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Object Orientation Concepts

What is the need to learn about object orientation concepts?

As you have a[ready seen here: introduction to java, Java is an o]qject oriented programming
language. Java follows or is built upon the object oriented paradigm. Generally, every

programming language supports at least one of the programming paradigms.

To understand a Java program and its structure, it is essential to know about the object

orientation concepts.

Structured Paradigm Vs Object Oriented Paradigm

In programming languages following structured paradigm or procedural paradigm
instructions are written in linear blocks or using functions. We can say that in procedural or

structured paradigm, “Code allows access to data”.

In object oriented paradigm, the program is written using objects and classes. A problem
can be solved thvough interactions between objects. We can say that in object oriented

pavadigm, “Data allows access to code”.

Object Oriented Paradigm

The fundamental unit in object oriented paradigm is an object. Let’s look at an object in
detail.

P.S. Suryateja startertutorials.com [short domain - stuts.me] 1



OOP, Introduction to Java Java Programming

eusabilit

Message 00PS
Passing Features

Abstarction

Polymorphism Fncapsulatio

Inheritance

Object:

O’oject is a real world th'mg or entity that is tangi]o[e or intangible. An o]qject consists of
properties and/or behavior. For example consider a student object whose name is John.
Student object contains properties or characteristics like name, age, gender, date of birth etc

and behavior like eat, s[eep, register, write exam etc.

A student o]qject can be Vepresented on paper or e[ectronicaﬂy as shown below. 1 am using
the industry standard language UML (Unified Modeling Language) for representing the

student object.

Object name Class name

Vel

John : Student

Syntax:
<Object-name> : <Class-name>
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Class:

1t is common for most of the Java programs to have similar objects. Similar means objects
having same properties and behavior. So, a class can be defined as a mold or template for

creating objects. A class can also be defined as a collection of similar objects.

Starterfutorials.com

In the above example, the class is the mold (in yellow color) and the object is the paw (blue

color). All the objects (blue color) will have the same size, shape etc.

Consideving the above student examp[e, let’s think of three student objects:]o’rm, Mary and
Krishna. All of these three students will have similar properties like name, age, gender etc
and similar behavior like register, write exam etc. These three objects can be grouped into a
class named Student. A class can be represented diagrammatically (using UML) as shown

below:
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Student

Java Programming

—t—=— C(Class name

name
age
gender

register( )
writeExam( )

———> Properties List

—}——>= Behavior

(a) Expanded Form

Student

(b) Abbreviated Form
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Now we can represent the class Student and the three o]qjec’csjohn, Mary and Krishna of the

class Student as shown below:

Student

John : Student

Krishna : Student

Mary : Student
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By now you will be able to distinguish between an object and a class. There is some more

termino[ogy you must know. Above, 1 said that object contains properties and behavior. A

property is a characteristic which can be used to describe the o’oject and will genera“y be a

noun. Behavior is defined as a set of operations that can be performed by the object or on

the object. Operations are generally verbs.
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Object state:

The set of values assigned to the properties of an o’oject is known as the state of an object.
For example we know that for the]ohn ob_ject there are three properties: name, age and
gender. Then, the state of John object will be John, 21 and male which are the values of name,

age and gender respectively.

Messages:

In o’oject oriented world o’ojects don’t sit idle. They communicate with one other by passing
messages. A message is a request to carry out a task. A task can be anything from disp [aying

a message to retrieving data from database and process it.

An object can send messages to those objects only which can process the messages. For
example, let’s think that an object Ken of Person class wants his dad (John) to purchase
app les for him. To carry out that task Ken sends the message getApp les(10) to John. This can

be viewed diagvammaﬁcaﬂy as shown below:

John : Person

Ken : Person

Startertutorials.com
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It is the Vesponsibi[ity ofjohn o’oject to process the message getApples(m) and give response
back to Ken o’oject The response message is not mandatory. In the above message
getApples(10), 10 is a parameter. A parameter is a mechanism to pass additional
informaﬂon a[ong with the message. In the above example, 10 Veﬂec’cs the number of app[es

Ken wants.

