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Unit - 1 

Introduction  

 Everywhere you look in the real world you see objects—people, animals, plants, cars, 

planes, buildings, computers and so on. Humans think in terms of objects. Telephones, houses, 

traffic lights, microwave ovens and water coolers are just a few more objects. We sometimes 

divide objects into two categories: animate and inanimate. Animate objects are ―alive‖ in some 
sense—they move around and do things. Inanimate objects, on the other hand, do not move on 

their own .Objects of both types, however, have some things in common. They all have attributes 

(e.g., size, shape, color and weight), and they all exhibit behaviors (e.g., a ball rolls, bounces, 

inflates and deflates; a baby cries, sleep crawls, walks and blinks; a car accelerates, brakes and 

turns; a towel absorbs water). We will study the kinds of attributes and behaviors that software 

objects have. Humans learn about existing objects by studying their attributes and observing their 

behaviors. Different objects can have similar attributes and can exhibit similar behaviors. 

Comparisons can be made, for example, between babies and adults and between humans and 

chimpanzees. Object-oriented design provides a natural and intuitive way to view the software 

design process—namely, modeling objects by their attributes and behaviors just as we describe 

real-world objects. OOD also models communication between objects. Just as people send 

messages to one another (e.g., a sergeant commands a soldier to stand at attention), objects also 

communicate via messages. A bank account object may receive a message to decrease its 

balance by a certain amount because the customer has withdrawn that amount of money.  

Object-Oriented:  

Although influenced by its predecessors, Java was not designed to be source-code compatible 

with any other language. This allowed the Java team the freedom to design with a blank slate. 

One outcome of this was a clean, usable, pragmatic approach to objects. Borrowing liberally 

from many seminal object-software environments of the last few decades, Java manages to strike 

a balance between the purist’s ―everything is an object‖ paradigm and the pragmatist’s ―stay 
out of my way ‖ model. The object model in Java is simple and easy to extend, while simple 
types, such as integers, are kept as high-performance non-objects.  

OOD encapsulates (i.e., wraps) attributes and operations (behaviors) into objects, an object’s 
attributes and operations are intimately tied together. Objects have the property of information 

hiding. This means that objects may know how to communicate with one another across well-

defined interfaces, but normally they are not allowed to know how other objects are implemented 

, implementation details are hidden within the objects themselves. We can drive a car effectively, 

for instance, without knowing the details of how engines, transmissions, brakes and exhaust 

systems work internally—as long as we know how to use the accelerator pedal, the brake pedal, 

the wheel and so on. Information hiding, as we will see, is crucial to good software engineering. 



Languages like Java are object oriented. Programming in such a language is called object-

oriented programming (OOP), and it allows computer programmers to implement an object-

oriented design as a working system. Languages like C, on the other hand, are procedural, so 

programming tends to be action oriented. In C, the unit of programming is the function. Groups 

of actions that perform some common task are formed into functions, and functions are grouped 

to form programs. In Java, the unit of programming is the class from which objects are 

eventually instantiated (created). Java classes contain methods (which implement operations and 

are similar to functions in C) as well as fields (which implement attributes).  

Java programmers concentrate on creating classes. Each class contains fields, and the set of 

methods that manipulate the fields and provide services to clients (i.e., other classes that use the 

class). The programmer uses existing classes as the building blocks for constructing new classes. 

Classes are to objects as blueprints are to houses. Just as we can build many houses from one 

blueprint, we can instantiate (create) many objects from one class.  

Classes can have relationships with other classes. For example, in an object-oriented design of a 

bank, the ―bank teller class needs to relate to the ―customer class, the ―cash drawer‖ class, the 
―safe class, and so on. These relationships are called associations.  

Packaging software as classes makes it possible for future software systems to reuse the classes. 

Groups of related classes are often packaged as reusable components. Just as realtors often say 

that the three most important factors affecting the price of real estate are ―location,  people in 

the software community often say that the three most important factors affecting the future of 

software development are ―reuse. Reuse of existing classes when building new classes and 

programs saves time and effort. Reuse also helps programmers build more reliable and effective 

systems, because existing classes and components often have gone through extensive testing, 

debugging and performance tuning.  

Indeed, with object technology, you can build much of the software you will need by combining 

classes, just as automobile manufacturers combine interchangeable parts. Each new class you 

create will have the potential to become a valuable software asset that you and other 

programmers can use to speed and enhance the quality of future software development efforts.  

NEED FOR OOP PARADIGM:  

Object-Oriented Programming:  

Object-oriented programming is at the core of Java. In fact, all Java programs are object-

oriented—this isn’t an option the way that it is in C++, for example. OOP is so integral to Java. 
Therefore, this chapter begins with a discussion of the theoretical aspects of OOP.  

Two Paradigms of Programming: 



As you know, all computer programs consist of two elements: code and data. Further more, a 

program can be conceptually organized around its code or around its data. That is, some 

programs are written around ―what is happening‖ and others are written around ―who is being 
affected. These are the two paradigms that govern how a program is constructed. The first way is 

called the process-oriented model. This approach characterizes a program as a series of linear 

steps (that is, code). The process-oriented model can be thought of as code acting on data. 

Procedural languages such as C employ this model to considerable success. Problems with this 

approach appear as programs grow larger and more complex. To manage increasing complexity, 

the second approach, called object-oriented programming, was conceived. Object-oriented 

programming organizes a program around its data (that is, objects) and a set of well-defined 

interfaces to that data. An object-oriented program can be characterized as data controlling 

access to code. As you will see, by switching the controlling entity to data, you can achieve 

several organizational benefits. Procedure oriented Programming: In this approach, the 

problem is always considered as a sequence of tasks to be done. A number of functions are 

written to accomplish these tasks. Here primary focus on ―Functions‖ and little attention on 
data. There are many high level languages like COBOL, FORTRAN, PASCAL, C used for 

conventional programming commonly known as POP. POP basically consists of writing a list of 

instructions for the computer to follow, and organizing these instructions into groups known as 

functions.  

 

A typical POP structure is shown in below: Normally a flowchart is used to organize these 

actions and represent the flow of control logically sequential flow from one to another. In a 

multi-function program, many important data items are placed as global so that they may be 

accessed by all the functions. Each function may have its own local data. Global data are more 

vulnerable to an in advent change by a function. In a large program it is very difficult to identify 

what data is used by which function. In case we need to revise an external data structure, we 

should also revise all the functions that access the data. This provides an opportunity for bugs to 

creep in.  



Drawback: It does not model real world problems very well, because functions are action 

oriented and do not really corresponding to the elements of the problem. 

 

Characteristics of POP:  

 Emphasis is on doing actions.  

 Large programs are divided into smaller programs known as functions.  

 Most of the functions shared global data.  

 Data move openly around the program from function to function.  

 Functions transform data from one form to another.  

 Employs top-down approach in program design.  
 
OOP:  
OOP allows us to decompose a problem into a number of entities called objects and then builds 
data and methods around these entities.  
DEF: OOP is an approach that provides a way of modularizing programs by creating portioned 
memory area for both data and methods that can used as templates for creating copies of such 
modules on demand.  
That is , an object a considered to be a partitioned area of computer memory that stores data and 
set of operations that can access that data. Since the memory partitions are independent, the 
objects can be used in a variety of different programs without modifications.  
OOP Chars:  

 Emphasis on data .  

 Programs are divided into what are known as methods.  

 Data structures are designed such that they characterize the objects.  

 Methods that operate on the data of an object are tied together .  



 Data is hidden.  

 Objects can communicate with each other through methods.  

 Reusability.  

 Follows bottom-up approach in program design.  
 
Organization of OOP: 

 

 

The Creation of Java 
Java was conceived by James Gosling, Patrick Naughton, Chris Warth, Ed Frank, and Mike 
Sheridan at Sun Microsystems, Inc. in 1991. It took 18 months to develop the first working 
version. This language was initially called “Oak,” but was renamed “Java” in 1995. Between the 
initial implementation of Oak in the fall of 1992 and the public announcement of Java in the 
spring of 1995, many more people contributed to the design and evolution of the language.Bill 
Joy, Arthur van Hoff, Jonathan Payne, Frank Yellin, and Tim Lindholm were key contributors to 
the maturing of the original prototype. Somewhat surprisingly, the original impetus for Java was 
not the Internet! Instead, the primary motivation was the need for a platform-independent (that is, 
architecture-neutral) language that could be used to create software to be embedded in various 
consumer electronic devices, such as microwave ovens and remote controls. As you can 
probably guess, many different types of CPUs are used as controllers. The trouble with C and 
C++ (and most other languages) is that they are designed to be compiled for a specific target. 
Although it is possible to compile a C++ program for just about any type of CPU, to do so 
requires a full C++ compiler targeted for that CPU. The problem is that compilers are expensive 
and time-consuming to create. An easier—and more cost-efficient—solution was needed. In an 
attempt to find such asolution, Gosling and others began work on a portable, platform-



independent language that could be used to produce code that would run on a variety of CPUs 
under differing environments. This effort ultimately led to the creation of Java. About the time 
that the details of Java were being worked out, a second, and ultimately more important, factor 
was emerging that would play a crucial role in the future of Java. This second force was, of 
course, the World Wide Web. Had the Web not taken shape at about the same time that Java was 
being implemented, Java might have remained a useful  but obscure language for programming 
consumer electronics. However, with the emergence of the World Wide Web, Java was propelled 
to the forefront of computer language design, because the Web, too, demanded portable 
programs. 
 
By 1993, it became obvious to members of the Java design team that the problems of portability 
frequently encountered when creating code for embedded controllers are also found when 
attempting to create code for the Internet. In fact, the same problem that Java was initially 
designed to solve on a small scale could also be applied to the Internet on a large scale. This 
realization caused the focus of Java to switch from consumer electronics to Internet 
programming. So, while the desire for an architecture-neutral programming language provided 
the initial spark, the Internet ultimately led to Java’s large-scale success. 
 
As mentioned earlier, Java derives much of its character from C and C++. This is by intent. The 
Java designers knew that using the familiar syntax of C and echoing the object-oriented features 
of C++ would make their language appealing to the legions of experienced C/C++ programmers. 
 
How Java Changed the Internet 
The Internet helped catapult Java to the forefront of programming, and Java, in turn, had a 
profound effect on the Internet. In addition to simplifying web programming in general, Java 
innovated a new type of networked program called the applet that changed the way the online 
world thought about content. Java also addressed some of the thorniest issues associated with the 
Internet: portability and security. Let’s look more closely at each of these. 
 
