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What Is Java?

Chapter 1



Learning Objectives

• Computer basics

• What is a programming language?

• What is Java?

• The Java environment basics

• A Java program

• Entering data at runtime for the Java program

• Programming error messages

• Integrated development environments (IDEs)



Overview

• An introduction to the Java programming language 

• How a computer operates 

• Different programming techniques 

• The history of Java and its popularity

• The elements of a Java program 

• Creating and running a Java program



Overview (continued)

• Java is a dynamic and popular programming language. 

• Java use has increased over the past 5 years.

• This course teaches the Java programming skills needed to 

create powerful applications and web-enabled programs.

• Students create a virtual bank, the JBANK, and its banking 

program.



Key Terms

• Hardware

• Software, programs, applications

• Procedural programming languages

• Object-oriented programming languages

• Compiler

• Interpreter

• Java Programming Language

• Java Virtual Machine (JVM)

• Source code



Key Terms (continued)

• Compile

• Runtime

• Bytecode

• javac

• Java keywords and symbols

• Java syntax

• Java 2 Software Development Toolkit (Java 2 SDK)

• Integrated development environment (IDE)

• BlueJ (a specific IDE)



Mechanical Computers



Computer Hardware

• All computers consist of three basic parts:

– Central processing unit (CPU) 

– Memory 

– Electronic components and subassemblies:

– Keyboard

– Mouse

– Monitor

– Printer



Software

• Software is a collection of instructions that tell 

the hardware how to behave. 

• Types of software:

– Operating system software

– Application software



Ways to Obtain Software

• Buy software 

• Modify pre-existing software 

(if the license permits)

• Write individual software



Applications

• A collection of computer programs

• Examples: Word processors, Internet browsers, 
and computer games

• Contain programs that instruct a computer how 
to process data into meaningful information

• Receive messages from the user to perform 
some task and send messages to the user with 
the results of that task 



Operating Systems

• A collection of programs that directly control the 
hardware.

• Developed to separate the tasks of controlling the 
hardware from the tasks specifically associated with 
the application. 

• Building blocks for applications. 

• Windowing operating systems were developed to 
simplify the ways people interact with a computer.



Programming Language

• Programming language is the language used to 
write computer programs.

• There are many computer languages.

• Choosing which computer language to use for a 
particular program depends on the following:
– Programmer’s knowledge of that language

– Development tools available

– Computer hardware

– Type of problem being solved



Switches, 1s, and 0s

• Programming languages must be understood by the computer.

• At the hardware level, the computer is nothing more than thousands 

of switches quickly flipping on and off:

• A computer understands only the states of switches, represented as 

0s and 1s. 



Early Programming Languages

• Writing instructions in binary was very tedious.

• Programming languages are a bridge between 

the binary language of the computer and the 

written word of humans.

• Early languages used mnemonics, one or more 

symbols representing a set of binary instructions

• Early languages were called machine language 

or assembler language and are now referred to 

as low-level languages. 



Mnemonics Communications

• A special software program was needed to 

translate the assembly language programs 

into the binary language of the computer.

• These translation programs became 

known as assemblers.



High-Level Programming Languages

• Need for high-level languages to quickly and 
efficiently write computer programs for complex 
applications

• Included words or abbreviations that were 
recognizable by English speakers

• Required translator programs to convert the high-
level instructions into binary instructions

• Used a linear approach problem solving called 
procedural programming

• Developed libraries known as application program 
interfaces (APIs)



Object-Oriented Programming

• Most business problems are multifaceted and do not 
lend themselves well to procedural programming.

• Object-oriented programming (OOP) more closely 
reflects the problem-solving approach used by people.

• OOP breaks the problem into parts, defined as objects, 
which perform specific functions.

• Objects interact by sending and receiving messages.

• OOP advances software reuse and maintainability. and 
working objects and program.



Basic Language Elements

• All programming languages have five common elements:
– Vocabulary

– Punctuation

– Identifiers

– Operators

– Syntax

• Programs are saved on the hard disk in a file called the 
source file, which contains the source code of the 
program.

• Source code must follow all the rules of spelling, syntax, 
and punctuation of the programming language.



Compiled Languages 

• A compiler is a program that converts the entire 
source code file into the binary language of a 
particular computer.

• Each compiler is specifically designed to translate 
source code to meet the native language 
specifications of a particular computer.