Object Orientation Principles

Following are the principles of object oriented paradigm (model):

Abstraction

Abstraction is furst of the object orientation principles. 1t is defined as hiding the complex
details and presenting only with the relevant or necessary details. Abstraction is used to
manage complexity while writing programs. Encapsulation and inheritance are used to
implement abstraction while writing programs. Abstraction represents the external
behavior of the o]qject (what the o’ojec’c does) and encapsu[aﬁon represents how it is

implemented 'mtema“y by the o’qject

As a real world examp e fov abstraction let’s consider the car examp le:
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When you want to purchase a car, the car dealer gives you the details of available colors,
seating capacity, engine, gearbox, type of steering and other kinds of general details. The car
dealer never tells you specific (complex) details of material being used for the hood, nuts
and bolts and such.

The above details are not needed. These details are hidden ]oy the car dealer. Like this, you

can think of other examp les in the real world. Abstraction is everywhere.

Encapsulation

Encapsulation is the fundamental principle to achieve abstraction in object oriented

programming. Abstraction is conceptual and encapsulation is a way to implement
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abstraction. Wherever you can ﬁnd abstraction you can say that encapsu[aﬂon is there but

encapsu[aﬁon may not always provide abstraction.

Encapsulaﬁon is deﬁned as wrapping up or comb'ming the data and code into a s'mg[e unit.
In the definition data refers to variables and code refers to methods (functions). Every object
contains private data (variables) and pu’o[ic methods which allows other code to access the

private data. Private methods are opﬁona[. We can view an o’oject in OOP as shown below:

Object

. Private data variables

A Private methods

A\ Public methods
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As a real world example for encapsulation let’s consider a television. We access the television
by using a remote which provides an interface to communicate with the television. Television
manufactwer is hiding its components (data) under the shell and is provid'mg pub[ic

inteUCace (remote control) to access its components.
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In our real world examp le, television components are ana[ogous to private member variables

and pub[ic methods are analogous to buttons on remote control of the television.

Data hiding or information hiding is the side effect of encapsulation. Whenever we use
encapsulation, we are implicitly hiding the data of an object which is known as data hiding.

Encapsulation helps programmers to write code which is extensible.

Note: Don’t worry about variables and methods. 1 will explain briefly about them in Java

basics section.

Inheritance

Another way to 'me[emen’c abstraction is ’oy using inheritance. In inheritance, classes are
arvanged as hierarchies. You might come across situations where even though objects have
similar properties are quite diﬁcevent In such cases, it is better to move all the common
properties and behavior into one common class and the speciﬁc properties and behavior

into special or speciﬁc classes.

Inheritance is defined as one object derives or inherits the properties and behavior of
another object. As said above common properties and behavior are moved into a common
class also known as super class or base class or parent class. Spec@ﬁc properties and behavior

are moved into specia[[zed classes also known as sub class or derived class or child class.

As a real world example, consider a child inheriting the properties (land and other assets)

from their parents.

As another examp[e, let’s consider that we are deve[oping a program to work with

geometrical objects like circle, rectangle etc. In the application 1 can create these objects and
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pevform operations like move, ve size etc. These operations are common for all the ofojects.

So, we can use inheritance in this context. The resultant class hierarchy will be as shown

below:

perimeter( )

Sub class or Denved class or Child class

Inheritance promotes re-usability.

Polymorphism

Super class
Shape "
origin Base class
ar
m"}_""e“ Parent class
resize( )
areal )

Circle Rectangle Polygon
area( ) length sides
circumference( ) breadth

i area( )
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Polymorphism means many forms. More generally it is defined as one interface multiple

implementaﬂons. It means that based on the situation or d'ﬁeren’c factovs, the same thing

exhibits multiple behaviors or the same thing can be used to carry out different tasks. Here

thing is used as a geneva[ element.

