,loc+9).trim); 30

System out. println("Encoded String -> "+output); 31

} 32

} 33

Figure 83: The code listing of the FunnyEncoder program

B§ C\Windows\system32\cmd exe e
>javac FunnyEncoder.java I

>java FunnyEncoder
Enter a 4-digit string:1234
Encoded String -> (-_-)(>_<) (o_o)(0_o)

>java FunnyEncoder
Enter a 4-digit string:7568
Encoded string -> (A A) (AvA) (hor) (@_@)

>java FunnyEncoder
Enter a 4-digit string:9015
Encoded String -> ( *_* )(A_A)(-_-)(AvA)

>-

-

Figure 84: An output of the FunnyEncoder program

In this program, all patterns are concatenated into a long String object s,
in the order from 0 to 9. Each pattern is padded with spaces so that every
pattern spans 9 characters. The idea is to extract each digit from the input
string and use the digit to locate the starting position of its corresponding
pattern in s so that substring() can be used accordingly.

A BufferedReader object is used to read a line assumed to contain 4 digits.
The starting position of the pattern associated with a digit i can be
calculated based on the fact that the length of every pattern is fixed at 9
to be 9 x i. The position is stored in the variable | oc and the encoded
pattern of that digit can be found using s. substring(loc, | oc+9). The
method trim() is used for getting rid of trailing whitespaces padded to
each pattern.

Example 37: Vector decomposition
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Now we wish to write a program that calculates the resulting force in the
x and y directions, as illustrated in Figure 85, from the magnitude of the
input force F (in Newton) and the angle between F and the x axis (in
Degree).

Fy

Figure 85: Decomposition of a vector F into Fx and Fy

Problem definition: The program needs to calculate the force in the x and
y directions from the magnitude of the input force, F, and the angle, 0.

Analysis: There are two inputs, F and 0. Output, which are the force
components in the two directions, are to be shown on screen.

Design:

e Prompt the user to input F, and store the inputinf.

e Prompt the user to input 0, and store the input in t het a.

e Convert 6, which is in degree, to radian by 6,.4., = Gsegrec © % . Then,
store the converted angle in t het aRad.

e Calculate the force component in the x direction from F, = F - cos(6,4.,) -
Then, store the result in f x.

e Calculate the force component in the y direction from F, = F -sSin(6,4.,) -
Then, store the resultin fy.

e Show the fx and fy on the screen.
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Implementation:

import java.io.*; 1
public class Fi ndFConponents 2
3
public static void main(String[] args) throws | OException 4
{ 5
doubl e theta, f, thetaRad, fx, fy; 6
Buf f er edReader stdin = 7
new Buf f er edReader (new | nput StreanReader (Systemin)); 8
/'l pronpt for f 9
Systemout.print("Enter the magnitude of F (Newton): "); 10
f = Doubl e. par seDoubl e(stdin. readLine()); 11
/'l pronpt for theta 12
Systemout.print("Enter the angle between "); 13
Systemout.print("F and the x axis (Degree): "); 14
theta = Doubl e. par seDoubl e( st di n. readLi ne()); 15
/'l convert degree to radian 16
thetaRad = theta*Math. Pl/180; 17
/'l calculate fx and fy 18
fx = f*Mat h. cos(thetaRad); 19
fy = f*Math. sin(thetaRad); 20
/'l show the results 21
Systemout.println("Fx = "+ x+" N'); 22
Systemout.printin("Fy = "+fy+" N'); 23
} 24
} 25

B C:\Windows\system32\cmd.exe |l

>javac FindFComponents.java

>java FindFComponents

Enter the magnitude of F (Newton): 10

Enter the angle between F and the x axis (Degree): 45
FX = 7.0710678118654755 N

Fy = 7.071067811865475 N

>java FindFComponents
Enter the magnitude of F (Newton): 10
Enter the angle between F and the x axis (Degree): 0

Fx = 10.0 N
Fy = 0.0 N
>

L«] | »

Figure 86: A program decomposing a force vector

This example shows a non-trivial program that utilizes the capability of
reading inputs from the keyboard as well as how to perform Arithmetic
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calculations covered in earlier chapters and how to handle conversion of
String to doubl e properly.

Reading Formatted Input using Scanner

Another alternative for reading input from keyboards is to use a class
called Scanner, which is provided with Java in the java.util package. The
class comes with methods that support reading String as well as input of
primitive data types in formats (patterns) that can be defined.

Like BufferedReader as well as many other classes, in order to take the
benefit from the static methods provided in the class, an object of the
class is to be created first. Since Scanner is not in the default package,
before we can use it in our program we have to import the class so that
the compiler knows about it when the program gets compiled. The
import statement is:

import java.util.Scanner;

To create an object of the class Scanner and have its input source bound
with the keyboard, the following statement can be used.

Scanner sc = new Scanner (Systemin);

This statement also creates a variable of the Scanner type and makes it
refer to the new Scanner object whose source is bound to the standard
input stream (lL.e. the keyboard). Later on in the program, we can make
use of the (non-static) methods provided by Scanner through this sc
variable.

A Scanner object matches its String input obtained from its source with an
input pattern that can be set. By default, the input pattern is a sequence
of tokens separated by whitespaces, where each token can be thought of
as a string of characters. The default pattern looks like the one in Figure
87.
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Tokenl Token2 Token3 Token4

= —— L

W

A whitespace character or multiple
whitespace characters

Figure 87: The default pattern used by a Scanner object

A Scanner object can read each token at a time and convert each token to
its corresponding value in a specified primitive data type as well as
String using various non-static method provided by the Scanner class.

To read a token from its input as a String, we can use the next() method,
whose description is given below.

next()

When sc is a Scanner object, sc. next () considers the current input
read by sc, finds the next token according to the defined pattern and
parse it as a String object.

Note that when next() is called, it will cause the program to wait for the
user’s input if the Scanner object has not read any input before or when
there are no more token to be parsed.

Example 38: Reading one String at a time using Scanner

The following Java program uses the Scanner class to read two tokens of
input and use them as String objects.

inport java.util.Scanner;
public class ScannerDenpl {
public static void main(String [] args){
Scanner sc = new Scanner (Systemin);
Systemout.print("Enter firstname and | astnane:");
(continued on next page)

O WNPEF
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(continued from previous page)

String fname = sc.next(); 6
String | nane = sc.next(); 7
System out. println("Firstname ="+f nane); 8
System out . println("Lastname ="+l nane); 9
} 10
} 11
Bl C\Windows\system32\cmd.exe |5@|§

>javac ScannerDemol.java

>java ScannerDemol
Enter firstname and Tastname:Atiwong Suchato
Firstname =Atiwong
Lastname =Suchato

>java ScannerDemol
Enter firstname and lasthame:Atiwong suchato
Firstname =Atiwong
Lastname =Suchato

>

| »

Figure 88: Using Scanner to read String objects

The above program declares and creates a Scanner object on line 4. Note
that for the program to know about Scanner, we need the import
statement as coded on the first line. The program prompts the user to
input a first name and a last name via keyboard. The program assumes
that the two pieces are separated using one or more whitespaces. When
the next() method is invoked on line 6, the program waits for the user to
type in a line of input. The method then tries to read the first token, all
characters prior to the first occurrence of a whitespace, and assign it as a
String object to fname. On line 7, next() is called again from sc. Here, the
program looks at the line input previously received by sc and tries to
parse another token and assign it as a String object to | nane.

Figure 88 shows two executions of the program whose user inputs are
different in number of whitespaces used to separate the two tokens. It
works in both cases.
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There are more methods than next() that let a Scanner object read a token
from its input. These methods automatically convert tokens into different
primitive data types.

Let's assume that sc is a Scanner object when considering the
descriptions of the following methods.

nextBoolean()

sc. next Bool ean() considers the current input read by sc, finds the
next token according to the defined pattern and parse it as a
primitive bool ean value.

nextByte()

sc. next Byte() considers the current input read by sc, finds the next
token according to the defined pattern and parse it as a primitive
byt e value.

nextDouble()

sc. next Doubl e() considers the current input read by sc, finds the
next token according to the defined pattern and parse it as a
primitive doubl e value.

nextFloat()

sc. next Fl oat () considers the current input read by sc, finds the next
token according to the defined pattern and parse it as a primitive
float value.

nextInt()

sc.nextInt() considers the current input read by sc, finds the next
token according to the defined pattern and parse it as a primitive i nt
value.

nextLong()

sc. next Long() considers the current input read by sc, finds the next
token according to the defined pattern and parse it as a primitive
| ong value.
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nextShort()

sc. next Short () considers the current input read by sc, finds the next
token according to the defined pattern and parse it as a primitive
short value.

Example 39: Reading formatted data input

This example shows the use of Scanner to read in values of primitive data
types as well as String. The program finds the average score from two
data sets, each of which contains the name of a person and a numeric
score.

import java.util.Scanner; 1
public class ScannerDenp2 { 2
public static void main(String [] args){ 3
String nanel, nane2; 4
doubl e scorel, score2; 5
Scanner sc = new Scanner (Systemin); 6
System out.prlntln( --------------------------------- "y, 7
Systemout. println("Enter each data set by specifying"); 8
Systemout.println("a person name and his/her score "); 9

System out. println("separated by spaces"); 10

Systemout.println("-------mmmmm "y, 11

12

Systemout.print("Data set 1:"); 13

namel = sc.next(); 14

scorel = sc. nextDoubl e(); 15

16

Systemout.print("Data set 2:"); 17

name2 = sc.next(); 18

score2 = sc. nextDoubl e(); 19

20

Systemout.printin("-------ccmmmm "); 21

System out. print("The average score of "+nanel+" and "); 22

System out. print(name2+" is "+(scorel+score2)/2); 23

} 24

} 25
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8 C\Windows\system32\cmd.exe (=[5 [ |

>javac ScannerDemo2.java

>java ScannerDemo2

Enter each data set by specifying

a person name and his/her score

separated by spaces

Data set 1:John 89.17

Data set 2:Mary 90.23

The average score of John and Mary is 89.7
>

2l

s

Figure 89: Using Scanner to read String objects and double values

The statements on line 4 to line 11 declare necessary variables, create a
Scanner object, and show brief instructions to the user. The statements on

line 13 to line 15 involve reading a String as well as a doubl e value as two

tokens read from sc. Here, the input must be in a format that starts with
the name, follows with a single or multiple whitespaces, and then ends
with a number. The statements on line 17 to line 19 perform the same

thing with the second set of data. Once everything is read and assigned
to the variables, the output can be processed accordingly.

More realistic examples will be shown later when we learn about

decisions and iterations.

Exercise

1. Write valid Java statements that perform the following steps.

a.

b.
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Declare a variable for storing a String. Name it s1.
Have s1 refer to a new String object whose content is
“Java”.

Declare another variable named s2 and have it refer to
a new String object whose content is “ Pr ogr ammi ng” .
Print the concatenation of s1 and s2 on screen.



Explain in your own words the functionality of the two dot
operators in the statement Systemout.print(“l | ove
eating!”);.

Given that Calendar is a valid class in Java and c is a variable
referring to an object of the Calendar class, which of the
following expression involve calling a method in the Calendar
class. And, which ones simply access some data in the Calendar
class. (Ignore their meanings for now.)

Calendar.DECEMBER
Calendar.getInstance()
Calendar.getAvailableLocales|()
c.isTimeSet
Calendar.MILLISECOND
c.clear()

g. c.get(l)
Write a Java program that calculates and shows the areas and

circumferences of three circles, each of which has its radius of
3,100, and 8.75 centimeters.

mo AN o

What is the output of the following code segment?

String s = “tachygraphonetry”;

Systemout. println(s.charAt(1));

System out.println(s.charAt(5));

System out. println(s.charAt(12));

Systemout. println(s.charAt(s.length()-1));

What is the output of the following code segment?

String s1 = "macaroni penguin”;
String s2 = sl.substring(
sl.indexO (" ')+1,sl.length()).toUpperCase();
System out. println(sl);
System out. println(s2);

What is the output of the following code segment?

String sl " Houst on";

String s2 "Dal | as". concat (sl);
sl = s2.substring(2,4);
Systemout. println(sl.length());
Systemout.printin(s2.length());
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10.

11.

12.

13.

14.

What is the output of the following code segment?

String s = "Jacobi an”;
Systemout.println(s.indexOf('J"));
Systemout.printin(s.indexO('c'));
Systemout.printin(s.indexOf('a'));
Systemout.printin(s.indexOr("j"));
Systemout.println(s.indexOf('c'-1));

What is the output of the following code segment?

String s1 = "A";
String s2 = si1+1;
char ¢ = "A";
String s3 = c+1+"A";

System out. println(s2.concat(s3).concat(sl));

What is the output of the following code segment?

String s = "1999";
Systemout.printIn(String.valued(s));
System out. println(String.val ued (s)+1);
System out. println(String.val ued (s+1));

Explain why the String class is available to our program
without the use of an import statement and why an import
statement is required when we want to use the BufferedReader
class in out program.

Write a Java program that prompts for and accepts a text
message from the user via keyboard and prints it out on
screen.

Write a Java program that prompts for two text messages from
the user via keyboard, connect them together, and print the
result on screen.

Write a Java program that prompts for and accepts a telephone
number of the form xx-xxx-xxxx where each x is a digit (e.g.
02-123-9999), and prints it out in the following form: x-xxxx-
xxxx (e.g. 0-2123-9999).



15. Write a Java program that prompts for and accepts an email
address and prints the associated account’s name and domain
name in two separate lines. For example, me@somemail.com
should be printed out as:

me
somemai | . com

16. Write a Java program that prompts for and accepts two
numbers, a and b, via keyboard, and prints out the results of
the following numeric computation:

a+b, axb, %, a®, and ®/a
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Chapter 6: Decisions

Students should

e Be able to use Java conditional constructs, including i f, i f- el se, and
swi t ch, as well as the nested version of those constructs correctly.

e Be able to perform equality testing suitable with each primitive data

type.
e Be able to design programs that require the inclusion of decisions.

Controlling the Flow of Your Program

Up to this point, you should be familiar with creating Java program that
runs in straight lines, i.e. statements are executed in the order they are
listed every time. Although this is enough for solving simple problems, it
is not enough for general problem solving. Generally, we need to have
control over which statements are executed and how often. In this
chapter, we will look at Java’s conditional constructs that control whether
statements listed. Conditional constructs includeif, if-el se, and swi t ch.
In the next chapter, we will look at Java’s iterative constructs that control
how often statements are executed.

Before we look at conditional constructs, let’s revisit FunnyEncoder.java
presented in Example 36. The program converts a 4-digit string to its
corresponding encoded string. The 4-digit string to be converted is
supplied by the user of the program via keyboard. As long as the user
enters any legal 4-digit string, the program works fine. However, the
program is not fool-proof. What will happen if the length of the string
entered is less than 4? Below are the results of inputting a 3-digit and 2-
digit strings into the program.
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B C:\WINDOWS\system32\cmd. exe -0 ﬁ
[=]

:>java FunnyEncoder
nter a 4-digit string:=123 =
Exception in thread “main" java.lang.NumberFormatException: For input string: ""
at java.lang.NumberFormatException.forInputString{Unknown Source)
at java.lang.Integer.parselnt{Unknoun Source
at java.lang.Integer.parselntClUnknown Source)
at FunnyEncoder.main{FunnyEncoder.javaz29>

c:>java FunnyEncoder
[Enter a 4-digit string:81
Exception in thread "main" java.lang.StringIndexOutOf BoundsException: String ind
ex out of range: 3
at java.lang.String.substringCUnknown Source)
at FunnyEncoder.main{FunnyEncoder.java:z27>

ci>

|

Figure 90: Run-time errors from the FunnyEncoder program without
input validation

When the input is 123, which is a String of length 3, the program gives
out an error because we try to find substring(3) on a String of length 3,
in which case the index used for substring() is beyond the range of that
String. The cause of the error, when the input is 01, is because of
substring(2, 3) which is due to the similar reason.

Naturally, we wish to have our program check for the length of the input
digit string first, and then let the program process with the rest of the
statements if the length equals 4. Otherwise, the program should prompt
the user to input a new digit string with the valid length by executing a
different set of statements. This is where conditional constructs comes
into play.

We will visit FunnyEncoder.java again after we have learned about the
syntax of Java’s conditional constructs.

‘I’ Construct

When we want to write a program that involves the program flow
shown below, i.e. Action is performed only when the Test Expression is
true, weuseanif statement.
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true
Test Expr essi on

Acti on

f

Figure 91: A flowchart associated with an if construct

Aformofanif statement has the following syntax.

if (Test Expression) Action

Test Expression can be any expression that can be evaluated to a bool ean
value. Action can be a single Java statement or a series (or block) of
statements enclosed in curly braces {}. Whether it is a single Java
statement (E.g. | = k + 1), or a block of statements (E.g. {j=k+1;
k=0;}), it will be executed only when the boolean value of Test
Expressi on is true. Otherwise, the program will skip over Action to the
next statements, if there are any.

Consider the following examples.

Example 40: Implementing an absolute value finder

The following program shows how to use an if statement to check the
sign of the input.

import java.io.*;
public class ShowAbsol ute

{

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

OO WNPE

doubl e d
(continued on next page)
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(continued from previous page)

Buf f er edReader stdin = 7
new Buf f er edReader (new 8
I nput St reanReader (Systemin)); 9
System out. print("Enter a nunber:"); 10
d = Doubl e. par seDoubl e(stdin. readLi ne()); 11
12
if(d<0) d=-d; 13
14
Systemout.println("lts absolute value = "+d); 15
} 16
} 17
BN C:\WINDOWS\system3Z\cmd. exe (=1
:>javac ShowAbsolute.java i‘

:>java ShouwAbsolute
nter a numher:8.9
Its absolute value = 8.9
:>java ShouwAbsolute
nter a number:—9.5
Its absolute value = 9.5

>

=
< | »

Figure 92: A program showing the absolute value of the input

This program gets a number from keyboard and shows the absolute
value of that input. Line 13 uses an i f statement to check whether d<o. If
d<0istrue, d = -d is executed. If d<0 is false, d = -d is not executed and
the program just continues on the next line. In this example, Acti on is a
single Java statement d = -d; (which is terminated with a semicolon).

Example 41: Ad-hoc sorting of three inputs

Consider the following program where Action in the i f statement is a
block containing multiple statements.

import java.io.*;
public class Show nOrder
{

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

OO WNE

doubl e d1i, d2, t enp;
(continued on next page)
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(continued from previous page)

Buf f er edReader stdin = 7
new Buf f er edReader (new | nput StreanReader (Systemin)); 8
Systemout.print("Enter the 1 st. nunber:"); 9
dl = Doubl e. parseDoubl e(stdi n.readLine()); 10
Systemout.print("Enter the 2 nd. nunber:"); 11
d2 = Doubl e. par seDoubl e(stdi n.readLine()); 12
13
if(dl > d2){ 14
temp = di; 15
dl = dz; 16
d2 = tenp; 17
} 18
19
System out. print("Showi ng the nunbers "); 20
Systemout.printin(“fromsmll to large."); 21
System out . println(di+", "+d2); 22
} 23
} 24
& C:\WINDOWS\system32icmd.exe =1k
c:>javac ShowInOrder. java ﬁ‘

c:>java ShowInOrder
Enter the 1 st. number:25.8
nter the 2 nd. number:5@8.5
ghuwingatge numbers from small to large.

c:>java ShowlnOrder
Enter the 1 st. number:9%.%
nter the 2 nd. number:i12.5
Showing the numbers from zmall to large.
12.5. 99.9

cI>

=
< | »

Figure 93: A program showing inputs from the smaller to the larger

This program takes two numbers from the users and showing them on
screen in an ascending order. If you observe the code on line 22, you will
see that no matter what numbers are input into d1 and d2, we always
print out d1 and then d2. So, if d1 is greater than d2, its value needs to be
swapped. The swapping of the values are done on line 15, line 16, and
line 17, all of these will be executed only if d1 is greater than d2. That
means if d1 is originally smaller than d2, we do not have to do anything
to the values prior to the printing out on line 22.
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‘If-else’ Construct

Many times, when Test Expressi on is f al se, we do not want the program
to just skip some portion of the code, but instead we want to execute a
portion of the code that is different than when Test Expression is true.
The mentioned situation can be depicted in the following picture.
Acti onl will be done when Test Expression is true. Acti on2 will be done
when Test Expression is f al se.

true

Test
Expr essi on

Actionl Acti on2

;

Figure 94: A flowchart associated with an if-else construct

The syntax of anii f - el se statement is of the following structure.

i f(Test Expression) Actionl el se Action2

Again, Test Expression can be any expression that can be evaluated to a
bool ean value. Actionl and Action2 can be single Java statements or
series (or blocks) of statements enclosed in curly braces {}. Whether each
of them is a single Java statement, or a block of statements, it will be
executed based on the bool ean value of Test Expression. After the if-
el se statement, the program will continue on to the next statements, if
there are any.

Example 42: The bigger number

The following Java program prints the number that is bigger between
two numbers input by the user.
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inport java.io.*; 1
public class PrintBi gger Nunber 2
3
public static void main(String[] args) throws | OException 4
{ 5
doubl e di, d2, bi gger; 6
Buf f er edReader stdin = 7
new Buf f er edReader (new | nput St r eanReader (Systemin)); 8
Systemout.print("Enter the 1 st. nunber:"); 9

d1l = Doubl e. par seDoubl e(stdi n. readLi ne()); 10

Systemout.print("Enter the 2 nd. nunber:"); 11

d2 = Doubl e. par seDoubl e(stdi n. readLi ne()); 12

13

if(dl < d2) 14

bi gger = d2; 15

el se 16

bi gger = di,; 17

18

System out. println("The bigger nunber is "+bigger); 19

} 20

} 21

B C:\WINDOWS\system32\cmd.exe (=1
:>javac PrintBiggerNumber. java i‘

:>»java PrintBiggerNumber
nter the 1 st. number:g.%
nter the 2 nd. number:lh
he bigger number is 15.8
:»java PrintBiggerMumber
nter the 1 st. number:1824
nter the 2 nd. numbher:288.7
he bigger number is 1824.8

B
v
< | »

Figure 95: A program that use an if-else construct to check for the
bigger input of the two inputs

d1 and d2 are the two numbers input by the user. On line 14, the two
numbers are compared. If di<d2 is true, line 15 is executed and
consequently, the value in d2 is stored in bi gger. After that, the program
proceeds on line 18 and so on. If d1<d2 is fal se, line 17 is executed and
consequently, the value in d1 is stored in bi gger . In a similar fashion, the
program proceeds on line 18 and so on.
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Example 43: Functions of x

The following program shows an example when Acti on1 and Acti on2 are
blocks of statement. This program computes the value of f{x) and g(x)
from these equations:

2x, 0<x<100
f(x):{ x X

0; otherwise
x*  0<x<100
9(x)= .
0; otherwise
import java.io.*; 1
public class FunctionsO X 2
3
public static void main(String[] args) throws | OException 4
{ 5
double x, f, g; 6
Buf f er edReader stdin = 7
new Buf f er edReader (new | nput St r eanReader (Systemin)); 8
Systemout.print("Enter x:"); 9
x = Doubl e. par seDoubl e(stdi n. readLine()); 10
i f(x>=0 && x<=100){ 11
f = 2*x; 12
g = X*X; 13
tel se{ 14
f =0; 15
g = 0; 16
} 17
Systemout.println("f(x)="+f); 18
System out. println("g(x)="+g9); 19
} 20
} 21
B C:\WINDOWS\system32\cmd. exe =1 £
z»javac FunctionsOf¥. java :EJ

z»java FunctionsOf¥
nter x:18.5
(x>=37.8

(x>=342.25

:>»java FunctionsOfR
nter x:

: -
4| | »

Figure 96: A program that use an if-else construct to choose which
functions to be calculated
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From line 11 to line 17, we can see that if x>=0 && x<=100 is true, the
block that contains f = 2*x; and g = x*x; is executed. Otherwise, the
block that containsf = 0; and g = 0; is executed.

Nested If

Decision statements can be nested inside other decision statements. This
should not come as a surprise to you since an if (and other decision
constructs) statement is a valid java statement and any Java statements
can be put inside an if statement (i.e. in the place of Action referred
earlier). All you have to do is to think of an i f statement in the same way
as when you think of other Java statements.

Action to be done when
Test Expression 1is
true true.

Test
Expression 1

fal se

Test
Expression 2

Figure 97: A flowchart associated with a nested if construct

For example, the above program flow can be written using the syntax
shown in Figure 98.
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if(Test Expression 1){

1

1

1

i

| if(Test Expression 2){
' Action
1

1

1

1

1

Ani f statement

Another if statement nested inside the first
one. Thisi f statement is just one of valid
Java statements.

Figure 98: An example nested if statement

Let’s consider the following example to see a little more complex nesting
of i f constructs as well as other additional statements.

Example 44: Nested conditions

Write Java statements corresponding to the flowchart shown in Figure
99. Assume that all variables and methods are valid.
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doAction() § § doAction2( )

A
doAction3() doAction4()

D doAction5()

’

Figure 99: A flowchart representing a portion of a program

i f(a==b){
doActionl(); A
}el sef
doAction2(); B
Cif(d==0){
doAction3(); :
i }el sef C
: doActi on4(); :
)
doAction5(); D

Figure 100: A flowchart representing a portion of a program
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The code associated with the above program flow could take the form
shown in the following figure. Note that the letters A to D labeled to the
dotted shapes are used to associate parts of the flowchart with their
associated portions of the code.

‘If-else-if’ Construct

When the action to be done in an el se case consists of only a nested i f
statement, curly braces can be omitted, just like the case where the action
consists of only one of any Java statements.

For example, the following statement

if(Test Expression 1){
Actionl
}el sef
i f(Test Expression 2)({
Acti on2
}el se{
i f(Test Expression 3){
Action3
}

}

can also be written as,

i f(Test Expression 1)
Actionl

el se if(Test Expression 2)
Acti on2

el se if(Test Expression 3)
Action3

The construct used just above is sometimes referred to as an i f - el se-i f

construct. However, readers should think about it as just a way to write
some special cases of ordinary i f - el se statements.
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Example 45: If neither one is bigger, they are equal

Recalling the example of PrintBigNumber.java presented earlier in this
chapter, the program in the example prints on screen the bigger number
of the two numbers input by the user. Now we will modify the program
using a nested i f statement so that the program handles the case where
the two numbers are equal better.

i nport java.io.*; 1
public class PrintBi gger Nunber 2 2
3
public static void main(String[] args) throws | OException 4
{ 5
doubl e d1i, d2; 6
Buf f er edReader stdin = 7
new Buf f er edReader (new | nput StreanReader(Syst emin)); 8
Systemout.print("Enter the 1 st. nunber:"); 9
d1l = Doubl e. par seDoubl e(stdin.readLi ne()); 10
Systemout.print("Enter the 2 nd. nunber:"); 11
d2 = Doubl e. par seDoubl e(stdi n.readLine()); 12
13
if(dl < d2) 14
System out. println("The bi gger nunber is "+d2); 15
else if(dl > d2) 16
System out. println("The bigger nunber is "+dl); 17
el se 18
System out.println("The two nunbers are equal."); 19
20
} 21
} 22
B3 C:\WINDOWS\system32\cmd.exe o] %|
:»>javac PrintBiggerNumber?. java :EJ

=»>java PrintBiggerNumber2
nter the 1 st. number:3.8
nter the 2 nd. number:5.8
he bigger number is 5.8
:s>java PrintBiggerMumber2
nter the 1 st. number:§.08
nter the 2 nd. number:8.8
he two numbers are equal.

NI

-
4 | 3

Figure 101: A program that prints out the comparison between two
inputs using an if-else-if construct
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Example 46: Funny encoder revisited

Now, we revisit FunnyEncoder.java again. We left it that we would like
to check whether the user input a digit string of length four or not.

inport java.io.*; 1
public class FunnyEncoder2 2
{ 3
public static void nmain(String[] args) throws | OException 4
{ 5
int |oc; 6
String input, output ="", s =""; 7

s += "("_N) " 8

s +="(-_-) 0

s += "(>.<) " 10

s += "(0_0) " 11

s += "(0.0) " 12

s += "(~Vh) " 13

s += "("oM) " 14

s += "(~ M 15

s += "(@ " 16

s +="( *_* )", 17

18

Buf f er edReader stdin = 19
new Buf f er edReader ( 20

new | nput St r eanReader (Systemin)); 21

22

Systemout.print("Enter a 4-digit string:"); 23

i nput = stdin.readLine(); 24

25

26

int len = input.length(); 27
if(len = 4){ 28
Systemout.println("lInput nust be of length 4!"); 29

}el se{ 30

loc = 9*I nteger. parselnt(input.substring(0,1)); 31

out put += s.substring(loc,loc+9).trin(); 32

| oc = 9*Integer. parselnt(input.substring(1l,2)); 33

out put += s.substring(loc,loc+9).trin(); 34

loc = 9*I nteger. parselnt(input.substring(2,3)); 35

out put += s.substring(loc,loc+9).trin(); 36

| oc = 9*Integer. parselnt(input.substring(3)); 37

out put += s.substring(loc,loc+9).trim); 38

System out. println("Encoded String -> "+output); 39

} 40

} 41
} 42
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B C:\WINDOWS\system32\cmd.exe -0 ﬂ

i~>javac FunnyEncoder2. java :J

:~>java FunnyEncoder2
nter a 4-digit string:12345
Input must be of length 4!

:~>java FunnyEncoder2

nter a 4-digit string:123
Input must be of length 4!

:~>java FunnyEncoder2

nter a 4-digit string:9730

ncoded String —> ( %__% X{(* AI3Co_od ("D

N

- -
< | »

Figure 102: FunnyEncoder with input length checking

Here, we add an i f statement on line 28 in order to check the validity of
the input in terms of its length. The if statement decides whether to
proceed with converting each digit in the input into the given patterns or
not.

Furthermore, we should also check whether each character in the input
String is one of the ten digits or not. It is intentionally left as an exercise
for curious readers.

Use Braces to Avoid Coding Confusions

It is strongly recommended to always use curly braces even the action to
be done in each case consists of only one statement in order to avoid
confusions. Consider the following code segment.

if(p)
Systemout.println("A");
if(a)
Systemout. printin("B");
el se{
Systemout.printin("C');
}

Let’s say the question is what the program will print out when p is f al se
and q is true. The answer is that “B” will be printed out. If your answer is
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different, you should pay attention to which if statement each action
belongs to. Do not let the indentation fool you. An equivalent code
segment can be written using proper curly braces as:

if(p){
Systemout. printin("A");

}

if(a){
Systemout.println("B");

}el sef
Systemout.printin("C');

}

This is easier to read and less likely to generate confusions.

The ? : Operator

Anif statement can sometimes be replaced by the ? : operator, which has
the following form.

Test Expression ? Expressionl : Expression2

A code segment of the above form is an expression. As a reminder, an
expression must be able to be evaluated to a value. The value of this
expression depends on the value of Test Expression. If Test Expression
is true, the value of the whole expression is equivalent to the value of
Expressionl. If Test Expression is false, the value of the whole
expression is equivalent to the value of Expr essi on2.

For example, the statement:

int bigger = (intA>intB) ? intA: intB;

is equivalent to:

int bigger;
if(intA>intB){
bi gger = intA
el se{
bi gger = intB;
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Example 47: The absolute value (again! but with short-handed
expression)

The following program works similarly to the ShowAbsolute program in
Example 40. However, the ? : operator is used in the place of the if
construct.

inport java.io.*; 1
public class ShowAbsol ut eShort { 2
public static void main(String [] args) throws | CException{ 3
Buf f eredReader in = 4
new Buf f er edReader ( 5
new | nput StreanReader (System i n) 6
; 7
Systemout.print("Enter a nunber:"); 8
doubl e d = Doubl e. par seDoubl e(i n. readLi ne()); 9
Systemout.print("lts absolute value = "+(d<0?-d:d)); 10
} 11
} 12

Figure 103: A program finding the absolute value of the input in which
?: is used instead of the full if construct

Reader should pay attention to the expression d<0?-d: d on line 10. The
value of this expression is —d if d<0 is true, otherwise it is just d.

Equality Testing for Values of Primitive Data
Types

When comparing two values to test whether they are equal, we need to
take their data types into account. Using variables with the == operator
compares the values stored in those variables. Using == to compare
values of primitive data types usually works fine, except for floating
points. Consider the following example.
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Example 48: Equality testing

The EqualityTesting program listed below shows examples of
expressions comparing values of variables of primitive data types. The
equality operator == is used for the comparison.

public class EqualityTesting 1
{ 2
public static void main(String[] args) 3
{ 4
[/ conparing int 5
int a, b; 6
a = 1, 7
b =1, 8
Systemout.print("a and b are “); 9
System out . println((a==b)?"equal.":"not equal."); 10
/'l conparing char 11
char c1, c2; 12
cl ="'2z"; 13
c2 ="z"; 14
System out pr| nt("cl and c2 are "); 15
System out. println((cl==c2)?"equal.":"not equal."); 16
/] conpari ng doubl e 17
doubl e d1i, 18
dl = 1. 44, 19
d2 = 1. 44, 20
Systemout.print("dl and d2 are "); 21
System out . println((dl==d2)?"equal .":"not equal."); 22
/[ conparing doubl e 23
doubl e d3, d4; 24
d3 = 0.9; 25
d4 = 0. 3+0. 3+0. 3; 26
Systemout.print("d3 and d4 are "); 27
System out. println((d3==d4)?"equal .":"not equal."); 28
System out. println("d3="+d3); 29
System out . println("d4="+d4); 30
} 31
} 32
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B C:A\WINDOWS\system32\cmd.exe -0 ﬂ

c:v>javac EqualityTesting. java :J
c:v>java EqualityTesting

a and b are equal.

cl and c2 awre equal.

dl and d2 are equal.

d3 and d4 are not equal.

d3=8.%

d4=0.899999999999999%

DRSS

- -
| | »

Figure 104: Demonstration of using == to compare values of primitive
data types

We have found that a and b are equal, c1 and c2 are equal, as well as d1
and d2 are equal as expected. However, d3 and d4 are not while they
should. The reason lies in the limitation in representing floating points
with binary representation as discussed in Chapter 4. Thus, we have to
take this into account when comparing floating point values.

Safe Ways to Compare Floating Point Values

To compare whether two floating point values are equal, we instead test
whether the difference between them are small enough. Thus, two
values, x and y, are said to be equal as long as |x — y| <& where eis a
small tolerance value. Consider the following example.

Example 49: Floating-point value comparison

The following program shows a better way to compare two floating
point values than using the equality operator.

public class EqualityTesting2
{

public static void main(String[] args)

doubl e d3, d4;
final double MAX DI FF = 1le-10;
d3 = 0.9;

~N~NoOo b~ WNPE

(continued on next page)
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(continued from previous page)

d4 = 0.3+0. 3+0. 3; 8
System out. println("d3="+d3); 9
System out . println("d4="+d4); 10
bool ean i sEqual = 11
(Mat h. abs(d3-d4) <MAX_DI FF)? true : fal se; 12
Systemout.print("d3 and d4 are "); 13
System out . println(isEqual ?"equal.":"not equal."); 14
} 15
} 16
B C:\WINDOWS\system32\cmd. exe =1
c:N>javac EqualityTesting2.java :EJ

c:N>java EqualityTesting2

d3=0.9
d4=0.8999929999999999
d3 and d4 are egual.