• The file containing the compiled code is also known 
as an executable file.

• The program runs only after every instruction has 
been compiled correctly. 



Interpreted Languages

• The computer analyzes each instruction in the source 
code file as the program runs (or is executed) on the 
computer.

• The language interpreter converts instructions in the 
source file to native code for that computer and 
executes them individually.

• The interpreter must re-analyze and convert repeated 
instructions into native code before executing them—
a disadvantage. 

• Examples include JavaScript, VBScript, and HTML.



Historical Background of Java

• Java was developed at Sun Microsystems by Patrick 
Naughton and James Gosling.

• Design goals included the following:
– Able to run on many different processors

– Create programs that were small and efficient

– Easy to program

• Java 1.0 was released in 1995.

• ―A simple, object-oriented, network-savvy, interpreted, 
robust, secure, architecture-neutral, portable, high-
performance, multithreaded, dynamic language". 

• Java is a dynamic and evolving language.



Java Terms

• Simple

• Object oriented

• Distributed

• Robust

• Secure

• Architecture neutral and portable

• Interpreted

• Multithreaded

• Dynamic



Java Development and Runtime 

Environment



Java Virtual Machine (JVM)

• The JVM is a program that handles the communication 

between the Java application and the hardware and 

operating system.

• The Java programmer writes programs that are 

understood by the JVM. This code is translated by the 

JVM into code that is understood by the specific hardware 

and operating system. 

• Prior to virtual machines, programmers had to rewrite their 

programs for each specific type of CPU and operating 

system.

• Today there are JVMs for most operating systems, 

including Solaris, Windows, Linux, and MacOS.



Understanding the Java Virtual Machine

• A Java programmer writes a source code file of 
Java code and compiles the code using a Java 
compiler. 

• The Java compiler translates the program into 
bytecode that is understood by the JVM, not native 
code that is understood by a specific computer. 

• The JVM translates bytecode into binary code 
(native code or processor code) for the specific 
CPU that is used to run the program.

• The JVM is an interpreter for the bytecode, not a 
compiler for the bytecode. 



Understanding the Java Virtual Machine

• The Java compiler converts source code 

to bytecode:



Understanding the Java Virtual Machine

• The JVM converts bytecode to machine 

code (processor code) for the specific 

CPU:



Running a Java Program

• Three steps are needed to create and run a Java 

program:

1. Create a source file.

2. Compile the source file into bytecode; for instance:

3. Run the program.



Resources to Create a Java Program

• Editor - can be a program as simple as the 

Notepad program, or an integrated development 

environment (IDE) software program such as 

BlueJ. 

• Compiler and JVM - Sun Microsystems provides 

a rich set of tools for developing and running 

Java programs, including a compiler and JVM. 

These resources form the Java Development 

Toolkit (JDK). 



Java Development Toolkit (JDK)

• The JDK provides all the tools (such as 

programs) that are needed to develop a Java 

program.

• All the tools supplied in the JDK only run in a 

command-line window.

• The two tools to become familiar with are javac, 

the Java Compiler, and java, the JVM. 



Elements of a simple Java program



Three Steps to Create and Execute a Java 

Program - SayHello

1. Create the source code using an editor. The 

source code is stored in the SayHello.java file.

2. Compile the source code to create the bytecode 
using the program javac (javac 

SayHello.java). The bytecode is stored in the 

SayHello.class file.

3. Run the program by typing the command java 

SayHello. The results of the program display.



Modifying Input a Runtime

• The console program takes all the text on the command line and 

interprets the first word as the name of a program and the rest of the 

words as input parameters for that program. 



Programming Errors

• Compiler errors - Detected by the compiler and 

prevent the compiler from creating the class file. 

• Runtime errors - Occur when the program is 

executed, after all the compiler errors have been 

corrected. 

• Logic errors - Not detected by the compiler. The 

program functions, but does not produce the 

intended result.



Compiler Errors

• Common compiler errors:

– Java keywords or class names misspelled

– Inconsistently referencing identifiers 

– Forgetting to close braces {}, brackets [], or 

parentheses ( ) 

– Missing the dot operator (.) 

– Missing semicolons (;) 



Integrated Development Environment (IDE)

• IDEs may integrate:
– A word processor.

– A Software Development Kit (SDK).

– A window to display results.

– Tools to create graphical user interfaces (GUIs).