Java Applets 
An applet is a special kind of Java program that is designed to be transmitted over the Internet 
and automatically executed by a Java-compatible web browser. Furthermore, an applet is 
downloaded on demand, without further interaction with the user. If the user clicks a link that 
contains an applet, the applet will be automatically downloaded and run in the browser. Applets 
are intended to be small programs. They are typically used to display data provided by the server, 
handle user input, or provide simple functions, such as a loan calculator, that execute locally, 
rather than on the server. In essence, the applet allows some functionality to be moved from the 
server to the client. 
The creation of the applet changed Internet programming because it expanded the universe of 
objects that can move about freely in cyberspace. In general, there are two very broad categories 
of objects that are transmitted between the server and the client: passive information and 
dynamic, active programs. For example, when you read your e-mail, you are viewing passive 
data. Even when you download a program, the program’s code is still only passive data until you 
execute it. By contrast, the applet is a dynamic, self-executing program. Such a program is an 
active agent on the client computer, yet it is initiated by the server. As desirable as dynamic, 
networked programs are, they also present serious problems in the areas of security and 



portability. Obviously, a program that downloads and executes automatically on the client 
computer must be prevented from doing harm. It must also be able to run in a variety of different 
environments and under different operating systems. As you will see, Java solved these problems 
in an effective and elegant way. Let’s look a bit more closely at each. 
 
Security 
As you are likely aware, every time you download a “normal” program, you are taking a risk, 
because the code you are downloading might contain a virus, Trojan horse, or other harmful 
code. At the core of the problem is the fact that malicious code can cause its damage because it 
has gained unauthorized access to system resources. For example, a virus program might gather 
private information, such as credit card numbers, bank account balances, and passwords, by 
searching the contents of your computer’s local file system. In order for Java to enable applets to 
be downloaded and executed on the client computer safely, it was necessary to prevent an applet 
from launching such an attack. Java achieved this protection by confining an applet to the Java 
execution environment and not allowing it access to other parts of the computer.  The ability to 
download applets with confidence that no harm will be done and that no security will be 
breached is considered by many to be the single most innovative aspect of Java. 
 
Portability 

Portability is a major aspect of the Internet because there are many different types of computers 
and operating systems connected to it. If a Java program were to be run on virtually any 
computer connected to the Internet, there needed to be some way to enable that program to 
execute on different systems. For example, in the case of an applet, the same applet must be able 
to be downloaded and executed by the wide variety of CPUs, operating systems, and browsers 
connected to the Internet. It is not practical to have different versions of the applet for different 
computers. The same code must work on all computers. Therefore, some means of generating 
portable executable code was needed. As you will soon see, the same mechanism that helps 
ensure security also helps create portability. 
 
 
Java’s Magic: The Bytecode 
The key that allows Java to solve both the security and the portability problems just described is 
that the output of a Java compiler is not executable code. Rather, it is bytecode.  Bytecode is a 
highly optimized set of instructions designed to be executed by the Java run-time system, which 
is called the Java Virtual Machine (JVM). In essence, the original JVM was designed as an 
interpreter for bytecode. This may come as a bit of a surprise since many modern languages are 
designed to be compiled into executable code because of performance concerns. However, the 
fact that a Java program is executed by the JVM helps solve the major problems associated with 
web-based programs. Here is why. 
Translating a Java program into bytecode makes it much easier to run a program in a wide 
variety of environments because only the JVM needs to be implemented for each platform. Once 
the run-time package exists for a given system, any Java program can run on it. Remember, 
although the details of the JVM will differ from platform to platform, all understand the same 
Java bytecode. If a Java program were compiled to native code, then different versions of the 
same program would have to exist for each type of CPU connected to the Internet. This is, of 
course, not a feasible solution. Thus, the execution of bytecode by the JVM is the easiest way to 



create truly portable programs.The fact that a Java program is executed by the JVM also helps to 
make it secure. Because the JVM is in control, it can contain the program and prevent it from 
generating side effects outside of the system. As you will see, safety is also enhanced by certain  
restrictions that exist in the Java language. 
In general, when a program is compiled to an intermediate form and then interpreted by a virtual 
machine, it runs slower than it would run if compiled to executable code. However, with Java, 
the differential between the two is not so great. Because bytecode has been highly optimized, the 
use of bytecode enables the JVM to execute programs much faster than you might expect. 
 
Although Java was designed as an interpreted language, there is nothing about Java that prevents 
on-the-fly compilation of bytecode into native code in order to boost performance. For this 
reason, Sun began supplying its HotSpot technology not long after Java’s initial release. HotSpot 
provides a Just-In-Time (JIT) compiler for bytecode. When a JIT compiler is part of the JVM, 
selected portions of bytecode are compiled into executable code in real time, on a piece-by-piece, 
demand basis. It is important to understand that it is not practical to compile an entire Java 
program into executable code all at once, because Java performs various run-time checks that 
can be done only at run time. Instead, a JIT compiler compiles code as it is needed, during 
execution. Furthermore, not all sequences of bytecode are compiled—only those that will benefit 
from compilation. The remaining code is simply interpreted. However, the just-in-time approach 
still yields a significant performance boost. Even when dynamic compilation is applied to 
bytecode, the portability and safety features still apply, because the JVM is still in charge of the 
execution environment. 
 
The Java Buzzwords 
No discussion of Java’s history is complete without a look at the Java buzzwords. Although the 
fundamental forces that necessitated the invention of Java are portability and security, other 
factors also played an important role in molding the final form of the language. The key 
considerations were summed up by the Java team in the following list of buzzwords: 
 
• Simple 
• Secure 
• Portable 
• Object-oriented 
• Robust 
• Multithreaded 
• Architecture-neutral 
• Interpreted 
• High performance 
• Distributed 
• Dynamic 
  
Simple 
Java was designed to be easy for the professional programmer to learn and use effectively. 
Assuming that you have some programming experience, you will not find Java hard to master. If 
you already understand the basic concepts of object-oriented programming, learning Java will be 
even easier. Best of all, if you are an experienced C++ programmer, moving to Java will require 



very little effort. Because Java inherits the C/C++ syntax and many of the object-oriented 
features of C++, most programmers have little trouble learning Java. 
Object-Oriented 
Although influenced by its predecessors, Java was not designed to be source-code compatible 
with any other language. This allowed the Java team the freedom to design with a blank slate. 
One outcome of this was a clean, usable, pragmatic approach to objects. Borrowing liberally 
from many seminal object-software environments of the last few decades, Java manages to strike 
a balance between the purist’s “everything is an object” paradigm and the pragmatist’s “stay out 
of my way” model. The object model in Java is simple and easy to extend, while primitive types, 
such as integers, are kept as high-performance nonobjects. 
 
Robust 

The multi-platformed environment of the Web places extraordinary demands on a program, 
because the program must execute reliably in a variety of systems. Thus, the ability to create 
robust programs was given a high priority in the design of Java. To gain reliability, Java restricts 
you in a few key areas to force you to find your mistakes early in program development. At the 
same time, Java frees you from having to worry about many of the most common causes of 
programming errors. Because Java is a strictly typed language, it checks your code at compile 
time. However, it also checks your code at run time. Many hard-to-track-down bugs that often 
turn up in hard-to-reproduce run-time situations are simply impossible to create in Java. 
Knowing that what you have written will behave in a predictable way under diverse conditions is 
a key feature of Java. 
  
To better understand how Java is robust, consider two of the main reasons for program failure: 
memory management mistakes and mishandled exceptional conditions (that is, run-time errors). 
Memory management can be a difficult, tedious task in traditional programming environments. 
For example, in C/C++, the programmer must manually allocate and free all dynamic memory. 
This sometimes leads to problems, because programmers will either forget to free memory that 
has been previously allocated or, worse, try to free some memory that another part of their code 
is still using. Java virtually eliminates these problems by managing memory allocation and    
deallocation for you. (In fact, deallocation is completely automatic, because Java provides 
garbage collection for unused objects.) Exceptional conditions in traditional environments often 
arise in situations such as division by zero or “file not found,” and they must be managed with 
clumsy and hard-to-read constructs. Java helps in this area by providing object-oriented 
exception handling. In a well-written Java program, all run-time errors can—and should—be 
managed by your program. 
 
Multithreaded 
Java was designed to meet the real-world requirement of creating interactive, networked 
programs. To accomplish this, Java supports multithreaded programming, which allows you to 
write programs that do many things simultaneously. The Java run-time system comes with an 
elegant yet sophisticated solution for multiprocess synchronization that enables you to construct 
smoothly running interactive systems. Java’s easy-to-use approach to multithreading allows you 
to think about the specific behavior of your program, not the multitasking subsystem. 
 
Architecture-Neutral 



A central issue for the Java designers was that of code longevity and portability. One of the main 
problems facing programmers is that no guarantee exists that if you write a program today, it will 
run tomorrow—even on the same machine. Operating system upgrades, processor upgrades, and 
changes in core system resources can all combine to make a program malfunction. The Java 
designers made several hard decisions in the Java language and the Java Virtual Machine in an 
attempt to alter this situation. Their goal was “write once; run anywhere, any time, forever.” To a 
great extent, this goal was accomplished. 
 
Interpreted and High Performance 
 Java enables the creation of cross-platform programs by compiling into an intermediate 
representation called Java bytecode. This code can be executed onany system that implements 
the Java Virtual Machine. Most previous attempts at cross-platform solutions have done so at the 
expense of performance. As explained earlier, the Java bytecode was carefully designed so that it 
would be easy to translate directly into native machine code for very high performance by using 
a just-in-time compiler. Java run-time systems that provide this feature lose none of the benefits 
of the platform-independent code. 
 
Distributed 
Java is designed for the distributed environment of the Internet because it handles TCP/IP 
protocols. In fact, accessing a resource using a URL is not much different from accessing a file. 
Java also supports Remote Method Invocation (RMI). This feature enables a program to invoke 
methods across a network. 
 
Dynamic 
Java programs carry with them substantial amounts of run-time type information that is used to 
verify and resolve accesses to objects at run time. This makes it possible to dynamically link 
code in a safe and expedient manner. This is crucial to the robustness of the Java environment, in 
which small fragments of bytecode may be dynamically updated on a running system. 
 
 
The Three OOP Principles 
All object-oriented programming languages provide mechanisms that help you implement the 
object-oriented model. They are encapsulation, inheritance, and polymorphism. Let’s take a look 
at these concepts now. 
 
Encapsulation 
Encapsulation is the mechanism that binds together code and the data it manipulates, and keeps 
both safe from outside interference and misuse. One way to think about encapsulation is as a 
protective wrapper that prevents the code and data from being arbitrarily accessed by other code 
defined outside the wrapper. Access to the code and data inside the wrapper is tightly controlled 
through a well-defined interface. To relate this to the real world, consider the automatic 
transmission on an automobile. It encapsulates hundreds of bits of information about your 
engine, such as how much you are accelerating, the pitch of the surface you are on, and the 
position of the shift lever. You, as the user, have only one method of affecting this complex 
encapsulation: by moving the gear-shift lever. You can’t affect the transmission by using the turn 
signal or windshield wipers, for example. Thus, the gear-shift lever is a well-defined (indeed, 



unique) interface to the transmission. Further, what occurs inside the transmission does not affect 
objects outside the transmission.  
For example, shifting gears does not turn on the headlights! Because an automatic transmission 
is encapsulated, dozens of car manufacturers can implement one in any way they please. 
However, from the driver’s point of view, they all work the same. This same idea can be applied 
to programming. The power of encapsulated code is that everyone knows how to access it and 
thus can use it regardless of the implementation details—and without fear of unexpected side 
effects. In Java, the basis of encapsulation is the class.  A class defines the structure and behavior 
(data and code) that will be shared by a set of objects. Each object   of a given class contains the 
structure and behavior defined by the class, as if it were stamped out by a mold in the shape of 
the class. For this reason, objects are sometimes referred to as instances of a class. Thus, a class 
is a logical construct; an object has physical reality. When you create a class, you will specify the 
code and data that constitute that class. Collectively, these elements are called members of the 
class. Specifically, the data defined by the class are referred to as member variables or instance 

variables. The code that operates on that data is referred to as member methods or just methods. 