CINy L

=
| | »

Figure 105: Demonstration of using == to compare values of primitive
data types

In this example, d3 and d4 are considered equal if the difference between
them is less than 10-10.

From Example 49, whether the way we compare the values is considered
working depends on the context of the program. In the example, the
maximum allowed difference is at 101 which seems to be okay when
comparing values in the proximity of 0.9. However, let’s think about the
situation in which we would like to compare values of much smaller
magnitudes. Consider the answer to this question: “What is the value of
(8x1011)/4?” We can simply tell that the answer is 2x101%. Then, if a
program calculates (8x1011)/4 as 1x10-1, will you consider it as a correct
answer? The answer should be “No.” Now, let’s consider if we use the
similar logic as presented in Example 49 (which is “d3 and d4 are
considered equal if the difference between them is less than 10-10”) in
comparing 2x10-1t and 1x10-11. Such a comparison will results in that both
values are considered equal since the difference between them is less
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than 10-10. This comparison does not deliver the desired result. To avoid
such a problem, ones need to be careful about the threshold difference
used in the program.

A neat trick normally used to avoid finding the threshold difference that
works well with values of all magnitudes is to consider the amount of the
difference relative to the size of the compared values. That means, if the
compared values are large, the allowed difference should be large and if
they are small, the allowed difference should also be small. For example,
one could use the following test to compare whether a and b are
considered equal.

B P
max(|d], o)

The expression max(|a|,|b]|) represents the bigger value between the
absolute value of a and the absolute value of b. This test suggests that if
the absolute difference between the values a and b is smaller than ¢ % of
max(|a|,|b]|), both values will be considered equal. Otherwise, they are
not.

Equality Testing for Non-Primitive Data Types

Recall that what is stored in a variable of any non-primitive data types,
or class, is a reference to an object of that class. Therefore, when the
relational equality (==) is used to compare two variables of non-
primitive data types, it compares whether the references are identical. In
other words, the relational equality will yield true if both variables
contain exactly the same object, not just different objects that might have
identical properties, or, more precisely, attributes. Equality testing for
objects of non-primitive data types with identical attributes can be
performed by using the equal() method.

The expression a. equal s(b) where a is a variable referring to an object
and b is a variable referring to another object is evaluated as t r ue if both
objects have identical properties without having to be the same object.
Otherwise, it is evaluated to f al se. The case when two String objects with
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their contents containing the same character sequences is an example
case of when two objects have identical properties.

Note that the default implementation of equals() is reflexive meaning that
a. equal s(b) should be evaluated to the same value as b. equal s(a).

String Equality Testing

Just like other non-primitive data types, if a relational equality is used to
compare two variables containing String objects, it will return t r ue if and
only if the two variables contain references to the same String object.
Consider the following code segment.

String sl "Espresso”;
String s2 "press"”;
System out. println(sl.substring(2,7)==s2);

The output shown will be false even though the content of
sl.substring(2,7) and s2 are both "press". The reason is simply because
both String objects are different objects.

Still, in Java, there are cases where it seems like two variables refer to
different String objects but, underlyingly, they in fact refer to the same
object. To see this, let's consider the following code segment.

String si1 "Viva Java";
String s2 "Viva Java";
System out. println(sl==s2);

The output of the code segment is true. With just the explanation
described above, it might be surprising since it seems like s1 and s2 are
assigned with two different String objects. This can be explained based
on the implementation of String in Java, in which String objects are
immutable objects. However, such a concept like immutable objects will
not be covered in this book and it should not be of concern at all for
beginners wishing to learn how to write Java programs.

Therefore, what you as a reader of this book should know is a suitable
way to compare String objects in Java without having to worry about
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such unnecessary issues and that suitable way of comparing String object
is to use the equals() method.

Both the bool ean variables p and g in the following code segment are
true.

String s1 = “Viva Java”;
String s2 = “Viva Java”;
bool ean p = sl. equal s(s2);
bool ean q = s2.equal s(sl);

Another method that involves String comparison is called compareTo().

compareTo()

Given that s1 and s2 are String objects. The expression
s1. conpar eTo(s2) returns:

e 0 if s1 and s2 have the same character sequence.

e sil.charAt(k)-s2. charAt(k) if there is a smallest position k,

at which they differ.
e si.length()-s2.length() if there is no position k at which
they differ.

Example 50: Comparing Strings with compareTo()
Observe the output of the following program.

public class StringConpareDenpl 1
{ 2
public static void main(String[] args) 3
{ 4
System out . println("Wnder| and". conpar eTo("Wnder| and")); 5
System out. println("Wonderful ". conpar eTo("Wnderboy")); 6
System out . println("Wnder". conpareTo("Wonder boy")); 7
System out. println("Wonderful". conpareTo("Wonderl and")); 8
} 9

} 10
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B C:\WINDOWS\system32\cmd. exe -0 ﬂ

-
C:>javac StringCompareDemol. java :‘
C:>java StringCompareDemol
4
—-3
—6
Gz

=
4| | »

Figure 106: Demonstration showing compareTo() in action

The result from line 5 is 0 since both strings contain the same text. The
result from line 6 is 4 since the characters at the smallest position that
both strings differ are ‘t " and ‘b’. Thus, the result equals ‘t "-'b". The result
from line 7 is -3 since there is no position that the two strings differ.
Thus, the result is the difference in their length. The result from line 8 is -

74y

6 due to the same reason since -6 is ‘f "-‘1 ”.

‘Switch’ Constructs

It is common that decisions on which code segments will be executed are
determined on the value of a variable. Java provides a conditional
construct that selects which code segment to be executed from a number
of them based on an integer value, E.g. a value of type i nt, char, etc. This
construct is the swi t ch construct, which has the following form.

swi t ch(Sw t chExpressi on){
case CaseExpl :
Actionl
br eak;
case CaseExp2 :
Action2
br eak;

case CaseExpN :
Acti onN
br eak;
def aul t
Def aul t Acti on
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When a switch statement is executed, SwitchExpression is evaluated.
Then, the program flow jumps to the case whose associated expression
CaseExp equals to the value of Switchexpression. if the value of
Swi t chExpr essi on does not match with any CaseExp’s, the program flow
jumps to def aul t . After that, the code below that point will be executed
in a regular fashion until a br eak command or the end of the swi t ch block
is reached. When a break is reached, the program flow jumps to the
closing braces of that switch statement immediately. The program flow
corresponds to such a swi t ch statement can be illustrated in Figure 107.

One thing to keep in mind is that if there are no break statements, the
program will not jump right to the end of the switch statement. It will
just execute the statements along its way from top to bottom until it goes
out of the swi t ch statement naturally.

Wi t chExpressi o

CaseExpl CaseExp2 CaseExpN Def aul t
v v \ 4 v
Actionl Acti on2 Acti onN Def aul t
Action

'

Figure 107: A flowchart representing a switch construct

Example 51: Printing Stars
Let’s look at the following code.

import java.io.*;
public class Sw tchDenmp
{

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

{

OO WNE

int n;
(continued on next page)
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(continued from previous page)

String stringToPrint; 7
Buf f er edReader stdin = 8
new Buf f er edReader ( 9
new | nput St reanReader (Systemin)); 10
Systemout.print("Enter an integer from1l to 4:"); 11
n = I nteger.parselnt(stdin.readLine()); 12
switch(n){ 13
case 1: 14
stringToPrint = "*"; 15
br eak; 16
case 2: 17
stringToPrint = "* *"; 18
br eak; 19
case 3: 20
stringToPrint = "* * *"; 21
br eak; 22
case 4: 23
stringToPrint = "* * x *". 24
br eak; 25
defaul t: 26
stringToPrint = "Integer out of range."; 27
} 28
System out.println(stringToPrint); 29
} 30
} 31
B C:\WINDOWS\system32\cmd.exe (=l
ss>javac SwitchDemo.java :EJ

=x>java SwitchDemo
nter an integer from 1 to 4:2
=

is>java SwitchDemo
nter an integer from 1 to 4:4
* x x

=v>java SwitchDeno

nter an integer from 1 to 4:5
Integer out of range.

N hd
< | »

Figure 108: A program printing * whose number is determined using a
switch construct based on the keyboard input

This program receives an integer from the user and stores that integer in
n, on line 11. The switch statement checks the value of n. Suppose n
equals 2, the program jumps to line 17 and then continues the execution
of line 18. The program reaches a break statement on line 19 which
makes the program jumps out of the swi tch statement onto line 28.
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Now consider the following program, which is rather similar to the
previous one. However, you should notice that the break statements are
intentionally omitted from the swi t ch construct.

i nport java.io.*; 1
public class Sw tchDenp2 2
{ 3
public static void main(String[] args) throws | OException 4
{ 5
int n; 6
Buf f er edReader stdin = 7
new Buf f er edReader ( 8
new | nput St r eanReader (Systemin)); 9
Systemout.print("Enter an integer from1l to 4:"); 10
n = I nteger.parselnt(stdin.readLine()); 11
switch(n){ 12
case 1: 13
Systemout.printlin("*"); 14
case 2: 15
Systemout.println("* *"); 16
case 3: 17
Systemout.println("* * *"); 18
case 4: 19
Systemout.println("* * * *");: 20
defaul t: 21
Systemout.printin("Integer out of range."); 22
} 23
} 24
} 25
B8 C:\WINDOWS\system32\cmd. exe (=1
C:>javac SwitchDemo2. java i‘

C:>java SwitchDemo2

[Enter an integer from 1 to 4:2
3

be w3

e % ok %

Integer out of range.

C:>java SwitchDemo2
[Enter an integer from 1 to 4:1

*
*
x x *x
nteger out of range.

Hp .

v
| | »

Figure 109: Demonstration of a program that the break statements are
intentionally omitted from the switch construct

EE=EEEE]
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Observe the screenshot shown in Figure 109, we can see that once the
program jumps to the case corresponding to the input, it continues
executing statements that are followed regardless of the occurrences of
the case keyword. When not using the br eak statement in some cases of
the switch construct, make sure that it is really what you want your
program to do.

Common Instructions for Multiple Cases

If we would like more than one case to execute the same set of
statements, we can put the cases together. For example, we can write:

swi tch(n){
case 1:
Acti onA
br eak;
case 2: case 3:
Acti onB
br eak;
case 4:
ActionC
br eak;
case 5: case 6:
Acti onD
br eak;
defaul t:
Acti onE

}

to have Act i onA performed when n is 1, Act i onB performed when n is 2 or
3, Acti onC performed when n is 4, Acti onD performed when n is 5 or 6,
and ActionE performed when n is a number other than those that we
have mentioned.

Apart from data types for integers, a value of char type can also be used
as the condition in the switch statement. For example, if the variable
gr ade is of type char, we can write:

swi tch(grade){
case 'A': case 'a': case 'B: case 'b':
Actionl
br eak;
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case 'C: case 'c': case 'D: case 'd':
Acti on2
br eak;

case 'F': case 'f':
Action3
br eak;

defaul t:
Action4

}

to have Actionl performed when grade is 'A', 'a', 'B', or 'b, Action2
performed when grade is 'C', 'c', 'D', or 'd', Act i on3 performed when gr ade
is 'F', or 'f'. Otherwise, Act i on4 is performed.

Example 52: Number base converter

A student is studying number systems and needs to convert integers
found in real life to its base 2, base 8, and base 16 representations. Write a
Java program that could be useful to him in this case.

Problem defining: Write a Java program that converts an input integer to
either its binary (base 2), octal (base 8), or hexadecimal (base 16)
representation.

Analysis: The input should be entered from the keyboard as decimal
integers only. The user can make a choice whether to convert the input
into which base system. The program should prompt the user about the
choices he can make. The choice is indentified by typing in the letter 'B'
for binary, 'O' for octal, and 'H' for hexadecimal. Cases of the letter will
be ignored. "Invalid choice" will be shown on screen if the choice is not
valid in a way and the program shall terminate normally. The result will
be shown on screen.

Design: A BufferedReader object will be used to read in a line of input each
time the program prompts the instruction to the user. We will assume
that the user is co-operative and always makes a valid integer input. The
program will perform just a simple input validity checking for the user’s
choice of the destination base system. When the choice is chosen, the
length of the input has to be one character. We will also use the def aul t
case of a swi t ch statement to handle a choice that is other than 'B', 'b', 'O/,
'0', 'H', and 'h'. The switch statement will handle these valid choices
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accordingly. Three static methods provided by the Integer class including
Integer.toBinaryString(), Integer.toOctalString(), and Integer.toHexString()
will be used to create String objects whose contents are the representation
in binary, octal, and hexadecimal systems of the i nt value supplied to the
methods respectively.

For the switch construct, the cases for 'B' and 'b' are listed together since
they bear the same meaning as we decide to ignore cases of the letter.
Same is applied to the cases for 'O' and 'o' as well as the cases for 'H' and
'h'.

Implementaion: The source code of the program can be observed in
Figure 110.

i nport java.io.*;
public class BaseConverter

{

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

String base, output;

int input;

Buf f er edReader stdin =

new Buf f er edReader (
new | nput StreanReader (Systemin));
Systemout.print("Enter an integer in base 10:");

i nput = Integer.parselnt(stdin.readLine());
System out. println("Convert "+input+" to?");
Systemout.printIn("---------------------- ")

Systemout.printin("B or b for binary");
Systemout.printIn("Oor o for octal");
Systemout.println("H or h for hexadeciml");
Systemout.printIn("--------c-cmmmaomnano- ");
Systemout.print(":");
base = stdin. readLine();
i f(base.length()!=1){

Systemout.println("lnvalid choice.");
}el se{

swi t ch(base. char At (0)){

case 'B': case 'b':

output = Integer.toBinaryString(input);
br eak;

case 'O : case '0':
output = Integer.toCctal String(input);
br eak;

(continued on next page)
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(continued from previous page)
case 'H:
output =
br eak;
defaul t:
output =
}

Syst em out

case 'h':
I nteger.toHexString(input);

“I'nvalid choice.";

.println(output);

Figure 110: Demonstration of a program that the break statements are
intentionally omitted from the switch construct

Testing: Some screenshots of the output of the program is shown in

Figure 111.

B C\Windows\system32\emd.exe

[E=E

& Ci\Windowsisystem32\emd.exe

(= | B

>javac BaseConverter.java

>java BaseConverter

Enter an integer 1in base 10:146
Convert 146 to?

B or b for binary

0 or o for octal

H or h for hexadecimal

‘B
10010010

>java BaseConverter

Enter an integer 1in base 10:146
Convert 146 to?

B or b for binary

0 or o for octal

H or h for hexadecimal

>java BaseConverter

Enter an integer in base 10:890
Convert 890 to?

B or b for binary

0 or o for octal

H or h for hexadecimal

>java BaseConverter

Enter an integer in base 10:890
Convert 890 to?

B or b for binary

0 or o for octal

H or h for hexadecimal

X
Invalid choice.

>

l |

oy

Figure 111: A program converting an integer in the decimal system to
binary, octal, or hexadecimal system
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Exercise

1. Assume that x and y are valid int variables. Consider the
following code segment:

if(x!=y){
System out. println("1");

}
if(x>y){
Systemout.println("2");

}

if(x% == 0){
Systemout.println("3");

}

What is the output if:

i. x=2,y=6
i, x=1y=1
iii. x=9,y=4
iv. x=10,y=5

2. Assume that p and q are valid bool ean variables. Consider the
following code segment:

if(p && q){
g = fal se;
}el se{
if(la)
System out . println(p);
if(p ==q)
Systemout. printin(p||q);

}
Systemout. println(q);

What is the output if:
. p = true, q = true
ii.  p=true, q=false
iii.  p=false, q=true
iv.  p=false, q = false
3. Assume that x, y and z are valid i nt variables. Consider the
following code segment (note the poor indentations):
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if(x>y||z>y)
Systemout.println("1");

el se
Systemout.printin("2");

i f(Math. abs(x-y)>=2z)

i f(x>y)
Systemout.printin("3");

el se
Systemout.println("4");

el se
Systemout.printin("5");

What is the output if:

i. x=1ly=12z=1
ii. x=2,y=1,z=0
iii. x=3,y=512z=4

Write a code segment that prints the value of an i nt variable k
unless the value is less than 6.

Write a code segment that sets integer d to 1 if the integer a is
less than or equal to 5 while integer b is not bigger than the
difference between a and another integer c. Otherwise, set d to
0if cis 0.

When a and b are two double variables, consider the following
code segment.

doubl e tol = le-25;
double x = (a*b)/(b-a);
double y = Math.sqgrt(a/b);
bool ean p Mat h. abs(a-b)/ Mat h. nax(a, b) >t ol ;
bool ean q (a>b) || (b>x);
if(plla == y>x){
Systemout. println("BLUE");
}el sef
System out. println("RED");
}

Give the ranges of values for a and b that cause the code segment
to display both “BLUE” and “RED”. If no ranges can be found,
explain why?

Convert the following code into a switch statement, when k
contains anint value.
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String cnd;

if(k==1){

cnmd = "Edit";
lelse if(k==2){

cnd = "Add";
telse if(k==3){

cmd = "Quit”,
}el sef

cmd = "Invalid";
}

8. Write a statement that set a String s to “Odd” if an integer k is
an odd number and set s to “Even” if k is even. Using:
i.  anif-else statement.
ii.  aswitch statement.

9. Convert the following code into a switch statement, when k
contains an i nt value.

int p;

i f(k==1] | k==3){
p=1

Yel se if(k==2| | k==4){
p =2

Yel se if(k==5){
p=3

}el sef
p =4

}

10. What are the outputs of the following code segment when k =
0,1,23,4.

switch (k){

case 1:

Systemout.println("A");
case 2: case 3:
Systemout.printin("B");
br eak;
case 4:
Systemout.println("C');
defaul t:
Systemout.printin("D");
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11.

12.

13.

14.

15.

16.

What is the output of the following code segment?

int a=1 b =2
System out. println(a>b?a:b);

What are the bool ean values of p and g that make the output of
the following code segment t r ue?

System out . println(p!=q&& p?p:q);

Re-write the following code segment using ?: operators. Give
that ¢ contain a char value.

bool ean p;
if(c=="a"){

p = true;
}el sef

p = fal se;
}

Re-write the code in the previous problem without using any
conditional constructs.

Re-write the following code segment using ?: operators. Give
that n contain an i nt value.

i f(n==0)

Systemout. println("Zero");
}else if(n¥%2==0){

System out. println("Even");
}el sef

Systemout. println("0dd");
}

What is the output of the following code segment?

String s1 = "Bahanas";

String s2 = "BAHAVAS';

if(sl.toUpperCase() == s2)
Systemout.printin("1");

if(sl.toUpperCase().equal s(s2))
Systemout. println("2");
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17. Write a java program that receives a text message from

18.

keyboard and print it out if its length is between 6-10
characters.

Write a java program that let the user choose his/her
username and password. The program verifies whether the
chosen username and password are valid. If either one of them
is invalid, it notifies the user and explain the cause of
invalidity. The rules for choosing valid usernames and
passwords are:
a. A username must be of length 6-15 characters.
b. A username must start with an uppercase English
alphabet A to Z.
c. A password must not be shorter than 8 characters but
must not exceed 256.
d. There cannot be any types of parentheses or
whitespaces in a valid username or password.
e. A password cannot contain or be the same as its
associated username.



Chapter 7: lterations

Readers should

e Be able to use Java iterative constructs, including do- whi | e, whi | e,
and for, as well as the nested version of those constructs correctly.

e Be able to design programs that require the inclusion of iterations.

Repetitive Execution

In writing most of useful computer programes, it is necessary to have the
ability to execute a set of statements repeatedly for a certain number of
iterations or until some conditions are met or broken. In Java, such ability
is provided through three iterative constructs, namely do-while, while
and for statements.

‘do-while’ Statement

A do- whi | e statement is of the form:

do{
Acti ons
}whi | e(Bool ean Expression);

Its associated program flow can be shown in the following figure.
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Acti ons

true

Bool ean Expressi o

Figure 112: A flowchart representing a do-while statement

Actions can be one or more statements that will be repeatedly executed
as long as Bool ean Expression is evaluated to true. Once the program
reaches the do-while statement, Actions will be execute first. Then,
Bool ean Expression is evaluated, and its value determines whether the
program flow will loop back to repeat Actions, or finish the do-while
statement.

‘while’ statement

Another way to execute a set of statements repeatedly until a specified
condition is met is to use a whi | e statement. A whi | e statement is of the
form:

whi | e( Bool ean Expr essi on) {
Acti ons
}

Its associated program flow can be shown in the following figure.
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fal se
Bool ean Expression

Actions

—

Figure 113: A flowchart representing a while statement

Actions can be one or more statements that will be repeatedly executed
as in the do-while case. However, before the while block is entered,
Bool ean Expr essi on is checked. If its value is f al se, the statements in the
whi | e block will not be executed. If its value is true, Actions will be
executed, and after that, the program flow loops back to checking
Bool ean Expressi on.

Example 53: Basic loops with while and do-while

Observe how the do-whi | e statement works by looking at the following
program and its output.

public class Dowil eDenpl 1
{ 2
public static void main(String[] args) 3

{ 4

int i =1, 5

final int N=5; 6

do{ 7
Systemout.printin("lteration # "+i); 8

i ++; 9

Iwhile(i<=N); 10
Systemout.printin("CQut of while |oop when i="+i); 11

} 12

} 13
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B C:\WINDOWS\system32\cmd.exe - |0 ﬂ

C:>javac DollhileDemol. java ij

C:>java DoWhileDemol
Iteration #f 1
Iteration # 2
Iteration # 3
Iteration # 4
Iteration # 5
Out of while loop when i=6

C:=>_

-
< | 3

Figure 114: A program coded to run five iterations of statements using
a do-while loop

Initially, this program sets i to 1. This variable can be thought of as a
counter of how many times the statements in the do-while block have
already been executed. Each time this do-while block is entered, the
program prints the iteration number from the variable i, which is
increased by 1 at the end of every iteration (on line 9) before the program
checks the bool ean value of i <=N, where N equals 5. The program will exit
the do-whi | e statement after the 5t iteration, at the end of which the
value of i is 6.

The following program performs the same task as the program above but
with the use of a whi | e statement instead of the do- whi | e one.

public class Wil eDenpl 1
{ 2
public static void main(String[] args) 3

{ 4

int i =1, 5

final int N=5; 6

whi | e(i <=N){ 7
Systemout.printin("lIteration # "+i); 8

i ++; 9

}s 10
Systemout.println("Qut of while | oop when i="+i); 11

} 12

} 13
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B C:\WINDOWS\system32\cmd.exe -0 ﬂ

C:>javac WhileDemol. java i‘

C:>java WhileDemol
Iteration # 1

Iteration # 2

Iteration # 3

Iteration # 4

Iteration # 5

ut of wvhile loop when i=6

C:>

v
| | »

Figure 115: A program coded to run five iterations of statements using
a while loop

Both programs in Example 53 produce the same outputs. The only
difference between using a do-whi | e statement and a whi | e statement is
that the statements in the do- whi | e block is always executed at least once
since the condition checking is done after the do-whi | e block, while the
checking is done prior to ever entering the while block. Thus, the
statements in the whi | e block may never be executed.

Example 54: q for quit

The programs in this example shows how to use keep prompting for
character input from the user repeatedly until a specified character is
entered. The first one does nothing much apart from waiting for a ‘q’
character to be entered.

inport java.io.*; 1
public class Wil eMenuDeno 2
3

public static void main(String[] args) throws | OException 4

{ 5
bool ean done = fal se; 6

char command; 7

Buf f er edReader stdin = 8

new Buf f er edReader ( 9
new | nput StreanReader (Systemin)); 10
whi | e(! done) { 11
Systemout.print("Enter a character (g to quit): "); 12
command = stdin.readLine().charAt(0); 13

(continued on next page)
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(continued from previous page)
if(conmand == 'q') done = true; 14

}

B C:\WINDOWS\system32\cmd. exe

~[alx

C:>java
Enter a
Enter a
Enter a
Enter a
Enter a
Enter a

Cz>

il

WhileMenuDeno

character
character
character
character
character
character

(g to
{qg to
{q to
(g to
{qg to
{q to

C:>javac WhileMenuDemo. java

quit):
quit):
quit):
quit):
quit):
quit):

F-L' L - -]

ol

Figure 116: A program that keeps prompting for input

On line 6, a bool ean variable called done is created and initialized to
fal se. This variable is used in the condition checking of the while
statement so that the statements in the while block will be iteratively
executed as long as done is f al se. done has to be set to true at some point
to avoid infinite loop (i.e. the situation when the iteration repeats
forever!), and in this program, it is when the char value that the user
enters equals ' q', as on line 14.

The following program finds average of a number of values entered by
the user. The program iteratively asks the user to enter each value at a

time, until a character 'q' is entered.

import java.io.*;
public class Averagel

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

{

doubl e sum = 0;
bool ean donel nputing = fal se;

String

i nput ;

Buf f er edReader

new Buf f er edReader (
new | nput St r eanReader (Systemin)); 11
Systemout.printIn("Please enter each value at a tinme."); 12

Systemout.printin("Enter \'q\"'
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stdin =

0;
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when finished."); 13
(continued on next page)



(continued from previous page)

whi | e(! donel nputi ng){ 14

Systemout.print("-- Enter value #"+(i+1)+" : "); 15

i nput = stdin.readLine(); 16

if((input.length()==1) && (input.charAt(0)=="q")){ 17

donel nputing = true; 18

}el se{ 19

i+, 20

sum += Doubl e. par seDoubl e(i nput); 21

} 22

} 23

System out. println("Average = "+(sumi)); 24

} 25

} 26
B3 C:\WINDOWS\system32\cmd.exe (= E
:»javac Averagel.java i‘

s>java Averagel

lease enter each value at a time.
nter ‘g’ when finished.

— Enter value #1 : 2.5

— Enter value #2 : 5.8

— Enter value #3 : 18.8

— Enter value #4 : 4.8

— Enter value #5 :
verage = 5.375%

>

- -
4| | »

Figure 117: A program used to find the average of numbers

=

Try for yourself to write a rather similar program that finds the average
of the values input by the user, but the program asks how many values
will be entered first. Then, if the user specifies that there will be n values,
the program iteratively prompts the user for each input n times before
calculating the average of those values and shows the result on the
screen. Use a whi | e statement or a do- whi | e statement.

Example 55: Guessing a number

The following program is called GuessGamejava. The user of this
program will play a game in which he/she needs to guess a target
number, which is a number that the program has randomly picked in the
range that the user chooses. The program will repeatedly prompt for the
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guessed number and provide a clue whether the guessed number is
bigger or smaller than the target number, until the guessed number
equals the target number.

Many things that we have learned so far are used in this program,
including method calling, conditional constructs, data type casting,
iterative constructs, and etc. Thus, you should observe the source code
and be able to understand every statement used in this program.

import java.io.*; 1
public class GuessGane 2
3
public static void main(String[] args) throws | OException 4
{ 5
int x=0, y=0, target, nTrial =0, guess; 6
bool ean val i dBound = fal se; 7
bool ean not Correct = true; 8
String conparison; 9
10
Buf f er edReader stdin = 11
new Buf f er edReader (new | nput StreanReader (Systemin)); 12
System out. print("\nCGuess an integer “); 13
Systemout.println(“in the range of Xto Y"); 14
Systemout.printIn("------mmmmmm s "); 15
16
whi | e(!val i dBound) { 17
Systemout.print("First, enter an integer for X : "); 18
X = Integer.parselnt(stdin.readLine()); 19
System out. print("Then, enter an integer for Y : "); 20
y = Integer. parselnt(stdin.readLine()); 21
if(y>x){ 22
val i dBound = true; 23
}el se{ 24
Systemout.printin("-- !! Y nust be greater than X "); 25
} 26
} 27
28
target = (int)Math.round(x+Math.random()*(y-x)); 29
30
Systemout.println("...."); 31
Systemout.print("A randominteger from"+x+" to "+y); 32
Systemout.println(" was created."); 33
Systemout.println("CGuess it!"); 34
Systemout.println(M------mmmmm "); 35
36
whi | e(not Correct){ 37
nTri al ++; 38
Systemout.print("\nTrial #"+nTrial+"-->"); 39

(continued on next page)
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(continued from previous page)
guess = |nteger.parselnt(stdin.readLine());
if(guess == target){
not Correct = fal se;

Systemout.printIn("-- Yes! You' ve got it right!");
}el se{

conparison = (guess>target)? "big.":"small.";

Systemout.print("-- Your guess is too ");

System out . println(conparison);

}

Systemout.printin("---------------------"-----------
Systemout.println(nTrial +' attenpts used.");

B C:\WINDOWS\system32\cmd.exe -0 ﬂ

C:>javac GuessGame.java
C:>java GuessGame

Guess an integer in the range of H to ¥

First, enter an integer for ¥ = 1
Then, enter an integer for Y : 188

ﬁ-;;ndom integer from 1 to 188 was created.
Guess it?

Trial #1—>58
—— Your guess is too small.

Trial #2-—>75
—— Your guess is too big.

Trial #3—->62
—— Your guess is too big.

Trial #4——>55
—— Your guess is too small.

Trial #5——>58
— Yes?! You've got it right?

5 attempts used.
Ci>_

Figure 118: A guessing game program
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‘for’ statement

Another form of an iterative construct is the for statement, which is of
the form:

for(lnit Expression; Cond Expression; Update Expression){
Acti ons
}
which is equivalent to:

Init Expression

whi | e(cond Expression){
Acti ons
Updat e Expression;

}

Its associated program flow can be shown in the following figure.

:

I ni t Expressi on

»

) 4

Acti ons

v

Updat eExpr essi on

——

Figure 119: A flowchart representing a for statement

182



The process starts with the execution of I ni t Expr essi on. This is usually
for assigning an initial value to a variable, which is often of type int.
Then, the program checks whether CondExpr essi on is evaluated to t r ue. If
so, the program executes Acti ons. If not, the program goes out of the f or
statement. CondExpression usually involves checking the value of the
variable initialized in InitExpression. Once the program finishes the
execution of Actions, UpdateExpression is executed. Updat eExpression
typically involves changing the value of the variables used in
CondExpr essi on. Variables determining how many times Acti ons will be
executed are called index variables.

Here are some examples of f or loops.

for(int i=1; i<=10; i++){
Systemout.println(i);
Y/ for loop A

for(int i=10; i>0; i--){
Systemout.println(i);
Y/ /for loop B

for(int i=0; i<=10; i += 2){
Systemout.println(i);
Y/ for loop C

for(int i=1; i<100; i *= 2){
Systemout.println(i);
Y/ /for loop D

for(char c="A"; c<='Z"; c++){
Systemout. println(c);
Y/ /for loop E

for loop A prints the values of i from 1 to 10. for loop B prints the
values of i, starting from 10 down to 1. f or loop C prints 0, 2, 4, 6, 8, and
10. for loop D prints 1, 2, 4,8, 16, 32, 64. And, f or loop E prints A to Z.

If needed, there can be more than one I nit Expression’s as well as more
than one Update Expression’s. Each of them is separated using commas.
Look at such an example below. Notice that the initialization part
contains two assignments, i =0 and j =10, while the updating part contains
i++andj--.
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for(int i=0, j=10; i<=j; i++ j--){
Systemout. println(i+","+);
}

The above f or loop causes the program to print:

0

ObhwWNEF O
1O N0 O

Example 56: Averaging input numbers

The following Java program finds the average of a number of values
input by the user using a for loop. The number of values to be averaged
is entered and stored in the variable n on line 11. Then, the for loop,
starting on line 12, executes the statement located inside the loop (on line
13 and on line 14) for n iterations. Notice how the variable n and the
variable i are used in order to iteratively execute the statements inside
the loop n times.

import java.io.*;
public class Average2

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

{

184

double sum= 0; int n = 0;
String input;
Buf f er edReader stdin =

new Buf f er edReader (new | nput St reanReader (Systemin));
System out. print("How many val ues you want to average? :
n = I nteger.parselnt(stdin.readLine());
for(int i=1;i<=n;i++){

Systemout.print("-- Enter value #"+i+" : ");

sum += Doubl e. par seDoubl e(stdi n. readLi ne());

}

System out. println("Average = "+(sunin));

")

POO~NOUTA WNBE



B C:\WINDOWS\system32\cmd.exe -|a ﬂ

-
C:>javac Average2.java :J

C:>java fverage2

How many values vyou want to average? : 5
— Enter value #1 = 1.8

— Enter value #2 = 2.8

— Enter value #3 - 3.8

— Enter value #4 = 2.5

— Enter value #5 = —1.8

fAverage = B.5

iG>

=
4| | 3

Figure 120: A program calculating the average of input data where the
number of data point can be determined via keyboard

Example 57: Prime factors

Let’s look at a program called Factorization.java which is a program that
finds prime factors of an integer (e.g. the prime factorization of 120 is
2x2x2x3x5). The algorithm used here (which is by no mean the best) is
that we will iteratively factor the smallest factor out. Let the integer to be
factorized be n. An integer i is a factor of n when n% equals 0. A for
loop is used to perform the iteration, starting from using the index
variable of 2. In each iteration of the for loop, all factors equal the index
variable are factored out via a whi | e statement. In the program, a variable
mis used for storing the resulting integer of the partially factorization.
The for loop continues as long as the index variable i is still less than m
We assume that the input to the program is an integer greater than 1.

inport java.io.*; 1
public class Factorization 2
3
public static void main(String[] args) throws | OException 4
{ 5
int n, m 6
Buf f er edReader stdin = 7
new Buf f er edReader (new | nput St r eanReader (Systemin)); 8
Systemout.print("Enter an integer : "); 9
n = I nteger.parselnt(stdin.readLine()); 10
m = n; 11
for(int i=2;i<=mi++){ 12
while(nms == 0){ 13
Systemout.print(i+", "); 14
m=ni,; 15

(continued on next page)
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(continued from previous page)

}
}

System out.printin("\n");

}
}

B C:\Windows\system32icmd.exe

=

(5] jet T

>java
Enter
2! 2!

>java
Enter
3! 3!