As a real world example for polymorphism, let’s consider the animal Chameleon. This

animal changes its color to Veﬂect the suwound'mgs to hide ﬁfom its prey. It is Yea[[y cool!
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Based on the color of the swrroundings the same thing (Chamelon) can change its color

from one to another.

In every well written java program, we can find encapsulation, inheritance and

polymorphism.
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Java Buzzwords

1) Simp[ezj ava designers built the language in such way that it is very easy to write programs
using Java’s syntax. 1t also allows experienced programmers who know C and C++ to move
away to Java more quickly since Java’s syntax was derived from C and object orientation
features were derived from C++. If you already know about object orientation principles it

will be much easier to write programs using Java.

2) Object Oriented: Java is a object oviented programming language which allows the users
to solve the given pro]o[em in terms of classes and olqjects. WViting the solution in terms of

classes and objec’cs produces code which is easier to write, maintain and reuse.

3) Robust: Ervors in Java programs does not crash the virtual machine or hurt the
underlying operating system. Several built-in Java features help the users to create reliable
programs. Java is a strongly typed language which requires the programmer to declare the
type of a variable before using it. Java also has built-in memory management mechanism
known as garbage collector. Java also provides exception handling to handle runtime errors.

Pointers available in C/C++ are not supported by Java which may lead to memory errors.

4) Multithreaded: Java allows us to create interactive programs, which requires threads.
Multithreading enables a program to carry out multiple tasks at the same time. For
example, consider listening to music and writing something on a piece of paper at the same
time. Java provides multiprocess synchronization primitives so that a programmer can be

fvee fvom the worries of providing comp lex synchronizaﬁon solutions.

5) Architecture Neutral: Java compiler generates bytecode which when run on any machine
gives the same output. Java’s goal is to enable programmers to develop programs which has

WORA (Write Once, Run Anywhere) property.
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6) Interpreted: The bytecode generated by the Java compiler goes as input to the Java Virtual
Machine (JVM) which is the runtime engine that interprets ]oytecode into machine code (0’s
and 1's) line by line. Interpretation speeds up the development process and simplifies

debugging process.

7) High performance: Many virtual machines use a JIT (Just-In-Time) compiler that converts
the ]oytecode into plagcorm—speciﬁc instructions as the program executes. This he[ps to

improve the performance of the Java programs.

8) Distributed: Java provides libraries for handling TCP/IP, FTP and other network protocols
which enables programmers to easily develop distributed applications. Java also provides
Remote Method Tnvocation (RM1) which enables a program to access methods across a

network.

9) Dynamic: Java programs maintain non-trivial amount of run-time type information
which is used to veriﬁl and access objec’cs at run time. This allows to dynamica“y link small

agments of bytecode during execution of the application.
fragments of by g pp

10) Portable: Portability is achieved through Java’s architecture neutrality and through a
strict definition of the language. For example, Java’s integer primitive type always means a
signed 2’s complement 32-bit integer. Whereas in C/C++, integer can be unsigned and its

size varies accovding to the system’s Vegister size.

71) Secure: Java’s sandbox security model available in applets prevents the Java program
from accessing the resources of the user’s system. This prevents malicious programs to gain

access to sensitive information available on the user’s system.
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Evolution of Java

The latest version of Java till date is Java SE 8 (in short version 8) which was released in
March, 2014. The initial version (JDK Alpha and Beta) was released in 1995. Java has made
quite a journey ﬁfom version 1 to 8. Let’s look in detail what were the improvements or

features added in each version in this article Evolution of Java.

You might think what's with the character in the above picture and why is it here? Well the

character that you can see above is Java’s mascot Duke.

Before moving into the details of Java’s versions, let’s look at the background details of how

and why Java came into existence.

In 1991, a research group at Sun Microsystems, as a part of their Green project, was wovking
to develop software to control consumer electronic devices (embedded systems). The goal
was to connect them in a network and establish communication between them. The furst
prototype deve[oped by Sun Microsystems was a device called Star 7 which looked like a

remote. The initial intent was to use C++ to control the Star 7. But, as a result of frustration
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with C++, one of the members of Green project, James Gosling invented a new language
called Oak which was later renamed to Java.