(If you are familiar with C/C++, it may help to know that what a Java programmer calls a 
method, a C/C++ programmer calls a function.) In properly written Java programs, the methods 
define how the member variables can be used. This means that the behavior and interface of a 
class are defined by the methodsthat operate on its instance data. 
Since the purpose of a class is to encapsulate complexity, there are mechanisms for hiding the 
complexity of the implementation inside the class. Each method or variable in a class may be 
marked private or public. The public interface of a class represents everything that external users 
of the class need to know, or may know. The private methods and data can only be accessed by 
code that is a member of the class. Therefore, any other code that is not a member of the class 
cannot access a private method or variable. Since the private members of a class may only be 
accessed by other parts of your program through the class’ public methods, you can ensure that 
no improper actions take place. Of course, this means that the public interface should be 
carefully designed not to expose too much of the innerworkings of a class. 

 
 

FIGURE: Encapsulation: public methods can be used to protect private data 
 



 
 
Inheritance 
Inheritance is the process by which one object acquires the properties of another object. This is 
important because it supports the concept of hierarchical classification. As mentioned earlier, 
most knowledge is made manageable by hierarchical (that is, top-down) classifications. For 
example, a Golden Retriever is part of the classification dog, which in turn is part of the mammal 

class, which is under the larger class animal. Without the use of hierarchies, each object would 
need to define all of its characteristics explicitly. However, by use of inheritance, an object need 
only define those qualities that make it unique within its class. It can inherit its general attributes 
from its parent. Thus, it is the inheritance mechanism that makes  it possible for one object to be 
a specific instance of a more general case. Let’s take a closer look at this process. 
 
Most people naturally view the world as made up of objects that are related to each other in a 
hierarchical way, such as animals, mammals, and dogs. If you wanted to describe animals in an 
abstract way, you would say they have some attributes, such as size, intelligence, and type of 
skeletal system. Animals also have certain behavioral aspects; they eat, breathe, and sleep. This 
description of attributes and behavior is the class definition for animals. If you wanted to 
describe a more specific class of animals, such as mammals, they would have more specific 
attributes, such as type of teeth, and mammary glands. This is known as a subclass of animals, 
where animals are referred to as mammals’ superclass. Since mammals are simply more 
precisely specified animals, they inherit all of the attributes from animals. Adeeply inherited 
subclass inherits all of the attributes from each of its ancestors in the class hierarchy. 

 

Inheritance interacts with encapsulation as well. If a given class encapsulates some attributes, 
then any subclass will have the same attributes plus any that it adds as part of its specialization 
(see Figure ). This is a key concept that lets object-oriented programs grow in complexity 
linearly rather than geometrically. A new subclass inherits all of the attributes of all of its 
ancestors. It does not have unpredictable interactions with the majority of the rest of the code in 
the system. 

 
Polymorphism 

Polymorphism (from Greek, meaning “many forms”) is a feature that allows one interface to be 
used for a general class of actions. The specific action is determined by the exact nature  of the 
 



 
 

FIGURE : Labrador inherits the encapsulation of all its super classes 
 
situation. Consider a stack (which is a last-in, first-out list). You might have a program that 
requires three types of stacks. One stack is used for integer values, one for floating-point values, 
and one for characters. The algorithm that implements each stack is the same, even though the 
data being stored differs. In a non–object-oriented language, you would be required to create 
three different sets of stack routines, with each set using different names. However, because of 
polymorphism, in Java you can specify a general set of stack routines that all share the same 
names. 
Polymorphism, Encapsulation, and Inheritance Work Together 
When properly applied, polymorphism, encapsulation, and inheritance combine to produce a 
programming environment that supports the development of far more robust and scalable 
programs than does the process-oriented model. A well-designed hierarchy of classes is the basis 
for reusing the code in which you have invested time and effort developing and testing. 
Encapsulation allows you to migrate your implementations over time without breaking the code 
that depends on the public interface of your classes. Polymorphism allows you to create clean, 
sensible, readable, and resilient code. 
Of the two real-world examples, the automobile more completely illustrates the power of object-
oriented design. Dogs are fun to think about from an inheritance standpoint, but cars are more 
like programs. All drivers rely on inheritance to drive different types (subclasses) of vehicles. 
Whether the vehicle is a school bus, a Mercedes sedan, a Porsche, or the family minivan, drivers 



can all more or less find and operate the steering wheel, the brakes, and the accelerator. After a 
bit of gear grinding, most people can even manage the difference between a stick shift and an 
automatic, because they fundamentally understand their common superclass, the transmission. 
 
People interface with encapsulated features on cars all the time. The brake and gas pedals hide an 
incredible array of complexity with an interface so simple you can operate them with your feet! 
The implementation of the engine, the style of brakes, and the size of the tires have no effect on 
how you interface with the class definition of the pedals. The final attribute, polymorphism, is 
clearly reflected in the ability of car manufacturers to offer a wide array of options on basically 
the same vehicle. For example, you can get an antilock braking system or traditional brakes, 
power or rack-and-pinion steering, and 4-, 6-, or 8-cylinder engines. Either way, you will still 
press the brake pedal to stop, turn the steering wheel to change direction, and press the 
accelerator when you want to move. The same interface can be used to control a number of 
different implementations. 
 
As you can see, it is through the application of encapsulation, inheritance, and polymorphism 
that the individual parts are transformed into the object known as a car. The same is also true of 
computer programs. By the application of object-oriented principles, the various parts of a 
complex program can be brought together to form a cohesive, robust, maintainable whole. As 
mentioned at the start of this section, every Java program is object-oriented. Or, put more 
precisely, every Java program involves encapsulation, inheritance, and polymorphism. Although 
the short example programs shown in the rest of this chapter and in the next few chapters may 
not seem to exhibit all of these features, they are nevertheless present. As you will see, many of 
the features supplied by Java are part of its built-in class libraries, which do make extensive use 
of encapsulation, inheritance, and polymorphism. 
 
 
A First Simple Program 
Now Look at some actual Java programs. Let’s start by compiling and running the short sample 
program shown here. As you will see, this involves a little more work than you might imagine. 
/* 
This is a simple Java program. 
Call this file "Example.java". 
*/ 
class Example { 
// Your program begins with a call to main(). 
public static void main(String args[]) { 
System.out.println("This is a simple Java program."); 
} 
} 
  

Entering the Program 
For most computer languages, the name of the file that holds the source code to a program is 
immaterial. However, this is not the case with Java. The first thing that you must learn about 
Java is that the name you give to a source file is very important. For this example, the name of 
the source file should be Example.java. Let’s see why. 



In Java, a source file is officially called a compilation unit. It is a text file that contains one or 
more class definitions. The Java compiler requires that a source file use the .java filename 
extension. As you can see by looking at the program, the name of the class defined by the 
program is also Example. This is not a coincidence. In Java, all code must reside inside a class. 
By convention, the name of that class should match the name of the file that holds the program. 
You should also make sure that the capitalization of the filename matches the class name 
correspond to class names may seem arbitrary. However, this convention makes it easier to 
maintain and organize your programs. 
 
Compiling the Program 
To compile the Example program, execute the compiler, javac, specifying the name of the 
source file on the command line, as shown here: 
 
C:\>javac Example.java 
 
The javac compiler creates a file called Example.class that contains the bytecode version  of the 
program. As discussed earlier, the Java bytecode is the intermediate representation of your 
program that contains instructions the Java Virtual Machine will execute. Thus, the output of 
javac is not code that can be directly executed. To actually run the program, you must use the 
Java application launcher, called java. To do so, pass the class name Example as a command-
line argument, as shown here: 
 
C:\>java Example 
When the program is run, the following output is displayed: 
This is a simple Java program. 

 

When Java source code is compiled, each individual class is put into its own output filenamed 
after the class and using the .class extension. This is why it is a good idea to give your Java 
source files the same name as the class they contain—the name of the source file will match the 
name of the .class file. When you execute java as just shown, you are actually specifying the 
name of the class that you want to execute. It will automatically search for a file by that name 
that has the .class extension. If it finds the file, it will execute the code contained in the specified 
class. 
 
A Closer Look at the First Sample Program 
Although Example.java is quite short, it includes several key features that are common to all 
Java programs. Let’s closely examine each part of the program. The program begins with the 
following lines: 
/* 
This is a simple Java program. 
Call this file "Example.java". 
*/ 
This is a comment. Like most other programming languages, Java lets you enter a remark into a 
program’s source file. The contents of a comment are ignored by the compiler. Instead, a 
comment describes or explains the operation of the program to anyone who is reading its source 
code. In this case, the comment describes the program and reminds you that the source file 



should be called Example.java. Of course, in real applications, comments generally explain how 
some part of the program works or what a specific feature does. 
 
Java supports three styles of comments. The one shown at the top of the program is called a 
multiline comment. This type of comment must begin with /* and end with */. Anything between 
these two comment symbols is ignored by the compiler. As the name suggests, a multiline 
comment may be several lines long.The next line of code in the program is shown here: 
 
class Example { 
 
This line uses the keyword class to declare that a new class is being defined. Example is an 
identifier that is the name of the class. The entire class definition, including all of its members, 
will be between the opening curly brace ({) and the closing curly brace (}). For the moment, 
don’t worry too much about the details of a class except to note that in Java, all program activity 
occurs within one. This is one reason why all Java programs are object-oriented.  
The next line in the program is the single-line comment, shown here: 
 
// Your program begins with a call to main(). 
 
This is the second type of comment supported by Java. A single-line comment begins with a // 
and ends at the end of the line. As a general rule, programmers use multiline comments for 
longer remarks and single-line comments for brief, line-by-line descriptions. The third type of 
comment, a documentation comment. 
The next line of code is shown here: 
 
public static void main(String args[]) { 
 
This line begins the main( ) method. As the comment preceding it suggests, this is the line at 
which the program will begin executing. All Java applications begin execution by calling main( 

). The full meaning of each part of this line cannot be given now, since it involves a detailed 
understanding of Java’s approach to encapsulation. However, since most of the examples in the 
first part of this book will use this line of code, let’s take a brief look at each part now. 
 