>java
Enter
2, 2,

>javac Factorization.java

Factorization
an integer : 80
2, 2, 5,

Factorization
an integer : 1125
5, 5, 5,

Factorization
an integer : 9100
5, 5, 7, 13,

Figure 121: A program that finds prime factors of an input integer

Example 58: Recurrence relations

A sequence of number {a,}=a,a,a,a,.. can be defined using recurrent
relation, in which the value of the nth term of the sequence (an) is
described based on preceding terms. For the first-order recurrent
relation, the only preceding term required to compute the value of 4, is
an1. Thus, the first-order recurrent relation can be written as:

where m and k are two constant values defining the relation. We can
compute the value of a, in the sequence described by a first-order
recurrent relation for any positive integer n from its initial condition,
which is the value of gy, and its associated recurrent relation.
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The following program finds the value of a1 to a, for any positive integer
n defined by the user from a first-order recurrent relation and its initial
condition. A for loop is used for computing a; from a1 for i equals 1 to
the specified n.

inport java.io.*; 1
public class RecurrenceRel ation 2
3
public static void main(String[] args) throws | OException 4
{ 5
doubl e an, an_1, k, m ao0; 6
int n; 7
Buf f er edReader stdin = 8
new Buf f er edReader (new | nput St r eanReader (Systemin)); 9
10
System out. print("\nRecurrence Relation:"); 11
Systemout.println(" a(n) = nmra(n-1) + k\n"); 12
13
Systemout.print("m --> "), 14
m = Doubl e. par seDoubl e(stdi n. readLi ne()); 15
System out. print("k --> "), 16
k = Doubl e. par seDoubl e(stdi n. readLi ne()); 17
Systemout.print("a(0) -->"); 18
a0 = Doubl e. par seDoubl e(stdi n.readLi ne()); 19
Systemout.print("n --> "), 20
n = Integer. parselnt(stdin.readLine()); 21
Systemout.println("---------c-cmmmnooonn ") 22
23
an_1 = a0, 24
for(int i=1;i<=n;i++){ 25
an = nfan_1+k; 26
Systemout.println("a("+i +") = "+an); 27
an_1 = an; 28
} 29
} 30
} 31

187



B C:\WINDOWS\system32\cmd.exe -0 ﬂ

C:>javac RecurrenceRelation.java i‘
C:>java RecurrenceRelation

Recurrence Relation: a¢n? = m=aln—1> + k

n —» 2

-—>1

k
al@d> ——>
n -—>

a1y
a2
a3
aC4d
ach?
alh)
a7
a8
al?> .8

aC18> = 1823.8

[ I
I Lk a]
=3 =

=

c:d_

v
| | »

Figure 122: A program calculating term values in a first-order
recurrence relation

‘break’ and ‘continue’

We have seen in the previous chapter that a break statement causes the
program to jump out of the current conditional construct and continue
executing statements following that construct. If a br eak statement is put
inside an iterative construct, it causes the program to jump out of that
construct; no matter how many times the loop is left to be executed.

Example 59: The magic word

The following program is a trivial program that persistently prompts the
user to enter some texts. It will keep prompting the user for infinitely
many times unless the user enters Java.

import java.io.*; 1
public class BreakDenpl 2
3

public static void main(String[] args) throws | COException 4

{ String s; 5

(continued on next page)
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(continued from previous page)
Buf f er edReader stdin = 6
new Buf f er edReader (new | nput St r eanReader (Systemin)); 7
8

whi l e(true){
System out. print("Say the magi c word\n>>"); 9
s = stdin.readLine(); 10
i f(s.equal s("Java")) break; 11
} 12
Systemout.printin(":)"); 13
} 14
} 15

We can see on line 8 that the condition for the whi | e loop is always true.
Thus, the whi | e loop repeats forever unless the input String is “Java”, in
which case the break statement is executed, resulting in the program
jumping out of the whi | e loop.

B C\Windows\system32\cmd.exe (=] i |

>javac BreakDemol.java

>java BreakDemol
Say the magic word
>>what!!

Say the magic word
>>Huh?

Say the magic word
>>Java

>

. iy

Figure 123: Demonstration of using the break statement

Figure 123 shows a screenshot when the BreakDemol program is
executed. From the figure, we can observe that whi | e(true) is performed
three times before in the third iteration the br eak statement is called.

A continue statement causes the current iteration to terminate
immediately. However, unlike what happens with a break statement, a
continue statement pass the program flow to the start of the next
iteration.
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Example 60: The biggest digit in an alphanumeric String input

The following program should give you an example of how conti nue
works. The program is used for finding a maximal-valued digit from a
string of character. Each character in the input string is not restricted to
being a digit. For example, if the input is "abc12D81", the maximal-
valued digit is 8.

i nport java.io.*;
public class ContinueDenpl

public static void mai

{

Figure 124: Demonstration of using the continue statement which
allows the program to ignore statements in some certain iteration
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int len, max = 0;
String s;

Buf f er edReader stdin =
new Buf f er edReader (new | nput St reanReader (Systemin));
Systemout.print("Enter any string with digits :

s = stdin.readLine();
len = s.length();

for(int i=0; i<len; i++){
char ¢ = s.charAt(i);
if(!(c>="0" && c<='9")) continue;
int digit = Character.digit(c, 10);
if(digit > max) max = digit;

}

Systemout.println("Max digit --> "+max);

B C:\WINDOWS\system32\cmd.exe

n(String[] args) throws | OException

")

~[lx

C:>javac ContinueDemol. java

C:>java GContinueDemol

nter any string with digits
ax digit —> 8

:»java ContinueDemol

nter any string with digits
Max digit —> 7

C:r_

il

: AbsrB342588.J8CreBd?

: 1285673PPP-6E345

5
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A for statement starting on line 12 goes through every position of the
input String. In each position, if the character at that position does not
fall between '0' and '9' inclusively, that character is not a digit. Thus, if
I(c>=' 0" && c<='9") is true, there is no need to do anything else to the
character in that position. Therefore, continue is used in order for the
program to start the next iteration right away, as seen on line 14.

Note that the expression Character.digit(c,10) returns the numeric
value of ¢ in the decimal (base 10) system.

Nested Loops

An iterative construct can be placed inside another iterative construct
causing what we called nested loops. Figuring out the program flow of
nested loops does not require any extra knowledge apart from what we
have discussed so far. We can just think about the inner loop as an
operation that needs to be finished (kept iterating until the loop
terminating condition is met) for each iteration of the outer loop.

The following code segment is an example of a for loop placed inside
another for loop. Note that Actions is to be replaced with a set of
statements.

for(int i=1; i<=n; i++){
for(int j=1; j<=m j++){
Acti ons
}

}

The outer for statement is associated with an index variable i that runs
from 1 to n, resulting in n iterations of the inner for statement. For each
iteration of the outer for statement, the inner for statement iterates m
times. So, this results in Act i ons being executed n x mtimes.

The following code segment, using nested while constructs performs
similar actions to the one above.
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int i=1;

whi | e(i <=n) {
int j=1;
whi | e(j <=m{
Acti ons
j++;
}
i ++;
}

Example 61: Nested loops

The program listed below use nested for loops in which the inner loop
runs for a fixed number of iteration regardless of the value of the index
variable used in the outer loop.

public class NestedLoopDenpl 1
{ 2
public static void main(String[] args) 3
4
for(int x=1; x<=3; x++){ 5
for(char y="A"; y<='C; y++){ 6
System out. println(x+"-"+y); 7
} 8
} 9
} 10
} 11
B C:\WINDOWS\system32\cmd.exe i jm} ﬂ
C:>javac MestedLoopDemol . java i‘
C:>java NestedLoopDemol
1-A
1-B
1-C
2-n
2-B
2-C
3-n
3-B
3-C
C=>
2l | ;H

Figure 125: An example of nested loops in action

In this program, the outer f or loop starts by setting the index variable i
to 1. For each iteration of this loop, the statements in the inner f or loop is
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performed three times, with the inner loop’s index variable y being ‘A,
‘B, and ‘C..

The nested loops used in the following program are different than the
ones used above in the aspect that the number of iteration of the inner
loop depends on the index variable of the outer loop.

public class NestedLoopDenp2
{

public static void main(String[] args)

for(int x=1; x<10; x++){
System out. println("x="+x);
Systemout.print(" -->y=");
for(int y=1; y<=x;y++){
Systemout.print(y+",");
} 10
Systemout.print("\n"); 11

©CoO~NOOWNPRF

B C:\WINDOWS\system32\cmd.exe -0 ﬁ

C:>javac MNestedLoopDemo2. java :fj
C:ijaua NestedLoopDemo2
he=

——» y=1,
=2

——» y=1,2,
x=3

—» y=1,2.3.
w=4

—> y=1,.2,.3.4,

—>» y=1,2,.3.4.5,

—>» y=1,2,3.4.5,6.,
—> y=1.2.3.4.5.6.7.
——> y=1,2,3.4.5.6.7.8.

3

—>» y=1,2,3.4.5.6.7.8.9.
B - -
< | 3

Figure 126: Another example of nested loops in action

This example shows nested for loops in the case that the number of
iteration of the inner loop depends on a variable that changes with each
iteration of the outer loop. As we can see from the screenshot in Figure
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126, the upper bound of the values of y is x which changes with each
iteration of the outer loop from 1 to 9.

Scope of Variables

If index variables are declared in the initialization part of a f or statement
(i.e. in I ni t Expr essi on), they are known only inside the block associated
with that f or loop. Or, we can say that the scope of these variables is just
inside that f or statement. If you attempt to use these variables outside, a
compilation error will occur.

In contrary, a variable declared in a block associated with a f or loop can
be used in any for loops nested inside that block and locating after the
variable declaration. The same rule applies to any kind of blocks in a
Java program. This includes blocks associated with do-while, while, if,
if-else, if-else-if,swtch, and etc.

Example 62: Variable scope

The following code segment cannot be compiled successfully since the
variable k is not known outside the f or loop.

public static void main(String[] args)
{ int |astlndex;
for(int k = 0; k < 10; k++){
/] Some statenents

lastlndex = k; // This |ine causes a conpilation error.
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& CAWindews\system3Tiemd ear _ﬁg
>javac variableScopeError.java TA
variablescopeError.java:7: cannot find symbol
symbol : variable k
location: class VariableScopeError
lastindex = k; // is Tine causes a compilation error.
A
1 error
-3
4 .0

Figure 127: A compilation error caused by that a variable being
declared inside a for loop is used outside

Consider another program below.

public class Variabl eAndBl ockl {
public static void main(String [] args){
int x;
if(true){
x =1,
inty =x;
whi | e(y<10) {
y++;
}

} 10
System out. printlin(y); 11

©CoO~NOOAWNE

B CAWindows\system3Pemd e = |8

>javac VariableAndBlockl.java
variableAndBlockl.java:11: cannot find symbol
symbol : variable
Jocation: class variableandslockl
System.out.printin(y);
A

1 error

>

4] 1 |

Figure 128: Another example of error caused by a variable’s scope
The program cannot be compiled due to an error about the variable y is

not known outside the if statement in which it is declare. Readers
should notice that the compiler only complains about the use of y on line
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11. It does not complain anything about the usage of y on line 7 and line
8 since both lines are inside a block nested inside the i f statement where
y is declared and the lines come after the variable’s declaration.

Let’s conclude this chapter with an interesting example that can help
solving real mathematic problems.

Example 63: All solutions to a?+b2+c2=200

(x,y,2) is a solution of a2+b2+c2 = 200 if the equation is true whena =x, b
=y, and ¢ = z. How many unique solutions are there if we require that a,
b, and ¢ can only take non-negative integers? We can write a Java
program utilizing nested for loops to count the number of all possible
solutions to the equation that meet the non-negative integer requirement.

The idea is to try all possible combinations of three non-negative integers
and see whether which ones of them satisfy a2+b2+c? = 200. Due to the
non-negative integer requirement, each variable from a, b, and ¢ can only
be as small as 0, while each of them cannot exceed \/foj . Thus, we use
three-level nested for loops, each of which is associated with a variable
that runs from 0 to L\/ﬁj . Whether each combination of the three non-
negative integers is a solution of the equation is tested in the innermost
for loop, where the solution is also printed out on the screen.

Here is a Java program that does the mentioned task.

public class Sol utionsCount 1
2
public static void main(String[] args) 3
{ int a,b,c,nSol utions=0; 4
int nmaxPossi ble = (int)Mth.sqrt(200); 5
for(a = 0; a < nmaxPossible; a++){ 6
for(b = 0; b < maxPossible; b++){ 7
for(c = 0;c < maxPossible; c++){ 8
i f(a*a+b*b+c*c == 200){ 9
nSol ut i ons++; 10
Systemout.print("Soltn # "+nSol uti ons+" is "); 11
Systemout. println("("+a+", " +b+", "+c+")"); 12
} 13

(continued on next page)

196



(continued from previous page)

} 14
} 15
} 16
Systemout.print("# of non-negative integer solutions for "); 17
System out. println("a”2+b"2+c”2= 200 is "+nSol utions); 18
} 19
} 20
B CAWindows\system 3 cme eur |5
>javac SolutionsCount.java :[
>java solutionsCount
soltn # 1 1is (0,2,14)
soltn # 2 is (0,10,10)
soltn # 3 is (0,14,2)
soltn # 4 1is (2,0,14)
soltn # 5 is (2,14,0)
soltn # 6 is (6,8,10)
soltn # 7 1is (6,10,8)
Soltn # 8 is (8,6,10)
soltn # 9 is (8,10,6)
soltn # 10 is (10,0,10)
soltn # 11 is (10,6,8)
soltn # 12 is (10,8,6)
soltn # 13 is (10,10,0)
soltn # 14 is (14,0,2)
soltn # 15 is (14,2,0)
# of non-negative integer solutions for as2+bA2+cA2=200 1is 15
> =
< | o

Figure 129: A program finding all possible solutions to a2+b2+c2=200

Exercise

1. If n is an integer greater than 0, how many times is boohoo()
executed in the following code segment?

int i =0;
do{
i ++;
booHoo() ;
}whil e(i<=n);

2. What is the output of the following code segment?
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int k=0, m= 6
whi | e(k<=3 && np=4){
System out. println(k+","+m;
k++;
m-;
}
What is the value of n after the following code segment is
executed?
int n=1, i = 100;
whi l e(n++<i--);
What are the values of n and m after the following code
segment is executed?
int n=0, n¥0, i=0,maxltt=300;
whi l e(i ++<maxltt) n++;
i =0;
whi | e(++i <max| tt) m++;
Rewrite the code segment in the last problem by using for
loops instead of the two while statements.

What is the value of n after the following code segment is
executed?
int n=0;
for(int i = 1;i<=100;i ++)
for(int j = 1;j<=100; | ++)
n++;
What is the value of n after the following code segment is
executed?
int n =0;
for(int i = 50;i>0;i--)
for(int j = 40;j>0;j--)
n++;

What is the output of the following code segment?

int k=0;

for(int i=100;i>1;i/=2, k++);

System out. println(k);
Explain why the following program cannot be compiled
successfully.



10.

11.

12.

13.

14.

15.

16.

public class Ex7Test

public static void main(String[] args)
{

int n =10, k = 0;

for(int i=0;i<n;i++){

k++;
}
Systemout.printIn("i="+i+", k="+k);
}
}
Use a for statement to write a Java program to calculate the
value of 8!

Repeat the previous problem using a whi | e statement instead

of the f or statement.

Write a Java program that calculates n! from the integer n
obtained from keyboard. If the value of the input n causes an
overflow to occur, report it to the user. Otherwise, show the

value of n! on screen.

Write a Java program that randomly picks an English alphabet
(A-Z) and keeps asking the user to guess the alphabet until

he/she has got it right. Also report the number of trials.

Determine the output of the following code segment.

int i,j;
for(i=0,j=0;i<=100;i++){
i f(i92==0)
i ++;
el se
j ++
}

Systemout.printin(j);

Determine the output of the following code segment.

int i=0,a=0, n=0;

whi | e( (i =a+=2) <=100){
n++;

}s

System out. println(i+","+a+","+n);

What is the value of k after the following code segment is

executed?
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17.

18.

19.

20.

int k=0, j=0;
whi l e(true){
i f(j<20)({
K++; | ++
}el se{
br eak;

}
i f(k>5){
conti nue;
}el se{
j++
}

}

Use nested loops to write a Java program that generates a
multiplication table as shown below.

2 3 4 5 6 7 8 9

|

|

| 4 6 8 10 12 14 16 18
| 6 9 12 15 18 21 24 27
| 8 12 16 20 24 28 32 36
| 10 15 20 25 30 35 40 45
| 12 18 24 30 36 42 48 54
| 14 21 28 35 42 49 56 63
| 16 24 32 40 48 56 64 72
| 18 27 36 45 54 63 72 81

©CoOo~NOOUOPM~WN

Write a Java program that reverses the order of the characters
in the string input from keyboard and show them on screen.

Write a Java program that finds the value of f(x,n), where x can
be any real value, n can only be a non-negative integer, and
f(x,n) is defined as:

no.
flem)=>x'
i=0
Your program must check whether the value of n input by the

user is valid or not. (i.e. # must have an integer value and be
non-negative.) Use Math.pow() to find the value of x'.

Repeat the previous problem without using any methods
provided by the Math class.



21.

22.

23.

24.

25.

26.

Write a Java program that calculates and shows the sum of all
even integers from 0 to n, where n is specified by the user via
keyboard. Assume that n is an integer greater than 0.

An imaginary webmail service called “veryhotmail.com” is
kind enough to let its users choose their own passwords.
However, a valid password must comply with the following
(somewhat strange) rules:

1. The length must be between 6 to 15 characters, inclusive.

2. Each character must be either one of the 26 English
alphabets. Both uppercase and lower case letters are
allowed.

3. The difference between the number of the uppercase
letters and the lowercase letters cannot be greater than
20% of the password length.

Write a code segment that can validate the password stored in
a String reference s.

Write a Java program to shows the value of ay, 4, ..., a, that is
corresponding to the recurrence relation ax = k2aq-aro+3k
where k =2, 3, 4,... The values of n and the initial conditions
(a0 and a1) are specified by the user at run-time via keyboard.

Write a Java program to find the number of solutions to the
equation x+y+z = 30 where x, y, and z are non-negative
integers.

Write a Java program to find the number of solutions to the
equation x+y+z = n where n is a constant integer supplied by
the user of the program and x, y, and z are integers between -
b and b. Also, b is an integer defined by the user.

Write a Java program that receives an English sentence from
keyboard. The program encodes the sentence by reversing the
order of letters in each word appearing in that sentence while
keeping the original word order and shows the result on
screen. Assuming that words are always separated by a single
space and there cannot be spaces at the beginning and the end
of the sentence. For example, “W¢ are the chanpions.” is
encoded as “eWera eht .snoi pmahc”.
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27. Write a code segment that replaces any number of multiple

28.

spaces connected together in a String reference s with single
spaces.

For example, if s contains:

“This does not contain mul tiple spaces. ”,
it should be changed to:

“This does not contain multiple spaces.”

An integer 1 is prime if its only factors are 1 and itself. Write a
code segment for checking whether the value of an int n is
prime. Assume that # is a positive integer greater than 1.



Chapter 8: Methods

Readers should
e Beable to define new methods and use them correctly.
e Understand the process of method invocation.

Method's

Sometimes it is cumbersome to write, debug or try to understand a very
long program. Many times, there are some parts of the program that
redundantly perform similar tasks. Actually writing statements to
perform those similar tasks many times is obviously not very efficient,
when one can possibly write those statements once and reuse them later
when similar functionalities are needed. Programmers usually write
statements to be reused in sub-programs or subroutines. This does not
only allow efficient programming but also makes programs shorter
which, consequently, make the programs easier to be debug and
understood. Dividing statements intended to perform different tasks into
different subroutines is also preferred.

Methods in Java can serve the purpose just mentioned.

The following example shows a situation in which a program should be
re-written using methods.

Example 64: Introducing methods
The following program computes:
y=f(xn)=Xx+2x>+ 33 +...+ X"

forx=1.5,2.5, 3.5, and 4.5, where n = 3.
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public class MethodDenpl 1
{ 2
public static void main(String[] args) 3
{ 4
doubl e x1, x2, x3, x4, 5
doubl e vy; 6
X1 = 1.5; 7
y = 0; 8
for(int i=1;i<=3;i++){ 9

y += i*Math. pow(x1,i); 10

} 11
Systemout. println(y); 12

x2 = 2.5; 13

y = 0; 14
for(int i=1;i<=3;i++){ 15

y += i*Math. pow(x2,i); 16

} 17
System out. println(y); 18

x3 = 3.5; 19

y = 0; 20
for(int i=1;i<=3;i++){ 21

y += i *Math. pow(x3,i); 22

} 23

System out. println(y); 24

x4 = 4.5; 25

y = 0; 26
for(int i=1;i<=3;i++){ 27

y += i*Math. pow(x4,i); 28

} 29
System out. println(y); 30

} 31
} 32

We can observe that for each value of x, a for statement is used for
computing y. Writing the program this way makes the source code
longer than it is necessary. Furthermore, if the programmer made a
logical mistake in implementing the calculation of f(x,n) (which is not the
case in this example), the mistake would have to be fixed in many places.
Instead, we can make the functionality for computing f(x,n) a method
and call the method once for each value of x. This can result in the
following code.

public class MethodDenp2
{

public static void main(String[] args)

abrwWwNPE

doubl e x1, x2, x3, x4,
(continued on next page)
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x1l = 1.5; 6
Systemout. println(f(x1,3)); 7

x2 = 2.5 8
System out. println(f(x2,3)); 9

x3 = 3.5; 10
System out.println(f(x3,3)); 11

x4 = 4.5; 12
System out. println(f(x4,3)); 13

} 14
15

public static double f(double x,int n){ 16
double y = 0; 17
for(int i=1;i<=n;i++){ 18

y += i*Math. pow(x,i); 19

} 20
return vy; 21

} 22
} 23

From the code, observe that the program is not composed of only the
method main() like every program that we have seen so far anymore.
Instead, on line 16 to line 22, we can see a segment of code whose
structure looks a lot like the method main(). This segment of code is
called the definition of method f(), which is defined and given its name in
this program. This method is responsible for carrying out the iterative
computation of y based on the value of x and n. On line 7, line 9, line 11,
and line 13, this method is used to compute the value of y based on x and
n put in the parentheses of f{) on each line.

Do not panic yet. At this point you are only expected to adopt a rough
idea of how one can define methods and make use of them. Next, we will
look at the detail structure (syntax) of how to use and define a method.

Using a Method

Using a method should not be new to you. Consider the following
statement.

double y = Math. pow( 2.0, 3.0);
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We should know by now that the statement computes 2% and assigns the
resulting doubl e value to y. What we should pay attention to now is the
fact that the method takes a doubl e as its first argument, and another
doubl e as its other argument. The doubl e value of the first argument is
raised to the power of the value of the second doubl e argument. The
resulting value, which we assign to y in the above statement, is said to be
returned from the method.

Observe from the use of method that has already be defined in a
standard Java class, we can see that to define a new method we at least
have to define what its argument list, how the arguments should be
used, and what the method should return.

Defining a Method

The definition of a method is of the form:

public static returnType met hodName(
argTypel argl,
argType2 arg2,

ar gTypeN ar gN)

met hodBody
}

Here is an example of what the form above could look like. This example
shows how Math.pow() could be defined in side the Math class.

public static double powdouble a, double b)

{

/* some statenents that perform
the calculation and return the
result to the caller */

}

The first two words, public and static, are Java keywords. public
identifies that this method can be used by any classes. stati ¢ identifies
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that this method is a class method. Now we will just use these two
keywords as they are.

returnType should be replaced with the name of the data type expected
to be returned by the method. returnType can be any of the eight
primitive data types or the name of a class. When a method returns
something, only one value can be returned. When a method does not
return any value, a keyword voi d is used for r et ur nType.

met hodNare should be replaced with the name (identifier) you give to the
method. Java naming rules apply to the naming of methods as well as
other identifiers.

Inside the parentheses is the argument list consisting of parameters
expected to be input to the method. Each parameter in the list is declared
by identifying its type (any of the eight primitive data types or the name
of a class) followed by the name (identifier) to be used in the method for
that parameter. When the method does not need any input parameters,
do not put anything in the parentheses.

met hodBody is the list of statements to be executed once the method is
called. These statements might be referred to as the body of the method.
The body of the method might contain a r et urn statement, in which the
keyword return is placed in front of the value wished to be returned to
the caller of the method. You need to make sure that the value returned
is of the same type as, or can be automatically converted to, what is
declared as r et ur nType in the method header. The r et ur n statements also
mark terminating points of the method. Whenever a ret urn statement is
reached, the program flow is passed from the method back to the caller
of the method. If there is nothing to be returned, i.e. returnType is voi d,
the keyword return cannot be followed by any value. In this case, the
program flow is still passed back to the caller but there is no returned
value.

Now let’s look again at the f() method in the previous example. Matching
line 16 of the previous example with the form we have just mentioned,
we see that the method returns a doubl e. Its argument list consists of a
doubl e and an i nt. x is used as the name of the doubl e parameter, while n
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is used as the name of the other parameter. Line 17 to line 21 is the body
of the method. The keyword ret urn is used to identify the value that will
be returned by the method to its caller. In this example, return vy;
indicates that the value to be returned is the value of the variable y.

Here are some examples of method definitions.

public static boolean isCQdd(int n){
return (n% != 0)? true : false;
}

public static int unicodeO (char c){
return (int)c;
}

public static String longer(String s1, String s2){
return ((sl.length() > s2.length())?sl:s2);

public static int factorial (int n){
int nFact = 1,
for(int i=1;i<=n;i++){
nFact *= i;
}

return nFact;

public static boolean hasSimlarChar(String sl, String s2){
bool ean sim | arChar = fal se;
for(int i=0; i<sl.length() && !simlarChar; i++){
for(int j=0; j<s2.length(); j++){
if(sl.charAt(i) == s2.charAt(j)){
simlarChar = true;
br eak;

}
}

return sinilarChar;
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public static void printGeetings(String nane){
Systemout.printin("Hello "+nane);
Systemout.println("Wlcome to | SE mail system");
Systemout.printIn("--------------------------- ")

public static double h(double a, double b, double c, double d){
doubl e num = g(a);
doubl e den = g(a)+g(b)+g(c)+g(d);
return nuni den;

public static double g(double d){
return Math. exp(-d/2);
}

Notice that, in the last example, two methods, () and g(), are defined. In
the body of h(), g() is called several times. This shows that you can call
methods that you define by yourself inside another method definition in
a similar fashion to when you call them from main().

Example 65: Angle between two vectors

Let’s look at an example of writing a Java program where tasks are
performed via several separate methods. Here, we wish to find the angle
0 between two vectors in the Cartesian coordinate, both started at (0,0),
as depicted in the figure below.

(Xa,Ya)

vector a

(Xb,Yb)

vector b

0,0)

Figure 130: Two vectors in the Cartesian coordinate
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Problem definition: The program needs to calculate the angle 0 between
two vectors in the Cartesian coordinate supplied by the user.

Analysis: Inputs are the two vectors. Since both of them always start at
(0,0), the program only need to know the coordinate of the ending point
of each vector. Coordinates can be specified using two numeric values
representing location in the x and y directions. Therefore, to specify input
vectors, two pairs of (x,y) should be input by entering each value at a
time via the keyboard. Calculation of the angle based on the input
should then be done and shown on screen.

The resulting angle should be in degrees and shown nicely on screen
using the maximum of two decimal points.

Design:

e Prompt the user to input the required coordinates: xa, Ya, x», and
yb. Store them in doubl e variables.

e Calculate 6 from:

0 = cos ™ XaXs + Ya ¥
\/Xa2 + y32 \/sz + yb2

. \/Xa2+ya2 and \/Xb2+yb2 are very similar and each of them

corresponds to the length of its associated vector. Thus, we could
consider finding each square root as calculating vector length.
Then, the resulting lengths are multiplied together and used as
the denominator of the above formula.

e 0 calculated from the above formula is in radian. It needs to be
converted to degree using Math.toDegree().

e Show the resulting angle in degree on screen.

The above step can be depicted as the program flow below.
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l Write a method called
readDouble() for showing the
desired prompt to the user and
store the input in each variable.

Read xa, ya, xb, yb

v Write a method called
calculateAngle() that takes xa, ya,
xb, and yb in and calculate theta
(in degree) according to the

Calculate 6

formula
v Write a method called
Format what to be shown on setDecimal Points() so that it
screen returns a String representation of
a given double value using the
i desired number of decimal points

Figure 131: A flowchart showing various subroutines used in the
VectorAngle program

Implementation: An implementation of the program could be similar to
the code shown below. Notice that the instructions of the program seen
in main() are divided into three major subroutines as described in Figure
131. Furthermore, most significant functionalities inside each of these
subroutines are also achieved by calling methods, some of which are
available via existing Java classes such as java.io.BufferedReader while
some are newly defined in our program.

i nport java.io.*; 1

public class VectorAngle 2

3

public static void main(String[] args) throws | OException 4

{ doubl e xa, ya, xb, yb, theta 5

xa = readDoubl e("xa = "); 6

ya = readDoubl e("ya = "); 7

xb = readDoubl e("xb = "); 8

yb = readDoubl e("yb = "); 9
theta = cal cul at eAngl e(xa, ya, xb, yb); 10
System out. print("Angl e between ("+xa+","+ya+") and"); 11
Systemout.print(" ("+xb+","+yb+") is "); 12
System out. printl n(setDeci mal Poi nts(theta, 2)+" degrees."); 13
} 14

(continued on next page)
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(continued from previous page)
public static double readDouble(String s) throws | OException 15

{ Buf f eredReader stdin = 16
new Buf f er edReader (new | nput StreanReader (Systemin)); 17

System out. print(s); 18
return Doubl e. par seDoubl e(stdi n. readLi ne()); 19

} 20
public static double 21
cal cul at eAngl e(doubl e x1, double yl, double x2, double y2) 22
{ doubl e | enl, |en2, thetalnRad; 23
lenl = | ength(x1,yl); 24
len2 = length(x2,y2); 25
thetal nRad = Mat h. acos((x1*x2+yl*y2)/ (1l enl*len2)); 26
return Math.toDegrees(thetal nRad); 27

} 28
public static double | ength(double a, double b) 29
{ 30
return Math.sqgrt(a*a+b*b); 31

} 32
public static String setDeci mal Poi nts(double d,int n) 33
34

doubl e nPower OF 10 = Mat h. pow 10, n) ; 35
String nDecimal Points = 36
"."+(int)(Math. round(d*nPower O 10) % Power O 10) ; 37

String integerDigit = (int)d+""; 38
return integerDi git+nDeci mal Points; 39

} 40
} 41

Readers are encouraged to analyze the statements in setDecimalPoints(),
which is the method that creates a String representation of the input
number with the specified number of digits in the fraction part of that
number, and see how they work.

Testing: A screenshot of the program is shown in Figure 132. In reality, a
number of test cases where the resulting angles are known should be
input to the program in order for the tester to manually check the
consistency of the results. In this figure, you can observe informal
attempts in testing the program in several conditions, including the
conditions where the results are expected to be 0, 90, and 180 degrees.
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B COWindows\system3 e pee

>javac VectorAngle.java

=java Vectorangle
xa

MNOFO
[=l=lele]

yb y

Angle between (0.0,1.0) and (0.0,2.0) 1is 0.0 degrees.
=java VectorAngle

xa
ya
xb
yb = 2,

angle between (1.0,0.0) and (0.0,2.0) is 90.0 degrees.

nounon
[y =1=1
ocococo

>java vectorangle
xa = -1.0

0.0
0.0
vb = 2.0
Angle between (-1.0,0.0) and (0.0,2.0) 1is 90.0 degrees.

=java Vectorangle
xa

yb = 0.0
Angle between (1.0,0.0) and (-1.0,0.0) 1is 180.0 degrees.

=java VectoraAngle
0

Xa = 2.

ya = 2.0

xb = 1.0
= 0.0

yb = 0.
Angle between (2.0,2.0) and (1.0,0.0) is 45.0 degrees.

=

la] | 4

Figure 132: A program finding the angle between two vectors

Multiple Return Statements

It is possible for a method to contain multiple return statements but all of
them have to return values of the type declared in the method header
and each r et ur n statement must be reachable.

The following method implements the function whose definition is:
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x+1 ;0<x<1
f(x)=x* 1<x<2
0] otherwise

public static double f(double x){
if(x>=0 && x<1){
return x+1,
lelse if(x>=1 && x<2){
return x*x
}el se{
return 0
}

}

Notice the method contains 3 return statements. They are all reachable
but which one is executed depending on the value of x. When the
execution of the method reaches any one of the return statements, the
program flow is returned to the caller along with the associated returned
value right away.

Now consider a trivial method g() as listed below. Compiling a source
code with such a method gives compilation errors due to the fact that
under no circumstances that the second and third ret urn statement will
be executed.

public static double g()({
return 1.0;
return 2.0;
return 3.0;

Local Variables

Variables declared in the argument list of the method header are
available throughout the method body, but not outside of the method.
The variables are created once the method is entered and destroyed once
the method is terminated.

Variables declared inside the method body are available inside the block
they are declared as well as blocks nested in the block they are declared.
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Within the block, variables are available after they are declared. Also,
they are destroyed once the method is terminated.

Example 66: Method’s local variables

The following program yields a compilation error due to a missing
variable.

public class ScopeError

{

public static void main(String[] args)
{
int x=0, y=0, z;
z = f(Xx,¥);
Systemout.printin("myMiltiplier = "+nmyMiltiplier);
System out. println("z="+z);

}
public static int f(int a, int b)

{ int nyMiltiplier = 256;
return myMiul tiplier*(a+b);
}

B C:AWINDOWS\system32\cmd.exe -0 ﬁ

-
C:>javac ScopeError.java :J
ScopeError. java:?: cannot find symbol
symbol : variable myMultiplier
location: class ScopeError
System.out.println{"myMultiplier = "+ﬂyHu1tip1ieP);

1 error

C:>

-
| | 3

Figure 133: Compilation error due to usage of a variable declared

inside a method outside the method

OCoO~NOOUAWNBE
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Method Invocation Mechanism

When a method is invoked, typical steps involving the values passed
between the caller and the method as well as the method’s local variables

are:

If there are input arguments to the method, the value of each
argument is copied to its corresponding local variable declared
inside the method header.

Local variables are declared and assigned with values according
to the statements implemented in the method.

If the method returns a value back to the caller, the returned
value is copied from inside the method to the caller. From the
scope of the caller, the expression corresponding to the invoked
method is evaluated to that returned value.

When the program flow is returned to the caller, all local
variables of the method are no longer accessible by the program.

Example 67: Parameter passing and returning values

Consider the following program, which calculates (62+82)1/2 using the
method f() which can calculate (an+b")1/n for any numeric values a and b,
and any integer value n. We will learn about the mechanism that takes
place when a method is called from this example.

{

public class Methodl nvokeDenp 1

2

public static void main(String[] args) 3

4

double x = 6.0, y = 8.0, z; 5

z = f(x,vy,2); 6

Systemout. printin(z); 7

8

public static double f(double a,double b, int n) 9
10
doubl e an = Mat h. pow a, n); 11
doubl e bn = Math. pow b, n); 12
return Math. pow( an+bn, 1. 0/ n); 13
} 14
15
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When the method is called (z=f (x, y, 2) ; ), the following steps take place.