Why the name Oak? Well, as per Tumors, there happened to be a Oak tree outside the
window at which James Gosling was working. Hence the name Oak. Later they found out

that there was already a language by the name Oak. So, they renamed it to Java.

Now, let’s look at the version history which is the core of evolution of Java.

lavaSE7
JavaSEG
J25E 5.0
-1WM support for
J25E1.4 dymanie
-Scripting lang language
125E1.3 ot
-GENercs -Swing
J25E 1.2 Metadata -idbcd. b support application
-Assert keyword -Autobaxing -lava Compiler framework
-Regular -Enumerations AP =Library for
-Hatspat IVM Exprassion Varargs -Upgrade of laxB parallal
-Strictfp keywaord -JavaSound -Excaption -Enhanced “for gevL0 camputingon
- 5wing AP JNDI chaining loop’ -Support for muklti-cone
frsaction -IPDA -Logging AP -Staticimport pluggable processor
framewark annotations
Dec 1998 May 2 Feb2002 Sept2004 D2 0o July2n1

Java Standard Edition releases

The initial version of Java was JDK 1.0 which was released in 1996. Unlike other languages
which evolve in small increments, Java continued to evolve at a faster pace. By the time JDK

1.0 was released, the developers of Java had already created JDK 1.1.

JDK 1.1 was released in 1997. Java 1.1 (JDK 1.1) added many new library elements, redefined
the way events are handled and reconfigured many of the features of the 1.0 library.

The next major release was Java 2 (also known as J2SE 1.2) which was released in 1998. 1.2 is
the internal version number for Java library. With Java 2, Sun repackaged the Java product
as J2SE (Java 2 Platform Standard Edition). Major changes in J2SE 1.2 ae:
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Introduced Swing framework

Introduced Collections framework

Enhancements to JVM and other programming tools.

Deprecated suspend)(), resume() and stop() methods of the Thread class.

The first major upgrade made to the original version Java 2 was J2SE 1.3 which was released
in 2000. This version introduced new APIs ﬁkeJND],JPDA and]avaSound. A[though this

version introduced a small set of changes, they are not very important.

Next major upgrade ]2SE 1.4 which was released in 2002, further enhanced Java. Several

important features were added in this release. They are:
® Keyword assert
® Chained exceptions
® Channel-based 1/0 subsystem
® Changes to Collections framework and networking classes
® Logging APl

Next release of Java was J2SE 5 which was released in 2004. Compared to other releases this
one was Vevo[utionaVy.stE 5 ﬁmdamenta“y expanded the scope, power and range of the

[anguage. The mzy'or improvements and fea’twes in this release are:
® (enerics
® Annotations

° Auto’ooxing and auto—unboxing
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® Enumerations

® Enhanced version of for loop, for-each loop
® Variable length arguments

® Static import

® TFormatted 1/0

® Concurrency utilities

Next release was Java SE 6 which was released in 2006. Note that Sun changed the name of
the Java platform. The oﬁ‘tcial product name was Java P[atform, Standard Edition 6. The
Java Developer’s kit was called JDK 6. The internal developer version number is 1.6. This
version did not add any major fea‘cwes. But, it enhanced the AP libraries, added several

new packages and made improvements to the runtime.

Next major release was Java SE 7 (codenamed Do[phin) which was released in 201 aﬁer Sun
Microsystems was acquired by Oracle. Java SE 7 contains many new features and
enhancements which deve[oped as a part of Project Coin. The new fea’cwes added in version

7 are as follows:
® A String can now control a switch statement.
® Binary integer literals.
® Underscores in numeric literals.

o An expanded try statement, called try—wi’ch—resowces, that supports automatic

resource management.

® Type 'mference (using diamond operatov) when constructing a generic instance.
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® Enhanced exception handling

° Compiler wamings associated with some types of varargs methods have been

improved.
Several enhancements were also made in Java SE 7. They are:
Addition of Fork/Join framework for NIO (New 1/0) which supports parallel programming.