– Many IDEs enable the programmer to plan the application 

using simple symbols and a graphical interface. 

– Unified Modeling Language (UML) is a language to model 

object-oriented programs.



The BlueJ IDE



The BlueJ Tutorial



Summary

• A computer program is a set of instructions for a computer to 

perform. 

• Procedural programming languages, such as Fortran and 

COBOL, are coded with linear logic. 

• Object-oriented languages, such as Java, break the program 

into objects, each of which performs a specific function within 

the program.

• Java is both compiled and interpreted. 

• The javac command is used to compile the code. The java

command is then used to interpret and execute the code.



Summary (continued)

• BlueJ is an effective IDE to create Java programs and learn the 
Java language.

• Java language elements include vocabulary, punctuation, 
identifiers, operators, and a syntax. 

• The Java programming language includes a rich library of 
classes that form the Java language API.

• Errors identified by the compiler are compiler errors. Runtime 
errors are caused by exceptions that occur in the normal flow 
of the program. Logic errors occur if the program does not 
perform correctly.

• Correcting errors is a programmer's responsibility.



Object-Oriented Programming

Chapter 2



Learning Objectives

• Introduction to object-oriented programming

• What are objects?

• Describing objects

• Terminology applied to a Java program

• Introduction to java.lang.System class

• JavaZOO



Overview

• Object-oriented programming is fundamentally 

different from procedural programming. 

• In this chapter, students learn about objects, 

classes, and other fundamentals of OOP. 

• Students learn how objects and classes work, how 

they are created, and how they are used. 

• Students also learn to use the Unified Modeling 

Language (UML), an industry standard technique for 

describing objects.



Overview (continued)

• Encapsulation and inheritance are 

fundamental principles of OOP.

• The JavaZOO expands on basic concepts 

from the chapter.

• The JavaZOO is a discussion on the 

fundamentals of object-oriented 

programming and follows the process for 

creating an object-oriented program.



Key Terms

• Object 

• Class 

• Attributes or data of a class 

• Behaviors or operations or methods of a class 

• Instance of a class 

• Method signature 

• Method arguments 

• Constructor method 

• Accessor, mutator, and custom methods 



Key Terms (continued)

• Return values for methods 
• Object relationships and associations 
• Access modifiers 
• Inheritance 
• Object mutability and destruction 
• Unified Modeling Language (UML) 
• Encapsulation 
• Information hiding 
• Message sending 
• Reuse



Procedural vs. Object-Oriented Languages

• Procedural

– Task is a series of instructions.

– Instructions executed in logical sequence.

– Difficult to maintain.

• Object Oriented

– Task is an object.

– Objects contain data and instructions for tasks.

– A program is a collection of interacting objects.



Object Speak

• Object – Contains data and instructions

• Class – A blueprint for an object

• Attribute – Describes the state of an object

• Method – A set of instructions performed by an 

object

• Inheritance – Derivation of behavior among 

objects

• Encapsulation – Information hiding



What Are Objects?

• Objects have attributes and exhibit behaviors.



Classification of Objects

• User interface objects

• Operating environment objects

• Task-related objects:

• Documents

• Multimedia

• Problem domain



Identifying Objects

• What are the object’s attributes and behaviors?



Classifying Objects 

• A class is a general category used to define objects.

• One general class can be used to create many 
specific objects.

• For example, a Customer class is used to create 
two, unique objects exhibiting attributes and 
behaviors of a customer.

• Each customer object is an instance of the 
Customer class.



Creating an Object

• An object is created with the constructor.

• A constructor contains the instructions for creating an 

object.

public Customer (String name, int ID){

customerName = name;

customerID = ID;

}



Methods
• Methods define the behaviors of an object.

• A method is a step-by-step procedure for 

completing a task.

• Methods have:

– Meaningful name to describe the task

– Required information to complete a task

– Result of task completion 



Methods (continued)

static double chargeRent(int days){

return days * 3.00;

}

• Method name – chargeRent

• Required information – days

• Result – days * 3.00



Object Interaction

• Objects interact with methods.

• Methods are used to send and receive 

messages.

• Objects obtain information from other objects 

with accessor methods.

• Object change information of other objects with 

mutator methods.



Encapsulation

• Encapsulation is the hiding of information.

• Details of an object are abstracted from 

the user.

• Access to an object’s information is 

restricted.

• Implemented with Java keywords such as 

public, private, and protected.