1. The program flow is passed to f() whose definition starts on line
9. Variables in the input argument list of the method header (line
9) are created. In this case, two variables of type doubl e are
created and named a and b, while another i nt variable is created
and named n.

| main() S i L0 ;
y[oo] | b i

Figure 134: Illustration of variables when f() is invoked(Step1)

2. Each variable is assigned with its appropriate value. By calling
f(x,y,2), ais assigned with the value of x, b is assigned with the
value of y, and n is assigned with 2. Note that x and a do not
share the same memory location, the value of x is just copied to a
once. It is the same for y and b.

h . 1 h 1

main() ' 0 '
i 6.0 o 0, 6.0 :
! Lo !
1 ! 1 !
! y | 8.0 ' ! b| 8.0 '
! Lo !
| ! | !
! z - b n 2 |
1 ! 1 !
1 ! 1 !

Figure 135: Illustration of variables when f() is invoked (Step2)
3. Then, the statements in the method body are executed. Line 11

and line 12 caused an and bn to be created and assigned values.
Remember that both variables are only local to f{). Before
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returning the value to main(), Mat h. pow( an+bn, 1. 0/ n) is evaluated

to 10.0.
:"".'E)""""""" F"}(') """""""""""" i
main ! 1
i 6.0 o a|6.0]| an|36.0 :
: b |
! 1
i y |80 o b|8o| pnl64o :
1
| ro Mat . pow( ..) :
1 1 1
! z | - b n| 2 10.0 :
! b |

_________________________________________________

Figure 136: Illustration of variables when f() is invoked (Step3)

4. The value of Mat h. pow( an+bn, 1. 0/ n) is copied to the variable z in
main() as the result of the assignment operator. Variables local to
f() are then destroyed and the program flow is passed back to

main().

Tt T TT T
i main() !
! 6.0 !

1
i !
! y | 8.0 '
! |
! 1
! 1
! z |10.0 |
| 1
| 1

Figure 137: Illustration of variables when f() is invoked (Step4)

It is important to keep in mind that variables local to main() as well as
variables local to different methods are available inside the methods that
they are declared. Thus, it is possible, and is usually the case that,
variable names are reused in different methods. For example, the
variables a and b in f() could be named as x and y without any confusion.
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The fact that variables are local to the method they are declared enables
programmers to re-use variable names as long as the scopes of variables
of similar names are not overlapping.

Example 68: Different variables with the same identifiers

Observe the following program and its output.

public class MethodVari abl eName 1
{ 2
public static void main(String[] args) 3
{ 4
int x=1,y=1,w, 5
w = add(x,y); 6
System out. println("x="+x+"y="+y); 7
} 8
public static int add(int x,int y) 9
{ 10
int z = x+y; 11
x = 0; 12
y = 0; 13
return z; 14
} 15
} 16
B C:\WINDOWS\system32\cmd. exe M=k
C:>javac MethodVUariableMame. java :E
C:>java MethodUariabhleName
x=1y=1

G

-
4| | 5

Figure 138: A program demonstrating variable name re-use

If you are not surprised with the output (x=1 y=1), that is good. You may
skip this paragraph. If you think that the output should be x=0 y=0, you
should note that x and y declared in main() on line 5 are different from x
and y declared in add() on line 9. Thus, changing that value of x and y
local to add() does not have anything to do with x and y local to main(),
which are the ones printed out on screen.
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Example 69: Value swapping

This example aims at discussing the difference between two programs.
The first program is called SwapDemo in which the values of two
variables are swapped with each other. A common way to swap values
between two variables is to introduce another temporary variable and
use it to store the original value of one variable before it is overwritten
with the value of the other variable. Statements on line 6 to line 8 of the
following program perform the swapping of the values of two variables.
The screenshot of the program’s output in Figure 139 shows that it works
as we want.

public class SwapDenp 1
{ 2
public static void main(String[] args) 3
{ int a=9, b=8, tenp; 4
System out . println("a="+a+" b="+b); 5
temp = a; 6
a = b; 7
b = temp; 8
System out . println("Swapped!\ na="+a+" b="+b); 9
} 10
} 11
B C:\WINDOWS\system32\cmd. exe =1k
C:nrjavac SwapDemo. java :EJ

C:Nrjava SwapDemo
a=? h=8
Swapped?
a=8 h=%

Cavnro
-
< | f

Figure 139: A program that swaps values of two variables

Now, let’s say that we would like to write this swap functionality as a
method so that whenever such a swapping is needed, the method can
then be invoked conveniently. The new program could end up like the
following.

public class SwapDenoW ong 1
{ 2
(continued on next page)
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(continued from previous page)

public static void main(String[] args) 3
{ int a=9, b=8, tenp; 4
System out . println("a="+a+" b="+b); 5
swap(a, b); 6
System out. printl n("Swapped! \ na="+a+" b="+b); 7
} 8
public static void swap(int a, int b){ 9
int tenp; 10
tenp = a; 11
a = b; 12
b = tenp; 13
} 14
} 15

Statements on line 6 to line 8 of the SwapDemo program are re-
implemented inside swap() in this new program. The swap() method takes
two input arguments whose values should be swapped by the method.
However, the output of the program shown in Figure 140 suggests that
there are something wrong with this method implementation.

B C:\WINDOWS\system32\cmd. exe -0 ﬂ

C:v>javac SwapDemolrong.java :J
C:x>java SwapDemollrong

a=% h=8

BSuapped?

a=7 h=8

Con>

.
< | »

Figure 140: An incorrect implementation of a method that swaps values
of its two input argument

What's wrong is that the only values that are swapped are the values of a
and b local to the swap() method. Note that they are not the values of a
and b that are local to the main() method. As we can see from the output
of the program, the values of a and b of the main() method are still intact.
In the case that you are still confused, try following the steps described in
the “Method Invocation Mechanism” section.

Unfortunately, there is no easy way to implement a method that really
swaps the values of its input argument if the types of the input
arguments are primitive data types.
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Passing by Value Vs. Passing by Reference

When passing input arguments to methods, Java copied values of the
arguments into their corresponding local variables in the methods.
Utilizing this way of passing arguments, it is said that Java pass the
arguments by values. Therefore, changes made to the method’s local
variables are unrelated to the values of the original variables. This pass-
by-value mechanism applies to all variables used as inputs to any Java
methods regardless of whether they are primitive or non-primitive.

Some programming languages (such as C, C++) support another way of
passing argument in which changes made to local variables declared in
the methods (or some other kinds of subroutine) affect the values of their
respective original variables that are supplied as input arguments to the
methods. This way of passing argument is referred to as a pass-by-
reference mechanism.

Method Overloading

Different methods, even though they behave differently, can have the
same name as long as their argument lists are different. This is called
Method overloading. Method overloading is useful when we need
methods that perform similar tasks but with different argument lists, i.e.
argument lists with different numbers or types of parameters. Java
knows which method to be called by comparing the number and types of
input parameters with the argument list of each method definition.
Readers should realize that methods are overloaded based on the
difference in the argument list, but not based on their return types.

Example 70: Overloaded number adding
Consider the following program.

public class Overl oadi ngDenp

public static void main(String[] args)

{

A WN PR

(continued on next page)
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System out. println(nunmericAdd(1, 2)); 5
System out. println(nunericAdd(1,2,3)); 6
System out. println(numericAdd(1.5,2.5)); 7
System out. println(numericAdd(1.5,2.5,3.5)); 8
Systemout. println(nunmericAdd('1','2")); 9
} 10
11
public static int numericAdd(int x,int y) 12
{ 13
return x + vy, 14
15
public static double nunericAdd(doubl e x, doubl e y) 16
{ 17
return x + vy, 18
19
public static int numericAdd(int x,int y, int z) 20
{ 21
return x +y + z; 22
23
public static double nunericAdd(doubl e x, doubl e y, double 2z) 24
{ 25
return x +y + z; 26
} 27
public static int numericAdd(char x, char vy) 28
{ int xIlnt =x - '0"; 29
int ylnt =y - '0"; 30
return xlnt+ylnt; 31
} 32
} 33
B3 C:\WINDOWS\system32\cmd.exe =1 £
t>javac OverloadingDemo.java ij

G

g:)jaua OverloadingDemo
6
4.8
7.5
3
C

Ed

=
| | »

Figure 141: A program demonstrating method overloading

In this program, we overload methods numericAdd(). On line 5 to line 9,
we call numericAdd() with different argument lists. Based on the input
parameters, methods with appropriate definition are activated.
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nuneri cAdd( 1, 2) activates numericAdd(int x,int y).
nuneri cAdd(1, 2, 3) activates nunericAdd(int x,int y,int z).
nureri cAdd( 1. 5, 2. 5) activates nuneri cAdd(doubl e x, doubl e y).

numeri cAdd( 1.5, 2. 5, 3. 5) activates nuneri cAdd(doubl e x, doubl e vy, doubl e
z).

Finally, nuneri cAdd(* 1',’ 2') activates numeri cAdd(char x, char vy).

Now, let’s look at some examples of incorrect method overloading.

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

public static double f(int x, int y){

}

Both methods are not counted as methods overloading since the method
names as well as their argument lists are the same. Regardless of their
return types, they are considered the same methods. Consequently, their
definitions are considered redundant, and, therefore, cause a compilation
error.

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

public static int g(int a, int b){

}

The g() methods in the this example differ only in the variable names.
This difference does not make the two argument lists different. The
numbers and types of parameters are the same. We only call each
parameter differently, and this does not count as method overloading.
Therefore, their definitions are considered redundant. Again, this causes
a compilation error.
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Example 71: How overloaded methods are selected

Observe the following program. Pay attention to the way Java selects
which method to be called.

public class Overl oadi ngDenp2 1
2
public static void main(String[] args) 3
4
h(1,1); 5
h(1.0,1.0); 6
h(1,1.0); 7
} 8
9
public static void h(int x,int y) 10
{ 11
Systemout.printin("h(int x, int y) is called."); 12
} 13
public static void h(double x,double y) 14
{ 15
System out. println("h(double x, double y) is called."); 16
} 17
} 18
BN C:\WINDOWS\system32\cmd. exe || x|
C:>javac OverloadingDemo2. java i‘

C:>java OverloadingDemo2

h{int x. int y) is called.
h{double x, double y> is called.
h¢{double x. double vy) is called.

C:>

v
| | »

Figure 142: A program demonstrating method overloading including a
case where the input argument list is not entirely matched with any
overloaded methods

h(1,1) on line 5 is clearly corresponding to h(int x,int y) due to its
argument list. Similarly, the method h(1.0,1.0) on line 6 is clearly
corresponding to h(doubl e x, doubl e y). One interesting point is which
method corresponds with h(1,1.0). There is no exact match for the
argument list (int, double). However, int can be automatically
converted to double via widening data type conversion. Therefore, the
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first input parameter in h(1, 1. 0), which is an i nt 1, is converted to 1.0
first. Then, h(doubl e x, doubl e y) is called.

The following program cannot be compiled successfully since
g(1.0,1.0)does not match any overloaded methods, and none of its
parameters can be converted so that it matches any overloaded methods.

public class Overl oadi ngDenp3

{ public static void main(String[] args)
9(1.0,1.0);
public static void g(int x,double vy)
{ Systemout.printin("g(int x, double y) is called.");
public static void g(double x,int vy)
{ Systemout.printin("g(double x, int y) is called.");
} }
B C:\WINDOWS\system32\cmd. exe =g
C:\>javac OverloadingDemod.jauva ﬁ‘

verloadingDemo3. java:5: cannot find symbol
eymbol : method g{double,doublel
location: class OuerluadéggDemu3

g(i.B,i. H

1 error

G

-
| | 3

Figure 143: Compilation error due to unmatched overloaded methods

Exercise

1. Explain the benefits of having a program perform some sets of
instruction inside methods. Can you think of any downsides of
doing so?
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2. Write a method header for the method m() each item that
makes the execution of the statement in that item valid.

int i =m1,1);

float f = m(Math. exp(5));

String s = m(2f, 8d);

I seStudent | = m(“John”,”K. ”,” Maddy”);
for(doubl e d=1;d<=256;d *= 2) n{d);

PaooTe

3.  What is the output when main() is run?

public static void main(String[] args)

{
System out. println(g("A"));

public static String f(){
Systemout. printin("A");
return "A";

}
public static String g(String s){
return f()+s;

}
4. Explain why the following code segment cannot be compiled
successfully.
public static void main(String[] args)
{
int i =1f(2,3);
}

public static int f(int a, int b){
return Math. pow a, b) +Mat h. pow( b, a) ;
}

5. Can the following program be compiled successfully? If so,
what is the output?

public class Ex8_5
public static void main(String[] args){
f(5);
System out . println("k="+k);
public static void f(int n){
int k =0;
for(int i=0;i<n-1;i++){
k += k*i;
}
}

6. Determine the output of the following code segment.
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10.

public static void main(String[] args)
{ int n =0;
for(int i=0;i<5;i++){
n = f(n++);
}
System out. println(n);

public static int f(int n)

{
}

Determine the output of the following code segment.

return n++;

public static void main(String[] args)
{ int n =0;
for(int i=0;i<5;i++){
n = f(++n);
}
System out. println(n);

public static int f(int n)
{

}

Given the definition of a() as the following:

return ++n;

public static double a(double d)
{

}

return 3*d+1;

Use a() to find the value of k, for n=4,
where kn = 3kn1+1 and ko = 0;

Write a method called cube() that returns its doubl e parameter
raised to the third power.

Write a method called blankLine() used for inserting an empty
line to a message. Therefore, “First |ine\nSecond
l'i ne” +bl ankLi ne() +" Third I|ine.” would appear as:

First line
Second |ine

Third Iline.



11. Write a method called readDigitString() that returns a new
String whose character sequence consisted of the input
provided by the user via keyboard if the input is a valid digit
string of any length. Otherwise, the method returns nul I . The
method takes a String as its input parameter. The method
prompts the user for the keyboard input by showing the
message in that String.

12. Tax rates in a specific country can be calculated from an
individual’s income (in G.) obtained during the past tax year
according to the following table.

Income (G.) Tax Rate (%)
1-100,000 0
100,001-500,000 10
500,001-1,000,000 20
1,000,001-4,000,000 30
above 4,000,000 37

According to the table, if a person’s income is 550,000 G., there
is no tax for the first 100,000 G., 10% of the income in the range
100,001-500,000 are taxed, which equals 40,000 G., The last
50,000 G. is taxed with the rate of 20% resulting 10,000 G.
Therefore, the total tax for this person is 60,000 G.

Write a method called tax() which returns the amount of tax
associated with the income supplied as the only input to the
method. Assume that there are no decimal points in any
incomes.

13. Write a method called nBits() that calculates the minimum
number of bits (in integer) required for using binary code to
represent n different symbols. # is input to the method as the
only input argument.

14. The chi-square distribution function f(x;k) is defined as:

_ WM raya,

R )
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15.

when x > 0, k is an integer greater than 0, and f(x;k) is zero
when x < 0.

Write a method for finding the value of the chi-square
distribution function at the input values of x and k. Assume
that the value of I'(a) can be obtained by calling a class method
called gamma() of a class called MyMath and use a as the only
input.

Determine the output of the following program.

public class Ex8_15

{

}

public static void f()

{ Systemout. printin("A");

public static void f(int a, int b)

{ Systemout. printin("B");

public static void f(float a, float b)

{
Systemout.printin("C');

public static void f(double a, double b)

{
Systemout.printin("D");
public static void f(char a, char b)
{
Systemout.println("E");
}
public static void main(String[] args)
{
f();
f(1,2);
f(1.0,2.0);
f(1,2.0);
f(1F, 2.0);
f(r1,'2);
f('1,2);
}

16. Write overloaded methods named nextValue().
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the associated methods should return a value that is one



17.

greater than the input parameter but with the data type
similar to the input.

If the input is a single character either a char or a String, the
associated methods should return a char or a String whose
value is the character immediately following the input
parameter. For example, next Val ue(‘ g’ ) must return r’.

If the input is a String with more than one characters, the
method should return a new String whose content is the same
as the input but the last position is the character immediately
following the character in the last position of the original
String. For example, next Val ue(“ ABC’) must return “ABD".

If the input is nul I, the method returns nul I .

Write a Java program that displays positive integer values less
than 10 million in words. The values are received from
keyboard. For example, the value 1500 is displayed as “one
thousand five hundred”. The program should keep asking for
another value until the user input -1.
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Chapter 9: Arrays

Readers should

Be able to define, initialize, and use one-dimensional as well as
multidimensional arrays correctly.

Be able to use arrays as well as their elements as parameters to
methods.

Be able to write code to sort array elements in any orders desired.
Be able to write code to search for elements in an array.

Be able to use arrays in problem solving using computer programs.

Requirement for a List of Values

Suppose we want to write a program that counts the number (frequency)
of each digit from 0 to 9 in a String entered by the user, the program
might be written using what we have studied so far be like this:

import java.io.*;
public class CountDigitFrequency

{

public static void main(String[] args) throws | OException
{ Buf f er edReader stdin
= new Buf f er edReader (
new | nput St reanReader (Systemin));
Systemout.print("Enter string:");
String s = stdin.readLine();

int freq0 = 0; int freql =
int freq2 = 0; int freq3:0;
int freq4 = 0; int freqs = 0;
int freqgé6 = 0; int freq7 = 0;
int freq8 = 0; int freq9 = 0;
for(int i=0;i<s.length();i++){

char ¢ = s.charAt(i);
if(c >= ‘0‘ && ¢ <= "'9"){
switch(c){
case '0': freqO++; break;
case '1': freqgl++; break;
case '2': freqg2++; break;
(continued on next page)
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(continued from previous page)

case '3': freq3++; break;

case '4': freqg4++; break;

case '5': freg5++; break;

case '6': freg6++; break;

case '7': freq7++; break;

case '8': freq8++; break;

case '9': freq9++; break;

def aul t

}
}

}
System out. println("Nunber of 0 = "+freq0);
System out. println("Nunmber of 1 = "+freql);
System out. println("Nunber of 2 = "+freq2);
System out. println("Nunber of 3 = "+freq3);
System out. println("Nunber of 4 = "+freq4);
System out. println("Nunmber of 5 = "+freg5);
System out. println("Nunber of 6 = "+freqg6);
System out. println("Nunber of 7 = "+freq7);
System out. println("Nunber of 8 = "+freq8);
System out. println("Nunber of 9 = "+freq9);

From the code, you should be able to notice that ten variables are used
for storing the frequencies of the digits. Also, separate instances of
System.out.println() are called for printing the resulting frequencies.
Although the names of the variables storing the frequencies are rather
similar, they are independent from one another. Therefore, we cannot
make use of iterative constructs to traverse the values of these variables.
Being able to do so would significantly reduce the size of the code. Not
being able to use iterative constructs in this case also leads to clumsy and
error-prone source code.

What we require is a mechanism that enables us to store a list of related
values in a single structure, which can be referred to using a single

identifier. Java provides this mechanism through the use of arrays.

Specifically to the above example, we need a list of ten elements, in
which each element is used for storing the frequency of each digit.
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One-dimensional Array

An array variable is used for storing a list of element. Similar to a
variable of other data types, an array variable needs to be declared. The
declaration of an array takes a rather similar syntax to the declaration of
a variable of other data type, which is:

El enment Type [] a;

El ement Type is the data type of each element in the array. The square
bracket [] identifies that this is an array declaration. a is the identifier
used for referring to this array. Note that identifier naming rules applies
here also.

Below are some examples when arrays of various data types are
declared.

int [] freq;

int [] num CE, numADVE;
doubl e [] scores;

char [] charlList;
String [] student Nanes;

Note that more than one arrays of the same type can be declared in a
single statement such as the one shown in the second example. Also, it is
perfectly correct and common to create an array of non-primitive data
type such as an array of String shown in the last example above.

To initialize an array, the keyword new is used in the following syntax.

a = new El enent Type[n];

n is a non-negative integer specifying the length of a. Here are some
examples of array initialization associated with the arrays declared in the
above example.

freq = new int[10];

num CE = new int[5];

int n=25;

numADME = new int[n];

scores = new doubl e[ 50];
charLi st = new char[2*n];
student Nanes = new String[40];
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Notice that we can use any expression that is evaluated to an i nt value,
as well as an expliciti nt value, to specify the length.

Declaration and initialization can be done in the same statement. For
example,

int [] freq = new int[10];
int n=25;
int [] numADVE = new int[n];

Whenever an array is initialized using the keyword new, every of its
element is set to a numeric zero if the elements are of numeric types, to
fal se if the elements are of bool ean type, and to nul | (a valid reference
that refers to nothing) if the elements are of non-primitive data types.

When an array is created, the data type of its element has to be specified
strictly. Only values consistent with the data typed specified can be used
to fill array’s slots. All elements in an array must be of the same type.

Just like variables storing values of non-primitive data types (such as
String), array variables are reference variables. The value that is actually
stored in an array variable is a reference to the real array object locating
somewhere in the memory.

Figure 144 shows an illustration of what happens in the computer’s
memory when an array variable is created and assigned with a new
array.

a
int [] a; -
a an array with 8 slots each of
which is initialized with 0
a =newint[8]; .\ g A -

\00000000

Figure 144: Illustration of memory allocation when a variable is
declared and assigned with an array
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Accessing Array Elements

Elements in an array can be referred to using its associated index. For an
array of length n, the corresponding indexes run from 0 to n-1. An
element of an array a with index k can be referred to in the program
using a[ k] .

Consider Figure 145 which shows a case when the position indexed by 3
of an array of doubl e is assign with a value which is later assigned to
another doubl e variable.

double [] d = new doubl e[ 5] ; d[ o] d[ 2] d[ 4]
dr1] dr3]

\0.00.00.00.00.0

d[o d2]  d[4]
o []d[l] d[ 3]

\0.00.00.01.20.0

double g = d[3];

dro] di2] _ d{4]
o] “anus

\\‘0.00.00.01.20.0

1.2

Figure 145: Illustration of accessing an array element

Example 72: Accessing array elements

Consider the following program. Note that the length of an array a can
be found using a. I engt h.
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public class ArrayDenpl 1
{ 2
public static void main(String[] args) 3
{ 4
int [] a =newint[5]; 5
for(int i=0; i<a.length; i++){ 6
Systemout.print(a[i]+"\t"); 7
} 8
Systemout.print("\n"); 9
a[0] = 9; 10
a[1] = 10; 11
a[2] = a[0] +a[1]; 12
a[ 3] = 20; 13
a[4] = a[3] ++; 14
for(int i=0; i<a.length; i++){ 15
Systemout.print(a[i]+"\t"); 16
} 17
} 18
} 19
B3 C:\WINDOWS\system32\cmd. exe (=]
C:>javac ArrayDemol.java i‘
C:>java ArrayDemol
] [ ] @
2 il 19 21 28
C:>_
« | f

Figure 146: Demonstration of how array elements are accessed

An array of i nt of length 5 is declared and initialized on line 5. Then, a
for loop is used to iterate through a[i] from i equals 0 to a. | engt h-1. We
can see that the program prints 0 0 0 0 0 out on the screen. This supports
what mentioned earlier about numeric array elements being set to zeroes
by default. Each element of the array a is assigned with different i nt
value from line 10 to line 14. The for loop on line 15 makes the program
prints the values of every element, which are 9, 10, 19, 21, and 20, on
screen. Recall that the post fix increment operator on line 14 makes
assign the value of a[ 3] to a[ 4] prior to increasing a[ 3] by 1.
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Example 73: Improved digit frequency counting

Here we can modify CountDigitFrequency java by storing the frequency
of each digit occurrence in a single array. Appropriate iterative
constructs are also used. Notice that the code is much more compact.

import java.io.*; 1

public class CountDigitFrequency2 2

{ 3

public static void main(String[] args) throws | OException 4

{ Buf f er edReader stdin 5

= new Buf f er edReader ( 6

new | nput St r eanReader (Systemin)); 7

Systemout.print("Enter string:"); 8

String s = stdin.readLine(); 9

int [] freq = newint[10]; 10

for(int i=0;i<s.length();i++){ 11

char ¢ = s.charAt(i); 12

if(c >="'0" & c <= "'9"){ 13

freg[c-'0"]++; 14

15

} 16

for(int i=0;i<freq.length;i++){ 17

System out. println("Nunber of "+i+" = "+freq[i]); 18

} 19

} 20

} 21
BN C:\WINDOWS\system32\cmd.exe =1k
:>javac CountDigitFrequencyl.java i‘

s»java CountDigitFrequency2
nter string:08091211234

umber of
umber of
umber of
umber of
umber of
umber of
umber of
umber of
umber of
umber of

Hp

MM A WG
LI | 1 I I}
RFREEEFANWN

H

Figure 147: An improved version of a program counting digits
Instead of storing the frequencies of the ten different digits using ten

separate variables, in this program, an array freq with 10 slots is used. If
the character c at a position of interest falls between ‘0" to ‘9" inclusively,
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the statement freq[c-* 0’ ] ++ is used for increasing the (c-* 0’ )t slot by
one. Readers should recall that the value of the expression c-* 0’ is an
int value which equals to the difference between the Unicode of the
character stored in ¢ and the character * 0’ (E.g.itisOfor* o', 1for 1,2
for* 2, and so on).

Explicit Initialization

If we would like each element in an array to have the value other than
the default value (zero for numeric types and false for bool ean) during its
initialization, we can use an initializer list. An initializer list is a list of
values, each of which is separated by a comma, enclosed in a pair curly
bracket. For example:

int [] a={1,2,83,4,5};
String [] directions = {“NORTH', "EAST”, "SOUTH', "WEST"};
boolean [] all True = {true, true, true};

Initializer lists have to be used in the statements in which array variables
are declared. Therefore, the following statements are invalid.

int [] a;
a=1{1,2,3,4,5}; // This is invalid.

Figure 148 illustrates a case when an array of int is initialized an
initializer list and an array of String is initialized with another one. Also,
notice the fact that values of primitive data types are stored in the array’s
slots directly while values of non-primitive data types are referred to by
the array’s slot. This works in the same way as when these data types are
assigned to individual variables.
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a

LN

int [] a=1{1,2,3,4,5};

\12345

directions

String [] directions =
{“NORTH’, “EAST", “SOUTH’ , “WEST" } ; .\

N

| m’{r/ ’ \

C\NEST”
“EAST” *“ SOQUTH’

Figure 148: Illustration of some usage of initializer lists

Array Variable Assignment

Since an array variable is a reference variable, when it is re-assigned with
a new array, the array originally referred to by that variable is de-
referenced (and eventually destroyed). The variable then refers to the
new array. Figure 149 show an example of such a case.

b
int [] b=newint[5];
| oo fofo]o
b = newint[3]; b/o o lo
This array will eventually be 0[O0 ]O0 (0O |O
destroyed. Tteell _,,—7

Figure 149: Assigning a new array to a variable
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An array variable can be assigned with the value of another array
variable of the same type. For example, the following code segment is
valid.

char [] a={'A,'B, C};
char [] b ={'X,"Y}
b = a;

Both a and b are variables referring to arrays of char. On the last line, b is
made to point to the same array as a using the assignment operator.
Notice that the fact that a and b used to refer to an array of char with
different lengths does not matter as long as they are both arrays of the
same data type.

The following code segment is invalid due to the conflicting array data
types.

int [] k ={1,2};
double [] j = {1.0,2.0,3.0};
i =k

Assigning an array variable with another array variable makes the
former array variable refer to the same array as the later one. Consider
Figure 150. The statement a=b; makes a refers to the same array as b.
Therefore, b[ 1] is actually the same as a[ 1] .
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char [] a ={'A,'B,'C,'D};
char [] b ={*X,"Y ,"Z};

el 2z
c A

\

< Both a[1] and b[1]
‘E mean this slot.

Figure 150: Assigning an array variable to another array variable

Array Utilities
Java comes with a class called Arrays (note the capital 'A' and the 's'

suffix) that provides useful utility methods for manipulating arrays. This
class is in the java.util package. Therefore, java.util. Arrays needs to be

243



imported in order to use the class. Many static methods relating to
different kinds of array manipulation are provided so that programmers
can utilize those methods by invoking them from the class name.

Here, we will only introduce some methods in the Arrays class that could
be useful in examples presented later in this book. Theoretically,
functionalities provided by some of these methods seem straight-
forward to implement by ourselves. However, it is also a good idea to
learn to use what already exist. Readers should notice that these methods
are usually overloaded so that they work for all cases of primitive data
types as well as non-primitive ones.

More thorough information about this class can be found from the Java
API documentation on the official Java website (http://java.sun.com or
http:/ /www.oracle.com/technetwork/java/index.html).

Arrays.toString(<an array>)
takes an array of values of a primitive or non-primitive data type
as its input. It returns a String representation corresponding to the
input array.

Arrays. equal s(<an array>, <another array of the same data type>)
takes two arrays with the same data type as its input. It returns
true if the two arrays are equal to one another. Otherwise, it
returns f al se.

Arrays.fill(<an array>, <a value of the same data type>)
takes an array as its first input argument and a value whose data
type must be the same as the elements in the array as the second. It
does not return any values but assigns the value of the second
input argument to every element in the array referred to by the
first input argument.

Arrays.fill(<an array>,
<first index>, <l ast index>,
<a val ue of the sanme data type>)

works similarly to the previous fill() method but the value is
assigned to the array only in the range starting from the position
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specified by an int value <first index> to the position specified
by another i nt value <l ast i ndex>.

Arrays and Method's
Passing an array to a method

Just like variables of other data types, array variables can be used as a
parameter in methods” argument lists. One thing, you need to keep in
mind is that the actual value that is kept in an array variable is the
reference to its associated array stored somewhere in the memory.
Therefore, when an array variable is used as an input parameter to a
method, that reference is copied to the corresponding array variable
defined in the head of that method’s definition.

Example 74: Passing arrays to methods

Consider the following program.

public class ArraysAndMet hods
{

public static void main(String[] args)

int [] a = {100, 101, 102, 103};
int k = 100;

print ArrayVal ues(a);
Systemout.println("k = "+k);
soneMet hod(k, a);

print ArrayVal ues(a);
Systemout.printin("k = "+k);

}

public static void someMethod(int k,int [] b){
Systemout.printin("------------- In the nethod.");
k = 0;

for(int i=0;i<b.length;i++) b[i]=0;

print ArrayVal ues(b);

Systemout.println("k = "+k);
Systemout.println("---Going out of the nethod.");

public static void printArrayValues(int [] a){
for(int i=0;i<a.length;i++)
Systemout.print(a[i]+",");
(continued on next page)
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(continued from previous page)
Systemout. println();
}

B C:\WINDOWS\system32\cmd.exe - |0 ﬂ

-
C:>javac ArraysAndMethods. java :J

C:>java ArraysfindMethods

08,181 ,1682,183,
= 188

————————————— In the method.

bl

58

Figure 151: Passing arrays as input to methods

-

From the above example, notice the values of the array variable a and the
int variable k before and after someMethod() is called. As we have
discussed in the last chapter, the value of k in main() does not change
when the value of the variable k in someMethod() is changed. (If this is not
clear to you, go back and consult Chapter 8.) However, the value of the
integers in the array associated with a are changed since the array
variable b in someMethod() refers to exactly the same array as a. Therefore,
bli], for eachi equals 0 to 3, is the same value as a[i ] in main().

The method printArrayValues() serves as another example of how to
define a method that takes an array as its input. Note that this method
only aims at listing the elements of the input array. It could be replaced
with the usage of Arrays.toString() without any problems.

Returning an array

An array can also be used as a returned value from a method. To do so,
the return type must be specified in the method header appropriately as
it is done with the values of other data types. To indicate that an array of
a specific data type will be returned from a method, the return type must
be the data type of the array element followed by square brackets.
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For example,

public static int [] f(){
/1 Body of f()
}

indicates that f{) returns an array of i nt .

Example 75: Generating an array with random elements

The program listed below shows an example of a method that returns an
array of i nt. The method generates an array with the length specified by
an input argument, |ength. Each element in the array is an integer
randomly chosen from ni n to max specified by the input argument passed
to the method.

inport java.util.Arrays; 1
public class GenRandomArray { 2
public static void main(String [] args){ 3
int len = 10; 4
int mn = 0; 5
int max = 99; 6
int [] randons = genRandoml nt Array(l en, m n, nax); 7
System out. println(Arrays.toString(randons)); 8
9
public static int [] genRandom nt Array( 10
int length,int min, int max){ 11
int [] a=newint[length]; 12
for(int i=0;i<length;i++){ 13
a[i] = (int)Math.round(Math.randon()*(max-nin)+nin); 14
} 15
return a; 16
} 17
} 18
& C\Windows\system32\emd.exe =g ®

>javac GenRandomArray.java

>java GenRandomArray
[61,. 50, 22, 81, 31, 82, 33, 98, 81, 23]

>

Figure 152: Generating an array with random integers
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Example 76: Finding the maximum and the minimum array elements

The following Java program shows an example of methods that find the
maximum and minimum values of an array.

public class M nMaxDeno 1
{ 2
public static void main(String[] args) 3
{int [] a = {-128,65,-235,99,0, 26}; 4
int minldx = findM nldx(a); 5
int maxldx = findMvaxl dx(a); 6
Systemout.printin("mn value is a["+m nldx+"]="+a[m nldx]); 7
Systemout.println("max value is a["+maxl dx+"]="+a[ maxldx]); 8
9
public static int findMnldx(int [] a){ 10
int k, mnldx=0; 11
for(k=1; k<a. | engt h; k++){ 12
if(a[k]<a[mnldx]) 13
mnldx = k; 14
} 15
return mnldx; 16
} 17
public static int findMaxldx(int [] a){ 18
int k, maxldx=0; 19
for(k=1; k<a.l engt h; k++) { 20
i f(a[ k] >a[ max! dx]) 21
max| dx = k; 22
} 23
return maxl| dx; 24
} 25
} 26
B3 C:\WINDOWS\system32\cmd.exe (=l
C:>javac MinMaxDemo.java :EJ

C:>java MinMaxDemo
nin value is al2]1=-235
max value is al31=99

C:y_

-
| | »

Figure 153: Finding the minimum and the maximum values in an array

findMinldx() and findMaxIdx() defined on line 10 and line 18 are used for
finding the index of the minimum and the maximum values in an array
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input to the methods. The minimum value is located by first assuming
that the element at the Ot index is the minimum value, then iterating
through each element and compare each value with the minimum value.
If any element is smaller than the current minimum value, replace the
minimum value with that element. This way, when the comparison has
been performed with every element in an array, the minimum value
obtained in the end is the actual minimum value in that array. The
maximum value is located using a rather similar procedure.