The public keyword is an access specifier, which allows the programmer to control the visibility 
of class members. When a class member is preceded by public, then that member may be 
accessed by code outside the class in which it is declared.  In this case, main( ) must be declared 
as public, since it must be called by code outside of its class when the program is started. The 
keyword static allows main( ) to be called without having to instantiate a particular instance of 
the class. This is necessary since main( ) is called by the Java Virtual Machine before any 
objects are made. The keyword void simply tells the compiler that main( ) does not return a 
value. As you will see, methods may also return values. If all this seems a bit confusing, don’t 
worry.   
As stated, main( ) is the method called when a Java application begins. Keep in mind that Java is 
case-sensitive. Thus, Main is different from main. It is important to understand that the Java 
compiler will compile classes that do not contain a main( ) method. But java has no way to run 
these classes. So, if you had typed Main instead of main, the compiler would still compile your 



program. However, java would report an error because it would be unable to find the main( ) 

method. 
Any information that you need to pass to a method is received by variables specified within the 
set of parentheses that follow the name of the method. These variables are called parameters. If 
there are no parameters required for a given method, you still need to include the empty 
parentheses. In main( ), there is only one parameter, albeit a complicated one. String args[ ] 

declares a parameter named args, which is an array of instances of the class String. (Arrays are 
collections of similar objects.) Objects of type String store character strings. In this case, args 

receives any command-line arguments present when the program is executed. 
 
The last character on the line is the {. This signals the start of main( )’s body. All of the code that 
comprises a method will occur between the method’s opening curly brace and its closing curly 
brace. One other point: main( ) is simply a starting place for your program. A complex program 
will have dozens of classes, only one of which will need to have a main( ) method to get things 
started. When you begin creating applets—Java programs that are embedded in web browsers—
you won’t use main( ) at all, since the web browser uses a different means ofstarting the 
execution of applets. 
The next line of code is shown here. Notice that it occurs inside main( ). 
 
System.out.println("This is a simple Java program."); 
 
This line outputs the string “This is a simple Java program.” followed by a new line on the 
screen. Output is actually accomplished by the built-in println( ) method. In this case, println( ) 

displays the string which is passed to it. As you will see, println( ) can be used to display other 
types of information, too. The line begins with System.out. While too complicated to explain in 
detail at this time, briefly, System is a predefined class that provides access to the system, and 
out is the output stream that is connected to the console. 
 

Lexical Issues 
Now that you have seen several short Java programs, it is time to more formally describe the 
atomic elements of Java. Java programs are a collection of whitespace, identifiers, literals, 
comments, operators, separators, and keywords.  
 
Whitespace 
Java is a free-form language. This means that you do not need to follow any special indentation 
rules. For instance, the Example program could have been written all on one line or in any other 
strange way you felt like typing it, as long as there was at least one whitespace character between 
each token that was not already delineated by an operator or separator. In Java, whitespace is a 
space, tab, or newline. 
 
Identifiers 
Identifiers are used for class names, method names, and variable names. An identifier may be 
any descriptive sequence of uppercase and lowercase letters, numbers, or the underscore and 
dollar-sign characters. They must not begin with a number, lest they be confused with a numeric 
literal. Again, Java is case-sensitive, so VALUE is a different identifier than Value. Some 
examples of valid identifiers are 



AvgTemp   count   a4   $test   this_is_ok 
 
Invalid identifier names include these: 
2count    high-temp    Not/ok 
 
Literals 
Aconstant value in Java is created by using a literal representation of it. For example, here are 
some literals: 
100   98.6   'X'  "This is a test" 
 
Left to right, the first literal specifies an integer, the next is a floating-point value, the third is a 
character constant, and the last is a string. Aliteral can be used anywhere a value of its type is 
allowed. 
 
Comments 
There are three types of comments defined by Java. single-line and multiline. The third type is 
called a documentation comment. This type of comment is used to produce an HTMLfile that 
documents your program. The documentation comment begins with a /** and ends with a */.   
 

Separators 
In Java, there are a few characters that are used as separators. The most commonly used 
separator in Java is the semicolon. As you have seen, it is used to terminate statements. The 
separators are shown in the following table: 

 
 
The Java Keywords 
There are 50 keywords currently defined in the Java language. These keywords, combined with 
the syntax of the operators and separators, form the foundation of the Java language. These 
keywords cannot be used as names for a variable, class, or method. 



 
 
TABLE : Java Keywords 
 
 
 
The Primitive Types 
Java defines eight primitive types of data: byte, short, int, long, char, float, double, and 
boolean. The primitive types are also commonly referred to as simple types. These can be put in 
four groups: 
1. Integers This group includes byte, short, int, and long, which are for whole-valued signed 
numbers. 
2. Floating-point numbers This group includes float and double, which represent numbers with 
fractional precision. 
 3. Characters This group includes char, which represents symbols in a character set, like letters 
and numbers. 
4. Boolean This group includes boolean, which is a special type for representing true/false 
values. 
 
We can use these types as-is, or to construct arrays or your own class types. Thus, they form the 
basis for all other types of data that you can create. The primitive types represent single values—
not complex objects. Although Java is otherwise completely object-oriented, the primitive types 
are not. They are analogous to the simple types found in most other non–object-oriented 
languages. The reason for this is efficiency. Making the primitive types into objects would have 
degraded performance too much. 
 
Integers 

Java defines four integer types: byte, short, int, and long. All of these are signed, positive and 
negative values. Java does not support unsigned, positive-only integers. Many other computer 
languages support both signed and unsigned integers. However, Java’s designers felt that 
unsigned integers were unnecessary. Specifically, they felt that the concept of unsigned was used 
mostly to specify the behavior of the high-order bit, which defines the sign of an integer value. 
The width of an integer type should not be thought of as the amount of storage it consumes,but 
rather as the behavior it defines for variables and expressions of that type. The Java run-time 



environment is free to use whatever size it wants, as long as the types behave as you declared 
them. The width and ranges of these integer types vary widely, as shown in this table: 

 
 
byte 

The smallest integer type is byte. This is a signed 8-bit type that has a range from –128 to 127. 
Variables of type byte are especially useful when you’re working with a stream of data from a 
network or file. They are also useful when you’re working with raw binary data that may not be 
directly compatible with Java’s other built-in types. 
Byte variables are declared by use of the byte keyword. For example, the following declares two 
byte variables called b and c: 
byte b, c; 
 
short 
short is a signed 16-bit type. It has a range from –32,768 to 32,767. It is probably the least-used 
Java type. Here are some examples of short variable declarations: 
short s; 
short t; 
 
int 
The most commonly used integer type is int. It is a signed 32-bit type that has a range from –
2,147,483,648 to 2,147,483,647. In addition to other uses, variables of type int are commonly 
employed to control loops and to index arrays. Although you might think that using a byte or 
short would be more efficient than using an int in situations in which the larger range of an int 

is not needed, this may not be the case. The reason is that when byte and short values are used in 
an expression they are promoted to int when the expression is evaluated. Therefore, int is often 
the best choice when an integer is needed. 
 
long 
long is a signed 64-bit type and is useful for those occasions where an int type is not large 
enough to hold the desired value. The range of a long is quite large. This makes it useful when 
big, whole numbers are needed. For example, here is a program that computes the number of 
miles that light will travel in a specified number of days. 
// Compute distance light travels using long variables. 
class Light { 
public static void main(String args[]) { 
int lightspeed; 
long days; 
long seconds; 
long distance; 



// approximate speed of light in miles per second 
lightspeed = 186000; 
days = 1000; // specify number of days here 
seconds = days * 24 * 60 * 60; // convert to seconds 
distance = lightspeed * seconds; // compute distance 
System.out.print("In " + days); 
System.out.print(" days light will travel about "); 
System.out.println(distance + " miles."); 
} 
} 
This program generates the following output: 
In 1000 days light will travel about 16070400000000 miles. 
Clearly, the result could not have been held in an int variable. 
 
Floating-Point Types 
Floating-point numbers, also known as real numbers, are used when evaluating expressions that 
require fractional precision. For example, calculations such as square root, or transcendental such 
as sine and cosine, result in a value whose precision requires a floating-point type. Java 
implements the standard (IEEE–754) set of floating-point types and operators. There are two 
kinds of floating-point types, float and double, which represent single- and double-precision 
numbers, respectively. Their width and ranges are shown here: 
 

 
float  
The type float specifies a single-precision value that uses 32 bits of storage. Single precision is 
faster on some processors and takes half as much space as double precision, but will become 
imprecise when the values are either very large or very small. Variables of type float are useful 
when you need a fractional component, but don’t require a large degree of precision. For 
example, float can be useful when representing dollars and cents. Here are some example float 

variable declarations: 
float hightemp, lowtemp; 
 
double 

Double precision, as denoted by the double keyword, uses 64 bits to store a value. Double 
precision is actually faster than single precision on some modern processors that have been 
optimized for high-speed mathematical calculations. All transcendental math functions, such as 
sin( ), cos( ), and sqrt( ), return double values. When you need to maintain accuracy over many 
iterative calculations, or are manipulating large-valued numbers, double is the best choice. 
 

Characters 
In Java, the data type used to store characters is char. However, C/C++ programmers beware: 
char in Java is not the same as char in C or C++. In C/C++, char is 8 bits wide. This is not the 



case in Java. Instead, Java uses Unicode to represent characters. Unicode defines a fully 
international character set that can represent all of the characters found in all human languages. It 
is a unification of dozens of character sets, such as Latin, Greek, Arabic, Cyrillic, Hebrew, 
Katakana, Hangul, and many more. For this purpose, it requires 16 bits. Thus, in Java char is a 
16-bit type. The range of a char is 0 to 65,536. There are no negative chars. The standard set of 
characters known as ASCII still ranges from 0 to 127 as always, and the extended 8-bit character 
set, ISO-Latin-1, ranges from 0 to 255.  
 
Booleans 
Java has a primitive type, called boolean, for logical values. It can have only one of two possible 
values, true or false. This is the type returned by all relational operators, as in the case of a < b. 
boolean is also the type required by the conditional expressions that govern the control 
statements such as if and for. Here is a program that demonstrates the boolean type: 
// Demonstrate boolean values. 
class BoolTest { 
public static void main(String args[]) { 
boolean b; 
b = false; 
System.out.println("b is " + b); 
b = true; 
System.out.println("b is " + b); 
// a boolean value can control the if statement 
if(b) System.out.println("This is executed."); 
b = false; 
if(b) System.out.println("This is not executed."); 
// outcome of a relational operator is a boolean value 
System.out.println("10 > 9 is " + (10 > 9)); 
} 
} 
The output generated by this program is shown here: 
b is false 
b is true 
This is executed. 
10 > 9 is true 
 

A Closer Look at Literals 
 

1. Integer Literals 
Integers are probably the most commonly used type in the typical program. Any whole number 
value is an integer literal. Examples are 1, 2, 3, and 42. These are all decimal values, meaning 
they are describing a base 10 number. There are two other bases which can be used in integer 
literals, octal (base eight) and hexadecimal (base 16). Octal values are denoted in Java by a 
leading zero. Normal decimal numbers cannot have a leading zero. Thus, the seemingly valid 
value 09 will produce an error from the compiler, since 9 is outside of octal’s 0 to 7 range. 
Amore common base for numbers used by programmers is hexadecimal, which matches cleanly 
with modulo 8 word sizes, such as 8, 16, 32, and 64 bits. You signify a hexadecimal constant 



with a leading zero-x, (0x or 0X). The range of a hexadecimal digit is 0 to 15, so A through F (or 
a through f ) are substituted for 10 through 15. Integer literals create an int value, which in Java 
is a 32-bit integer value. Since Java is strongly typed, you might be wondering how it is possible 
to assign an integer literal to one of Java’s other integer types, such as byte or long, without 
causing a type mismatch error. Fortunately, such situations are easily handled. When a literal 
value is assigned to a byte or short variable, no error is generated if the literal value is within the 
range of the target type. 
 