Object Relationships

• Association relationship – An object has a 

reference to another object.

• Whole part relationship – An object cannot 

exist without the existence of another 

object.

• Inheritance relationship – An object 

derives attributes and behavior from 

another object.



Inheritance

• A fundamental feature of object-oriented programming

• Ability to reuse code

• An inheritance hierarchy goes from generality to 

specificity.

• Inheritance involves:

– Deriving attributes and behaviors

– Adapting these features 

– Being both the same and different



Inheritance 

• Inheritance relationships are ―is a‖ relationships.

A Teacher is a Person.

• Implemented with the extends keyword.

Teacher extends Person.



Garbage Collection

• To free up memory resources, the JVM can:

Mark an object for destruction

Instruct the garbage collector to destroy marked objects

Define procedures to execute prior to removing an 
object from memory

• The JVM automatically manages memory resources.

• Objects no longer needed in a program are 
destroyed.



UML

• Unified Modeling Language is used to model object-
oriented programs.

• A set of symbols to describe objects, object 
relationships, and the states of objects.

• BlueJ has a quasi-UML look and feel.

• Uses different types of diagrams to describe object 
models.



UML Class Symbols

• Model the attributes and behaviors of a class

• Model the relationships among classes



Class Definition

• Describe the attributes each object will have

• Describe the behaviors each object will have

• Takes the general form of:

public class ClassName

{

}

• Attributes and behaviors defined within the brackets



Class Definitions and Attributes

• The attributes that describe an object are defined 

in a class.

• Attributes represented by variables.

• Objects created from a class contain different 

values for each attribute.

• The values are assigned by a constructor method.

• Attributes define an object’s state.



Class Definitions and Behavior

• Behaviors represented by methods.

• Method arguments are the information required to 
complete the task.

• Return values are the results of the method.

• Methods can require zero, one, or several 
arguments.

• Methods can return zero or one value.

• Mutator methods change object information.

• Accessor methods obtain object information.



The java.lang.System class

• java.lang.System is a predefined class. 

• It can be used to display information from 

a program.

• The System.out object has a println() 

method used to display text.

Ex. System.out.println(―Hello Java‖);



The JavaZOO

• A zoo with animals, cages, zoologists can 

be modeled as an object-oriented 

program.

• In the JavaZOO, ZooAnimal, Cage, and 

ZooKeeper are objects that represent 

actual components of a zoo.

• These objects interact among each other 

to create a virtual zoo program.



JavaZOO Classes

• A class is the definition for an object 

including attributes and behavior of the 

object

• A class is not a Java program.

• Many classes work together to create an 

object-oriented program.

• A class is not an object, but is used to 

create objects.



JavaZOO Objects

• An object is created from a class.
• Objects in a program must have attributes.
• Attributes are characteristics of objects that describe 

their features.
• Attributes of an animal include name, color, species, 

and others.
• Attributes of a cage include dimensions and level of 

cleanliness.
• Attributes of zoologist are title, name, pay rate, and 

others.



Data Type

• Each attribute contains a certain type of information 

such as textual or numeric.

• Another type of information is true or false.

• The data type tells the computer how much space to 

allocate for the attribute.

• Data type also determines the operations that can 

be performed on the data.



Assigning Data Type

• Each attribute of the objects must be assigned a 

data type.

• Think about what the attribute represents to choose 

the correct type.

• Textual attributes can be called string.

• Numeric attributes can be called int.

• True or false attributes are called Boolean.



Creating a ZooAnimal

• To create a ZooAnimal object, the object 

must be given a reference name.

• This name is used to refer to the object in 

the Java program.

• Next, actual data is assigned to each 

attribute. 

• The data assigned needs to correspond to 

the data type of the attribute.



Methods

• Objects have behaviors associated with 

them.

• Behaviors are actions that the object can 

perform.

• Objects perform actions with each other to 

interact in a Java program.

• Object behaviors are defined within Java 

methods.



Methods (continued)

• A method must have a meaningful name.

• A method contains instructions to be 

executed each time the method is used.

• In Java, methods are executed, or called, 

by referencing the name of the method.

• The JVM then executes each of the 

instructions within the method definition.



The Main Method

• The main method contains instructions to 

execute the Java program.

• Every Java application must have a main 

method.

• Objects are created and interact within the 

context of the main method.

• Instructions in the main method are 

executed by the Java Virtual Machine.