Both the minimum and maximum values can be found using a single
method, if we let the method return an array containing the indexes of
the two values. Each index is placed in each position of the returned
array. This is shown in the program listed below.

public class M nMaxDenp2

{
public static void main(String[] args)
{int [] a = {-128,865,-235,99,0, 26};
int [] idx = newint[2];
idx = findM nMaxl dx(a);
Systemout.printin("mn value is a["+i dx[0]+"]="+a[idx[0]])
Systemout.printin("max value is a["+idx[1]+"]="+a[idx[1]]);
}
public static int [] findMnMaxldx(int [] a){
int k, mnldx=0, maxl| dx=0;
for(k=1; k<a.l engt h; k++) {
if(a[k]l<a[m nldx])mnldx = k;
i f(a[ k] >a[ max! dx]) max!l dx = k;
int [] idx = {m nldx, maxl dx};
return idx;
}
}

In this program, findMinMax() returns an array of two integers in which
the first position contains the index of the minimum value and the
second position contains the index of the maximum value. The elements
in the returned array can then be used accordingly.
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‘String [ ] args’ Demystified

Now that we knows Java syntaxes related to arrays as well as how a
method is defined, it is a good time to look at the expression String []
args appearing in the header of main(). We know from the last chapter
that this expression is the declaration of a local variable to be used inside
the method and the initial value of this variable will be passed along
from the caller of this method. The value copied to this variable args is
an array of String obtained from the command prompt when java.exe is
called in order to execute the program. Elements of this array of String
are called command-line arguments. It is a convenient way to receive the
user’s input without going through implementing custom prompts in the
programs. When a Java program is executed, command-line arguments
will be typed after the program name before the ‘Enter’” key is pressed.
Multiple command-line arguments are separated with whitespaces
before being arranged into an array of String passing along to the main()
method, in which the program’s instructions are contained.

Example 77: Command line summation utility

The following is a simple Java program that takes any number of
command-line arguments and sums them together. We assume that
every argument can be converted to a double value without any
problems.

public class ComrandLi neSum {
public static void main(String [] args){
doubl e sum = 0.0;
for(int i=0;i<args.length;i++){
sum += Doubl e. par seDoubl e(args[i]);
}

System out. println(sum;

O©CoOoO~NOOWNPEF
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Bl C\Windowsisystem32\cmd.exe [ [ o |

=

>javac commandLineSum.java

>java CommandLineSum 8.5 2.7 6.0 -0.7
16.5

>java CommandLineSum 0.5 0.5 0.5

1.5

>

4 By

Figure 154: A program summing numbers read from the command line

Notice that we use args. | engt h to obtain the number of command-line
argument and args[i] to access the element at the i ! index of the array
just similar to other arrays.

Sequential Search

We usually need an ability to search for data of a particular value in an
array. Sequential search is a search algorithm that operates by checking
every element of an array one at a time in sequence until a match is
found. A flow diagram of sequential search can be shown in Figure 155.
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Gearch for k in an array9

A 4

initialize i to the first
index (i =0)

>
)

k is not yet found
andi<a.length

loop exited since K is
found

move to the next index
(i+4)

Y
(kisati,ifi isnot—l)

Figure 155: The sequential search algorithm

Suppose we want to search for a value k in an array a, we start checking
at a[i] when i=0. If a[i] is not k, we increase i by one and repeat the
checking. The process is iterated until a[i] = k, or until there is no more
element in a (i.e. i exceeds a.lengt h- 1). Once the loop is exited, we have
to check whether it is exited because k is found or there are no more
elements to search. If the former case happens, i will still be less than
a.length. If the latter case happens, i will be greater than or equal to
a.l engt h. In this case, we assign -1 to i to indicate that k is not found in a.

A Java method for performing the sequential search for an i nt value k in
an array a could look like the one below.
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public static int seqSearch(int [] a, int k){
int i =0;
int len = a.length;
while(i<len & a[i]!=k){
i ++;

if(i>=len) i=-1;
return i;

Example 78: Sequential search

The following program demonstrates how the sequential search method

can be used.

inmport java.util.Arrays;
public class SeqSearchDenp

public static void main(String[] args)

{int [1 a = {99, 105, 86, 34, 108, 25, 11, 96} ;
Systemout.println("a="+Arrays.toString(a));
Systemout.printIn("86 is found at a["+seqSearch(a, 86)+"]1");
Systemout.printIn("96 is found at a["+seqgSearch(a, 96)+"]");
Systemout.printIn("0 is found at a["+seqSearch(a,0)+"]");

public static int segSearch(int [] a, int Kk){
int i =0;
int len = a.length;
while(i<len & a[i]!=k){
i ++;

if(i>=len) i=-1;
return i;

@ C\Windowshsystem32\cmd.exe =R E S

>javac SeqSearchDemo.java

>java SeqSearchDemo
a=[99, 105, 86, 34, 108, 25, 11, 96]
86 is found at a[2]
96 is found at a[7]
0 is found at a[-1]

>,

4 o7

Figure 156: Demonstration of the sequential search

©CoO~NOOhWNPEF
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In the program, seqSearch() is called on line 7, line 8, and line 9. The
sequential search algorithm is implemented in segSearch() whose
definition is listed on line 11 to line 19.

Selection Sort

Sometimes we need to sort the values appeared in an array. Algorithms
performing the task are called sorting algorithms. Probably the most
intuitive sorting algorithm is selection sort, in which the array is
traversed several times. Each time of the traversal, the maximum or the
minimum element will be identified and placed in its correct position.
Then, the elements that have already been placed in their correct
positions will be ignored in later traversals.

To sort the values in an array increasingly, selection sort works as
follows:

1. Letk be the first position of the array (i.e. k = 0).

2. Find the minimum value of the portion of the array from the kth
position to the last position.

3. Swap the minimum value with the value in the kth position.

4. Increase k by one.

5. Repeat step 2 to step 4 until k reaches the end of the array.
Important points that we can gather from the steps above are:

e If the number of elements in the array is len. The total number of
traversal made is len - 1.

e For the ith traversal (where i runs from 1 to n - 1), the portion of
the array to be traversed is from the (i-1)th (which is the kth)
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position to the (len-1)th position. Therefore, the minimum value
found in the ith traversal is the minimum elements inside that
corresponding portion of the array.

e The value of k is always the position in which the original
element prior to the latest traversal will be swapped with the
minimum value found in that traversal.

e After the ith traversal, the first i slots of the array (from the 0t to
(i-1)th position ) will be sorted.

o After the (len-1)t (last) traversal, the first len-1 slots of the array
is sorted which effectively means that the last single unsorted
element is also in its correct position. Therefore, the sorting can
stop here.

Let’s look at an illustrated example of the sorting of an array a = {1, -2,
4, 3} increasingly in Figure 157.
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;T Traversal #1 |7}~~~ a 0o - 1 2 ____3____‘:
1
k=0 0 ——> 1 [0 [ 4 |3 |
1
) 1
L Kk a o 1 2 3 i
1 minimum among a[ k] to '
1 a[ 3] isa[ 1] 0 . p 1 0 4 3 :
1
I: ”””” ‘[ Traversal # 2 K a 1 2 3 \:
| swap a[ 1] with a[ k] 1 ° » 0 1 4 3 '
|k - " '
) 1
| k a 0 1 2 3 |
! minimum among a[ k] to |
| a3] isal 1 1 o » 0 1 4 3 :
|7 Traversal # 3 ) K a 0 1 2 3 \:
| swap a[ 1] with a[ k] 2 ° » 0 1 4 3 '
|k - " '
) 1
| k a 0 1 2 3 i
1 P
+ minimum among a[ k] to 2 ° » 0 1 4 3 '
v a[ 3] isa[ 3] ,
T e o 1 T2 s
swap a[ 1] with a[ k]
k++ 3 ° » 0 1 3 4

k reaches the end of array

Figure 157: An example of performing the selection sort on an array.
Each traversal only traverses the portion of the array that is not shaded.

If the sorting is to be done decreasingly, the maximum element
associated with each traversal should be located and swapped with the
element in the kth position instead of the minimum element.

Another alternative modification to make the algorithm sorts the
elements decreasingly could be that we still look for the minimum
element but instead of running the value of k from the front of the array
to the back, k should be run from back to front.

The following method is a possible implementation of the selection sort
algorithm on an array of i nt. The method also takes the second input
argument as an argument to select whether the sorting should be
performed increasingly or decreasingly. Note that the method depends
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on other methods that are responsible for finding the position of the
minimum element or the position of the maximum element.

public static void selectionSort(double [] d, bool ean inc){ 1
int i dxToBeSwapped, |en = d.l|ength; 2
doubl e tenp; 3

for(int i=1;i<=(len-1);i++){ 4
int k =i-1; 5
if(inc){ 6

i dxToBeSwapped = findM nldx(d, k) ; 7
}el se{ 8
i dxToBeSwapped = findMaxl dx(d, k) ; 9

10

tenp = d[i dxToBeSwapped] ; 11
d[ i dxToBeSwapped] = d[K]; 12
d[ k] = tenp; 13

} 14

} 15

The selectionSort() method is implemented so that it looks for the
minimum element in the portion of the input array according to a given
traversal and place it at the front of the portion when it sorts the array
increasingly. While it sorts the array decreasingly, the maximum element
is looked for instead of the minimum element. The statement on line 5 of
selectionSort() moves k forward as each iteration of the for loop has
passed. findM nldx(d, k) and findvaxl dx(d, k) are the methods that find
the position of the maximum and the minimum elements in the portion
of the array starting from k to the last element respectively.
Implementations of these two methods are shown below. The statements
on line 11 to line 13 are there to swap the values between the element at
the kth position with the position returned by either findMinldx() or
findMaxIdx().

public static int findM nldx(double [] d,int Kk){
int mnldx = k;
for(int i=k+1;i<d.length;i++){
if(d[i] < d[mnldx]){
mnldx = i;
}
}

return mnldx;

OCoO~NOUAWNBE
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public static int findMaxldx(double [] d,int k){
int maxldx = k;
for(int i=k+1;i<d.length;i++){
if(d[i] > d[ maxldx]){
maxldx = i;
}
}

return maxl dx;

©CoO~NOOAWNE

Example 79: Selection sort

Below is a program that uses the selection sort algorithm to sort the
numbers supplied via the command line with a menu to select the
direction of the sorting. Note that the method definitions of
selectionSort(), findMinldx() and findMaxldx() are similar to what are
presented earlier and are omitted from the code listing in this example.

import java.io.*; 1
import java.util.Arrays; 2
public class Sel ectionSort Consol eUl { 3
public static void main(String [] args) throws | CException{ 4
Buf f er edReader in = 5
new Buf f er edReader ( 6
new | nput St r eanReader (System i n) 7
) 8
bool ean i nput OK = fal se, inc=true; 9
String input; 10
Systemout. println("\nlnput ->"+Arrays.toString(args)); 11
whi | e(!'i nput OK) { 12
System out. print("Sort increasingly"); 13
Systemout.print(" or decreasingly (d/i):"); 14
input = in.readLine(); 15
i f(input.length()==1){ 16
swi tch(input.charAt (0)){ 17
case 'd': 18
inc = fal se; 19
i nput K = true; 20
br eak; 21
case 'i': 22
inc = true; 23
i nput K = true; 24
br eak; 25
defaul t: 26
i nput K = fal se; 27
} 28
} 29

(continued on next page)
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(continued from previous page)

} 30
double [] d = new doubl e[args.|ength]; 31
for(int i=0;i<args.length;i++){ 32
d[i] = Doubl e. parsebDoubl e(args[i]); 33

34

sel ectionSort(d,inc); 35
Systemout.println("Sorted->"+Arrays.toString(d)+"\n"); 36
37

public static void selectionSort(double [] d, boolean inc){.}
public static int findMnldx(double [] d,int k){.}
public static int findMaxldx(double [] d,int k){.}

B C:\Windows\system3Z\cmd.exe =

>javac selectionsortConsoleUI.java

>java selectionsortcConsoleuI 8.0 -2.5 -5.0 1.0 9.0
Input -»[8.0, -2.5, -5.0, 1.0, 9.0]

Sort increasingly or decreasingly (d/i):i
sorted->»[-5.0, -2.5, 1.0, 8.0, 9.0]

>java SelectionSortConsoleUI 8.0 -2.5 -5.0 1.0 9.0
Input ->[8.0, -2.5, -5.0, 1.0, 9.0]

sort increasingly or decreas-mg'ly (d/i):d
sorted-»[9.0, 8.0, 1.0, -2.5, -5.0]

Figure 158: A program utilizing the selection sort to sort its inputs

This program reads the data to be sorted from the command line and
prompts for whether the user would like to sort the data increasingly or
decreasingly. After checking the user’s choice, it then converts each
element in args into a double value and put it in an array of double
which is consequently sorted by the selectionSort() method.
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Multi-dimensional Arrays

An element contained in an array can be another array itself. An array in
which each element is another array is called multi-dimensional array.
Figure 159 illustrates an array of arrays of integers, or a two-dimensional
array of integers.

a a[ 0] a[1] a[ 2] a[ 3]

o oo a[0][0] a[0][1] a[0][2] a[0][3]

A 4

0 0 0 0

\4

a[1][0] a[1][1] a[1][2] a[1][3]

0 0 0 0

\4

a[2][0] a[2][1] a[2][2] a[2][3]

0 0 0 0

\4

a[3][0] a[3][1] a[3][2] a[3][3]

L 3| o 0 0 0

Figure 159: An array of arrays of int

A multi-dimensional array of a certain data type is declared by inserting
pairs of [] after the data type specification. The number of [] equals the
dimension of the array. Consider the following statements.

String []J[] arrayOfString;
double []J[][] a3DArray;

The first statement declares a variable named arrayOfString as a two-
dimensional array of String. The other statement declares another
variable named a3DAr r ay as a three-dimensional array of doubl e.

The following statements show how to declare and initialize multi-
dimensional arrays with default values according to their data types.

int [1[] k = newint[3][5];
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boolean []J[]1[] p = new boolean[2][2][2];

The first statement declares a variable k and assigns to it a reference to an
array of length 3, each of whose elements is a reference to an array of five
integers. All elements in the arrays of integers are initialized to 0.

The second statement declares a variable p and assigns to it a reference to
an array of length 2, each of whose elements is a reference to a two-
dimensional array of bool ean value of the size 2 x 2. All bool ean values
are initialized to f al se.

Figure 160 shows an illustration of the variable p.

p pLO] p[1]
. > o [ @
pL11[0] p[1][1]
| o ) pl1][1][0] p[1][1][1]
fal se fal se
p[1][0][0] p[1][0O][1]
+ fal se fal se
PLO][0O] p[ O] [1]
L | o ° plOJ[1]1[0] p[O]J[1][1]
fal se fal se
P[OJ[0][0] p[O][O][1]
+ fal se fal se

Figure 160: A three dimensional array of boolean

Initializer Lists for Multi-dimensional Arrays

Nested initializer lists can be used to initialize a multi-dimensional array
with values other than the default value. For example, the statement:
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int [1[] k = {{1,2},{3,4,5},{8,10, 12, 14}};

initializes the variable k to refer to an array of three elements, where the
first element is an array of two i nt values {1, 2}, the second element is an
array of three i nt values {3, 4, 5}, and the last element is an array of four
i nt values {8, 10, 12, 24} .

To access elements in k, we use these indexing mechanisms:

k : refers to the whole two-dimensional array of i nt .
k[ 0] : refers to the array {1, 2}.

k[ 1] : refers to the array {3, 4, 5}.

K[ 2] : refers to the array {8, 10, 12, 14}.

k[i]1[]j] : refers to thej th element of k[i].
E.g. k[0][1] equals 2, k[ 1][ 0] equals 3, and k[ 2] [ 3] equals 14 etc.

The following statement shows an example of using an initializer list to
initialize a three-dimensional array of String.

Stri{ng (1011 s =
{{“Hanmburg”,”Berlin”,”Minich"},{“Paris”,"Dijon"}},
{{“Hanoi "}, {“Bangkok”, " Chi ang Mai "}}

i

Being initialized this way,

s : refers to the whole three-dimensional array of String.
s[ 0] : refers to the two-dimensional array {{*Hanburg”,
"Berlin”, "Munich"}, {“Paris”, "Dijon"}}.
s[1] : refers the two-dimensional array
{{“Hanoi "}, {“Bangkok”, " Chi ang Mai "}}
s[0]]0] : refers to the array {“Hanburg”, “Berlin”, ”Mnich"}.
s[0][1] : refers to the array {“Paris”, "Dijon”}.
s[1][0] : refers to the array {“ Hanoi "} .
s[1][1] : refers to the array {“Bangkok”, " Chi ang Mai "}.

s[i1[j]1[k] : refers to the kth element of s[i][j].

E.g.s[0][1][1] equals“Dijon”,s[1][1][0] equals“Bangkok”, and etc.
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Example 80: Lengths of multi-dimensional arrays

Let’s look at an example program demonstrating the indexing of multi-
dimensional array. Nested f or loops are used for browsing through each
level of the three-dimensional array of i nt named a. Pay attention to the
lengthof a[i],a[i][j] and the value of eachint valuea[i][j][k].

public class ArraylLengt hDeno 1
2

public static void main(String[] args) 3
{ 4
int [1[][] a = {{{1,2,3},{4,5},{6}},{{7, 8}, {9}}}; 5
System out . prlntln( a.length = "+a.length); 6

7

for(int i=0;i<a.length;i++){ 8
Systemout.println("a["+i +"].length = "+a[i].length); 9

10

for(int j=0;j<a[i].length;j++){ 11
Systemout.print("a["+i+"]["+ +"].length = "); 12
Systemout.printin(a[i][j].!ength); 13

14

for(int k=0;k<a[i][]j].!ength; k++){ 15
Systemout.print("a["+i +"]["+ +"]["+k+"]="); 16
Systemout.print(ali][j][k]l+", "); 17

} 18
Systemout.println(); 19

} 20

} 21

} 22
} 23

The output of the program should prints the following text.

a.length = 2
a[0].length = 3

[

a[0][0].length = 3
a[0][0][0]=1, a[O][0][1]=2, a[0][0][2]=3,
a[0][1].length = 2
a[0][1][0] =4, a[0][1][1]=5,
a[0][2].length =1

a[ 0] [2] [ 0] =6,
a[1].length = 2
a[1][0].length = 2
a[1][0][0]=7, a[1][0][1]=8,
a[1][1].length =1
a[1][1][0] =9,
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Readers should try to draw a picture of the array referred to be the
variable a from the initializer list on line 5 and see whether it is consistent
with what are printed out by the program in this example.

Let’s finish this chapter with a program that solves a matrix-related
calculation which Science and Engineering students will surely come
across in college.

Example 81: The nth power of a matrix

We would like to write a program that can calculate the result of A"
where A is a square matrix and 7 is a positive integer.

Problem definition: The program needs to calculate the n™h power of a
matrix whose elements, as well as the value of n, are specified by the
user.

Analysis: Elements of A and the power n should be read from keyboard.
The result of the calculation should be shown as the output on screen.

Design:

e The user must specify the size of the square matrix A via
keyboard. The dimension will be kept in an i nt variable named
dim

e Elements of A will be kept in a two-dimensional array named a.
With the size of A known, the program should iteratively
prompt the user to input elements of A one by one. Each element
will be stored in a.

e The program prompts the user to enter n via keyboard. The
input will be kept in n.

e Akcan be calculated from AIxA fork=2, 3, 4, ..., n. That
means A" can be calculated by iteratively multiply A with the
result of the multiplication prior to the current iteration. After
each iteration of the multiplication, use another two-dimensional
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array named b to store A1 Also, use another two-dimensional

array named c to store the result.
n

To calculate C = BxA. Use the relation: ¢;; = Z bikakj
k=1

Show each element of A" on screen.

Implementation:

import java.io.*;
public class MatrixPower

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

{

}

double [][] a, b, c;
int dim n;
Buf f er edReader stdin =
new Buf f er edReader (
new | nput St reanReader (Systemin));

Systemout.print("Enter matrix size:");
di m = I nteger. parsel nt(stdin.readLine());

a = new doubl e[dini[dini;
b = new doubl e[dini[dini;
¢ = new double[dinm[din;
for(int i=0;i<dini-++){
for(int j=0;j<dimj++){
Systemout.print("a"+(i+1)+(j+1)+"=");

a[i][j] = Doubl e. parseDoubl e(stdin.readLine());

}

Systemout.print("Enter n:");

n = Integer.parselnt(stdin.readLine());
b = a;

for(int k=1;k<n; k++){
c mul t SgMat ri ces(b, a);
b C;

}

showMat ri x(c);

public static double [][] multSgMatrices(

double [][] b,double []1[] a){

OCoO~NOULAWNBE
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(continued from previous page)
int dim= b.length;
double [][] ¢ = new double[din][dini;
for(int i=0;i<dinyi++)
for(int j=0;j<dinj++)
for(int k=0; k<di m k++)
clillj] = clill[jl+bli][kI*a[k][j];
return c;

}

public static void showvatrix(double [][] c¢){
int nRows = c.length;
int nCols = c[0].length;
for(int i=0;i<nRows;i++){
for(int j=0;j<nCols;j++){
Systemout.print(c[i][j]+"\t");
}

Systemout.printin();

Program testing: Figure 161 shows some screenshots when the program

is executed with some data.

SE——

B 2 B B C\Windows\system32iemd [ B ] B CAWindovwsisysemiemd e L] B i
>javac MatrixPower.java :| >java MatrixPower ll >java MatrixpPower j
Enter matrix size:2 | Enter matrix size:3
=java MatrixPower all=1 all=1l
Enter matrix size:2 al2=0 al2=2
all=2 a2l1=0 | al3=1
alz=1 az22=1 a21=0
a21=0 Enter n:20 azz=0
a22=3 1.0 0.0 [} | a23=3
Enter n:3 0.0 1.0 ail=1
8.0 19.0 a32=2
0.0 27.0 =3 a3i3=2
Enter n:2
> | 2.0 4.0 9.0
' o <f 3.0 6.0 6.0
Y E— 2] Lt Bej J R 6.0 11.0
> =}
4l [

Figure 161: Some outputs of a program finding powers of matrices

Let’s try computing the square of the matrix input to the program in the

left of Figure 161.
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(8
10

[2x2+1x0 2x1+3x1[2 1
|0x2+3x0 0x1+3x3

0 3

512 1| [4x2+5x0 4x1+5x3
9}{0 3}{ox2+9xo 0><1+9><3}
19
27}

Also, the input in the second screenshots shows the case when the
identity matrix is raised to the power of 20 which also results in the
identity matrix. It is left to the readers to verify the third case.

Anyway, the program seems to work well. Please be reminded that
precisely testing the program for its logical correctness is beyond the

scope of this book.

Exercise

1. Show how to declare variables corresponding to the following:

me N o

An array of int.

An array of bool ean.

An array of String.

An array of arrays of doubl e.

A two-dimensional array of Rectangle.
A three-dimensional array of char.

2. Declare and initialize arrays corresponding to the following:

a. Anarray of 20 i nt values.

b. An array of double where its length equals the length
of an array of i nt called b.

c. An array of bool ean where its first three values are
true and the other two are false.

d. An array of String containing the names of the seven
days in a week.

e. An array containing an array of 1.0, 2.5, 3.0, and
another array of 2.5, 3.0, 4.5.
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f. A two-dimensional array suitable for representing an
identity matrix of the size 3 x 3

Is it valid to create an array where each element is an array
whose length is different from the lengths of other elements in
the same array.

Determine the output of the following code segment.

int [] a =newint[10];

a[l] = 2;

a[ a. | engt h- 1] =8;

for(int i=0;i<a.length;i++){
Systemout.print(a[i]+"\t");

}

Determine the output of the following code segment.

int [] a =newint[10];
for(int i=0;i<a.length-1;i++){
ali] = a[++i]+i;

for(int i=0;i<a.length;i++){
Systemout.print(af[i]+"\t");
}

Determine the output after main() is executed.

public static void main(String[] args) {
int k =1,
int [] a={10,11, 12,13, 14};
f(k,a);
System out . println(k);
showAr rayCont ent (a) ;

}
public static void f(int k,int [] b){
if (k >= b.length) return;
for(int i=k;i<b.length;i++){
b[i]=b[b.length-i];

k = 0;
public static void showArrayContent(int [] a){

for(int i=0;i<a.length;i++)
Systemout.printin(ali]);



10.

11.

Write a method that receives an array of i nt and returns the
sum of every element in the array.

Write a method that evaluates the value of a polynomial
function p(x) at given values of x. The function is of the form
CnX"+ Cpax™+. ..+ ¢o. The method header is given as:

public static double [] p(double [] x, double [] coeff)

The kth element in coeff is corresponding to the cx. Each
element in the returned array of doubl e is the value of p(x)
evaluated at x being the value of the element in x at the same
index.

Write a method called findRep() whose header follows:

public static int findRep(int [] a, int target, int nRep)

The method finds whether a contains nRep consecutive
elements whose values equal t ar get or not. If so, it returns the
position of the first element whose value equals target.
Otherwise, it returns -1. For example, if a contains 6, 8, 9, 9, 9,
3,9, 2,0 findRep(a, 9,2) and findRep(a,9,3) return 2, while
findRep(a, 9,4) and fi ndRep(a, 10, 1) return -1.

Write a method that sorts an input array of i nt in place (i.e.
the elements in the original array are sorted. There is no new
array resulted from the sorting). There must be another
parameter determining whether to sort this array increasingly
or decreasingly.

Every method in this problem receives two arrays of i nt as their
input parameters.

a. Write combine() which returns a new array whose
elements are taken from both input arrays and their
orders are preserved starting from the elements from
the first input array followed by the ones from the
second.

b. Write union() which returns a new array whose
elements are unique elements taken from both input
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12.

13.

14.

15.

16.

arrays. The elements of the output array should be
sorted increasingly.

c. Write intersect() which returns a new array where
every elements in the array must be unique and
appear in both input arrays. The elements of the
output array should be sorted increasingly.

d. Write subtract() which returns a new array whose
elements are unique and appear in the first input array
but not in the second one. The elements of the output
array should be sorted increasingly.

e. Write xor() which returns a new array whose elements
are unique and appear in either one of the input arrays
but not both. The elements of the output array should
be sorted increasingly.

Suppose that two arrays of i nt are said to be equal if they have
similar lengths and every elements in the same positions of the
two arrays are equal. Write a method called isEqual() which
returns t r ue if its two input arrays equal and f al se otherwise.

Repeat the previous problem in the case where positions do
not matter, i.e. the two arrays are said to be equal if their
elements form sets with similar members.

Write a method that receives an array of String , together with
a String and returns true if there is at least one element of the
input array that contains or equals the other String input.
Otherwise, it returns f al se.

Explain why the following code segment lead to a failed
compilation.

final double RANGE = 200;
int step = 12, k=6;
int [][] a = newint[(int)(RANGE/ step)][Kk];
for(int i=0;i<a.length;i++)
a[i] = newint[2][2];

What is the output of the following code segment?

String [1[][] x = new String[5][6][7];
System out. println(x.length*x[2].]ength);



17. One way to represent a black-and-white image is to store
bool ean values in a two-dimensional array, p. p[i][j] is true if
the pixel in the i t row and j * column is black. Similarly, it is
f al se if the corresponding pixel is white.

Write a method:

public static bool ean drawRect(boolean p, int x, int vy,
int width, int height, int ink)

If ink equals 0, the method draws a white rectangle whose
topleft corner locating at p[ x] [y] . Its width and height are the
values of width and hei ght respectively. If i nk equals 1, the
method draws a black rectangle instead. If i nk equals -1, the
drawing is done in a way that every pixels of the rectangle
drawn by the method are toggled from white to black, or black
to white. The following array demonstrate an example of p
after performing drawRect (p, 2, 2, 3,4, 1) on an all-white array
p whose size is 10x10.

plo] [0 —

pl2][2] =

The method returns true if the drawing is performed
successfully. It returns false and does not perform any
drawing when at least one of the following situations take
place:

e The value specified by ink is not -1, 0, ir 1.

e  The specified topleft corner does not fall in the vicinity
of p, i.e. the value of x, y or both is not in the range of
the array.

e The rectangle exceeds the vicinity of p.

271



272

18.

19.

Repeat the previous problem. However, this time, the method
should attempt to draw the specified rectangle even though
the topleft corner does not fall in the vicinity of p or the whole
rectangle does fit in p.

For example, if p and q are of the size 8x8 and initially all
zeros. drawRect(p,5,5,2,5,1) and drawRect(q,-2,-2,4,4,1)
would result in the following arrays.

pLO] (0] alol[ 01/=.

pLSI 151t ]
[ | ||
L[]
In a seat reservation program of an airline, the seating chart of
an airplane is represented using a two-dimensional array,
seats. The array seats[i][j] contains the name of the
passenger who has reserved the seat number j in the i +1th
row, where j is 0 for the seat number A, j is 1 for the seat
number B, and so on. seats[i][j] stores null if the seat is
vacant. Note that different airplanes may have different
numbers of rows. However, assume that the number of seats
in each row on the same airplane is constant.

Write methods, that have one of their input arguments being
the array seats, for performing the tasks in the following
items. Decide on the names, their input arguments, and their
returned values appropriately.

a. Showing seating chart, labeled with row and seat
numbers, by using *. ” to represent a vacant seat and ‘X’
to represent a reserved seat. An example of the seating
chart could by like the one shown below.



ABCDEFGHI LKL
1 XXX. .. ... XXX
2 X X .
3 X X . .o
4 X X X X
5
6
7 XXX X.
8
9
10
11
12

If the caller of the method does not wish to see seating
of every rows, the caller can indicate the range of the
rows wished to be shown by specify the row numbers
of the first row and the last row to be shown.

Adding a passenger name to a selected seat. It returns
true if the operation is successful, and return f al se if
the selected seat is not empty. Given that the selected
seat is specified in the form of a String in the form:
“[row number]-[seat number]”’, such as “1-A”, “25-E”,
and “36-1". The method also checks whether the
specified seat is in the valid range. Unless the specified
seat is in the range of the array seat s, the method does
nothing and returns f al se.

Removing the passenger at a specified seat.

Searching for the seat reserved by a passenger by
his/her name. The method returns the String
representing the seat location or null if there is no
passenger of the given name. Assume that each
passenger can occupy only one seat at a time.

Counting the number of seats available in each row.
The method returns an array of i nt where the value at
the it index contains the number of available seats in
the i+1th row.
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Searching for available n consecutive seats in the same
row. The method returns the String representing the
left-most seat location of the available n consecutive
seats in the front-most row that has such availability.
If there is no such availability the method returns nul I .

Randomly relocating passengers in the seating chart.
Each passenger must be assigned a seat not conflicting
with other passengers. The method returns the
randomized seating as its output, while the input
seating stays intact. (This method is not going to be
useful for any functioning airlines!)



Chapter 10: Recursive Problem
Solving

Readers should
e Be able to explain the concept of recursive definition
e Be able to use recursion in Java to solve problems

Recursive Problem Solving

To solve a problem using the recursive problem solving technique, we
break that problem into identical but smaller, or simpler, problems and
solve those smaller problems to obtain a solution to the original one. For
example, we can find the summation of integers from 0 to a positive
integer n by finding the summation of integers from 0 to a positive
integer n-1 first then add to that result the integer 1 to obtain the result of
the original problem. Finding the summation of integers from 0 to a
positive integer n-1 is considered a similar to but smaller problem than
finding the summation from 0 to n. Also, we know that if n equals 0, the
result is just zero.

The following example implements the above idea in a Java method.

Example 82: Positive integer summation

Mathematically, we can write the summation of the first n positive
integers as:

s(n)=s(n-1)+n

where s(n) is the summation of integers from 0 to n for any positive
integer n. Also, we know that s(0) = 0.
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A Java method for finding such a summation could be written in a
recursive fashion as in the following code segment.

public static int s(int n){
i f(n==0) return O;
return s(n-1)+n;

A WONBRE

}

In the body of s(), we can see that the method call itself but the input
parameter used is smaller every time the method is called. If n equals 2,
s(2) calls s(1), wait for the value to be returned from the method, and
adds n, which is now 2, to the returned value before returning the result
to the caller. In a similar fashion, once s( 1) is called, it invokes s(0), wait
for the value to be returned from the method, which is 0, and adds 1 to
the returned value before returning the result to the s(2).

The invocation explained can be depicted in the following picture.

:\/ s(2)
R\
‘\\ 1 s(1)
s(1)+2 ® .
" :\/ s(0)

s(\O) +1

Figure 162: Finding s(n)=s(n-1)+n where n=2 recursively

Now let’s apply the idea of the recursive problem solving to finding the
factorial function.

Example 83: Factorial function

The factorial function of n, written as n!, which is the product of the first
n positive integers can be described as:
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e 1 if n=0
" nx(n-)x..x1 ifn>0

From the definition of the function, (n - 1) x (n - 2) x ... x 1is (n - 1)!.
Therefore, the definition above can be rewritten as:

1 if n=0
nx(n-DH! ifn>0

Again, n! can be solved recursively from (n-1)! and we know that 0! is 1.
A Java method that can find n! recursively can be written as the
following code segment.

public static int factorial (int n){

if(n==0) return 1,
return factorial (n-1)*n;

A WNPE

}

As we can see from line 3, given an input n, the method call itself but
with an input one which is one smaller than the original. When the input
reaches 0, the method just returns a value without further recursively
calling itself.

The picture below depict the method invocation of factori al (4).

X/ factorial (4)
S-. _a
RN 6 factorial (3)
factorial (3)*4
factorial:(2)*3 > 2 factorial (2)

factorial (1)*2

1
factorial (1) A
1

factorial (0)*1

factorial (0) 1

Figure 163: Finding 4! recursively
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Solving the two problems shown in Example 82 and Example 83 can also
be done using iterative constructs such as for loops. You should try
writing the methods shown above using iterative approach and compare
them with the recursive approach in various aspects, such as their
lengths, their implementation complexity, as well as the difficulty in
coming up with the solutions via both approaches.

Recursive Method Design

In earlier examples presented in this chapter, we use methods containing
statements that call themselves in order to implement the recursive
problem solving idea. These methods are called recursive methods.

A recursive method must have two parts. The first part determines the
case where the recursive method invocation terminates. Cases where this
part occurred are called the base cases. The other part recursively calls
itself, but with simpler parameters. Cases where this part occurred are
called the recursive cases. Each time the method is recursively called the
parameters must be made simpler and must move towards the base
cases. Failure to terminate recursive methods either from the missing of
the base cases or the recursion never falls into the base cases results in an
infinite recursion when the method is called during its associated program
execution.

Example 84: Iterative to recursive

Implement the following method using the recursive approach.

public static int f(int n){ 1
int a=0, b=0, ¢c=0,1i =0 2
whi | e(i <n){ 3

c =0 4
b = g 5
a = 2*b+3*c+1; 6
i ++; 7
} 8
return a; 9
} 10
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Let’s first analyze the method for the base cases. Notice that the method
returns the value of a which is initialized with 0 and it will never be
changed if the program flow does not go into the whi | e loop on line 3 to
line 8. Such a condition is when the value of i is not less than n, which
also means that the input n is greater than or equal to i. Therefore, the
condition for the base cases which are cases when the program can
return a value right away should at least include these cases and the
value returned in the initial value of a which is 0.