Upgrade to the Java runtime system that supports non-Java languages.

Next major release is Java SE 8 (unoﬁcially codenamed as Spider) which was released in
2014. Java 8 is a giant step forward for the Java programming language. A lot of features and

enhancements were included. Among them the 'meovtant ones are:

® lLambda expressions

Method Veferences

Defau[t Methods

® A new stream API

Opﬁonal class (java.uﬁ[ package)

P.S. Suryateja startertutorials.com [short domain - stuts.me] 18



OOP, Introduction to Java Java Programming

® A new Date/Time API
® Nashorn, the new JavaScript engine

® Removal of permanent generation (in memory)

With the introduction of Lambdas, method quevences and defau[’c methods on 'm’cevﬁtces

Java incorpovates support for ﬁmctiona[ programming without [oosing the c[arity and

simplicity of Java.
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Life cycle of a Java Program

Life cycle of a java program tells us what happens right from the point when we type source
code in a text editor to the point that source code is converted into machine code (0’s and

1's).

There are three main stages in the life cycle of a java program. They are:
® Editing the program
® Compiling the source code

® Executing the byte code

Java source code
[Sample. java)

Class Sample

Java
————— Compiler
————— [ javac ]

Bytecode A T e
[Mon-human Readable] [ i - = ki
[Machine Independent] [ ki bbb

[Sample.class] T ey

Java
Yirtual
Machine [ JVM]

0101000001000010

et (101000001000010

Instructions
[Executed by CPU]

0101000001000010
0101000001000010
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First, you will start with typing the program in a text-editor (ex: notepad, notepad++,
wordpad, textedit etc). After completing editing of the program, we have to save the file.
While saving the file you should remember that the file must be saved with java extension.
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For example, let’s think that 1 had written a Java program which contains a single class
Samp[e (more on classes in ﬁttwe posts). Itisa good convention to save the ﬁ[e with the

name of the class. So, as per my example, the file will be saved as Samplejava.

Second step is compilation. The name of the Java compiler is javac. The input to the compiler

is Java source code which is available in Samplejava. The output of the compiler is machine
independent or platform independent code which is known as bytecode. The file which is
generated after compilation is .class file. As per my example, the bytecode file will be

Sample.class.
Command to compile Java program is: javac filename.java

Last step is execution. The bytecode generated by the compiler will be executed by Java
Virtual Machine (JVM). Input to the JVM is bytecode and output is machine code (0’s and
1's) which will be executed by the CPU of the local machine.

Command to execute a Java program is: java ClassName

Creating Compiling and Executing a
Java Program

First step is to type the]ava source code into a text editor and save it with Java extension.

Type or copy/ paste the below code in your favorite text editor.

//Hello World Java Program

class Hello

{
public static void main(String[] args)
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System.out.printin("Hello World");

}

A]oovejava program prints Hello World on to the console (command prompt in Windows).
After typing the above program save the file as Hellojava. Note that file name Hello is same
as the class name. 1t is good practice to save the file with the same name as class name but is
not mandatory. Let’s assume that the ﬁ[e is saved in the path C:[java. So, ﬁt“ paﬂq to the

source file is C:/java/Hello java.

Next step is to compile the source code file. Open the command prompt (black window) and

navigate to the location C:/java. Type the following command to compile the java file:

javac Hello.java

If there are no errors in the Java program, the program compiles successfully and you will

see the prompt again as shown below:

Em Administraton ChWindows\system32icmd ex

C=“javar*javac Hello.java

Cosjavar
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Aﬁev compi[ing the program, you can see the geneva’ced ﬁ[e Hello.class which contains the

on’(ecode in the location C:/java.

Next step is to execute the program. To execute the program, type the fo“owing command

in the command prompt:

java Hello

Take care that .class is not added aﬁer the class name Hello.