The Main Method (continued)



Constructors

• The definition for a constructor method is 

included in each class.

• Constructors provide specific instructions 

needed to create an object.

• A constructor can automatically assign 

values to the attributes of an object.

• The constructor can be called within the 

main method to create objects.



Constructors (continued)

ZooAnimal animal1 = new ZooAnimal();

• A constructor always has the same name as the 

object it creates.

• animal1 is the reference name

• new is a Java keyword used to create objects. It is 

always used with a constructor.

• This Java statement appears in the main method.



Method Syntax

void eat()
{
}

• The method name is eat and simulates this behavior 
of a ZooAnimal.

• The instructions to be executed are included 
between the { }.

• The keyword void is used to signify that the method 
does not return any information. 



Encapsulation

• Encapsulation means packaged together.

• Objects package together data and 
operations.

• Encapsulation also means information 
hiding.

• Information is hidden in Java programs 
with access modifiers.



Public vs. Private

• The access modifier private is used to hide 

data and methods.

• Data declared private cannot be accessed 

by other objects.

• The access modifier public is used to allow 

access to data and methods.

• An object allows access to private data 

through public methods.



Get and Set Methods

• A get method is a public method used to 

access private data.

• When the get method is called, the value 

of a private attribute is returned.

• A set method is a public method used to 

change private data.

• When the set method is called, the value 

of a private attribute is changed.



Value-Returning Methods

• A get method is an example of a value-returning method.

• The data type of the returned value is included in the method 

definition.



Method Parameters

• Some methods require information in 
order to be executed.

• Set methods must include the value that is 
used to change the private attribute.

• The value is passed to the method as a 
parameter.

• Parameters appear in the parentheses of 
a method.



Method Parameters (continued)

• A method can have any number of 
parameters.

• In the method definition, the parameters 
must include a data type.

• When the method is called, the values 
supplied to the method must have the 
correct data types.



Method Parameters (continued)
• This method requires three parameters of different data types.

• The values must be supplied to the method in the same order 
when it is called.



Method Signature

• Method signature consists of the method 

name and data types of parameters.

• Each method in a Java class must have a 

unique method signature.

• Method signature does not depend on 

access modifiers, return type, or 

parameter names.



Overloaded Methods

• Overloaded methods are multiple methods in one 

class with the same name.

• Overloaded methods provide greater flexibility in 

program design.

• The method definitions must have different 

parameters to maintain a unique signature.

• Parameters can be different in number, order, or 

data type.



Summary

• The basic building blocks of object-oriented 

programs are objects.

• Classes are blueprints for objects.

• Objects have attributes that describe their 

characteristics.

• Objects have methods that define their 

behaviors.

• An object is created with a constructor 

method.



Summary (continued)

• Methods have a name, body, return type, and 
optional parameters.

• Encapsulation involves abstracting or hiding 
information.

• Objects can be related through association, whole 
part, or inheritance relationships.

• Inheritance is a fundamental principle where 
objects derive attributes and behaviors from other 
classes.

• UML is a language of symbols used to model 
objects and object relationships.



Summary (continued)

• The JavaZOO is a program that models an 

actual zoo with animals, cages, and 

zookeepers.

• The components of the JavaZOO are 

objects that interact in various ways.

• The objects are created to reflect the 

needs and rules of the problem domain.



Java Language Elements?

Chapter 3



Learning Objectives

• Java language elements

• The where and when of data storage

• Concept of data types

• Syntax

• Object creation, mutability, and destruction



Overview
Specific keywords and syntax rules are used to create class 

definitions, constructors, methods, and object interaction. 

Classes should be well documented, and Java API provides 

thorough documentation of many Java classes

The javadoc tool and javadoc parameters are used to 

generate HTML documentation for classes.

An important principle of OOP is code reuse, which is facilitated 

with complete, accurate documentation.

Java is strongly typed, so data types have specific storage 

requirements.



Key Terms

• API documentation

• javadoc

• Keywords and symbols

• Identifiers

• Random-access memory

• Storage size: byte and bit

• Data storage: stack, heap, static and constant 
storage

• Variables



Key Terms (continued)

• Java data types: primitive and reference

• Wrapper classes

• Instance of a class

• Java syntax rules

• Declarations: variable, class, method, constructor

• Modifiers: accessors and qualifiers

• Mutability

• Garbage collection and finalizer method



Purpose of Documentation

• Assist to modify, maintain, and trace errors in the 
class definition

• Used when designing a class, forming the 
general plan for the class 

• Assist others in understanding the logic 
particular features of a class



Documenting Java Classes

• Single-line comments    //

• Multi-line comments      /*    */

• Comments do not cause the computer to 

perform any tasks.