Now, we turn to analyzing the while loop. Given the input n being a
positive integer, statements inside the while loop will be performed n
times. Figure 164 shows how the values of a, b, and ¢ change as i
increases. Notice that the value of a after the kth iteration is the result of
the method when the method’s input n is k. Also, the value of b in the kth
iteration is the value of a in the (k- 1) st iteration and the value of ¢ in the
kth iteration is the value of a in the (k- 2) st iteration. Therefore, in the kth
iteration, the statement a = 2*b+3*c+1; states that is the result of the
method when the method’s input n equals k is the summation three
values which are:

e two times the result of the method when the method’s input n
equals k-1,

e three times the result of the method when the method’s input n
equals k- 2, and

e theinteger value of 1.
Consequently, the resulting iterative method could be written as:

public static int f(int n){
i f(n<=0) return O;
return 2*f(n-1)+3*f (n-2)+1;
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After the 1st iteration 1 1 0 0
i a s b ¢
4 4
After the 2nd iteration 2 3 1 0
i a s b ¢
4 4
After the 3d iteration 3 10 3 1
i a s b ¢
4 4
After the 4t iteration 4 30 10 3
i a s b ¢
4 4
After the 5t iteration 5 91 30 10
Y 4

Figure 164: How variables change when the loop keeps iterating

Example 85: Fibonacci numbers

The Fibonacci numbers form a sequence of integer defined recursively by:

0 ifn=0
F(n)=41 if n=1
Fn-)+F(n-2) ifn>1
where F(n) is the nth Fibonacci number for every non-negative integer n.
Therefore, the Fibonacci sequence is 0,1, 1, 2,3, 5, 8, 13, 21, 34, 55, 89, ... .
The Fibonacci numbers model many things in nature, such as branching

in trees and arrangement of pine cones.

The following Java program prints out the first 20 Fibonacci numbers
with the use of a recursive method fibo().

280



public class Fi boDenp

{
public static void main(String[] args)
{ final int n = 20;
for(int i=0;i<20;i++)
Systemout.print(fibo(i)+",");
System out. printlin();
public static int fibo(int n){
if(n<=0) return O;
if(n==1) return 1;
return fibo(n-1)+fibo(n-2);
}
}

B C:\WINDOWS\system32\cmd.exe

©CoO~NOOAWNE

:»javac FiboDemo. java

:>java FiboDemo

S1,.1.2,3,5,8,13,21,34.55,8%.144.233,.377.610,.987,1597,2584. 4181,

B

Figure 165: Finding Fibonacci numbers

The following picture depicts the invocation of fibo() in finding fi bo(4).
The numbers listed in solid circles indicate the order of method

invocations and value returning.
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1 .

‘ fibo(1)
. fibo(2)

2 fibo(3) . D— fi bo(0)
3 9 fibo(1
1 i bo(1)

fibo(4)
1 fibo(1)
X@_l/ fibo(2)

fi bo(0)

Figure 166: Recursively invoking methods to find fibo(4)

Costs of Recursion

A recursive method accomplishes its task by successively calling itself.
Therefore, there are many invocations of method involved. As we have
discussed in Chapter 8, the mechanism of method invocation consists of
steps such as copying values of the input variables to the local variables
of the method, and copying the returned values from inside the method
to the caller. These steps make method invocation relatively
computationally expensive compared to evaluating expressions and
looping through sets of statements using iterative constructs.

Furthermore, each time a recursive call is made, a certain amount of
memory must be allocated. For a recursive method that makes very deep
recursions, a large amount of memory is required.

Consider fibo() in the previous example. We can see that to find fi bo(4),
8 method invocations are made, and the recursion goes 3 level-deep. For
an input value of more than 30, there are more than 1 million method
invocations made, and the depth can be more than 30 levels.
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Does this mean we should avoid recursive algorithms? No, it does not.
Sometimes, the easiest and the least error-prone ways to write programs
for solving some problems are recursive methods. Sometimes, an
iterative approach is much more difficult than the recursive ones. The
examples that we have discussed so far might not serve as a good
example to this claim. However, solving the “Towers of Hanoi” problem
presented later in this chapter should serve as a convincing example. Try
solving it using an iterative approach.

Reducing Numbers of Method Calls

Sometimes we can redesign our recursive methods so that the numbers
of times the methods are invoked can be reduced. One trick is to
introduce a storage variable, possibly an array variable, which stores the
values returned by a method when it is invoked with a set of input
values. Then, at any given time that the method is to be invoked in order
to be evaluated for its returned value based on its corresponding set of
input arguments, the program should check the stored values in the
storage variable first and see whether the method with that input has
been called and evaluated before or not. If such a value has already been
stored in the storage variable, that value can be used right away instead
of having to invoke the method again.

The example on Fibonacci numbers are revisited below. This time, we
will apply the trick mentioned just above in order to reduce the number
of method calls.

Example 86: Fibonacci numbers revisited

Let’s revisit the method fibo() presented previously. Most of the time,
calculating the nt Fibonacci number involves redundant method
invocations. For example, from the diagram showing method invocation
in fibo(4), we can see that fibo(2) and fibo(0) are called twice, while
fibo(1) is called three times. An alternative implementation that should
save some numbers of method invocation is to introduce a variable
storing previously computed values of Fibonacci numbers. If desired
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Fibonacci number has been computed earlier, the program should read
from the stored values instead of making a method call.

The following program computes the n™ Fibonacci number using the
method fibo() which is the same as in the previous example, and the
method fiboNew() in which an array of i nt is used for remembering the
Fibonacci numbers that have already been computed. A println()
statement is added into both fibo() and fiboNew(), so that it prints a
message whenever the method is called. The number of message printed
determines how many times each method is called. (To count how many
times each method is called, we could introduce static variables used for
storing the counts of method invocations. However, static variables have
not been discussed until the next chapter.)

i nport java.io.*; 1
public class Fi boDenp2 2
3
public static void main(String[] args) throws | OException 4
{ Buf f er edReader stdin = 5
new Buf f er edReader (new | nput St r eanrReader (Systemin)); 6
Systemout.print("Enter n:"); 7
int n = Integer.parselnt(stdin.readLine()); 8
Systemout.println("---Using fibo()------------ ") 9
Systemout. println("F("+n+")="+fibo(n)); 10
Systemout.printin("---Using fiboNew()--------- ") 11
System out. println("F("+n+")="+fi boNew(n)); 12
} 13
14
15
public static int fibo(int n){ 16
Systemout.println("fibo("+n+") is called."); 17
if(n<=0) return 0; 18
if(n==1) return 1, 19
return fibo(n-1)+fibo(n-2); 20
} 21
22
23
24
public static int fiboNew(int n){ 25
int [] remenber = new int[n+1]; 26
for(int i=0;i<=n;i++) remenber[i]=-1; 27
return fiboNew(n,renmenber); 28
} 29
public static int fiboNew(int n,int [] r){ 30
Systemout. printIn("fi boNewm"+n+") is called."); 31
i f(n<=0){ 32

(continued on next page)
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(continued from previous page)
r[ 0] =0;
return r[0];

}
if(n==1)
r[n]=1;
el se
r[n]=(r[n-1]==-1?fi boNew(n-1,r):r[n-1])

+ (r[n-2]==-1?fi boNew(n-2,r):r[n-2]);

return r[n];

B C:\WINDOWS\system32\cmd.exe

BEE

C:>javac FiboDemo2.java

C:>java FiboDemo2

[Enter n:6

———Using fibo()})————————
fibo{6> is called.

£ibo(5> is called.

fibo{4> is called.

£ibo(3> is called.

£ibo(2)> iz called.

fibo{1> is called.

Fibo(A> iz called.

fibo{1> is called.

£ibo(2> is called.

fibo{1> is called.

£ibo{B> is called.

£ibo(3)> is called.

£ibo{2> is called.

fibo{1) is called.

fibo{B> is called.

fibo(l> is
fibo(4) is
fibo{3> is
Fibo(2) is
fibo{1> is
fibo(A) is
Fibo{1> is
fibo(2> is
fibo{1) is called.

fibo<B> is called.

FC6>=8

———Using fiboNew{()—————
fiboNew(6? is called.
fiboNew(5)> is called.
fiboNew(4> is called.
fiboNew(3) is called.
fiboNew(2> is called.
FiboMew(l) is called.
fiboNew(B> is called.
FC62=8

called.
called.
called.
called.
called.
called.
called.
called.

C:>

‘ |

5

Figure 167: Comparison of invoking fibo() and fiboNew/()

From Figure 167, we can see that finding the 6th Fibonacci number using
fibo() requires more than three times as many method invocations as it is

required in the case of using fiboNew().
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Example 87: The towers of Hanoi

The Towers of Hanoi is a puzzle invented in the late nineteenth century
by the French mathematician Edouard Lucas. The setting of this puzzle
consists of three pegs mounted on a board together with disks of
different sizes. Initially, these disks are placed on the first peg (peg A) in
order of their sizes, with the largest one on the bottom and the smallest
one on the top, as shown in the picture below. The goal of this puzzle is
to move all disks from their initial locations on Peg A to PegB. However,
a valid move in this puzzle must obey two rules:

¢ Only one disk can be moved at a time, and this disk must be top
disk on a tower.
e Alarger disk cannot be placed on the top of a smaller disk.

Peg A Peg B Peg C

—_— —

Figure 168: The initial setting of the towers of Hanoi puzzle
Here, we would like to develop a program that finds the moves
necessary to complete the puzzle with n disks, where n is a positive
integer.
Let’s try making the list of the necessary moves for some small values of

n.
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Starting from n = 1, the only move needed is to move the disk from Peg
A to Peg B.

For n = 2, let’s call the smaller disk Diskl and the other disk Disk2. The
moves needed are:

e Move Diskl from Peg A to Peg C.
e Move Disk2 from Peg A to Peg B.
e Move Diskl from Peg C to Peg B.

For n = 3, the steps needed to complete the puzzle start from performing
the moves required to move the top two disk from Peg A to Peg C using
a similar set of moves used in solving the puzzle with n=2, but from Peg
A to Peg C instead of to the final destination, Peg B. Then, move the
biggest disk from Peg A to Peg B. Finally, we can again use the set of
moved used in moving two disks from one peg to another peg to move
the two disks left on Peg C to Peg B. Therefore, the puzzle is solved for n
=3.

It is easy to notice that to solve the puzzle for any n, the move list starts
from the moves required to move the top n-1 disks from one peg to
another, which is from Peg A to Peg C, then a move that takes the largest
disk from Peg A to Peg B, and, finally, another set of moves required to
move n-1 disks from one peg to another which, this time, is from Peg C
to Peg B. Therefore, for any n, the problem can be solved recursively,
starting from the case where there is only one disk.

Naming the disks from top to bottom with Diskl, Disk2, to Diskn, the
following Java program, making use of a recursive method, produces the
required move list in the following format:

Move [disk] from[origin peg] to [destination peg].
Here is the program listing.

import java.io.*;
public class Tower O Hanoi Denp

A WN B

public static void main(String[] args) throws | OException
(continued on next page)
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(continued from previous page)
{ Buf f er edReader stdin = 5
new Buf f er edReader (new | nput St r eanrReader (Systemin)); 6
System out. print("Enter nunber of disks:"); 7
8

int n = Integer.parselnt(stdin.readLine());

nmove(n,"A","B","C"); 9
} 10
public static void nove(int n, 11
String orgPeg, String destPeg, String ot her Peg) { 12
String step; 13
i f(n<=1){ 14
step = "Move Diskl fromPeg "; 15
step += orgPeg+" to Peg "+dest Peg; 16
System out. println(step); 17
}el se{ 18
nmove( n- 1, or gPeg, ot her Peg, dest Peg) ; 19
step = "Move Disk"+n+" from Peg "; 20
step += orgPeg+" to Peg "+dest Peg; 21
System out. println(step); 22
nmove( n- 1, ot her Peg, dest Peg, or gPeg) ; 23
} 24
} 25
} 26

In the program, it is amazing in a sense that, apart for statements dealing
with the user input, there is only one statement, nove(n, “A’, “B’, “C’),
calling a recursive method that is needed for solving the Towers of
Hanoi puzzle, no matter how big the value of n is.

The move() method is defined so that it takes four input arguments. The
first one is the number of disks, n, while the others are the names used to
call the peg where all the n disks are located at the moment where the
method is invoked, or gPeg, the peg which is the destination of the n disks
of interest, dest Peg, and the other peg, ot her Peg.

The base case of the move() method is when the number of disk reaches 1.
In that case, the move needed is to move that disk from orgPeg to
dest Peg. For the recursive cases with k disks, the operation is divided into
three subtasks.

The first subtask is to move Disk1 to Diskk-1 from orgPeg to ot her Peg.

This can be done simply by calling move() again but with input
parameters being set properly.
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The second subtask is to move the bottom-most disk, Diskk, from or gPeg
to dest Peg. The last subtask is to move Disk1 to Diskk-1 from ot her Peg to
dest Peg. Again, this last subtask can simply be done by calling move()
again but with input parameters being set properly.

B C:\WINDOWS\system32\cmd.exe -8 =

-
:2javac TowerOfHanoiDemo. java I—1

:2java TowerOfHanoiDemo
nter number of disks:1
ove Diskl from Peg A to Peg B

:2java TowerOfHanoiDemo

nter number of disks:2 :

ove Diski from Peg A to Peg C Moves obtained by solving the
ove Disk2 from Peg A to Peg B 3 3

ove Diskl from Peg C to Peg B prOblem with 2 disks.

:2java TowerOfHanoiDemo
nter number of disks:3

love Diskl from Peg A to Peg B

ove Disk2 from Peg A to Peg C .

ove Diskl from Peg B to Peg C Moves obtained by solving the
ove Disk3 from Peg A to Peg B bl ith 2 disk

ove Diskl from Peg C to Peg A pro em wit 1SKs

ove Disk2 from Peg C to Peg B

ove Diskl from Peg A to Peg B

:2java TowerOfHanoiDemo
nter number of disks:4

AN

ove Diskl from Peg A to Peg C

ove Disk2 from Peg A to Peg B

ove Diskl from Peg C to Peg B

ove Disk3 from Peg A to Peg C :

ove Diski from Peq B to Peg A Moves obtained by solving the
ove Disk2 from Peg B to Peg C 3 3

ove Diskl from Peg A to Peg C prOblem with 3 disks.

ove Disk4 from Peg A to Peg B

ove Diskl from Peg C to Peg B

ove Disk2 from Peg C to Peg A

ove Diskl from Peg B to Peg A

ove Disk3 from Peg C to Peg B .

ove Diskl from Peg A to Peg C Moves obtained by solving the
ove Disk2 from Peg A to Peg B bl ith 3 disk

ove Diskl from Peg C to Peg B pro em wit 1SKs

L.

|4

Figure 169: Solutions to the Towers of Hanoi puzzle
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Exercise

1.

3.

What is the output when main() is executed?

public static void main(String[] args)

{
Systemout. println(f(5));

public static int f(int n){
if(n<=0) return 1;
return f(n-1)+2*f(n-2);

}

What is the output when main() is executed?

public static void main(String[] args)

{
Systemout.println(g(4));
}
public static int g(int n)
{
if(n<=0) return 1,
return 2*g(n-1)+ f(n+1);
}
public static int f(int n)
{
if(n<=0) return 1;
if(n==1) return 2;
return f(n-1)-f(n-2);
}

Implement the following method using a recursive approach.

public static int f(int n)

{
int a=0;
for(int i=1;i<=n;i++){
a += 2*i,
}
return a;
}



4.

Implement the following method using a recursive approach.

public static int f(int n)

{
int a=1;
int b =1;
for(int i=1;i<=n;i++){
a += ++b;
b = g
}
return a;
}

Implement the following method using a recursive approach.

public static int f(int n)

{
int a=0, b=1, c=0;
if(n==1) return b;
for(int i=2;i<=n;i++){
a = b+c;
c = b;
b = g
}
return a;
}

Implement the following method using a recursive approach.

public static double f(int n)

{
doubl e a=2. 0, b=2. 0, c=2. 0;
if(n==1) return b;
for(int i=2;i<=n;i++){
a = b+0.5*c+i;
c = b;
b = a;
}
return a;
}

Write a Java method for calculating the following function at a
given non-negative integer n. Based on your implementation,
plot the number of method invocation made as a function of n
ranging from 0 to 10.

) 1 if n=012
f(ﬂ)—{f(n_2)+nxf(n—3) ifn=3,4,-..

291



8. Write a Java method for calculating the following function at a
given non-negative integer n.

n
>k ;n=012
k=0

f(n) = %f(n—l)+%f(n—3) ;3<n<10

n-1 '
3 (F() - ()" f(k-D) ;n>10
k=n-3

9. Write a recursive Java method that calculates the sum of every
int element in an input array of i nt .

10. Write a recursive Java method that finds the smallest value in an
input array of i nt .

11. Write a recursive Java method that returns the index of the
smallest value in an input array of i nt .

12. The mathematical constant e is the base of the natural logarithm.
It is called Euler's number or Napier's constant. This constant is the
sum of the infinite series defined below.

o0
1 1 1 1 1
e= i S S S S
Z o1 2 3

Write a method to approximate the value of e using the above
formula but with a finite number of terms. In other words,
instead of having n running to o, it runs to an int value, N,
input to the method. Utilize the recursive approach as
appropriate. Then, write a Java program to compare the
results from the approximation at N = 5, 10, 15, and 20 with
the value of mat h. exp(1).

Note that 0! equals 1. Also, you may use the following method
to find the value of n!.
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13.

14.

15.

public static double factorial (int n)

{
if(n<=0) return 1,
return n*factorial (n-1);

}

Write a recursive method called printInt() that receives an i nt
value as its input, and prints the associated digits on screen
one digit on each line, starting from the left. You are not
allowed to directly convert the input int value to String.
Assume that the input value is always positive. Also draw a
picture showing the method invocations occurred when
printlnt(1942) is called.

The greatest common divisor (gcd) of two integers is the
largest integer that divides both of them. For example, the gcd
of 74 and 111 is 37.

a. Write a method that finds the gcd of two input
integers using an iterative approach.
b. Repeat part a. using an recursive approach based on:

b if a%b=0
gcd(a,b) = )
gcd(b,a%b) otherwise

A palindrome is a word, phrase, number or other sequence of
units (such as a strand of DNA) that has the property of
reading the same in either direction where the punctuations
and spaces are generally ignored. For example, “civic”,
“level”, “Was it a cat I saw?”, and “A man, a plan, a canal:
Panama” are palindromes.

Write a recursive Java method that returns true if the String
passed to the method is a palindrome. Otherwise, it returns
fal se.
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Chapter 11: Creating Classes

Readers should

e Recall the meaning of classes and objects in Java

e Know the components in the definition of a Java class

e Understand how constructors work

e Be able to create class and object methods

e Be able to create new Java classes and use them correctly

Defining Your Own Data Type

Recall that there are two categories of data in Java, namely primitive data
type and class. As mentioned earlier, we cannot create a new primitive
data type. However, most of the time programmers want to create new
data types; they can do so by creating new classes containing attributes
and behaviors of the desired data types. Creating a new class, we write a
class definition associated with that class in specific Java syntaxes, and
save the definition in a separated .java file named after the name of the
class. Once the definition is created, other programs can utilize the newly
created data type or class in a similar fashion to the primitive data types
or other existing classes. Go back and consult Chapter 5 if you cannot
recall the meaning of objects and how they are related to classes.

The structure of a Java class definition for a class named d assNane is:

public class Cl assNane

{

/] Details of the class goes
/1 in here.

}

This looks like a Java program that we have covered since Chapter 2 but
a class definition that is not intended to be executable will not contain the
main() method. The body of the class definition, i.e. between the pair of
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curly braces opened after the name of the class, is the place where
variables and methods specific to that class will be.

Example 88: A blank class

Suppose that we would like to create a new data type for representing
points in a Cartesian co-ordinate, we could create a new class called
MyPoint, whose definition follows the following structure.

public class MyPoint

/1 a blank class definition
/1 there're no details yet

}

This definition has to be saved using the name MyPoint.java. Then, we
can write another program that makes use of this class. For example, we
could create another program that looks like:

public class Test MyPoint1l 1
{ 2
public static void main(String[] args) 3

{ 4

M/Point p, q; 5

p = new MyPoint (); 6

g = new MyPoint(); 7

} 8

} 9

In the above program, variables p and q are declared as variables of the
type MyPoint on line 5 using a similar syntax as when variables of other
types are declared. On line 6 and line 7, p and q are assigned with, or in
other words, are made to refer to, new instances, or objects, of the class
MyPoint using the keyword new. This program just shows us a valid way
to make use of the newly created class. It has not done anything useful
since we did not define anything inside the definition of MyPoint.

In reality, we want to put something useful in the definition of our
classes so that they are not just blank as it appears in MyPoint above.
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Java Programs and Java Classes

Notice that source codes of Java programs that we have written so far
take the same structure as class definitions that we have just introduced
in this chapter. Actually, both Java programs and Java classes are the
same things. When an executable program is needed, a Java class with
the main() method is created and it can be executed with java.exe. When a
Java class is not intended to be executable but it is intended only for
describing a new type of data, there is no need for the main() method.
However, it should not be surprising to you to run into a Java class that
contain the main() method as well as a bunch of some other things that
describe a new type of data in the same .java file. Some Java classes even
create instances of the data type described by itself in its main() method.

Components of Class Definitions

The main functionality of a class definition is to define attributes and
behaviors of that class. Attributes are entities defining properties of an
object. Behaviors are actions (or reactions) of an object. The table below
shows example attributes and behaviors of some objects.

Object type Attributes Behaviors

Point in a 2D space  The x coordinate Moving the point a specified location

Graphical line in a
3D space

Complex number

The y coordinate
etc.

Location of the
starting point
Location of the
ending point
Color

etc.

Value of the real
part

Value of the
imaginary part
etc.

Calculating distance from the point to a
specified location

etc.

Calculating the length of the line
Moving the starting point to a specified
location

Moving the ending point to a specified
location

Changing the color of the line

etc.

Adding the object with another complex
object,

Multiplying the object with another
complex object

Finding the conjugate of the object
Setting the real part to a specific number
Showing String representation of the object
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etc.

Matrix Members of the Adding elements to the object
matrix Finding determinant
etc. Adding the object with another matrix
object
Finding the inverse of the object
Raising to the power of n
etc.
Car Body color Starting the engine
Dimensions Shutting down the engine
Weight Showing the name of its manufacturer
Number of doors Accelerating
Manufacturer Decelerating
Engine status etc.
etc.
Bank account Account name Showing the current balance
Owner Showing all info associated with the
Account type account
Balance Withdrawing money from the account
etc. Depositing to the account

Customer Customer ID

Closing the account
etc.
Showing all info of the customer

First name Changing the credit line

Family name Checking whether the customer’s favorite
Credit line product consists of a specified product
Gender etc.

Favorite products

etc.

Table 11: Examples of real-world objects together with their attributes
and behaviors

To describe attributes and behaviors of objects of the class, a class
definition can consist of the following components.

1. data members or fields
2. methods
3. constructors

An object’s attribute is represented using a data member. Variables used
for storing data members are called instance variables. The behaviors of an
object are described using methods. Constructors are special methods
invoked whenever objects of the class are created.
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The class definition shown below serves as an example aiming at giving
you a very broad overview the structure and syntaxes of a class
definition. Details are reserved for later sections.

public class OrderedlntPair

{
private int x;
private int vy;

]
e it data members
s

]

public O deredlntPair(){

1
this(0,0); |
} -
public OrderedintPair(int x,int y){ .'_ constructors
this.x = x; !
this.y =vy; _;'
} -
public int getX()({ '
return x; !
} |
public int getY()({ '
return vy; !
) ) ) methods
public void setX(int x){
this.x = x; ! /
} l )/
public void setY(int y){ Y
this.y =vy; Y
} v
public void setValue(int x, int y){
this.x = x;
this.y =vy;

|
|
|
} |
public double d(OrderedlntPair p){ |
doubl e diffXSquare = Math. pow((p.getX()-x),2);
doubl e diffYSquare = Math. pow((p.getY()-y),2); !
return Math.sqgrt (diffXSquare+diffYSquare); |

]

]

|

|

1

}

public String toString(){
return "("Hx+", tHy+) "

}

}

Diagram for Class Descriptions
Starting from chapter 5, we have used some illustrations to describe

classes and objects. That we intend to keep those illustrations simple
makes those illustrations non-standard (meaning that they are used only
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for readers of this book). However, it is good to take a look at how
people draw diagram to represent class definitions.

A popular diagram use for describing the details of a class is the class
diagram defined in the Unified Modeling Language (UML). In this diagram,
a class is shown using a rectangle in which its name, its data members
and its methods (including its constructors) are listed in separated
sections in the rectangle. Figure 170 shows a class diagram describing the
OrderedIntPair class listed above. Java syntaxes are used to describe the
class’s resources in this diagram.

OrderedIntPair

private int x;
private int vy;

public OderedintPair();

public OrderedintPair(int x,int y);
public int getX();

public int getY();

public void setX(int x);

public void setY(int y);

public void setValue(int x, int y);
public double d(OderedlntPair p);
public String toString();

Figure 170: A class diagram

An instance (object) of a class is normally represented using a diagram
very similar to the diagram shown in Figure 170 but with its method part
omitted, each variable assigned with a value associated with the object,
and the object name specified together with the class name. Object
diagrams describing three sample objects of the OrderedIntPair class are
shown in Figure 171. In the figure, there are three objects whose names
are firstPair, secondPai r, and t hi rdPai r. All of them are instances of the
OrderedIntPair class. The values of x and y for each object is also shown.

firstPair:OrderedIntPair secondPai r :OrderedIntPair t hi r dPai r :OrderedIntPair
x =0 x =1 X =2
y =0 y =-1 y =3

Figure 171: A diagram describing three objects
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Readers interested in learning more about UML should consult textbooks
on Software Engineering such as [Pre2010] or textbooks dedicated to
describing the UML itself such as [Mil2006] and [Pil2005].

Instance Variables and their Access Levels

Instance variables are used for storing data members. Instance variables
can be declared and possibly initialized inside a class definition but
outside of any methods defined in the class. The syntaxes used for
instance variable declaration are similar to the ones using to declare
variables inside a method.

Apart from the identifiers of the instance variables used for data
members and their data types, another aspect that ones wish to create
new data types need to concern about their data members is the
specification about their access levels.

Access level modifiers are used when instance variables are declared in
order to determine who (or which parts of the running program) have
the access rights to those instance variables. These modifiers are public,
private, and protected. Either one of these modifier is placed in the
instance variable declaration statements before the name of the data type
used in the declaration, such as

public int k = 1;
private double [] d;
protected String si;

When an instance variable is declared as publ i ¢, the dot operator can be
used to access the value of this instance variable from any instructions of
the running program. In contrary, if an instance variable is declared as
private, it is kept private to the class it is declared. That means the dot
operator cannot be used to access its value from anywhere outside the
class definition.

Another modifier determining access levels is the modifier protected.

Protected instance variables can only be accessed using the dot operator
within the class definition in which the instance variables are declared
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and within the class definition of any subclasses of the class in which they
are declared. Subclasses will be discussed in Chapter 12.

If an instance variable is declared without an explicit access level
modifier, its access level is at the default level. In this case, dot operators
can be used to access this instance variable from only the definition of its
class and classes that are arranged in the same package as its class. The
discussion about arranging Java classes in packages is beyond the scope
of this book.

Therefore, in this chapter, we will pay attention to only the public and
privat e modifiers. Let’'s notice the effect of access level modifiers in the
following examples.

Example 89: Points in the Cartesian coordinate

For an object of the class MyPoint to represent a point in the Cartesian
coordinate, it should at least have two doubl e values representing the x-
coordinate and the y-coordinate of the point represented by the object.
Consequently, the class definition could look like:

public class M/Point
{

public double x;
public double vy;

The modifier public identifies that anyone can access the two instance
variables using the dot operator. The following program demonstrates
how the values of the two instance variables are accessed.

public class Test MyPoi nt2 1
{ 2
public static void main(String[] args) 3

{ 4
MyPoint p = new MyPoint (); 5

MyPoint g = new MyPoint (); 6

p.x = 2; 7

p.y = 3 8

g.x = 0.5; 9

q.y = -0.5; 10

(continued on next page)
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Systemout.println("("+p. x+","+p.y+")"); 11
Systemout.println("("+g. x+","+q.y+")"); 12
} 13
} 14
B C:\WINDOWS\system32\cmd.exe - ﬂ
C:v>javac TestMyPoint2. java i‘
C:v>java TestMyPoint2
2.8.3.8)
<B.5.-8.5>
Cin>o

-
< | »

Figure 172: Accessing values of public instance variables

On line 5 and line 6, the variables named p and q are created. Each of
them is made to refer to a new MyPoint object. The instance variable x of
the object referred to by p is set to 2 while y is set to 3 on line 7 and line 8.
On the next two lines, the instance variable x of the object referred to by q
is set to 0.5 while y is set to -0.5. The code on line 11 and line 12 print the
output on the screen. They use the values of x and y in both objects
through p.x, p.y,g.x,and q. y.

Now if we change the class definition of MyPoint to:

public class M/Point
{

private double x;
private double y;

Compiling TestMyPoint2.java again will lead to compilation errors as
shown in the picture below.
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B C:\WINDOWS\system32\cmd.exe -|1= ﬁ

-
G:x>javac TestMyPoint2. java
TestMyPoint2.java:?: x has private access in MyPoint

pox = 2
TestMyPoint2.java:8: y has private access in MyPoint
py = 3;

A

TestMyPoint2.java:?: x has private access in MyPoint
q.x = B.5;
FS

TestMyPoint2.java:18: v has private access in MyPoint
q.y = —B.5;
A

TestMyPoint2.java:ll: x has private access in MyPoint
System.out . printIn{Y(M+p. )+ Uap.yetI T

TestMyPoint2.java:1l: vy has private access in MyPoint
System.uut.println("("+p.x+","+pl.‘yf")");

TestMyPoint2.java:12: x has private access in MyPoint
System.out .println("("+q’.\x+", UrgLysU;

TestMyPoint2_java:12: y has private access in MyPoint
System.out . printIn{V Mg+t Uiyt

8 errors

Cin>

=

Figure 173: Compilation errors due to attempts in accessing values of
private instance variables from outside if their class definition

The modifier private makes instance variables private to the class they
are declared. That means the instance variables can be used or accessed
by that class or in the class definition of that class only. Errors occur
whenever the private instance variables x and y of any instances of
MyPoint are accessed directly by other classes. In this case, the class
trying to access those variables is TestMyPoint2. The modifier private
allows the creator of the class to hide data members from the outside
world. Doing this is crucial to the data encapsulation concept in Object-
Oriented Programming (OOP). However, we do not intend to elaborate on
OOP concepts in this course. Interested readers can learn more about
OOP concepts from many online and printed resources such as
[Wei2008] and [Jia2002].

Object Composition
Data members of a class can be objects of other classes which can be

either Java standard classes or newly-created classes. For example, let’s
suppose we would like to create a class MyLabelledPolygon representing
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polygons, each of which has its associated text label. We might decide
that its data members include an array of MyPoint objects for storing the
location of every vertex of the polygon, and a String object representing
the label. An instance of this polygon could look like the one in Figure
174.

vertices[7]
vertices[O0] vertices[ 6]

) vertices[ 5]
vertices[1]

vertices[2] vertices[ 4]

vertices[ 3]

Figure 174: A Polygon instance

The class definition could be listed as the code below.

public class MyLabel | edPol ygon
{ private MyPoint [] vertices;
private String |abel;

/Il ... other elenents are onmtted ...

}

Since an object of the class MyLabelledPolygon is an object that is
composed of some MyPoint objects and a String object, we can say that
MyLabelledPolygon is a new class that is a composition of objects of other
classes. The way to combine objects into an object of a new class can be
called object composition.

A class created by object composition is said to have the ‘has-a (has-an)’ or
‘has-some’ relationship with the objects it is composed of. For example, in
the case of MyLabelledPolygon, we can say that an object of the class
MyLabelledPolygon ‘has some’ objects of the class MyPoint and ‘has an’
object of the class String.

When an object of the class A is composed of one or many objects of the
class B, we can use a UML diagram shown in Figure 175 to indicate their
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relationship. In the diagram, the diamond shape at the end of the line
linking the two classes indicating the ‘has-a” or “has-some’ relationship in
which the class near the diamond is the composition of the class at the
other end of the line.

A KO———— B

Figure 175: Object composition

The diagram in Figure 176 shows the relationships among
MyLabelledPolygon, MyPoint, and String.

O — MyPoint

MylabelledPolygon

O————— String

Figure 176: Relationships among MyLabelledPolygon and the classes
of its data members.

Static and Non-static Data Members

Data members can be either static or non-static. Non-static data members
are attributes of instances of the class, while static data members are
attributes of the class itself. In other words, each instance of the class has
its own copy of non-static data members, while static data members are
shared among every instances of the class. Data members are non-static
by default. To make a data member static, we use the modifier stati c in
front of the declaration of variables storing the data members. Therefore,
to be precise, we will not call variables storing static data members
instance variables since the variables are not the attributes of any specific
instances but they are shared among every instances. Such variables may
be called class variables.
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Example 90: Static vs. non-static data members

The following program shows how static and non-static variables are
declared and used.

public class Cl1A 1
{ 2
public static int i; 3
public int j; 4
} 5
public class StaticDataMenber Denp 1
{ 2
public static void main(String[] args) 3
{ 4
Cl11A x = new Cl11A(); 5
Cl1A y = new Cl11A(); 6
Cl1A z = new Cl11A(); 7
X.j =5 8
y.j = 10; 9
z.j = 15; 10
Systemout.printin("x.j = "+x.j); 11
Systemout.printin("y.j = "+y.j); 12
Systemout.println("z.j = "+z.j); 13
X.i = 0; 14
Y. i ++; 15
z.i += 3 16
Systemout.println("x.i = "+x.i); 17
Systemout.println("y.i = "+y.i); 18
Systemout.printin("z.i = "+z.i); 19
} 20
} 21
BN C:\WINDOWS\system32\cmd.exe (=l
C:s\>javac StaticDataMemberDemo.java i‘
C:s\>java StaticDataMemberDemo
x.j =5
y.j =18
z.j =15
x.i = 4
y.i = 4
z2.i =4
Gy
El

Figure 177: Demonstration of using static and non-static data member

On line 5, line 6, and line 7, three instances of C11A are created and
referred to by x, y and z. On line 8, line 9, and line 10, the values of 5, 10,
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and 15 are assigned to the instance variables j belonging to the objects
referred to by x, y, and z, respectively. These objects do not share the
value of j. However, the variable i is shared by the three objects. The
statement x.i = 0 on line 14 assign 0 to i . Note that at this pointy.i and
z.i are also O since they refer to the same thing. i can be modified via
any objects. Therefore, we can see that the resulting value of i , shared by
x,y and z, is 4.

o N Any static variable is
\
' r----- shared among every
1 .
% L object of the class.
ATRN
X:CI1A [ yCiiA AN Z:CI1A
. ~
————— L - - — = NS
Ki=4 7 Ki=4 3 Ki=43
i =5 j =10 j =15

Figure 178: A diagram showing three objects of the C11A class and the
values of their instance and class variables

Methods

Methods describe behaviors of objects of the class. We have learned how
to use methods defined in existing classes in Chapter 5. In Chapter 5, we
also mentioned that there were two types of methods: static (class)
methods and non-static (instance) methods. A (public) method defined in
a class definition is by default non-static and it can be invoked by other
classes via the instance name of an object of that class using the dot
operator. To make a method static, the keyword static is put in the
method header. This way, the method can be invoked using the dot
operator with the name of the class. The general syntax of defining a
method in a class is similar to what we have already been familiar with
in Chapter 8. This time, we will look at the syntax in a more general
view. The syntax follows:

(modifier) (static) returnType nethodNanme(argunentList){
met hodBody
}
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An access level modifier (shown as (nmodifier)), being either public,
private, or protected, can be specified at the beginning of the method
header. It determines whether which classes can make use of this
method. The access levels specified by public, private, and protected
are similar to when they are used with data members.