An integer literal can always be assigned to a long variable. However, to specify a long literal, 
you will need to explicitly tell the compiler that the literal value is of type long. You do this by 
appending an upper- or lowercase L to the literal. For example, 0x7ffffffffffffffL or 
9223372036854775807L is the largest long. An integer can also be assigned to a char as long as 
it is within range. 
 
Floating-Point Literals 
Floating-point numbers represent decimal values with a fractional component. They can be 
expressed in either standard or scientific notation. Standard notation consists of a whole number 
component followed by a decimal point followed by a fractional component. For example, 2.0, 
3.14159, and 0.6667 represent valid standard-notation floating-point numbers. Scientific notation 

uses a standard-notation, floating-point number plus a suffix that specifies a power of 10 by 
which the number is to be multiplied. The exponent is indicated by an E or e followed by a 
decimal number, which can be positive or negative. Examples include 6.022E23, 314159E–05, 
and 2e+100.Floating-point literals in Java default to double precision. To specify a float literal, 
you must append an F or f to the constant. You can also explicitly specify a double literal by 
appending a D or d. Doing so is, of course, redundant. The default double type consumes 64 bits 
of storage, while the less-accurate float type requires only 32 bits. 
 
Boolean Literals 
Boolean literals are simple. There are only two logical values that a boolean value can have, 
true and false. The values of true and false do not convert into any numerical representation. 
The true literal in Java does not equal 1, nor does the false literal equal 0. In Java, they can only 
be assigned to variables declared as boolean, or used in expressions with Boolean operators. 
 
Character Literals 

Characters in Java are indices into the Unicode character set. They are 16-bit values that can be 
converted into integers and manipulated with the integer operators, such as the addition and 
subtraction operators. Aliteral character is represented inside a pair of single quotes. All of the 
visible ASCII characters can be directly entered inside the quotes, such as ‘a’, ‘z’, and ‘@’. For 
characters that are impossible to enter directly, there are several escape sequences that allow you 
to enter the character you need, such as ‘\’’ for the single-quote character itself and ‘\n’ for the 
newline character. There is also a mechanism for directly entering the value of a character in 
octal or hexadecimal. For octal notation, use the backslash followed by the three-digit number.  
 
String Literals 
String literals in Java are specified like they are in most other languages—by enclosing a 
sequence of characters between a pair of double quotes. Examples of string literals are 



“Hello World” 
“two\nlines” 
“\”This is in quotes\”“ 
 

 
 
TABLE: Character Escape Sequences 
 
 
Variables 

The variable is the basic unit of storage in a Java program. A variable is defined by the 
combination of an identifier, a type, and an optional initializer. In addition, all variables have a 
scope, which defines their visibility, and a lifetime. These elements are examined next. 
 
Declaring a Variable 

In Java, all variables must be declared before they can be used. The basic form of a variable 
declaration is shown here: 
type identifier [ = value][, identifier [= value] ...] ; 
 
The type is one of Java’s atomic types, or the name of a class or interface. The identifier is the 
name of the variable. You can initialize the variable by specifying an equal sign and a value. 
Keep in mind that the initialization expression must result in a value of the same (or compatible) 
type as that specified for the variable. To declare more than one variable of the specified type, 
use a comma separated list. Here are several examples of variable declarations of various types.   
 
int a, b, c; // declares three ints, a, b, and c. 
int d = 3, e, f = 5; // declares three more ints, initializing  
byte z = 22; // initializes z. 



double  pi = 3.14159; // declares an approximation of pi. 
char x = 'x'; // the variable x has the value 'x'. 
 
The identifiers that you choose have nothing intrinsic in their names that indicates their type. 
Java allows any properly formed identifier to have any declared type. 
Dynamic Initialization 
Although the preceding examples have used only constants as initializers, Java allows variables 
to be initialized dynamically, using any expression valid at the time the variable is declared. 
For example, here is a short program that computes the length of the hypotenuse of a right 
triangle given the lengths of its two opposing sides: 
 
// Demonstrate dynamic initialization. 
class DynInit { 
public static void main(String args[]) { 
double a = 3.0, b = 4.0; 
// c is dynamically initialized 
 
double c = Math.sqrt(a * a + b * b); 
System.out.println("Hypotenuse is " + c); 
} 
} 
Here, three local variables—a, b, and c—are declared. The first two, a and b, are initialized by 
constants. However, c is initialized dynamically to the length of the hypotenuse. The program 
uses another of Java’s built-in methods, sqrt( ), which is a member of the Math class, to 
compute the square root of its argument. The key point here is that the initialization expression 
may use any element valid at the time of the initialization, including calls to methods, other 
variables, or literals. 
 
The Scope and Lifetime of Variables 

So far, all of the variables used have been declared at the start of the main( ) method. However, 
Java allows variables to be declared within any block. A block is begun with an opening curly 
brace and ended by a closing curly brace. A block defines a scope. Thus, each time you start a 
new block, you are creating a new scope. A scope determines what objects are visible to other 
parts of your program. It also determines the lifetime of those objects. 
 
Many other computer languages define two general categories of scopes: global and local. 
However, these traditional scopes do not fit well with Java’s strict, object-oriented model. While 
it is possible to create what amounts to being a global scope, it is by far the exception, not the 
rule. In Java, the two major scopes are those defined by a class and those defined by a method. 
Even this distinction is somewhat artificial. However, since the class scope has several unique 
properties and attributes that do not apply to the scope defined by a method, this distinction 
makes some sense. The scope defined by a method begins with its opening curly brace. 
However, if that method has parameters, they too are included within the method’s scope. As a 
general rule, variables declared inside a scope are not visible (that is, accessible) to code that is 
defined outside that scope. Thus, when you declare a variable within a scope, you are localizing 
that variable and protecting it from unauthorized access and/or modification. 



Indeed, the scope rules provide the foundation for encapsulation. Scopes can be nested. For 
example, each time you create a block of code, you are creating a new, nested scope. When this 
occurs, the outer scope encloses the inner scope. This means that objects declared in the outer 
scope will be visible to code within the inner scope. However, the reverse is not true. Objects 
declared within the inner scope will not be visible outside it. To understand the effect of nested 
scopes, consider the following program: 
// Demonstrate block scope. 
class Scope { 
public static void main(String args[]) { 
int x; // known to all code within main 
x = 10; 
if(x == 10) { // start new scope 
int y = 20; // known only to this block 
// x and y both known here. 
System.out.println("x and y: " + x + " " + y); 
x = y * 2; 
} 
// y = 100; // Error! y not known here 
// x is still known here. 
System.out.println("x is " + x); 
} 
} 
As the comments indicate, the variable x is declared at the start of main( )’s scope and is 
accessible to all subsequent code within main( ). Within the if block, y is declared. Since a block 
defines a scope, y is only visible to other code within its block. This is why outside of its block, 
the line y = 100; is commented out. If you remove the leading comment symbol, a compile-time 
error will occur, because y is not visible outside of its block.Within the if block, x can be used 
because code within a block (that is, a nested scope) has access to variables declared by an 
enclosing scope. 
 
 
Type Conversion and Casting  

  
If you have previous programming experience, then you already know that it is fairly common to 
assign a value of one type to a variable of another type. If the two types are compatible, then 
Java will perform the conversion automatically. For example, it is always possible to assign an 
int value to a long variable. However, not all types are compatible, and thus, not all type 
conversions are implicitly allowed.  
Java’s Automatic Conversions  
When one type of data is assigned to another type of variable, an automatic type conversion will 
take place if the following two conditions are met:  
■ The two types are compatible.  
■ The destination type is larger than the source type.  
When these two conditions are met, a widening conversion takes place. For example, the int type 
is always large enough to hold all valid byte values, so no explicit cast statement is required.  
It has this general form:  



(target-type) value  
Here, target-type specifies the desired type to convert the specified value to. For example, the 
following fragment casts an int to a byte. If the integer’s value is larger  than the range of a byte, 
it will be reduced modulo (the remainder of an integer  division by the) byte’s range.  
int a;  
byte b;  
// ...  
b = (byte) a;  
A different type of conversion will occur when a floating-point value is assigned to an integer 
type: truncation. As you know, integers do not have fractional components.Thus, when a 
floating-point value is assigned to an integer type, the fractional component is lost. For example, 
if the value 1.23 is assigned to an integer, the resulting value will simply be 1. The 0.23 will have 
been truncated. Of course, if the size of the whole number component is too large to fit into the 
target integer type, then that value will be reduced modulo the target type’s range.  
 
Arrays  
An array is a group of like-typed variables that are referred to by a common name. Arrays of any 
type can be created and may have one or more dimensions. A specific elementin an array is 
accessed by its index. Arrays offer a convenient means of grouping related information.  
One-Dimensional Arrays  
A one-dimensional array is, essentially, a list of like-typed variables. To create an array, you 
first must create an array variable of the desired type. The general form of a one dimensional 
array declaration is  
type var-name[ ];  
Here, type declares the base type of the array. The base type determines the data type  
of each element that comprises the array.  
// Demonstrate a one-dimensional array.  
class Array {  
public static void main(String args[]) {  
int month_days[];  
month_days = new int[12];  
month_days[0] = 31;  
month_days[1] = 28;  
month_days[2] = 31;  
month_days[3] = 30;  
month_days[4] = 31;  
month_days[5] = 30;  
month_days[6] = 31;  
month_days[7] = 31;  
month_days[8] = 30;  
month_days[9] = 31;  
month_days[10] = 30;  
month_days[11] = 31;  
System.out.println("April has " + month_days[3] + " days.");  
}  
}  



Multidimensional Arrays  
In Java, multidimensional arrays are actually arrays of arrays. These, as you mightexpect, look 
and act like regular multidimensional arrays. However, as you will see there are a couple of 
subtle differences. To declare a multidimensional array variable,specify each additional index 
using another set of square brackets. For example, the following declares a two-dimensional 
array variable called twoD.  
int twoD[][] = new int[4][5];  
This allocates a 4 by 5 array and assigns it to twoD. Internally this matrix is implemented as an 
array of arrays of int.  
// Demonstrate a two-dimensional array.  
class TwoDArray {  
public static void main(String args[]) {  
int twoD[][]= new int[4][5];  
int i, j, k = 0;  
for(i=0; i<4; i++)  
for(j=0; j<5; j++) {  
twoD[i][j] = k;  
k++;  
}  
for(i=0; i<4; i++) {  
for(j=0; j<5; j++)  
System.out.print(twoD[i][j] + " ");  
System.out.println();  
}  
}  
}  



This program generates the following output:  
0 1 2 3 4  
5 6 7 8 9  
10 11 12 13 14  
15 16 17 18 19  
As stated earlier, since multidimensional arrays are actually arrays of arrays, the length of each 
array is under your control. For example, the following program creates a two dimensional array 
in which the sizes of the second dimension are unequal. 
 