• Comments are not executed when a program 

runs. 



javadoc Comments
• Used specifically for creating HTML documentation.

• Explain the purpose of the class, function of methods, the 
arguments represent, and so on.

• Enclosed within the symbols /** and */.

• Ignored by compiler.

• Specific guidelines for placement and symbols. 

• HTML tags can be inserted within comments.

• The javadoc utility interprets special tags that are used 
to create specific frames of text.



Java Language API Online 

Documentation



Generating API Docs for Classes Using 
the javadoc Tool

• The javadoc tool is used by opening a DOS or 

console window and entering javadoc at the 

prompt followed by the source filename:



Symbols That Communicate Java 

Syntax Rules

• [ ] or < > - Enclosed information is optional 

• ( ), ; {} - Symbols required in the location specified

• Italicized words - Data provided by the programmer

• Bold words or symbols - Keywords that must be 
typed exactly as shown

• Ellipses - Represent information that can be 
repeated



Java Keywords



Identifiers

• Labels that programmers assign to data or storage 
addresses.

• Rules for creating identifiers:
– Any character from any alphabet can be used. 

– First character must be a letter. Subsequent characters 
can be any character or punctuation. 

– Cannot contain the symbols % or #. May contain $. 

– It is recommended that special symbols are omitted. 

– Cannot contain spaces 

– Case sensitive 

– Cannot be Java keywords



Commonly Used Symbols in Java

• Braces - A block is a collection of statements that is 

bounded by braces { }. These include class definitions, 

method definitions, and other statements that should be 

executed in a group. 

• Semicolons - A statement consists of one or more lines of 

code terminated by a semicolon. 

• Commas - Commas serve as separators or delimiters of 

data.

• White space - White space separates keywords and 

identifiers. 



Data Storage

There are six different places to store data:

1. Registers - Memory space in the CPU 

2. The stack - For methods and variables in RAM 

3. The heap - For objects in RAM 

4. Static storage - For a shared method or variable in 
RAM 

5. Constant storage - For nonchanging variables in 
RAM 

6. Non-RAM storage - Disk space (hard disk, floppy 
disk) 



Five Facets of a Variable

• Data - The contents of the variable

• Data type - The storage and use of the 

variable

• Identifier - The label of the variable

• Address - The location of the variable

• Scope - The availability of the variable



Java Language Types
• Java is a strongly typed language. This means 

that each data type has a defined amount of 
storage allocated.



Java Primitives and Storage 

Requirements
Primitive Type Storage Size Values

boolean 1 bit Logical value of true or false.

char 16 bit stores any of 65,436 single characters of the UNICODE set

byte 8 bit signed whole numbers    -128 to +127

short 16 bit signed whole numbers    -32,768 to +32,767

int 32 bit signed whole numbers    -231 to 231 –1

long 64 bit signed whole numbers    -9 * 1018 to +9 * 1018-1

float 32 bit decimal values up to 6 - 7 decimal places

double 64 bit decimal values up to 14-15 decimal places



Binary Representation 

• Storage size is defined as the number of bits that are 
required to store a representation of a number, 
character symbol, or Boolean status. Memory is 
measured in bytes, and there are 8 bits in 1 byte. 



Wrapper Classes for Primitive Data 

Types



Reference Data Types

• Variables that store references to object 

addresses are considered to hold reference 

data types.



Object Data (Instance)
• Each object is an instance of a class. When an 

object is constructed, object data is assigned 

memory storage based on the data type. Object 

data can be primitive or reference type.



Class Data (Static)
• When data is to be shared among all objects of a 

class, the data is declared static and is the same 
for all instances of the class. The keyword static

is used to define data as static.



Method Data (Local)

• Objects store data and perform operations on the 

data with methods. 

• Local variables store data for use in a method.

• A local variable is only available to a specific 

method. 

• They are defined in the body of a method or 

declared in the method signature.



Constants

• A constant is a storage location in memory. 

• Constants are variables; however, the data in a 

constant does not change during processing.

• The keyword final defines a variable as 

constant. 