You can see the output Hello World as shown below:

B Administrator: CAWindows\system32\cmd.ex

C:=“\java>javac Hello.java

C=“\java>java Hello
Hello World

C=N\java>

A[V'Lght.’ Now that we have executed our ﬁrs’c]ava program, we will look closer at the]ava

program to discuss various elements and their use.
Comments

In Line 1, you can see comments. In Java, we can write comments at any line in the program.
There are diﬁcevent types of comments. The one you see in the above program is a sing[e line
comment. A sing[e line comment starts with // fo“owed by anything you want to write.
Comments are useful for writing something which will be useful for the developer or other

users. Remember that Java compiler ignores comments.
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class Keyword

In Lines 2 to 8, you can see a class declaration. Don’t worry too much about classes. They will
be exp[ained in detail in a separate post. For now remember this. Every Java program must

contain at least one class. A class can be declared in Java by using the class keyword.
main Method

In Lines 4 to 7, you can see the main method. Again, don’t worry too much. The main
method is an entry point for every Java program. For executing a Java program, we have to
write a main method. WhenJVM executes the by’cecode, it searches fov the main method and

starts the execution from that line.
System.out.printin

1t's normal in a program to do computations, reading data from the user and printing the
results. Read'mg data fvom the user in the console window (command prompt) is called
Standard Input and printing/writing data to the console is called Standard Output. n the
above Hello World program, 1 am printing to the console by using printin method which is
provided by the out object of PrintStream class and the out object is made accessible by
System class. Let’s say that whenever we want to print something on to the console, we have

to use System.out.pr'mﬂn.

System and PrintStream are predefined classes which arve provided by Java. All these
predefined classes come bundled in packages. A package is a group of related classes.
System class is available in java.lang package and PrintStream is available in java.io

package.
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Java Virtual Machine

Before learning about JVM it is important to know about JDK (Java Development Kit) and

JRE (Java Runtime Environment). Below figure shows the relationship between JDK, JRE,
and JVM:

Source files (_java files)

.Class file

Compiler . l JVM Other
| Libraries

JRE [J‘-.-’M gets environment to execute

R, .class file]

JDK

JDK pvovides programmers with a set of tools (like Javac, debugger,javap, app [etviewer etc..)
for developing Java programs. JDK includes JRE.

JRE provides the run-time engine JVM a[ong with the class libraries which contains the
predefined functionality.

Using JDK programmers can create and run Java programs. But with JRE alone,

pvogr ammers oY users can OVL[}/ run ahfeady compi[edj ava ]OVOg'V ams. We cannot create_]ava

programs using only JRE.

Java Virtual Machine (JVM) is an abstract computing machine that allows a computer to

run programs written in Java. There are three concepts related to JVM:
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® Specification
® Implementation
® Instance

The JVM specification is a document which contains formal information about what a JVM
implementaﬁon should contain. A s'mg[e speciﬁcaﬂon allows various 'mtevoperab[e

implementations.

A JVM implementation is a computer program that meets the requirements given in JVM

specification.

An instance of a JVM is an implementation running in a process that executes bytecode.
Oracle’s implementation of JVM specification is known as HotSpot. Other famous
implementations are JRockit, Kaffe, IBM Jo.

Overview of the architecture of [VM is as shown below:

Class Loader

I

JVM Language
Stacks

JVM Language Classes ————

JVM Memory

Native Method
Stacks

Method Area Heap PC Registers

Execution Engine

» Native Method Interface Native Method Libraries

h
v
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Class Loader

A class loader imp[ementaﬁon is a program that should be able to pe)form the foUowing

activities:
° Loading: ﬁnds and imports the ’oinavy data fov atype
° Link'mg: pevforms veriﬁcaﬁon, preparation, and resolution (opﬂonal)

® Initialization: ]nvokes]ava code that initializes class variables to their proper initial

values
Heap

The heap area of JVM is used for dynamic memory allocation. In HotSpot the heap is divided

into generations:
® The young generation stores objects whose lifetime is short.
® The old generation stores objects which persist for longer durations.

The permanent generaﬁon area stores class deﬁniﬂons and other metadata. This area is

removed in Java 8.
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