String class  
Although the String class will be examined in depth in Part II of this book, a short exploration of 
it is warranted now, because we will be using strings in some of the example programs shown 
toward the end of Part I. String is probably the most commonly used class in Java’s class library. 
The obvious reason for this is that strings are a very important part of programming.  
The first thing to understand about strings is that every string you create is actually an object of 
type String. Even string constants are actually String objects. For example, in the statement  
System.out.println("This is a String, too");  
the string ―This is a String, too‖ is a String constant. Fortunately, Java handles String constants 
in the same way that other computer languages handle ―normal‖ strings, soyou don’t have to 
worry about this.  
The second thing to understand about strings is that objects of type String are immutable; once a 
String object is created, its contents cannot be altered. While this may seem like a serious 
restriction, it is not, for two reasons:  
■ If you need to change a string, you can always create a new one that contains the 
modifications.  
■ Java defines a peer class of String, called StringBuffer, which allows strings to be altered, so 
all of the normal string manipulations are still available in Java.  
 
Strings can be constructed a variety of ways. The easiest is to use a statement like this:  
String myString = "this is a test";  
Once you have created a String object, you can use it anywhere that a string is allowed. For 
example, this statement displays myString:  
System.out.println(myString);  
Java defines one operator for String objects: +. It is used to concatenate two strings.  
For example, this statement  
String myString = "I" + " like " + "Java.";  
results in myString containing ―I like Java.‖  
The following program demonstrates the preceding concepts:  
// Demonstrating Strings.  
class StringDemo {  
public static void main(String args[]) {  
String strOb1 = "First String";  
String strOb2 = "Second String";  
String strOb3 = strOb1 + " and " + strOb2;  
System.out.println(strOb1);  
System.out.println(strOb2);  



System.out.println(strOb3);  
}  
}  
The output produced by this program is shown here:  
First String  
Second String  
First String and Second String  
The String class contains several methods that you can use. Here are a few. You can  test two 
strings for equality by using equals( ). You can obtain the length of a string by  calling the 
length( ) method. You can obtain the character at a specified index within a  string by calling 
charAt( ). The general forms of these three methods are shown here:  
boolean equals(String object)  
int length( )  
char charAt(int index)  
Here is a program that demonstrates these methods:  
// Demonstrating some String methods.  
class StringDemo2 {  



public static void main(String args[]) {  
String strOb1 = "First String";  
String strOb2 = "Second String";  
String strOb3 = strOb1;  
System.out.println("Length of strOb1: " +  
strOb1.length());  
System.out.println("Char at index 3 in strOb1: " +  
strOb1.charAt(3));  
if(strOb1.equals(strOb2))  
System.out.println("strOb1 == strOb2");  
else  
System.out.println("strOb1 != strOb2");  
if(strOb1.equals(strOb3))  
System.out.println("strOb1 == strOb3");  
else  
System.out.println("strOb1 != strOb3");  
}  
}  
This program generates the following output:  
Length of strOb1: 12  
Char at index 3 in strOb1: s  
strOb1 != strOb2  
strOb1 == strOb3  
Of course, you can have arrays of strings, just like you can have arrays of any other  
type of object. For example:  
// Demonstrate String arrays.  
class StringDemo3 {  
public static void main(String args[]) {  
String str[] = { "one", "two", "three" };  
for(int i=0; i<str.length; i++)  
System.out.println("str[" + i + "]: " +  
str[i]);  
}  
}  
Here is the output from this program:  
str[0]: one  
str[1]: two  
str[2]: three  
As you will see in the following section, string arrays play an important part in  
many Java programs. 
 
STRING HANDLING 

 

The String Constructors 
The String class supports several constructors. To create an empty String, you call the default 
constructor. For example, 



String s = new String(); 
will create an instance of String with no characters in it. Frequently, you will want to create 
strings that have initial values. The String class provides a variety of constructors to handle this. 
To create a String initialized by an array of characters, use the constructor shown here: 
String(char chars[ ]) 
Here is an example: 
char chars[] = { 'a', 'b', 'c' }; 
String s = new String(chars); 
This constructor initializes s with the string “abc”. 
You can specify a subrange of a character array as an initializer using the following constructor: 
String(char chars[ ], int startIndex, int numChars) 
Here, startIndex specifies the index at which the subrange begins, and numChars specifies the 
number of characters to use. Here is an example: 
char chars[] = { 'a', 'b', 'c', 'd', 'e', 'f' }; 
String s = new String(chars, 2, 3); 
 
This initializes s with the characters cde. 
You can construct a String object that contains the same character sequence as another 
String object using this constructor: 
String(String strObj) 
Here, strObj is a String object. Consider this example: 
// Construct one String from another. 
class MakeString { 
public static void main(String args[]) { 
char c[] = {'J', 'a', 'v', 'a'}; 
String s1 = new String(c); 
String s2 = new String(s1); 
System.out.println(s1); 
System.out.println(s2); 
} 
} 
The output from this program is as follows: 
Java 
Java 
As you can see, s1 and s2 contain the same string. 
Even though Java’s char type uses 16 bits to represent the basic Unicode character set, 
the typical format for strings on the Internet uses arrays of 8-bit bytes constructed from the 
 
ASCII character set. Because 8-bit ASCII strings are common, the String class provides 
constructors that initialize a string when given a byte array. Their forms are shown here: 
String(byte asciiChars[ ]) 
String(byte asciiChars[ ], int startIndex, int numChars) 
Here, asciiChars specifies the array of bytes. The second form allows you to specify a subrange. 
In each of these constructors, the byte-to-character conversion is done by using the default 
character encoding of the platform. The following program illustrates these constructors: 
// Construct string from subset of char array. 



class SubStringCons { 
public static void main(String args[]) { 
byte ascii[] = {65, 66, 67, 68, 69, 70 }; 
String s1 = new String(ascii); 
System.out.println(s1); 
String s2 = new String(ascii, 2, 3); 
System.out.println(s2); 
} 
} 
This program generates the following output: 
ABCDEF 
CDE 
 
You can construct a String from a StringBuffer by using the constructor shown here: 
String(StringBuffer strBufObj) 
String(int codePoints[ ], int startIndex, int numChars) 
Here, codePoints is an array that contains Unicode code points. The resulting string is 
constructed from the range that begins at startIndex and runs for numChars. 

  

The second new constructor supports the new StringBuilder class. It is shown here: 
String(StringBuilder strBuildObj) 
This constructs a String from the StringBuilder passed in strBuildObj. 

 

String Length 
The length of a string is the number of characters that it contains. To obtain this value, call the 
length( ) method, shown here: 
int length( ) 
The following fragment prints “3”, since there are three characters in the string s: 
char chars[] = { 'a', 'b', 'c' }; 
String s = new String(chars); 
System.out.println(s.length()); 
 
Special String Operations 
Because strings are a common and important part of programming, Java has added special 
support for several string operations within the syntax of the language. These operations include 
the automatic creation of new String instances from string literals, concatenation of multiple 
String objects by use of the + operator, and the conversion of other data types to a string 
representation. There are explicit methods available to perform all of these functions, but Java 
does them automatically as a convenience for the programmer and to add clarity. 
 
String Literals 
The earlier examples showed how to explicitly create a String instance from an array of 
characters by using the new operator. However, there is an easier way to do this using a string 
literal. For each string literal in your program, Java automatically constructs a String object. 
Thus, you can use a string literal to initialize a String object. For example, the following code 
fragment creates two equivalent strings: 



char chars[] = { 'a', 'b', 'c' }; 
String s1 = new String(chars); 
String s2 = "abc"; // use string literal 
Because a String object is created for every string literal, you can use a string literal any place 
you can use a String object. For example, you can call methods directly on a quoted string as if 
it were an object reference, as the following statement shows. It calls the length( ) method on the 
string “abc”. As expected, it prints “3”. 
System.out.println("abc".length()); 
 
String Concatenation 
In general, Java does not allow operators to be applied to String objects. The one exception to 
this rule is the + operator, which concatenates two strings, producing a String object as the 
result. This allows you to chain together a series of + operations. For example, the following 
fragment concatenates three strings: 
String age = "9"; 
String s = "He is " + age + " years old."; 
System.out.println(s); 
This displays the string “He is 9 years old.” 
 
String Concatenation with Other Data Types 
You can concatenate strings with other types of data. For example, consider this slightly different 
version of the earlier example: 
int age = 9; 
String s = "He is " + age + " years old."; 
System.out.println(s); 
In this case, age is an int rather than another String, but the output produced is the same as 
before. This is because the int value in age is automatically converted into its string 
representation within a String object. This string is then concatenated as before. The compiler 
will convert an operand to its string equivalent whenever the other operand of the + is an 
instance of String. 
 
String Conversion and toString( ) 
When Java converts data into its string representation during concatenation, it does so by calling 
one of the overloaded versions of the string conversion method valueOf( ) defined by String. 
valueOf( ) is overloaded for all the simple types and for type Object. For the simple types, 
valueOf( ) returns a string that contains the human-readable equivalent of the value  with which 
it is called. For objects, valueOf( ) calls the toString( ) method on the object. Here, let’s 
examine the toString( ) method, because it is the means by which you can determine the string 
representation for objects of classes that you create. 
Every class implements toString( ) because it is defined by Object. However, the default 
implementation of toString( ) is seldom sufficient. For most important classes that you create, 
you will want to override toString( ) and provide your own string representations. Fortunately, 
this is easy to do. The toString( ) method has this general form: 
String  toString( ) 
To implement toString( ), simply return a String object that contains the human-readable string 
that appropriately describes an object of your class. 



By overriding toString( ) for classes that you create, you allow them to be fully integrated into 
Java’s programming environment. For example, they can be used in print( ) and println( ) 

statements and in concatenation expressions. The following program demonstrates this by 
overriding toString( ) for the Box class: 
// Override toString() for Box class. 
class Box { 
double width; 
double height; 
double depth; 
Box(double w, double h, double d) { 
width = w; 
height = h; 
depth = d; 
} 
public String toString() { 
return "Dimensions are " + width + " by " + 
depth + " by " + height + "."; 
} 
} 
class toStringDemo { 
public static void main(String args[]) { 
Box b = new Box(10, 12, 14); 
String s = "Box b: " + b; // concatenate Box object 
System.out.println(b); // convert Box to string 
System.out.println(s); 
} 
} 
The output of this program is shown here: 
Dimensions are 10.0 by 14.0 by 12.0 
Box b: Dimensions are 10.0 by 14.0 by 12.0 
As you can see, Box’s toString( ) method is automatically invoked when a Box object 
is used in a concatenation expression or in a call to println( ). 
 