• Instance data and static data can be declared as 
constant using the keyword final.



Syntax - Variable

• The syntax for declaring a variable is as follows :
– <modifiers> datatype identifier;

• When a variable is declared, the allocation of 
storage for the variable is being requested.

• If the variable is defined as object data, default 
values are automatically assigned when the 
object is created.

• If the variable is a local variable, its values must 
be assigned by the programmer as part of the 
method definition.



Syntax - Class

• A public class must have a class name that 

matches the name of the .class file. 

• A source file (.java file) may have more than one 

class definition, but only one of these can be 

declared as public.

• The accepted convention in naming classes is to 

begin all class names with an uppercase letter.



Syntax - Method

• Standard methods:
– Mutator

– Accessor

• Custom methods

• Syntax for method declaration:



Syntax - Constructor
• The syntax for a constructor is as follows:

– <modifier> Classname( <datatype identifier>, 
<datatype identifier>, ...

• A constructor is a special type of method, having the 
same name as the class and no return type.

• There can be more than one constructor method defined 
in a class.

• If the programmer has not explicitly defined a constructor 
method, the compiler inserts one. 

• Two basic types of constructors:
– Constructors with no arguments; the null constructor

– Constructors with arguments



Modifiers (public, private,

protected, default, static,

final)

• A class, method, or variable definition can 

include modifiers. 

• Access specifiers define the level of access to 

the method, variable, or class:

– private, public, protected, and default

• Qualifiers define the state of the object, variable, 

or method:

– static, final, native, and transient



Object Creation - Constructors

• Creation of an object consists of five steps: 

1. Declaration of a reference variable for the object 

2. Default initialization 

3. Explicit initialization of values

4. Execution of constructor 

5. Assignment of an object address reference to the 

reference variable



Object Creation by Another 

Class



Mutability

• The use of the keyword final declares a 

method, an attribute, or an object to be 

immutable, which cannot be changed.

• For nonstatic attributes declared as final, the 

value for the attribute must be assigned in the 

constructor.



Garbage Collection
• JVM runs a program called the garbage collector. 

• An object that no longer has a reference variable 
storing its address is marked for destruction.

• Assigning a reference variable to null marks it for 
destruction.

• When the JVM needs memory, the garbage 
collector releases the marked objects.

• A programmer cannot control the schedule of the 
garbage collector.

• Static method gc from the System class.



Finalizers

• One of the methods inherited from the Object 

class is the finalize method.

• The programmer can customize the finalize 

method to ensure that cleanup activities happen 

before the object is destroyed, such as closing 

files or saving certain data to a file. 



Summary
• Proper use of language rules and the 

documentation of the program's features.

• Code reuse is the cornerstone principle of the Java 
language. 

• A proficient Java programmer must make a diligent 
effort to document programs. 

• Documentation benefits the programmer and other 
users of the class. 

• The javadoc utility interprets specific tags that are 
inserted into the source code to create HTML 
documents. 



Summary (continued)
• Keywords can be used to define certain types of values 

such as true, false, void, and null. 

• The keyword new requests storage for an object. 

• The keywords public, private, protected, static,
and final are access modifiers.

• The keyword static is a qualifier of data or methods and 
is also known as class based. 

• The keyword final is also a qualifier of data or methods, 
but is known as a constant. 

• Identifiers are labels that programmers assign to data or 
storage locations. 



Summary (continued)

• The use of braces, semicolons, commas, and white space 

is common and frequent throughout programmer code.

• Java is a strongly typed language. 

• Close link between data type and amount of storage. 

• Storage areas include the CPU registers, RAM, and 

storage such as disk space on the hard drive. 

• RAM memory is further divided into stack, heap, static 

storage, and constant storage. 



Summary (continued)
• Primitive data types are not objects. 

• Classes that create objects that store a single primitive 
value are known as wrapper classes. 

• All languages have rules for punctuation, grammar, and 
proper use of vocabulary, referred to as the syntax of the 
language. 

• The garbage collector is a special program that is run by 
the JVM to free up memory. 

• The finalizer method can be customized to perform cleanup 
activities, such as closing files or saving certain data to a 
file.



Java Language Operators and 

Control Structures

Chapter 4



Learning Objectives

• Object Operations

• Numeric Data and Operations

• Concepts of Casting and Conversion

• Character and String Data

• Control Structures

• Exploring the java.lang.System Class Member in 

and out



Overview
Expressions for manipulating object and method data include 

many different types operators.