The keyword static makes the method static, or a class method. If
omitted, the method is considered as non-static, or an instance method.

The other parts of the method definition are the same as what we
discussed in Chapter 8.

We can define as many methods as we would like in the class definition.
If the definition contains a public method named main(), the class can be
executed by java.exe. In other words, the class is in fact a Java program.

Discriminating data Members and Variables
Declared inside Methods

When declaring a method inside a class, it is okay to name the variables
inside the input argument list of the method with the identifier similar to
a variable used for a data member of the class. However, since both data
members and variables declared in the method can be used inside the
method, programmers need to know how to distinguish between
variables for data members and variables declared in the method with
the same identifiers. Situations in which programmers choose to use
ambiguous variable names are not uncommon at all. Some examples of
such situations can be seen in accessor and mutator methods which will
be discussed shortly after this.

The this keyword is used with the dot operator for this situation.
Suppose that there is a data member that is represented by a variable var.
In the same class, there is a method whose input argument list contains
another variable that is also named var. The expression this. var will
refer to var that is the data member, while using var without the this
keyword will refer to var that is declared inside the method.
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When the variable names are not ambiguous, using the name of the
variable alone can mean either the data member or the variable declared
in the input argument list, whichever applies. However, using the
variable with the t hi s keyword always means the data member.

Accessor and Mutator Method's

Typically, in OOP, data members in a class are defined as private to
prevent users of the class accessing the data members directly. Instead,
the creator of the class usually provides public methods for reading or
changing some data members. Methods provided for other classes to
read the values of data members are called accessor methods, while
methods provided for changing the values of data members are called
mutator methods.

toString()

Whenever an object of a class needs to be converted to its String
representation, Java automatically calls a specific method called
toString(). Therefore, in order to provide a meaningful String
representation of the class we create, it is sensible to provide the method
named exactly as foString() that returns the String representation we
want.

Example 91: Accessor, mutator, toString() and other methods

The following code shows a more complex class definition of MyPoint.
The definition provide appropriate methods, including mutator
methods, accessor methods, foString() as well as some other useful
methods.

public class MyPoint
/'l data nmenbers

private double x;
private double y;

b wNPEF

(continued on next page)
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6
/] accessor methods 7
publ i c doubl e get X(){ 8
return x; 9
} 10
publ i c double getY(){ 11
return vy; 12
} 13
14
/1 mutator nethods 15
public void setX(doubl e x){ 16
this.x = x; 17
} 18
public void setY(double y){ 19
this.y = vy; 20
} 21
22
/1 other methods 23
public void setlLocation(double x, double y){ 24
this.x = x; 25
this.y =vy; 26
} 27
publ i c doubl e di stanceTo(M/Poi nt p){ 28
doubl e di ffXSquare = Math. pow( (p. getX()-x),2); 29
doubl e di ffYSquare = Math. pow((p.getY()-y), 2); 30
return Math.sqrt (diffXSquare+di ffYSquare); 31
} 32
public String toString()({ 33
return "("Hx+", " Hy+t) " 34
} 35
} 36

The methods getX() and getY() declared on line 8 and line 11 allows other
classes to read the values of the private variables x and y, respectively.
These are accessor methods. The methods setX() and setY() declared on
line 16 and line 19 allows other classes to set the values of the private
variables x and y. These are mutator methods.

You should notice the usage of t hi s. t hi s is a reference used for referring
to the current instance of the class. On line 17 and line 20, this.x and
this.y refer to the instance variables x and y of the current instance, i.e.

the instance from which the methods are invoked.

Now, let’s use this class. Observe the following program and its output.
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public class Test MyPoi nt3 1
{ 2
public static void main(String[] args) 3
{ 4
MyPoint p = new MyPoint (); 5
MyPoint g = new MyPoint (); 6
p. set X(6.0); 7
p.set Y(5.0); 8
g.setLocation(p.getX(),p.getY()); 9
System out. println("g="+q); 10
p. set Locati on(10.0, 2.0); 11
Systemout.print("Di stance from"+p+" to "); 12
Systemout.println(g+" is "+p.distanceTo(q)); 13
} 14
} 15
B3 C:\WINDOWS\system32\cmd. exe =1
in>javac TestMyPoint3. java i‘

in>java TestMyPoint3
=(6.8.5.8>
istance from (10.8,.2.8> to <6.8.5.8> is 5.8

N2

||
Figure 179: A program using various methods of the MyPoint class

On line 7, setX() is invoked from p. This set the value of x belonging to
the MyPoint object referred to by p to the value input to the method.
Similarly, the value of y belonging to the MyPoint object referred to by p
is set to 5.0 on line 8.

On line 9, p.getX() and p.getY() return the value of the instance
variables x and y belonging to the MyPoint object referred to by p. These
values are used as input parameters to setLocation() invoked from g, in
which the instance variable x of the object referred to by g is assigned
with the first input parameter to the method, while the instance variable
y of the object referred to by q is assigned with the other input parameter.

Whenever the String representation of a MyPoint object is needed, for

example in argument lists of print() and println() on line 10, line 12, and
line 13, toString() of that object is automatically invoked.

312



Example 92: Utility class with only static methods

Static methods are also useful when we would like to build a class
providing useful functionalities to be used by other classes or programs,
such as the standard Math class. Such a class is not commonly
instantiated, or in other words, it is not common to create an object of
such a class. Therefore, the functionalities are provided through its
public static methods.

Here is a sample class made up for providing some functionality for i nt
array manipulations. Note that this class serves as an example when
static methods are used. There are some smarter ways to manipulate
arrays.

public class MyIntArrayUtil 1
{ 2
public static int [] createRandonEl enent s( 3
int njint mn, int max) 4

5

int [] a=newint[n]; 6
for(int i=0;i<n;i++){ 7
a[i] = (int)Math.round(Mth. randon()*(max-m n)+mn); 8

} 9
return a; 10

11

public static void showkl ements(int [] a) 12
{ 13
Systemout.print("[ "+a[0]); 14
for(int i=1;i<a.length;i++){ 15
Systemout.print(", "+a[i]); 16

} 17
Systemout.print(" ]\n"); 18

} 19
public static int [] removeAt(int [] a,int n){ 20
if(n<0 || n>a.length-1) return a; 21
int [] b =newint[a.length-1]; 22
for(int i=0;i<n;i++){ 23
b[i] = alil; 24

25

for(int i=n+l;i<a.length;i++){ 26
b[i-1] = a[i]; 27

28

return b; 29

30

public static int [] insertAt(int [] a, int n, int k){ 31
if(n<0 || n>a.length) return a; 32

(continued on next page)
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int [] b =newint[a.length+1];
for(int i=0;i<n;i++){

bli] = a[i];

b[n] = k;
for(int i=n;i<a.length;i++){

b[i+1] = a[i];

return b;

The class MylntArrayUtil created here contains four public static
methods. The first one defined on line 3 creates an i nt array of length n
whose elements are integer randomly chosen from i n to max, inclusively.
The method defined on line 12 prints all elements of the input array on
screen. The method defined on line 20 removes the element at a specified
position. Defined on line 31, the method inserts a given value to a
specified position of the input array.

The following program makes use of the public static methods in
MuyIntArrayUtil. Observe the output of the program by yourself.

public class TestMIntArrayUtil

public static void main(String[] args)

{
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Systemout.print("\nOriginal array:\t\t");
int [] a = MWlIntArrayWil.createRandonEl ements(5, 1, 10);

Myl ntArrayUtil . showEl enents(a);

Systemout.print("insert 6 at 0:\t\t");
a = MyiIntArrayUtil.insertAt(a,O0,6);

M/l ntArrayUtil. showEl emrents(a);

Systemout.print("insert 9 at 3:\t\t");
a = MyIntArrayUil.insertAt(a, 3,9);

M/l ntArrayUtil. showEl emrents(a);

Systemout.print("insert 1 after:\t\t");
a = MyIntArrayUtil.insertAt(a,a.length,1);

Myl ntArrayUtil . showEl enents(a);

Systemout.print("remove at 2:\t\t");
a = MyIntArrayUtil.renoveAt(a, 2);

M/l nt ArrayUtil. showEl ements(a);

Systemout.print("remove at 0:\t\t");
a = MyiIntArrayUil.renoveAt(a,0);

M/l ntArrayUtil. showEl emrents(a);

Systemout.print("renmove the last:\t");

OCO~NOUIAWNBE

(continued on next page)



(continued from previous page)

a = MyIntArrayUtil.renoveAt(a, a.length-1); 24

Myl ntArrayUtil . showEl enents(a); 25

} 26

} 27
B C:\WINDOWS\system32\cmd. exe =1
C:srjavac TestMylntArrayltil. java ﬂ

C:v>java TestMylntArrayltil

Original array: [ 8.5, 2., 2.81

insert 6 at B: [ 6.8.5. 9. 2,81
insert ¢ at 3: [6.8. 5. 9,9,2,81
insert 1 after: [6.8.5. 9, 9.2, 8,11
remove at 2: [ 6, 8, 9, 9. 2, 8,11
pemove at B: [ 8. 9.9, 2, 8,11
remove the last: [ B, 9.9, 2,81

Czn>

Figure 180: Using static methods inside a utility class

Putting main() into Class Definitions

As mentioned earlier, a Java class definition can also contain the main()
method. If that is the case, the class can be executed as a Java program
and the instructions executed are ones inside the main() method. This fact
comes in handy when we would like to create a new class and would like
to write some instructions to test the usage of the class. To do that, we
listed data members as well as methods as usual, but we can also add the
main() method in which instances of the class can be created and used
just like it is done in other programs.
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Example 93: Executable class definition

Consider the following class definition that contains the main() method.

public class Executabl ed ass {

private int
public void setl(int i){

:O;

}
public String doAction(){
return "<<"+j +">>"

public static void main(String [] args){
Execut abl eCl ass ex1 = new Execut abl e ass();
exl.setl(99);
Execut abl eCl ass ex2 = new Execut abl el ass();
ex2.setl(108);
System out. println(exl.doAction());
System out . println(ex2.doAction());

©CO~NOUAWNPE

In the main() method, the program creates two instances of the
ExecutableClass class, whose details are listed in the same class as the
program. The instance variable i of the first instance is set to 99 by the
statement on line 11 and the one of the second instance is set to 108 by
the statement on line 13. doAction() is called on each instances and the
results are printed out onto the screen.

B C\Windowshsystem32\emd.exe ‘E‘E‘ﬁ

>javac ExecutableClass.java

>java ExecutableClass
<<99>>
<<108>>

>,

4| 3

Figure 181: A program creating instances of its own class
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Constructors

Constructors are special methods invoked whenever an object of the
class is created. Constructors are defined in the same fashion as defining
methods. However, constructors must have the same name as the class
name and there must not be any return types specified at the header of
the constructors. Constructors are usually for initializing or setting
instance variables in that class. How they are set is described in the body
of the constructor together with other possible intructions.

Given a class called MyClass, its constructors are in the following
structure.

public Myclass(<input argunent |ist>){
/1 Body of the constructor
}

Here is an example of a no-argument (no input) constructor for MyPoint,
in which its instance variables are set with 1.0.
public MyPoint(){
X 1.0;

1.0;

y
}

Adding this constructor to the class definition of MyPoint, we obtain:

public class MyPoint

{
/1 data nenbers
private double x;
private double y;
/|l constuctors
publ i c MyPoint (){
x = 1.0;
y = 1.0;
}
I] e Details are omitted...ccoocccieeeeeennenennn.
public String toString()({
return “("Hx+", tHy+t) "
}
}
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Once MyPoint is defined this way, whenever a MyPoint object is
instantiated with new M/Point (), a new object is created with x and y
initialized with 1. 0 due to that two statements in the constructor.

Overloading Constructors

Constructors can be overloaded just like methods. A class can have
multiple constructors with different input argument lists. Which
constructor to be called when an instance of the class is created depends
on the input argument list used with the new statement.

No-argument Constructor

The no-argument constructor is the constructor that does not take any
input arguments. Therefore, it usually contains a set of instructions that
provide a default initialization to the object’s data members.

Detailed Constructor

The detailed constructor usually refers to the constructor each input
argument of which is corresponding to a data member of the class.
Typical implementation of this constructor is to initialize every data
member with its corresponding input argument.

Copy Constructor

The copy constructor usually refers to the constructor that takes another
object of the same class as its input argument. It usually initializes each
data member of the new object with the value of the corresponding data
member of the input object. This results in that the new object has all of
its attributes copied from the original one.

There can be other constructors apart from the three listed above. The

rules of overloading constructors are the same as the ones governing the
overloading of any other methods.

318



Example 94: Overloaded constructors

Consider a new class definition of MyPoint listed below when
overloaded constructors are added.

public class M/Point

{
/1 data nenbers
private double x;
private double y;
/'l constructors
public MyPoi nt (){
x = 1.0;
y = 1.0;
Systemout.printin("MPoint() is called.");
}
publ i c MyPoi nt (doubl e x, doubl e y){
this.x = x;
this.y = vy;
System out . println("M/Point(doubl e, double) is called.");
}
public MyPoi nt (MyPoi nt p){
X = p.getX();
y = p.getY(); _ o
System out. println("MPoint(MPoint) is called.");
}
DL e Details are omtted......occoeinicneencenen.
public String toString(){
return "("Hx+", " Hy+t) "
}
}

The first constructor, MPoint(), does not take any input arguments.
Therefore, it is called via the statement new Mypoi nt (). Such a constructor
is the no-argument constructor. MyPoint(double x, double y) is a
constructor that takes two doubl e values as its input. It is called via the
statement new Mypoi nt (a, b), where a and b are any double values. This
constructor initializes the instance variables to the input values. Such a
constructor that requires the values of the instance variables as its input
is the detailed constructor. The last constructor is MyPoi nt (MyPoi nt q).

This constructor is invoked as a response to the statement new
Mypoi nt (¢c), where ¢ is an instance of MyPoint. In this constructor the
value of x is set to the value of x from the instance of MyPoint supplied as
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the input to the constructor, and the value of y is set to the value of y
from the same instance. Such a constructor that copies all attributes from
the input instance is the copy constructor. Just like method overloading,
you should notice that constructors are not limited to the ones shown in
this example. Also note that we add an invocation of printin() inside each
of the constructor to observe that which one of the constructors is
invoked when each instance is created.

Observe the output of the following program by yourself. Pay attention
to the order of constructors invoked through the messages printed out on
the screen.

public class Test MyPoint5 1
{ 2
public static void main(String[] args) 3
{ 4
MyPoint p = new MyPoint (); 5
System out. println("p-->"+p); 6
MyPoint g = new MyPoi nt (2.0, 5.0); 7
Systemout.printin("qg-->"+q); 8
MyPoint r = new MyPoint(q); 9
Systemout.printin("r-->"+r); 10
} 11
} 12
B C:\WINDOWS\system32\cmd.exe -0 ﬂ
C:n>javac TestMyPoint5. java i‘
C:n>java TestMyPointh
MyPoint<> is called.
p——>¢1.8.1.8)
HyPulnt(double double> is called.
q——>(2.8,

HyPulnt(HyPulnt) is called.
r——>¢(2.8,.5.8)>

E

- |

Figure 182: Demonstration of using overloaded constructors

When there is no constructor provided in a class, it is still okay to create
an instance of that class using the new statement without any input
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arguments. Java can handle the instantiation properly. If the variables for
data members are not explicitly initialized when they are declared inside
the class definition, default values will be used for those variables based
on their data types (zero for numeric data type, fal se for bool ean, and
nul | for non-primitive types). Otherwise, the values explicitly used in the
initialization are used.

However, if there is at least one constructor defined in the class other
than the no-argument constructor which is absent, Java will treat the new
statement without any input arguments in the same way as in the case of
other missing overloaded constructors. That means it will produce a
compilation error.

Consider the following example.

Example 95: Missing no-argument constructor

The following class definition does not contain the no-argument
constructor but it does provide a detailed constructor. In the main()
method, the program tries to create an instance of this class with the new
statement without any input arguments on line 7. The program cannot be
compiled successfully since it cannot find the constructor that does not
take any arguments. Java will not instantiate the object using the default
mechanism due to the presence of a constructor (which is the detailed
constructor, in this case) in the class definition. The error can be observed
in Figure 183.

public class M ssingConstructor {
private double d;
publ i c M ssingConstructor (doubl e d){
this.d = d;

public static void main(String [] args){
M ssi ngConstructor nt = new M ssingConstructor();
}

©CoO~NOUWNEF
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B¥ C\Windows\system3Z\cmd.exe [E=NE

>javac MissingConstructor.java
MissingConstructor.java:7: cannot find symbol
symbol : constructor MissingConstructor ()
location: class MissingConstructor
MissingConstructor mc = new MissingConstructor();
A

1 error

>

| 3

Figure 183: Compilation error due to missing a constructor

Calling a Constructor from Other Constructors

We have mentioned that the detailed constructor is the constructor that
assigns values to each data member one by one based on the input
supplied to the constructor. Comparing the no-argument constructor
with the detailed constructor, we can see that the operation performed
by the no-argument constructor can be considered a special case of the
operation performed by the detailed constructor. This special case also
assigns values to every data members but with a default set of values.
The same thing applies when we compare the operation of the copy
constructor with the operation of the detailed constructor. The copy
constructor assigns values that are fixed by the input object to every data
members. This is considered a special case to the operation of the
detailed constructor as well. If we consider other possible constructors
that attempt to assign values to every data members based on some
inputs, their operations can also be considered special cases to the one of
the detailed constructor as well.

Therefore, it is usually considered desirable to have such constructors
prepare sets of values to be assigned to the data members and make use
of the detailed constructor to perform the actual assignment just like
what is shown in Figure 184 in the case of the MyPoint class.
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pl = new MyPoi nt () pl = new MyPoi nt ( q)

1.0 1.0 q:MyPoint

0.5
1.5

“MyPoi nt (doubl e x,

doubl e )
; p1:MyPoint )
\\ ,I
assigns = X = ____—’f/
y = £&---°° assigns

Figure 184: Re-using the detailed constructor

This is considered a good strategy especially when there are some
changes made to the data members such as when we decide to change
the names of the variables representing the class’s data members. If the
actual assignments made to the variables are all implemented in the
detailed constructor, it is the only place where the source code needs to
be changed.

The above paragraphs describe an example situation when there must be
a way to invoke a constructor from other constructors. In Java, a
constructor can be invoked within another constructor using
this({argunent 1ist]), where [argument list] is the list of arguments
corresponding to the argument list of the constructor to be called.

There is a limitation that you need to keep in mind. If the invocation of a
constructor via this() statement is used, the statement must be the first
statement in the constructor. Otherwise, it will lead to a compilation
error.
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Adopting the mention strategy, we can re-implement the constructors of
MyPoint as listed below.

/'l constructors
public MyPoint(){
this(1.0,1.0);

}

publ i ¢ MyPoi nt (doubl e x, doubl e y){
this.x X;
this.y y;

}

publ i c MyPoi nt (MyPoi nt p){
this(p.getX(),p.getY());

}

Notice that if somehow we decide to change the names of the instance
variables from x and y to something else, the only statements we need to
change in the two statements inside the detailed constructor. Readers
should figure about what would happen in the case of this change if the
constructors make actual assignments to the two instance variables
instead of calling the detailed constructor to make the actual
assignments.

With the availability of the accessor methods, setX() and setY(), it will be
even better if the accessor methods are called by the detailed constructor
instead of having the constructor makes the actual assignments by itself.
The code for the detailed constructor could look like the following.

publ i ¢ MyPoi nt (doubl e x, doubl e y){
set X(x);
set Y(y);

}

Consider the following non-trivial example where a new data type is
defined to represent complex numbers. The class provides useful non-
static methods for manipulating the object of this class.

Example 96: Complex numbers

A complex number is of the form a+]'b, where g and b are real numbers,

and j is a quantity representingv/—1. We would like to define a new
class for complex numbers. Complex numbers are added, subtracted,
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and multiplied by formally applying the associative, commutative and
distributive laws of algebra, together with the equation j2 = -1.
Therefore,

(a+jb)+(c+jd)=(a+c)+j(b+d)
(a+jb)—(c+jd)=(a—c)+j(b—4d)
(a+ jb)(c+ jd) = (ac —bd) + j(bc + ad)

The reciprocal or multiplicative inverse of a complex number can be

written as:
=1 a [ =b
(a+jb) =( ]4‘](—]/
a2+b2 a2+b2

when the complex number is non-zero.

Division between two complex numbers is defined as:

(a+jb)
(c+jd)

= (a+ jb)(c +jd) L.

Complex conjugate of a complex number a+jb is a-jb, while the

magnitude of a+jb is calculated by /(42 +52).

Here is an example of the class definition for Complex, a class we use for
representing complex numbers.

public class Conpl ex
{

private double re;
private double im

public Compl ex(){
this(0,0);

(continued on next page)
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(continued from previous page)
publ i ¢ Conpl ex(doubl e r, double i){
setRe(r);
setlnm(i);

}

publ i ¢ Conpl ex( Conpl ex z){
this(z.getRe(),z.getIm));

}

public double getRe(){
return re;

}

publ i c doubl e getln(){
return im

}

public void setRe(double r){
re =r;

}

public void setlmdouble i){
im=i;

}

publ i ¢ Conpl ex adds(Conpl ex z)({
return new Conpl ex(re+z.getRe(),i mtz.getln());

}
publ i c Conpl ex subtracts(Conplex z){
return new Conpl ex(re-z.getRe(),imz.getln());

}

public Conplex multiplies(Conplex z){
double r = re*z.getRe()-intz.getlm);
double i = infz.getRe()+re*z.getlm);
return new Conplex(r,i);

}
publ i c Conpl ex divides(Conplex z){
return this.nmultiplies(z.nmultlnverse());

}

public Complex multlnverse(){
doubl e den = Mat h. pow(t hi s. magni tude(), 2);
return new Conpl ex(re/den, -iniden);

}
publ i c Conpl ex conjugate(){
return new Conpl ex(re,-inm;

}
publ i ¢ doubl e nmagnitude(){

return Math.sqgrt(re*re+intin;
}

(continued on next page)
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(continued from previous page)

public String toString(){

i f(inme=0)
return re+"+j"+im
el se
return re+"-j"+(-im;

The following program shows the class Complex in action. Note that even
though we can put this program inside the class definition of Complex, it
is more realistic to create a separate program as an example of how other
people who do not have access to the source code of the class can make

use of the class.

public class Test Conpl ex

{

public static void main(String[] args)

{
Conpl ex p
Conpl ex q

System out .
System out .
System out .
System out .
System out .
System out .
.println("magnitude of g="+q. magnitude());

Syst em out

new Conpl ex(1,1);

new Conpl ex(3,4);
println("p="+p+", g="+0q);
println("p+g="+p. adds(q));
println("p-q="+p.subtracts(q));
printin("p*q="+p.multiplies(q));
println("p/q="+p.divides(q));
println("conjugate of p="+p.conjugate());

BE C\Windows\system32icmd.exe |ﬂlﬁ

L>‘T

>java TestComplex

p=1.0+j1.0, gq=3.0+j4.0
p+q=4.0+3j5.0

p-q=-2.0-33.0

pP¥q=-1.0+37.0
p/q=0.28-30.04000000000000001
conjugate of p=1.0-j1.0
magnitude of g=5.0

| »

©CoO~NOOhhWNEF

Figure 185: A program testing a data type presenting complex numbers
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Exercise

328

Explain the following words:
class

object

attribute

behavior

instance variable
constructor

accessor method
mutator method

o PN T

Identify data members and methods of the following class.

public class Ex11_2{
public double d;
public Color k;
public void nakelten(){

}
public String describe()({

return “Ex11_2:" +d+", " +k;
}

}

Can the following class definition be compiled successfully? If
not, explain what is wrong.

public class Ex11_3{
public d;
public k;

}

Explain the difference between static and non-static data
members.

Explain the difference between static and non-static methods.

Consider the following class definition.
public class Ex11_6

{
public int a,b;
public int ¢ = 2;
public static int x = 6;
}

What are the values of a, b, ¢, and x, of i nst anceA and
i nst anceB after the following program is run?



public class Ex11l_6Test
{
public static void main(String[] args)
{
Ex11_6 instanceA
Ex11_6 instanceB
i nstanceA. a = 8;
nstanceB. b = instanceA. x;
nst anceA. x++;
nstanceB.a = 10;
nst anceB.c = 90;
nst anceB. x++;

new Ex11_6();
new Ex11_6();

}

7. A file named Capsule.java has the following content.

public class Capsul e

{
public static int nCapsules = 0;
publ i c doubl e vol uneg;
public String screenText;
publ i c Capsul e(doubl e vol une, String s){
this.volunme = vol ung;
screenText = s;
nCapsul es++;
}
}
Determine the value of nCapsul es when the following program
is run.
public class Ex1l1l_7Test
{
public static void main(String[] args)
{ int [] nlnPack = {5, 10, 10};
Capsule [][] pack = new Capsule[3][];
for(int i=0;i<pack.|ength;i++){
pack[i] = new Capsul e[ nl nPack[i]];
for(int j=0;j<pack[i].length;j++){
pack[i][j] = new Capsul e(0.5,"Formul ar"+i +j);
} .
System out. printl n(Capsul e. nCapsul es) ;
}
}
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8.

10.

Determine the output of the following program.
public class Ex11l_8Test

{
public static void main(String[] args)
{ int k=5,] =6;
Ex11_8 a = new Ex11_8();
Ex11_8 b = new Ex11_8(k*j);
Ex11_8 c¢ = new Ex11_8(k,j);
}
}

Given that the class Ex11_8 is defined as:
public class Ex11_8

public Ex11 _8(){
this(0);
Systemout.println("A");

}

public Ex11_8(int k){
this(0,0);
Systemout.println("B");

}

public Ex11 _8(int k,int m{
Systemout. printin("C');

}

}

Modify the class MylntArrayUtil so that it contains another
static method that takes an input array of int and sort it in
increasing order. Then write a Java program that performs the

following steps.

a. Create an array of ten i nt values, where each value is

randomly chosen from 1 to 100.
b. Show the elements of the array on screen.
c. Sort the elements of the array increasingly.

d. Show the elements of the array on screen again.

Create a class called Wrestler for representing a wrestler in a
wrestling simulation program, which simulates the result of a
wrestling match with two wrestler based on their wrestling

attributes.

A wrestler has the following attributes.



Attribute

Name Description Value

Name The name of the wrestler a text

Power(pow) Wrestlers cannot fight when their a number less than Max.
power reach 0. power

Max. power The power at the starting of a 100

Strength (str)
Toughness
(tou)

Stamina (sta)

Speed (spd)
Luck (lck)

Courage (cou)

match

The fighting strength of the
wrestler

an integer from 1 to 20

The ability to endure damage

an integer from 1 to 20

A wrestler with high stamina can
fight longer.

an integer from 1 to 20

The agility of the wrestler

an integer from 1 to 20

Luck determines how lucky the
wrestler is.

an integer from 1 to 20

A wrestler with high courage

an integer from 1 to 20

tends to become boosted more
often.

Skill (skl) A wrestler with high skill can turn an integer from 1 to 20

defense to attack more frequently.

Wrestler must have a constructor that sets the variable nane to
a given String. All data members of the class must be pri vat e.

Also provide appropriate mutator and accessor methods. All
accessor methods are publ i c. However, for str, sta, tou, spd,
I ck, cou, and skl , make their mutator methods private and
have each of them check whether its input value are in the
valid range (1-20). Mutator methods whose inputs are not in
the valid range must return fal se. Otherwise, they must
return true.

Write a public method rest(), which resets pow to the value of
max. power.

Write a public method reducePow() that reduce the current pow
by a doubl e value taken as its only input argument.

Furthermore, provide a public method called setAttr() that
takes in the 7 i nt values to be assigned to str, tou, sta, spd,
lck, cou, and skl, and makes use of all private mutator
methods to set the values appropriately. This method must
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11.

12.

return fal se if any one of the private mutators return f al se.
Otherwise, it must return t r ue.

Add toString() to Wrestler in the previous problem so that it
returns a String in the following format: Westler: [name]. For
example, Systemout.print(x) would print Westler: Hulk
Hogan if x refers to a Wrestler object with the instance variable
narme being “Hulk Hogan”.

The fighting between two wrestlers in a wrestling match in
our wrestling simulator is simulated in turns. Each turn
follows the following steps.

1) Determine who initiates the assault.

Each turn starts with determining which wrestler does the
attacking. For each wrestler, a random doubl e number d is
uniformly drawn from O to (the wrestler’s spd)+(the wrestler’s
| ck+the wrestler’s cou)/8.0. The wrestler with the bigger d
takes the attack chance. Redo if the two wrestlers have got the
same values of d. (A tie in the value of two randomly picked
doubl e is rare.)

2) Counterattack.

Before the actual attack takes place, the attacker might loose
his attack chance if the defender successfully counterattacks.
For each wrestler, a random doubl e number c is uniformly
drawn from O to (the wrestler’s skl +(the wrestler’s | ck)/8.0). A
successful counterattack takes place if the defender has a
bigger c than the attacker. When the counterattack takes place,
the original defender takes the attack chance from the attacker.

3) Deal the damage.

The wrestler with the attack chance (wl) can now deal some
damage to the other wrestler (w2). A doubl e number dmg is
calculated from:

dmg = (str of w1+10)-(t ou of w2)+e

where ¢ is a random doubl e number uniformly taken from 0 to
(cou of wl)/4.0+(skl of wl)/4.0-(skl of w2)/4.0+(1ck of
w1)/8.0-(1 ck of w2)/8.0



If dmg is less than 0, dmg is set to 0. Then, dmg is subtracted
from w2’s current pow.

4) Account for tiredness.

After the damage dealing step, both wrestlers get some
reduction in their pow values. The reduction r in powis a doubl e
value and is calculated by:

r = (current pow/ Max. Power)x20x (st a+1)~

5) Check whether the power is depleted.

A wrestling match is over if, after a turn is finished, pow values
of any one of the two wrestlers are less than or equal to 0.
Otherwise, a next turn is executed following similar steps,
with the pow value of each wrestler remains what it is at the
end of the current turn.

If the match is over, a wrestler with positive powis the winner.
If there is no winner, the match is called a tie.

Now, create a class called FightingRule that contains non-static
methods needed for commencing a wrestling match according
to the steps above. These methods include:

int determ neAttacker(Westler wl, Westler w2)

The method returns 1 if w1 takes the attack chance as the result
of step 1). It returns 2 if w2 takes the attack chance.

bool ean canCounter (Westler wl, Westler 2)

The method assumes that wi is the attacker and w2 is the
defender. It returns true if a counterattack takes place as the
result of step 2). Otherwise it returns f al se.

doubl e deal Damage(Westler wl, Westler w2)

The method assumes that after step 2) in the current turn wa
has the attack chance. It returns the value of inflicted damage
according to the rule explained in step 3). This method also
reduce pow of w2 according to the damage inflicted.

voi d exhaust (Westler w)
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The method reduces the value of pow of w according to the
tiredness explained in step 4).

bool ean i sKQ(Westler w)

The method returns true if pow of wis less than or equal to 0.

Create a class called WrestlingMatch. An object of this class
represents a wrestling match between two wrestlers.

The data members of this class are:

private Westler red,;
private Westler blue;
private int naxStat;
private FightingRule rule;

The two instance variables red and bl ue refer to the wrestlers
involved in this match. The instance variable naxStat
determines the maximum value that str, tou, sta, spd, Ick,
cou, and skl of each wrestler can be summed to. If a wrestler
has such a sum exceeding maxst at, that wrestler is disqualified
for the match. The instance variable rule is a FightingRule
object adopted by the match.

Write a constructor that takes an i nt value and a reference to a
FightingRule object. It set maxSt at to thatint value and setrule
to the FightingRule object.

Write a method public boolean isQualified(Westler w) that
returns t r ue if w is qualified for the current match. Otherwise,
it returns f al se.

Write a method public boolean setWestlers(Westler
wl, Westler w2) that assigns the wrestler referred to by wi to
red and the wrestler referred to by w2 to bl ue. The method
must return fal se if one of the wrestlers are disqualified.
Otherwise, it returns t r ue.

Write a method public Westler comence() that simulates the
current wrestling match based on the two objects of Wrestler
referred to by red and bl ue according to the rules defined in
rul e. The method must make use of the five methods provided
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in rul e. Basically, the method introduces a loop inside which
each turn of the match is simulated based on the methods
provided in the FightingRule object. The loop is exited when
there is a winner to the match or the match is known as a tie. It
returns a reference to the Wrestler object who wins the match,
or it returns null if the match is a tie. Inside the method
println() should be used to echo the commentary of what has
happened in the match out on screen. Design your own style
of match commentary.

Write a program called ManualSimulation.java that performs
the following steps:

e Create an instance of FightingRule and have it be referred
to by a variable current Rul e.

e Create an instance of WrestlingMatch and have it be
referred to by a variable mat ch. This match should have its
maxSt at at 70. Apply the instance of FightingRule created in
the previous step. Use the constructor of WrestlingMatch.

e Create the following wrestlers with the attributes
specified.

Name: Tiger Mask Name: Nightmare
)' — \\_,-
T
(A%
/_'"’ \\: ‘s l“\_ ﬁ_(_—
Attributes Attributes
str: 16  Ick: 4 str: 10 Ick: 7
tou: 10 cou: 8 tou: 18 cou: 7
staz 10 skl: 10 stax 12 skl: 2
spd: 12 spd: 14
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Name: The Clown

Attributes
str: 8 Ick: 20
tou: 8 cou: 1
sta: 8 skl: 10
spd: 15

Name: Light‘SPEEd

Attributes
str: 12 Ick: 7
tou: 12 cou: 5
sta: 2 skl: 12
spd: 20

g ]

e Set the wrestlers in mtch to “Tiger Mask” and
“Nightmare”. If any one of the wrestlers is disqualified
due to their attributes, report it on screen. Simulate the
match for the winner.

e Set the wrestlers in mtch to “The Clown” and
“Lightspeed”. If any one of the wrestlers is disqualified
due to their attributes, report it on screen. Simulate the
match for the winner.

e Rest the winners of the two matches by using rest()
defined in Wrestler.