Character Extraction 
The String class provides a number of ways in which characters can be extracted from a String 

object. Each is examined here. Although the characters that comprise a string within a String 

object cannot be indexed as if they were a character array, many of the String methods employ 
an index (or offset) into the string for their operation. Like arrays, the string indexes begin at 
zero. 
 
charAt( ) 
To extract a single character from a String, you can refer directly to an individual character via 
the charAt( ) method. It has this general form: 
char charAt(int where) 



Here, where is the index of the character that you want to obtain. The value of where must be 
nonnegative and specify a location within the string. charAt( ) returns the character at the 
specified location. For example, 
char ch; 
ch = "abc".charAt(1); 
assigns the value “b” to ch. 
 
getChars( ) 
If you need to extract more than one character at a time, you can use the getChars( ) method. 
It has this general form: 
void getChars(int sourceStart, int sourceEnd, char target[ ], int targetStart) 
Here, sourceStart specifies the index of the beginning of the substring, and sourceEnd specifies 
an index that is one past the end of the desired substring. Thus, the substring contains the 
characters from sourceStart through sourceEnd–1. The array that will receive the characters is 
specified by target. The index within target at which the substring will be copied is passed in 
targetStart. Care must be taken to assure that the target array is large enough to hold the number 
of characters in the specified substring. 
The following program demonstrates getChars( ): 
class getCharsDemo { 
public static void main(String args[]) { 
String s = "This is a demo of the getChars method."; 
int start = 10; 
int end = 14; 
char buf[] = new char[end - start]; 
s.getChars(start, end, buf, 0); 
System.out.println(buf); 
} 
} 
Here is the output of this program: 
demo 
 

getBytes( ) 

There is an alternative to getChars( ) that stores the characters in an array of bytes. This method 
is called getBytes( ), and it uses the default character-to-byte conversions provided by the 
platform. Here is its simplest form: 
byte[ ] getBytes( ) 
Other forms of getBytes( ) are also available. getBytes( ) is most useful when you are exporting 
a String value into an environment that does not support 16-bit Unicode characters. For 
example, most Internet protocols and text file formats use 8-bit ASCII for all text interchange. 
 
toCharArray( ) 
If you want to convert all the characters in a String object into a character array, the easiest way 
is to call toCharArray( ). It returns an array of characters for the entire string. It has this general 
form: 
char[ ] toCharArray( ) 



This function is provided as a convenience, since it is possible to use getChars( ) to achieve the 
same result. 
 
String Comparison 
The String class includes several methods that compare strings or substrings within strings. Each 
is examined here. 
equals( ) and equalsIgnoreCase( ) 
To compare two strings for equality, use equals( ). It has this general form: 
boolean equals(Object str) 
Here, str is the String object being compared with the invoking String object. It returns true if 
the strings contain the same characters in the same order, and false otherwise. The comparison is 
case-sensitive. 
 
To perform a comparison that ignores case differences, call equalsIgnoreCase( ). When it 
compares two strings, it considers A-Z to be the same as a-z. It has this general form: 
boolean equalsIgnoreCase(String str) 
Here, str is the String object being compared with the invoking String object. It, too, returns 
true if the strings contain the same characters in the same order, and false otherwise. 
Here is an example that demonstrates equals( ) and equalsIgnoreCase( ): 
// Demonstrate equals() and equalsIgnoreCase(). 
class equalsDemo { 
public static void main(String args[]) { 
String s1 = "Hello"; 
String s2 = "Hello"; 
String s3 = "Good-bye"; 
String s4 = "HELLO"; 
System.out.println(s1 + " equals " + s2 + " -> " + 
s1.equals(s2)); 
System.out.println(s1 + " equals " + s3 + " -> " + 
s1.equals(s3)); 
System.out.println(s1 + " equals " + s4 + " -> " + 
s1.equals(s4)); 
System.out.println(s1 + " equalsIgnoreCase " + s4 + " -> " + 
s1.equalsIgnoreCase(s4)); 
} 
} 
The output from the program is shown here: 
Hello equals Hello -> true 
Hello equals Good-bye -> false 
Hello equals HELLO -> false 
Hello equalsIgnoreCase HELLO -> true 
 
regionMatches( ) 
The regionMatches( ) method compares a specific region inside a string with another specific 
region in another string. There is an overloaded form that allows you to ignore case in such 
comparisons. Here are the general forms for these two methods: 



boolean regionMatches(int startIndex, String str2, 
int str2StartIndex, int numChars) 
 
boolean regionMatches(boolean ignoreCase, 
int startIndex, String str2, 
int str2StartIndex, int numChars) 
For both versions, startIndex specifies the index at which the region begins within the invoking 
String object. The String being compared is specified by str2. The index at which the 
comparison will start within str2 is specified by str2StartIndex. The length of the substring being 
compared is passed in numChars. In the second version, if ignoreCase is true, the case of the 
characters is ignored. Otherwise, case is significant. 
 
 
startsWith( ) and endsWith( ) 
String defines two routines that are, more or less, specialized forms of regionMatches( ). The 
startsWith( ) method determines whether a given String begins with a specified string. 
Conversely, endsWith( ) determines whether the String in question ends with a specified 
string. They have the following general forms: 
boolean startsWith(String str) 
boolean endsWith(String str) 
Here, str is the String being tested. If the string matches, true is returned. Otherwise, false 

is returned. For example, 
"Foobar".endsWith("bar") 
and 
"Foobar".startsWith("Foo") 
are both true. 
  
equals( ) Versus == 
It is important to understand that the equals( ) method and the == operator perform two different 
operations. As just explained, the equals( ) method compares the characters inside a String 

object. The == operator compares two object references to see whether they refer to the same 
instance. The following program shows how two different String objects can contain the same 
characters, but references to these objects will not compare as equal: 
// equals() vs == 
class EqualsNotEqualTo { 
public static void main(String args[]) { 
String s1 = "Hello"; 
String s2 = new String(s1); 
System.out.println(s1 + " equals " + s2 + " -> " + 
s1.equals(s2)); 
System.out.println(s1 + " == " + s2 + " -> " + (s1 == s2)); 
} 
} 
The variable s1 refers to the String instance created by “Hello”. The object referred to by s2 is 
created with s1 as an initializer. Thus, the contents of the two String objects are identical, but 



they are distinct objects. This means that s1 and s2 do not refer to the same objects and are, 
therefore, not ==, as is shown here by the output of the preceding example: 
Hello equals Hello -> true 
Hello == Hello -> false 
 
compareTo( ) 
Often, it is not enough to simply know whether two strings are identical. For sorting applications, 
you need to know which is less than, equal to, or greater than the next. A string is less than 
another if it comes before the other in dictionary order. A string is greater than another if it 
comes after the other in dictionary order. The String method compareTo( ) serves this purpose. 
It has this general form: 
int compareTo(String str) 
Here, str is the String being compared with the invoking String. The result of the comparison is 
returned and is interpreted, as shown here: 
Value Meaning 
Less than zero The invoking string is less than str. 
Greater than zero The invoking string is greater than str. 
Zero The two strings are equal. 
Here is a sample program that sorts an array of strings. The program uses compareTo( ) to 
determine sort ordering for a bubble sort: 
// A bubble sort for Strings. 
class SortString { 
static String arr[] = { 
"Now", "is", "the", "time", "for", "all", "good", "men", 
"to", "come", "to", "the", "aid", "of", "their", "country" 
}; 
public static void main(String args[]) { 
for(int j = 0; j < arr.length; j++) { 
for(int i = j + 1; i < arr.length; i++) { 
if(arr[i].compareTo(arr[j]) < 0) { 
String t = arr[j]; 
 
arr[j] = arr[i]; 
arr[i] = t; 
} 
} 
System.out.println(arr[j]); 
} 
} 
} 
The output of this program is the list of words: 
Now 
aid 
all 
come 
country 



for 
good 
is 
men 
of 
the 
the 
their 
time 
to 
to 
  
compareToIgnoreCase( )  

int compareToIgnoreCase(String str) 
This method returns the same results as compareTo( ), except that case differences are ignored. 
You might want to try substituting it into the previous program. After doing so, “Now” will no 
longer be first. 
Searching Strings 
The String class provides two methods that allow you to search a string for a specified 
character or substring: 
• indexOf( ) Searches for the first occurrence of a character or substring. 
• lastIndexOf( ) Searches for the last occurrence of a character or substring. 
These two methods are overloaded in several different ways. In all cases, the methods 
return the index at which the character or substring was found, or –1 on failure. 
To search for the first occurrence of a character, use 
int indexOf(int ch) 
To search for the last occurrence of a character, use 
int lastIndexOf(int ch) 
Here, ch is the character being sought. 
To search for the first or last occurrence of a substring, use 
int indexOf(String str) 
int lastIndexOf(String str) 
Here, str specifies the substring. 
You can specify a starting point for the search using these forms: 
int indexOf(int ch, int startIndex) 
int lastIndexOf(int ch, int startIndex) 
int indexOf(String str, int startIndex) 
int lastIndexOf(String str, int startIndex) 
Here, startIndex specifies the index at which point the search begins. For indexOf( ), the search 
runs from startIndex to the end of the string. For lastIndexOf( ), the search runs from startIndex 

to zero. 
 

Modifying a String 

Because String objects are immutable, whenever you want to modify a String, you must either 
copy it into a StringBuffer or StringBuilder, or use one of the following String methods, which 
will construct a new copy of the string with your modifications complete. 



substring( ) 

You can extract a substring using substring( ). It has two forms. The first is 
String substring(int startIndex) 
Here, startIndex specifies the index at which the substring will begin. This form returns a copy of 
the substring that begins at startIndex and runs to the end of the invoking string. 
 
The second form of substring( ) allows you to specify both the beginning and ending index of 
the substring: 
String substring(int startIndex, int endIndex) 
Here, startIndex specifies the beginning index, and endIndex specifies the stopping point. The 
string returned contains all the characters from the beginning index, up to, but not including, the 
ending index. 
The following program uses substring( ) to replace all instances of one substring with another 
within a string: 
// Substring replacement. 
class StringReplace { 
public static void main(String args[]) { 
String org = "This is a test. This is, too."; 
String search = "is"; 
String sub = "was"; 
String result = ""; 
int i; 
do { // replace all matching substrings 
System.out.println(org); 
i = org.indexOf(search); 
if(i != -1) { 
result = org.substring(0, i); 
result = result + sub; 
result = result + org.substring(i + search.length()); 
org = result; 
} 
} while(i != -1); 
} 
} 
The output from this program is shown here: 
This is a test. This is, too. 
Thwas is a test. This is, too. 
Thwas was a test. This is, too. 
Thwas was a test. Thwas is, too. 
Thwas was a test. Thwas was, too. 
 
 
concat( ) 
You can concatenate two strings using concat( ), shown here: 
String concat(String str) 