¢ Simulate a match between the winners of the two matches.

15. Explain what are needed to be done to the wrestling
simulation if the formulas used in step 1) to step 4) explained
in problem 12 are changed. List the names of the files whose
contents need modification according to the change.



Chapter 12: Inheritance

Readers should

¢ Understand the concept and role of inheritance.

e Be able to design appropriate class inheritance hierarchies.

e Be able to make use of inheritance to create new Java classes.

e Understand the mechanism involved in instance creation of a class
inherited from another class.

e Understand the mechanism involved in method invocation from a
class inherited from another class.

Inheritance: Creating Subclasses from
Superclasses

Inheritance is an ability to derive a new class from an existing class. That
new class is said to be a subclass, or derived class, of the class it is derived
from, which is called superclass, or base class. A subclass can be thought of
as an extension of its superclass. It inherits all attributes and behaviors
from its superclass. However, more attributes and behaviors can be
added to existing ones of its superclass.

Let’s look at a simple example of how we create subclasses. Although it
is not going to be very useful in any real programs, this should serve as
the first example of class inheritance that gives you a first look at how
corresponding class definition can be written. Suppose that we have a
class called C12A whose definition is:

public class Cl2A

{
public int x;
public double d;
public double f(){
return x*d;
}
}

337



Now, let’s say that we would like to create a new class C12B that inherits
all attributes and behaviors from CI2A with no extra attributes or
behaviors added. Writing the class definition of CI2B does not involve
repeating the code in CI2A. We use the keyword extends to let Java
know that CI2B inherits from CI2A. With no additional attributes or
behaviors, the class definition of C12B can be simply written as:

public class Cl2B extends Cl2A

{
}

This very short code segment is already a valid class definition of C12B
that we want. We could now write a program that makes use of C12B.
Consider the following program and its output.

public class |nheritanceDenn0
{ public static void main(String[] args)
{
Cl2B b = new C12B();
b.x = 2;
b.d = 1.5;
Systemout.printin("b.f() = "+b.f());

O©CoO~NOOWNEF

B C:\WINDOWS\system32\cmd. exe -0 ﬂ

-
:x>javac InheritanceDemoB. java :J

:x>java InheritanceDemoB
f¢> = 3.8

N

|

Figure 186: Creating and using a subclass without any additional data
members and methods

We can see from the above program that an object of the class C12B
contains the instance variables x and d, as well as f{), without having to
explicitly write these attributes and behaviors in the class definition of
C12B. C12B is called a subclass of CI12A. On the other hand, CI2A is
called the superclass of C12B.
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A class inheritance diagram can be used to show the relationship among
classes. To show that C12B is extended or inherited from CI2A4, a
diagram in the figure below can be used.

CI2A

1

C12B

Figure 187: Diagram representing relationship between a subclass and
its superclass

However, the real benefit of inheritance is not creating a new class that
behaves exactly the same way as its superclass but creating a new class
contains all attributes and behaviors of its superclass together with some
additional attributes and behaviors. For example, if we would like to
create a new class called C12C which has all the attributes and behaviors
of CI12A but with a name for each instance of C12C, we could extends
CI12A with an additional instance variable of type String as well as some
appropriate methods. Such a class could be written as:

public class Cl2C extends Cl2A

{
public String nane;
public String toString(){
return name+":"+x+", " +d;
}
}

From the class definitions of the three classes: C12A, C12B, and C12C,
their structures can be depicted as the following figure.
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C12A
existing attributes int x:
A doubl e d;
" existing attributes<Z _
S doubl e f()
II '
’ 1
1 ! Z}
N |
. [ |
) \ C12B C12C
i AN [====-—------- ¥ === - --------- |
! ~J!int x; ' lint x; !
\\\ T doubl e d; ! i doubl e d: o
N . Cmmmiemce o2t
\\\ _____________ IrStthg nane ¢
‘. double f() | - .
_____________ I F-————————=—=—=—=—=—===7/
! doubl e f() ¢
1String tostr |_n_g_(_);

extended attributes -~

Figure 188: Class inheritance diagram relating C12A, C12B, and C12C

Now consider the following program and observe its output.

public class |nheritanceDenp01

{

public static void main(String[] args)

{
Cl12C ¢ = new Cl2C();
c.x = 5;
c.d =20
c.nane = "An object with a narTe"'
Systemout printin("c.f() ="+c.f());
Systemout. println("c.nane = "+c. nane);
System out. println(c);

}
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B C:\WINDOWS\system32\cmd.exe -0 ﬂ

C:x>javac InheritanceDemoBl. java :ﬂ

C:x>java InheritanceDemoB1
c.f(> = 18.8

c.name = An obhject with a name
fin object with a name:5.2.8

Canra

|

Figure 189: Subclass with additional data members and methods

On line 5, a variable c is created and is referred to a new object of C12C.
The statements line 6 and line 7 assign values to instance variables which
are defined in the class definition of C12A, the superclass of C12C. On
line 8, the instance variable name which is a part extended in C12C from
CI2A is assigned with a String. On line 9, the existing method f() in the
superclass is called, while on line 10, the instance variable nare is used,
and on line 11, Java automatically calls toString() defined in CI12C in
response to System out. printin(c);.

Note that multiple-inheritance is not allowed. A subclass can only extend
from a single superclass, while a superclass can have more than one
subclass inherited from the class.

Designing Class Inheritance Hierarchy

Using inheritance effectively in creating new classes does not involve
only the Java syntax used in defining the new class but also organizing
classes in a hierarchical manner. A good class hierarchy helps us
understand the relationship among classes. Superclasses are always
more general than subclasses since a subclass possesses everything that
its superclass has while it can also possess additional attributes and
behaviors. There is an is-a (is-an) relationship between a subclass and its
superclass. That means an object of a subclass “is an” object of its
superclass.
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A subclass can be inherited further by other classes. This makes a

hierarchy of classes. The figure below shows an example of a hierarchy
among some quadrilaterals.

_____ Quadrilateral <--o____ isa
l T~ S <
1 o .
1
\ \\
' 1
' 1
' !
' 1
\‘ f
L
ConcaveQuadrilateral ConvexQuadrilateral
.
N
N
N
N
] ZF ’
.
-
it R Trapezoid 3 isa
7’
/
isa !
1
| ZF
\
N
~ ~
P P ::>- Parallelogram
/7
’
isa ,' i ,7
| ZF
\
N
~ ~
--. | Rectangle ~
N Y
\ .
Zr v isa
N
Y
N
\
\
. /
Square e

Figure 190: Class inheritance hierarchy of quadrilateral

Here are the definitions of the shape shown above

Quadrilateral: A polygon with four sides and four vertices
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e  Convex quadrilateral: A quadrilateral whose every internal angle is at most 180
degrees and every line segment between two vertices of the quadrilateral
remains inside or on the boundary of the quadrilateral.

. Concave quadrilateral: A quadrilateral that is not convex.

e  Trapezoid: A convex quadrilateral in which one pair of opposite sides is parallel.

e  Parallelogram: A trapezoid whose opposite sides have equal length, opposite
angles are equal and the diagonals bisect each other.

e  Rectangle: A parallelogram where each angle is a right angle.

e  Square: A rectangle where four sides have equal length.

A good class hierarchy must conform to that each subclass instance ‘is a’
superclass instance. From the class inheritance hierarchy in Figure 190,
we can say that a square is a rectangle, a rectangle is a parallelogram,
and so on. According to the hierarchy, a square is also a quadrilateral, or
we can say that a square is a more specific case of a quadrilateral. A
quadrilateral is the most general case of all the shapes in the hierarchy.
Therefore, every shape listed below the quadrilateral class is a
quadrilateral with additional attributes and behaviors.

Example 97: Designing classes for a map and a maze

Suppose we are part of a team to develop a computer game in each stage
of which a rectangular map for that stage is to be displayed on screen. It
is designed that a map is composed of NxM tiles where N is the width of
the map of that stage and M is the height. When a stage is played, each
tile of the map of that stage will be rendered with a picture represented
with an Image object (an instance of the Image class in the java.awt
package). A map for a stage could look like what is shown in Figure 191.

dan ity

Figure 191: A map with 5 x 5 tiles
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If we create a class called GameMap to represent the map and another
class called GameTile to represent the tile according to what mentioned
above, the relationship of GameMap and GameTile together with Image
could be designed as shown in Figure 192.

GameMap ~ K>———  GameTile ~ K—— Image

Figure 192: Relationships among GameMap, GameTile and Image

Now, let’s extend our design so that our classes can represent a maze
which can be considered as a special case of a map but with at least two
extra characteristics which are:

1. A maze has a starting tile where players are placed at the tile
when a stage is entered or restarted as well as a destination tile
where the stage is cleared when players arrive at.

2. A maze is composed of special kind of tiles instead of tiles used
in a general map. When residing in each of these special tiles, a
player can only move to adjacent tiles only in the directions that
are not blocked.

A maze could look like the one shown in Figure 193. In the figure, the
picture on the left shows the rendered result of a maze and the one on
the right indicates which directions of each tile are blocked (shown with
solid black line along the border of each block).

Destination tile
1T TTTT |

&.&m&.&m&m&.&mmmﬁ BABinL

Ld

7 ’H‘i.‘t“iﬁ“““ﬁ“t‘f

Starting tile

Figure 193: A maze with 20 x 10 tiles
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There are two classes that we should create in addition to GameMap and
GameTile. Let's name the class representing a maze GameMaze and the
special kind of tile RestrictedGameTile. Since a GameMaze object is a
GameMap object with additional data members as well as possible
additional methods supporting the members, it makes sense that we
create the class by extending from the class GameMap. With the same
reasoning, the RestrictedGameTile should be extended from the regular
GameTile with additional data members containing information about
which directions are blocked together with some possible additional
related methods.

Therefore, the relationships among the classes should be like the ones in
Figure 194.

GameMap ~ K>————  GameTile — K——— Image

T 1

GameMaze <H RestrictedGameTile

Figure 194: Relationships among GameMap, GameTile, Image,
GameMaze, and RestrictedGameTile

Access Levels and Subclasses

As discussed in Chapter 11, when data members and methods are
declared or defined in a class, creator of the class can use access level
modifiers to limit the access made to them. Now that we know about
subclasses, let’s re-visit the meaning of the access levels again.

Data members and methods with the publ i ¢ modifier can be accessed
using the dot operator from anywhere. For data members and methods
with the private modifier, they can be accessed only from inside the
same class where they are declared. In the case of the pr ot ect ed modifier,
data members and methods with this modifier can be accessed from
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within the class where they are declared as well as from within any
subclasses of the class where they are declared. If the access level
modifiers are omitted, the access level used is called the default level,
which is rather similar to the private access level but the access is also
extended to any classes in the same package.

Accessing Class

Access Level

current class subclass other
public | 4] 4]
protected M ] 3]
default |
private [

Table 12: Summary of access levels (packages are ignored)

Table 12 summarizes the four access level without paying attention to the
concept of Java package which will not be covered in this book. A table
cell marked with M means that the corresponding accessing class can
access resources with the corresponding access level. In other words, the
dot operator can be used in the code listed inside the accessing class to
access resources with the corresponding access level directly. A table cell
marked with M means that we cannot use the dot operator inside the
accessing class in order to access resources with that access level directly.

Keyword ‘super’

Data members or methods in a superclass having either public or
protected access levels can be accessed directly from inside the class
definitions of its subclasses by referring to the name of the data members
or methods to be accessed. It is possible that there is a variable declared
within a subclass that has the same name as a variable declared in its
superclass. In this case, the super keyword is used with the dot operator
to indicate the variable declared in the superclass, while referring to the
variable with only its name indicate the variable declared in the subclass.
For example, let's suppose that there is a variable called var declared
inside both the definition of the subclass and the definition of the
superclass. From within the definition of the subclass, the expression
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super . var will refer to the one in the superclass, while var will refer to
the one in the subclass. This works very similarly to the case of the this
keyword.

Example 98: Using super

Consider the following classes and observe the output of SuperDemo.

public class MySupercl ass 1
{ 2
public int a = 1; 3
public int b = 2; 4
public void f(){ 5
Systemout.printin("\tf() of MySuperclass is called."); 6
} 7
public void g(){ 8
Systemout.printin("\tg() of MySuperclass is called."); 9
} 10
} 11
public class MySubcl ass extends MySupercl ass 1
{ 2
public int a = 9; 3
public void f(){ 4
Systemout.printIn("\tf() of MySubclass is called."); 5
} 6
public void test(){ 7
Systemout.printin("a = "+a); 8
Systemout.println("b = "+bh); 9
System out. println("super.a = "+super.a); 10
System out.println("super.b = "+super.b); 11
Systemout.printin("f()"); 12
() 13
Systemout.printin("g()"); 14
g(); 15
System out. println("super.f()"); 16
super.f(); 17
System out. println("super.g()"); 18
super.g(); 19
} 20
} 21
public class SuperDeno 1
{ 2
public static void main(String[] args) 3
{ 4
MySubcl ass y = new MySubcl ass(); 5

(continued on next page)
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(continued from previous page)
y.test();

0 ~NO®

B C:\WINDOWS\system32\cmd.exe -0 ﬂ

N
C:x>javac SuperDemo.java :j

C:x>java SuperDemo
a = 9
h =2
SUpEr.a
super.b
:

gl

=1
=2
£¢> of MySubclass is called.

g¢{> of MySuperclass is called.
super.f()

£{> of MySuperclass is called.
super.g()

g¢{> of MySuperclass is called.

|

Figure 195: Using the keyword super to identify variables of the
superclass

Let’s start by looking at the main() method of SuperDemo. The statement
on line 5 instantiates a new object if the class MySubclass. Next, it invoke
test() from that object. Considering the definition of Mysubclass, the test()
method prints the values of a, b, super. a and super. b on line 8 to line 11.
We can observe from the output that the value of a is 9, while super. a is
1 since the former one is the variable a inside the subclass and the later
one is the variable a from the superclass. The values of b and super. b are
both 2. Both expressions refer to the same variable b declared in the
superclass since there is no ambiguity here.

On line 13, line 15, line 17, and line 19, f (), g(), super. f(), and super. g()
are called respectively. We can see that f() in the subclass is called as the
result of f (), while f{) in the superclass is called as the result of super. f ().
Both g() and super.g() invoke g() in the superclass since there is no
method with that name defined in the subclass.
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Polymorphism

A variable whose type is a class can refer to an object of that class as well
as an object of any one of its subclasses (no matter how many levels
down the inheritance hierarchy). However, the opposite is not true. A
variable of a class cannot be used to refer to an object of its superclass,
just like when a variable cannot be used to refer an object whose class is
different from the variable type.

In OOP, this ability of an object of a class can be appeared as and used
like an object of its subclass is called polymorphism.

Recall the class hierarchy of C12A, C12B, and C12C shown in Figure 188
and consider the following code segments.

Cl12A a = new Cl12A();

C12B b = new C12B();

Cl12C ¢ = new Cl2C();
= b;

a = c;

This code segments will not cause any compilation errors even though
the data types between a and b and between a and c are different. The
reason is because the data type of a which is C12A is the superclass of
both C12B and C12C.

Cl12A al
Cl12A a2

new C12B();
new C12C();

The initialization of a1 and a2 shown above is also correct.

Cl12A [] a = new C12A[ 3];

a[ 0] = new Cl12A();
a[1] = new C12B();
a[ 3] = new Cl2C();

These statements also work fine since each element in the array can refer
to an object of C12A as well as an object of its subclass.

However, the following program cannot be compiled successfully.
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Cl12A a = new Cl12A();
C12B b = new C12B();
Cl2C ¢ = new Cl12C();
b = a;
c = a;
b = c;

There are three problems among these statements. First, b = a cannot be
done since the object referred to by a is a subclass of the data type of b.
Second, ¢ = a cannot be done for a similar reason. Lastly, b = ¢ cannot be
done either since the data type of the objects referred to be b and ¢ are
not directly related at all. They only share the same superclass.

Method Overriding

When a method that has already been defined in a class is redefined in
its subclass using the same identifier and the same list of input
arguments, it is called that the method defined in the subclass overrides
the one defined in its superclass. When the method with that identifier is
invoked from an object of a class, Java looks for the method definition in
that class first and then looks inside the superclass later.

In the case that the data type of a variable is not the same as the data type
of the object that it is currently referring to (i.e. the object belongs to a
class that directly or indirectly inherits from the class that is the type of
the variable), Java chooses the method definition based on the type of the
object, not the type of the variable.

Example 99: Overriding methods
Observe the class definition of C12D.

public class Cl12D extends Cl2A

{
public double y;
public double f(){
return x*d+y;
}
}
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Then, consider the following program and its output.

public class MethodOverridi ngDenpl

{

public static void main(String[] args)

{

Cl12A a = new Cl12A();

Lo
o x
=N

0;
12D d = new Cl2IX);

. X
.d
Y

N RN

iO;
. 5;

Systemout.printin("a
System out. println("d

f
f

SF()="+a. f(
f()="+d. f(

a = d;

Systemout.printin("a.f()="+a.f());

BN C:\WINDOWS\system32\cmd.exe

));
));

-l

:nrjavac MethodOverridingDemol. java

:n>java MethodOverridingDemol

H(>=2.8
f(>=4.5
f(>=4.5

RS

Figure 196: Demonstration of method overriding

OCoO~NOUIA_WNBE

The important points in this example is the methods invoked when a. f ()
and d. () are called. On line 5, a is made to refer to an C12A object. On
line 9, d is made to refer to an C12D object. Therefore, a. () on line 14
invokes f{) from C12A, and d.f() on line 15 invokes f() from C12D.
However, after that, a is made to refer to an C12D object (the same object
that d refers to), which is a valid operation since C12D is a subclass of
CI12A. Consequently, a. f () on line 18 invokes f() from C12D instead of f{)

from CI12A.
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In conclusion, you have to keep in mind that it is not the variable type
that determines the method invocation, but the type of object to which
the variable refers.

Polymorphism also enables the ability of objects belonging to different
types to respond to method calls of methods with the same identifier,
each one according to an appropriate type-specific behavior. Java does
not have to know the exact type of the object in advance, so this behavior
can be implemented at run time. This is called late binding or dynamic
binding.

Example 100: A book shop
Consider the following class definitions.

public class Bookltem

{

protected String nane;
protected double |istedPrice;

publ i c Booklten(String nane, double price){
t hi s. nane = nane;
listedPrice = price;

}
public double getSellingPrice(){
return listedPrice;

}
publ i c doubl e getListedPrice()({
return |istedPrice;

}

public String toString(){
return "Bookltem "+nane;

}

}

public class UsedBook extends Bookltem

{

protected doubl e di scountFactor;

publ i ¢ UsedBook(String nane, doubl e price, doubl e
di scount Fact or) {
super (nane, price);
t hi s. di scount Factor = di scount Factor;

}
public double getSellingPrice()({
(continued on next page)
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return (1-di scountFactor)*listedPrice;

}

public String toString(){
return "UsedBook: " +nane;

}

}

public class RareBook extends Bookltem

{

protected doubl e prem unfactor;

publ i ¢ RareBook(String nane, doubl e price, doubl e
prem unfact or) {
super (nane, price);
this. prem unfactor = premi unfactor;

}
publ i c double getSellingPrice()({
return (1+prem unfFactor)*listedPrice;

}

public String toString(){
return "RareBook: " +naneg;

}

The three class definitions listed above show that the class Bookltem is the
superclass of the other two classes, UsedBook and RareBook. Each of the
three class has its own implementation of getSellingPrice() and toString().
As mentioned, which implementation of these two methods is invoked
depends on the type of the object from which the method is called. The
following program uses the three classes we have just defined.

i nport java.io.*; 1
public class BookShop 2
{ 3
public static void main(String[] args) throws | OException 4
{ 5
Buf f er edReader stdin = 6
new Buf f er edReader (new | nput St r eanReader (Systemin)); 7
System out . print (" Nurmber of books:"); 8
int nBooks = Integer. parselnt(stdin.readLine()); 9

Bookltem [] bookl nventory = new Booklt en{ nBooks] ; 10

int i=1; 11

whi | e(i <=nBooks) { 12

bookl nventory[i-1] = getBook(i); 13

i ++; 14

} 15

(continued on next page)
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showBook! nf o( bookl nvent ory) ; 16
17

18

public static Bookltem getBook(int i) throws | CException{ 19
Buf f eredReader stdin = 20
new Buf f er edReader (new | nput St r eanReader (System in)); 21
Bookl t em b; 22
whi |l e(true){ 23
Systemout.printin("---------------- \ nBook #"+i); 24
System out . print (" Type(1l=Regul ar, 2=Used, 3=Rare):"); 25

int type = Integer.parselnt(stdin.readLine()); 26
if(type<l || type>3){ 27
Systemout.printin("lInvalid type."); 28

conti nue; 29

} 30
System out . print("Book name:"); 31
String name = stdin.readLine(); 32
Systemout.print("Listed price:"); 33
doubl e price = Doubl e. parseDoubl e(stdin.readLi ne()); 34
doubl e factor; 35
switch(type){ 36
case 1: 37

b = new Booklten(nane, price); 38

br eak; 39

case 2: 40
Systemout. print("Di scount factor:"); 41

factor = Doubl e. parseDoubl e(stdin.readLine()); 42

b = new UsedBook(nane, price, factor); 43

br eak; 44

case 3: 45
System out.print("Premumfactor:"); 46

factor = Doubl e. parseDoubl e(stdi n.readLine()); 47

b = new RareBook(nane, price, factor); 48

br eak; 49

defaul t: 50

b = null; 51

} 52

br eak; 53

54

return b; 55

} 56
public static void showBookl nfo(Bookltem [] booklnventory){ 57
Syst em out . pri nt | n(" ####H###H#BHHHHHHBHHHHH T HT T ) 58
for(int i=0;i<booklnventory.|ength;i++){ 59
Systemout.printin("ltem#"+i +":\t"+bookl nventory[i]); 60
Systemout.print("Listed Price:\t"); 61
System out. printl n(bookl nventory[i].getListedPrice()); 62
Systemout.print("Selling Price:\t"); 63
System out. println(bookl nventory[i].getSellingPrice()); 64

(continued on next page)
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(continued from previous page)

Systemout. println(); 65

} 66
Syst em out . pri nt | n(" ####H###HARBHHHARBHHHHH TP ) 67

} 68

} 69

Let’s look at main() first. The program asks the user to input the number
of books to be stored in an array of Bookltem. Then, the user is asked to
input the information of each book. Finally, the program prints out
information associated with each element in the array. We can see that at
the compilation of the code, the program has no way to know the type of
each element in the array bookl nventory except that it has to be of the
type BookItem or one of its subclasses.

On line 12 to line 15, a while loop is used to gather information of each
array element. Inside the method getBook(), an object of type either
BookItem, UsedBook, or RareBook is created and returned from the method.
The returned object is referred to as an element of bookl nvent ory. Notice
that the return type of getBook() is BookItern, with which it is also perfectly
correct for the method to return an object of its subclass.

Polymorphism is used in showBooklnfo() since the program does not
know in advance about the exact type of each object in bookl nventory.
For each element in the array, toString() is called inexplicitly on line 60,
getListedPrice() is called on line 62, and getSellingPrice() is called on line
64. Late binding through polymorphism in Java makes the program
know at run-time which implementation of foString() and getSellingPrice()
(i-e. the implementations in the superclass or the subclass) to be invoked
based on the type of the object from which the methods are called. For
getListedPrice(), it is only implemented in the superclass. Therefore, there
is no confusion on which method to be invoked.

Observe an output of BookShop.java shown below. Pay attention to the
value of the selling price for each element printed on screen.
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B C:\WINDOWS\system32\cmd. exe -0 ﬂ

C:s>javac BookShop. java

C:v>java BookShop
Mumber of hooks:3
Book #1
Type{l=Regular.2=Used,.3=Rared:1

ook name:The Alchemist

isted price:508.68

ook #2
ype{l=Regular,.2=Used,.3=Rare’:3

ook name:Behind ISE. limited edition
isted price:1999.9%2

remium factor:z@.5

ook #3
ype<l=Regular.2=Used.3=Rared:2

ook name:Calculus I
Listed price:358.80
Discount factor:@.3
Hunag R R R R
Item #@: BookItem:The Alchemist
Listed Price: aB.a
Selling Price: 580.8

Item #1: RareBook:Behind ISE. limited edition
Listed Price: 1997.9%
Belling Price: 2999.985

Item #2: UsedBook:Calculus I
Listed Price: 358.8
Selling Price: 244.99999999999997

Figure 197: A program that makes use of late-binding

Note that we will not cover abstract classes and interface in this book.
These concepts are usually used with polymorphism in order to obtain
more benefits from late binding.

Instance Creation Mechanism

When an instance or object of a class is created, if there is no explicit call
to any constructors of its superclass, the no-argument constructor of the
superclass is called automatically before the execution of any statements

in the subclass’s constructor (if there are any).

To demonstrate this mechanism, let’s look at the following example.
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Example 101: Creation of inherited instances

public class Cl2E

{
public C12E(){

Systemout.printIn("\tCl2E() is called.");
}
}

public class Cl12F extends Cl12E {}

public class Cl2G ext ends Cl2E

{
public Cl2Q)){
Systemout.printIn("\tCl2Gis called.");
}
public Cl2G(String s){
Systemout. printIln("\tCl2G String s) is called.");
}
public Cl2Q(int i){
super ();
Systemout.println("\tCl2Gint i) is called.");
}
}

CI2F and CI12G are subclasses of CI2E. Let’s consider the following
program. Pay attention to messages printed on screen when each object
is created.

public class CreationDenol 1
t 2
public static void main(String[] args) 3
{ 4
Systemout. println("d)----------comozu- " 5
Cl2F f = new Cl2F(); 6
Systemout.printin("2)----------c------ ") 2
C12G g1 = new Cl12Q); 8
Systemout.printin("3)----------coozo- " 9
Cl2G g2 = new C12G("Hel | 0"); 10
Systemout.printin("4)----------------- oF 11
C12G g3 = new Cl12Q(8); 12
J 13
} 14
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B C\Windoasisystem3lemdese L — L

>javac CreationDemol.java :j

2)mmmmmmm o
Cl2e() is called.
€12G 1is called.
3)-mmmmmm e
Cl2e() is called.
; cl2G(string s) is called.
7

Cl2e() is called.
cl2g(int i) is called.

Figure 198: Constructors invocation during instantiation of objects

When an object of CI2F is created on line 5, since there is no
implementation of any constructor in C12F, the no-argument constructor
of its superclass, C12E(), is invoked automatically.

When an object of CI2G is created, if either C12G() or C12G(String s) is
called, the no-argument constructor of its superclass, CI2E(), is again
invoked automatically since there is no explicit call to the constructor of
CI2E. If CI12G(int i) is called, the constructor of CI2E is not called
automatically since it is explicitly called by the first statement of
C12G(int i).

In order to explicitly call any constructor of the superclass, the super()
statement can be used but it has to be used as the first statement in the
constructor. Otherwise, it will result in a compilation error. The
following class cannot be compiled successfully.

public class Cl12H extends Cl2E

public CL2H(){
Systemout.printIn("\tCl2H is called.");
super(); // This causes a conpilation error
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Exercise
1. Why do we need an ability to create new classes from other base
classes?

2. Is it possible to create a new class called SmartString that
inherits from the String class?

3. Consider the following class definitions.

public class Ex12.3 | public class Ex12_3sub
B extends Ex12_3
public int x; { o
public int vy; public int y = 1;
} public int z = 1;
}

What is the output of the following program?

public class Ex12_3run

public static void main(String[] args)

{
Ex12_3 a = new Ex12_3();
Ex12_3sub b = new Ex12_3sub();
Systemout. println(a.x+","+a.y);
System out. println(b.x+","+b.y+","+b. z);
}

}
4. Consider the following class definition.
public class Ex12_4
public String s;
public Ex12_4(String s){

this.s = s;
}

}

As well as,
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public class Ex12_4a extends Ex12_4

{
public String s;
public Ex12_4a(String s){
super (s);
this.s = revert(s);
public String revert(String s){
if(s.length()<=1) return s;
return s.charAt(s.length()-1)+
revert(s.substring(0,s.length()-1));
}
public void printS(){
System out. println(s);
System out. println(super.s);
}
}

What is the output of the following program?

public class Ex12_4run

{

public static void main(String[] args)

{ Ex12_4a a = new Ex12_4a("Wat ?");
Systemout.println(a.s);
a.printS();

}

}

Draw a class inheritance diagram describing the relationship
among the following items.

Webpage, Mouse, Monitor, Word Processor, Router, Input Device,
Operating System, Ink-jet Printer, USB Mouse, Computer System
Component, Output Device, Web Browser, Hardware, Flat-panel
Display, Joystick, CRT Monitor, Laser Printer, Software, Network
Peripheral, Data, Application, System Software, Printer

The following class inheritance diagram defines the
relationship among A, B, C, and D.



U—|>O—

Which ones of the following statements can be compiled
successfully?

Statement: A al = new B();
Statement: B b1 = new C();
Statement: B b2 = new () ;
Statement: C c1 = new I();
Statement: C ¢2 = new A();
Statement: A a2 = new () ;

mean oe

How many (immediate) base classes can a class have?
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What are the Next Steps?

What you have learned in this textbook should get you started in
creating computer programs using Java programming language in
order to solve some problems in the form of Java console applications.
What are more important than the syntaxes on Java are the basic
concepts required for writing computer programs in other high-level
languages as well as scripting some special-purpose application
software packages.

Still, if ones would want to further their study of computer
programming in order to develop more complex software applications
according to modern programming methodologies, here are some
useful topics with suggested readings given in the trailing parentheses.

e Additional object-oriented programming concepts including
abstraction and interfaces ([Wei2008]).

e  Error and exception handling framework (Coh2004)
e Software testing ([Mcc2009])

e Framework-based programming such as Graphical User
Interface (GUI) framework, Collection framework, and
Input/Output framework ([Jia2002])

e Design patterns ([Fre2004], [Gam1994])

e Program development in other platforms including web-
based programming ([Seb2010], [Bei2008], [Nix2009],
[Wel2008]), programming for embedded systems ([Sim1999],
[Bar1999]), programming for mobile devices and smart
phones ([Al12010],[Bur2010]).
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Access level modifier, 301
private, 301, 345
protect, 345
public, 301, 345
Algorithm, 42
Array, 234
accessing element of, 237
declaration of, 235
initializing, 235
length of, 237
multi-dimensional, 260
one-dimensional, 235
Attribute, 295
Automated calculation, 2
Base case, 278
Behavior, 295
Binary prefix, 13
giga, 13
kilo, 13
mega, 13
tera, 13
Binary representation, 11
Bit, 11
Byte, 11
Central Processing Unit (CPU), 6
Class definition, 295
component of, 297
diagram for, 299
Class diagram, see Diagram for class
definition
Class inheritance diagram, 339
Class inheritance hierarchy, 341
Command-line argument, 250
Comments, 32
block, 32
single line, 32
Compiler, 22
Compound assignment, 94
Conditional construct, 137
if, 139
if-else, 142
if-else-if, 148
switch, 160
Constructor, 317

copy, 318
detailed, 318
no-argument, 318
overloading, 318
Data encapsulation, 304
Data member, 298
class, 105, 306
instance, 105, 306
non-static, see Instance data member
static, see Class data member
Data type, 56
class, see Non-primitive data type
base, see Superclass
derived, see Subclass
conversion of, 80
automatic, 82
explicit, 82
narrowing, 83
widening, 83
String to number, 118
non-primitive, 56
Arrays, 243
BufferedReader, 116
Double, 119
Integer, 119
Math, 68
Scanner, 127
String, 35, 59
method for, 107
primitive, 56
boolean, 59
byte, 56
char, 58
double, 57
float, 57
int, 56
long, 56
short, 56
specifying numeric, 79
Debugging, 23
Dynamic binding, 352
Environment variable path, 26
Equality testing, 153
floating point value, 155
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non-primitive data type, 157
primitive data type, 153
String, see String class
Escape sequence, 36
Expression, 40
data type of, 84
File extension,
.class, 23
java, 23
Floating point computation, 85
Flowchart, 42
connector in, 51
database in, 51
decision in, 45
manual input in, 44
manual loop in, 51
printed document in, 51
report in, 51
starting point in, 43
subroutine in, 49
terminating point in, 43
Hardware, 6
Identifier, 32
naming rule and style for, 38
Inheritance, 337
Initializer list, 240
nested, 261
Input/Output (I/O), 8
Iterative construct, 173
do-while, 173
for, 182
while, 174
Java bytecode, 22
Java program,
compiling, 27
running, 22, 27
structure of, 29
Java Run-time Environment (JRE), see
Java Virtual Machine
Java Virtual Machine (JVM), 22
java.exe, 23
javac.exe, 25
Keyword, 31
-Infinity, 87
break, 188
class, 31, 101
continue, 189
Infinity, 87
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NaN, 91

super, 346

this, 309
Late binding, see Dynamic binding
Local variable, 214
Machine language, 21
Memory, 7

main, 7
Method, 203

accessor, 310

body of, 207

class, 308

header of, 206

defining, 206

equal(), 157

instance, 308

invocation mechanism of, 216

main(), 30

mathematic, 68

mutator, 310

non-static, see Instance method

overloading, 222

overriding, 350

print(), 33

println(), 33

return type of, 207

recursive, 278

static, see Class method

toString(), 310

this(), 323
Method body, see body of method
Method definition, see defining method
Method header, see header of method
Nested loop, 191
Object, 101

composition of, 305

instantiation mechanism of, 356
Object code, see Machine language
Operating System (OS), 11
Operator, 65

arithmatic, 41

assignment, 38, 60

associativity rule of, 70

binary, 66

casting, 80

comparison, 66

decrement, 94

postfix, 95



prefix, 95
equality, 66
grouping, 66
increment, 94
postfix, 95
prefix, 95
logic, 65
precedence of, 70
unary, 66
Overflow, 87
Passing by reference, 222
Passing by value, 222
Pointer, 59
Polymorphism, 349
Programmability, 2
Programming cycle, 23
Programming language, 21
high-level, 21
Recursive case, 278
Recursion, 275
cost of, 282
infinite, 278
problem solving using, 275
Relationship,
has-a (has-an), 305

has-some, 305
is-a (is-an), 341
Secondary storage, 7
Selection sort, 254
Sequential search, 251
Software, 9
application, 10
system, 10
Source code, 22
Statement, 40
Strong data typing, 55
Subclass, 337
Superclass, 337
Syntax, 31
Target code, 22
Underflow, 87
Unicode encoding, 58
Value comparison, see Equality testing
Variable, 37
assigning data to, 60
declaration of, 60
final, 63
instance, 301
scope of, 194
uninitialized, 64
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