This method creates a new object that contains the invoking string with the contents of str 

appended to the end. concat( ) performs the same function as +. For example, 
String s1 = "one"; 
String s2 = s1.concat("two"); 
puts the string “onetwo” into s2. It generates the same result as the following sequence: 
String s1 = "one"; 
String s2 = s1 + "two"; 
 
replace( ) 
The replace( ) method has two forms. The first replaces all occurrences of one character in the 
invoking string with another character. It has the following general form: 
String replace(char original, char replacement) 
Here, original specifies the character to be replaced by the character specified by replacement. 
The resulting string is returned. For example, 
String s = "Hello".replace('l', 'w'); 
puts the string “Hewwo” into s. 
The second form of replace( ) replaces one character sequence with another. It has this 
general form: 
String replace(CharSequence original, CharSequence replacement) 
  
trim( ) 
The trim( ) method returns a copy of the invoking string from which any leading and trailing 
whitespace has been removed. It has this general form: 
String trim( ) 
Here is an example: 
String s = " Hello World ".trim(); 
This puts the string “Hello World” into s. 
The trim( ) method is quite useful when you process user commands. For example, the 
following program prompts the user for the name of a state and then displays that state’s capital. 
It uses trim( ) to remove any leading or trailing whitespace that may have inadvertently been 
entered by the user. 
// Using trim() to process commands. 
import java.io.*; 
class UseTrim { 
public static void main(String args[]) 
throws IOException 
{ 
// create a BufferedReader using System.in 
BufferedReader br = new 
BufferedReader(new InputStreamReader(System.in)); 
String str; 
System.out.println("Enter 'stop' to quit."); 
System.out.println("Enter State: "); 
do { 
str = br.readLine(); 
str = str.trim(); // remove whitespace 



if(str.equals("Illinois")) 
System.out.println("Capital is Springfield."); 
else if(str.equals("Missouri")) 
System.out.println("Capital is Jefferson City."); 
else if(str.equals("California")) 
System.out.println("Capital is Sacramento."); 
else if(str.equals("Washington")) 
System.out.println("Capital is Olympia."); 
// ... 
} while(!str.equals("stop")); 
} 
} 
 
Data Conversion Using valueOf( ) 
The valueOf( ) method converts data from its internal format into a human-readable form. It is a 
static method that is overloaded within String for all of Java’s built-in types so that each type 
can be converted properly into a string. valueOf( ) is also overloaded for type Object, so an 
object of any class type you create can also be used as an argument. Here are a few of its forms: 
static String valueOf(double num) 
static String valueOf(long num) 
static String valueOf(Object ob) 
static String valueOf(char chars[ ]) 
As we discussed earlier, valueOf( ) is called when a string representation of some other type of 
data is needed—for example, during concatenation operations. You can call this method directly 
with any data type and get a reasonable String representation. All of the simple types are 
converted to their common String representation. Any object that you pass to valueOf( ) will 
return the result of a call to the object’s toString( ) method. In fact, you could just call toString( 

) directly and get the same result. 
For most arrays, valueOf( ) returns a rather cryptic string, which indicates that it is an array of 
some type. For arrays of char, however, a String object is created that contains the characters in 
the char array. There is a special version of valueOf( ) that allows you to specify a subset of a 
char array. It has this general form: 
static String valueOf(char chars[ ], int startIndex, int numChars) 
Here, chars is the array that holds the characters, startIndex is the index into the array of 
characters at which the desired substring begins, and numChars specifies the length of the 
substring. 
Changing the Case of Characters Within a String 

The method toLowerCase( ) converts all the characters in a string from uppercase to lowercase. 
The toUpperCase( ) method converts all the characters in a string from lowercase to uppercase. 
Nonalphabetical characters, such as digits, are unaffected. Here are the general forms of these 
methods: 
String toLowerCase( ) 
String toUpperCase( ) 
Both methods return a String object that contains the uppercase or lowercase equivalent of the 
invoking String. 
Here is an example that uses toLowerCase( ) and toUpperCase( ): 



// Demonstrate toUpperCase() and toLowerCase(). 
class ChangeCase { 
public static void main(String args[]) 
{ 
String s = "This is a test."; 
System.out.println("Original: " + s); 
String upper = s.toUpperCase(); 
String lower = s.toLowerCase(); 
System.out.println("Uppercase: " + upper); 
System.out.println("Lowercase: " + lower); 
} 
} 
The output produced by the program is shown here: 
Original: This is a test. 
Uppercase: THIS IS A TEST. 
Lowercase: this is a test. 
Additional String Methods 
In addition to those methods discussed earlier, String includes several other methods. These 
are summarized in the following table.  

 



 
 
  
StringBuffer 
StringBuffer is a peer class of String that provides much of the functionality of strings. As you 
know, String represents fixed-length, immutable character sequences. In contrast, StringBuffer 

represents growable and writeable character sequences. StringBuffer may have characters and 
substrings inserted in the middle or appended to the end. StringBuffer will automatically grow 
to make room for such additions and often has more characters preallocated than are actually 
needed, to allow room for growth. Java uses both classes heavily, but many programmers deal 
only with String and let Java manipulate StringBuffers behind the scenes by using the 
overloaded + operator. 
StringBuffer Constructors 
StringBuffer defines these four constructors: 
StringBuffer( ) 
StringBuffer(int size) 
StringBuffer(String str) 
StringBuffer(CharSequence chars) 
The default constructor (the one with no parameters) reserves room for 16 characters without 
reallocation. The second version accepts an integer argument that explicitly sets the size of the 
buffer. The third version accepts a String argument that sets the initial contents of the 
StringBuffer object and reserves room for 16 more characters without reallocation. 
StringBuffer allocates room for 16 additional characters when no specific buffer length is 
requested, because reallocation is a costly process in terms of time. Also, frequent reallocations 
can fragment memory. By allocating room for a few extra characters, StringBuffer reduces the 
number of reallocations that take place. The fourth constructor creates an object that contains the 
character sequence contained in chars. 

 

length( ) and capacity( ) 
The current length of a StringBuffer can be found via the length( ) method, while the total 
allocated capacity can be found through the capacity( ) method. They have the following general 
forms: 
int length( ) 



int capacity( ) 
Here is an example: 
// StringBuffer length vs. capacity. 
class StringBufferDemo { 
public static void main(String args[]) { 
StringBuffer sb = new StringBuffer("Hello"); 
System.out.println("buffer = " + sb); 
System.out.println("length = " + sb.length()); 
System.out.println("capacity = " + sb.capacity()); 
} 
} 
Here is the output of this program, which shows how StringBuffer reserves extra space 
for additional manipulations: 
buffer = Hello 
length = 5 
capacity = 21 
Since sb is initialized with the string “Hello” when it is created, its length is 5. Its capacity is 21 
because room for 16 additional characters is automatically added. 
 
ensureCapacity( ) 
If you want to preallocate room for a certain number of characters after a StringBuffer has been 
constructed, you can use ensureCapacity( ) to set the size of the buffer. This is useful if you 
know in advance that you will be appending a large number of small strings to a StringBuffer. 
ensureCapacity( ) has this general form: 
 
void ensureCapacity(int capacity) 
Here, capacity specifies the size of the buffer. 
 
setLength( ) 

To set the length of the buffer within a StringBuffer object, use setLength( ). Its general form is 
shown here: 
void setLength(int len) 
Here, len specifies the length of the buffer. This value must be nonnegative. When you increase 
the size of the buffer, null characters are added to the end of the existing buffer. If you call 
setLength( ) with a value less than the current value returned by length( ), then the characters 
stored beyond the new length will be lost. The setCharAtDemo sample program in the 
following section uses setLength( ) to shorten a StringBuffer. 
 
charAt( ) and setCharAt( ) 
The value of a single character can be obtained from a StringBuffer via the charAt( ) method. 
You can set the value of a character within a StringBuffer using setCharAt( ). Their general 
forms are shown here: 
char charAt(int where) 
void setCharAt(int where, char ch) 
For charAt( ), where specifies the index of the character being obtained. For setCharAt( ), 
where specifies the index of the character being set, and ch specifies the new value of that 



character. For both methods, where must be nonnegative and must not specify a location beyond 
the end of the buffer. 
The following example demonstrates charAt( ) and setCharAt( ): 
// Demonstrate charAt() and setCharAt(). 
class setCharAtDemo { 
public static void main(String args[]) { 
StringBuffer sb = new StringBuffer("Hello"); 
System.out.println("buffer before = " + sb); 
System.out.println("charAt(1) before = " + sb.charAt(1)); 
sb.setCharAt(1, 'i'); 
sb.setLength(2); 
System.out.println("buffer after = " + sb); 
System.out.println("charAt(1) after = " + sb.charAt(1)); 
} 
} 
Here is the output generated by this program: 
buffer before = Hello 
charAt(1) before = e 
buffer after = Hi 
charAt(1) after = i 
 
getChars( ) 
To copy a substring of a StringBuffer into an array, use the getChars( ) method. It has this 
general form: 
void getChars(int sourceStart, int sourceEnd, char target[ ], 
int targetStart) 
Here, sourceStart specifies the index of the beginning of the substring, and sourceEnd specifies 
an index that is one past the end of the desired substring. This means that the substring contains 
the characters from sourceStart through sourceEnd–1. The array that will receive the characters 
is specified by target. The index within target at which the substring will be copied is passed in 
targetStart. Care must be taken to assure that the target array is large enough to hold the number 
of characters in the specified substring. 
 
append( ) 
The append( ) method concatenates the string representation of any other type of data to the end 
of the invoking StringBuffer object. It has several overloaded versions. Here are a few of its 
forms: 
StringBuffer append(String str) 
StringBuffer append(int num) 
StringBuffer append(Object obj) 
 

insert( ) 

The insert( ) method inserts one string into another. It is overloaded to accept values of all the 
simple types, plus Strings, Objects, and CharSequences. Like append( ), it calls 
String.valueOf( ) to obtain the string representation of the value it is called with. This string is 
then inserted into the invoking StringBuffer object. These are a few of its forms: 



StringBuffer insert(int index, String str) 
StringBuffer insert(int index, char ch) 
StringBuffer insert(int index, Object obj) 
Here, index specifies the index at which point the string will be inserted into the invoking 
StringBuffer object. 
 

delete( ) and deleteCharAt( ) 
You can delete characters within a StringBuffer by using the methods delete( ) and 
deleteCharAt( ). These methods are shown here: 
StringBuffer delete(int startIndex, int endIndex) 
StringBuffer deleteCharAt(int loc) 
The delete( ) method deletes a sequence of characters from the invoking object. Here, startIndex 

specifies the index of the first character to remove, and endIndex specifies an index one past the 
last character to remove. Thus, the substring deleted runs from startIndex to endIndex–1. The 
resulting StringBuffer object is returned. The deleteCharAt( ) method deletes the character at 
the index specified by loc. It returns the resulting StringBuffer object. 
 

replace( ) 
You can replace one set of characters with another set inside a StringBuffer object by calling 
replace( ). Its signature is shown here: 
StringBuffer replace(int startIndex, int endIndex, String str) 
The substring being replaced is specified by the indexes startIndex and endIndex. Thus, the 
substring at startIndex through endIndex–1 is replaced. The replacement string is passed in str. 

The resulting StringBuffer object is returned. 
The following program demonstrates replace( ): 
// Demonstrate replace() 
class replaceDemo { 
public static void main(String args[]) { 
StringBuffer sb = new StringBuffer("This is a test."); 
sb.replace(5, 7, "was"); 
System.out.println("After replace: " + sb); 
} 
} 
Here is the output: 
After replace: This was a test. 
 
substring( ) 

You can obtain a portion of a StringBuffer by calling substring( ). It has the following two 
forms: 
String substring(int startIndex) 
String substring(int startIndex, int endIndex) 
The first form returns the substring that starts at startIndex and runs to the end of the invoking 
StringBuffer object. The second form returns the substring that starts at startIndex and runs 
through endIndex–1. These methods work just like those defined for String that were described 
earlier. 
 