Arithmetic operators are used to perform calculations with 

numeric data.

Logical operators are used to test conditions.

Precedence and association properties of operators cause 

them to be calculated predictably.

Control structures alter the sequence in which instructions are 

executed.



Key Terms
• Operators: unary, arithmetic, bitwise shift, Boolean and 

bitwise logical, assignment, and object

• Operator precedence groupings and associative properties

• Boolean data type

• Comparison operators: ordinal, equality and object type

• Logical operators: & AND, | OR, ^ XOR, && short-circuit 
AND, || short-circuit OR

• Conditional operator

• Bitwise operator

• Casting and conversion of data types

• char data type



Key terms (continued)

• Unicode Characters

• Java Classes String and StringBuffer

• Overloading

• Concatenation

• Control Structures: Sequence, Selection and Repetition

• Selection Constructs: if, switch, and conditional operator

• Repetition Constructs: do, while and for

• System Class Objects: in, out, err

• Core Classes



Object Operators

• The new operator
– Used to create an object.

– Reference to the address of the object is stored in the 
variable to the left of the = (assignment) symbol.

• The dot operator:
– Used to access nonprivate methods or member data of an 

object.

– Can be chained to more than one method or member data.

– Operates from left to right.

– Within the definition of a method, there is no need to use the 
dot notation for accessing object data.



Arithmetic Operators

• Addition ( + )

• Subtraction ( - )

• Multiplication ( * )

• Division with integers ( / ) 

• Division with floating-point numbers ( / )

• Modulus ( % )

• Unary operators - Only require one operator

– (such as: =, ++, --, +=, -=, *=, /=, %=, cast operator)



Precedence of Operators

• Operations performed in a specific order based 

on operator precedence.

• Precedence is a set of rules that Java imposes in 

the use of all operators. 

• Operators in a given group have precedence over 

operators in the group below it. 

• In a complex expression where many operations 

are used, parentheses and unary operators can 

change the order of operation.



Precedence of Operators 

(continued)

• Without operator precedence, two different 

results could be obtained:



Associative Properties of 

Operators

• When several operators belonging to the same 

group have equal precedence, the operators are 

performed from right to left or left to right: 

– Arithmetic expressions or calculations are left 

associative (evaluated from left to right).

– Assignment operators are right associative (right to 

left), so that the value has to be determined before it 

can be assigned.



Arithmetic Calculations

• Use parentheses to avoid ambiguity. 

• Consider the size of resulting values and possible 
loss of precision. 

• Multiply first before dividing. 

• When using negative numbers with modulus 
calculation, drop the negative signs from either 
operand and calculate the result. The sign of the left 
operand is the sign of the result. 

• The + operator can be used to add numbers and 
String objects. 

• Remember to consider the association properties of 
the operators in calculations.



Boolean Data

• Boolean logic based on true or false 

comparisons. 

• Boolean variables can only hold one of 

two literal values: true or false. 

• Declaration and initialization of a boolean 

data type variable:
• boolean truth = true;

• or

• boolean isNew;

• isNew = false;



Comparison and Logical Operators

• The Java language supports six comparison 
operators:
– (<, >, ==, <=, >=, !=)

– Expressions using comparison operators result in the 
boolean value of true or false.

– Results of these comparisons can be assigned to 
Boolean variables.

– Cannot be any white space between comparison 
operators that have two symbols. 

• Comparison operators and logical operators are 
used in if, for, and while statements. 



Comparison and Logical Operators

• Three types of comparisons:
– Ordinal

– Equality

– Object type

• Logical operators for operations on Boolean are:
– & - AND operation

– | - OR operation

– ^ - Exclusive XOR operation

– Short-circuit operators && (logical AND) and || (logical 
OR)



Conditional Operator

• Syntax is a = x ? b : c; 

• The data type value of x must be Boolean, or 
x must be an expression that results in a 
Boolean value. 

• The data type value for b and c must be 
compatible with a. 

• An if statement can do the same task as a 
conditional operator. 

• The value of a will be the value of b if the 
condition is true, but c if the condition is false.



Bitwise Operators

• Bitwise operators (also referred to as shift 
operators):
– <<, >>, >>>

• Perform bit shifts of the binary representation of 
the left operand.

• Operands should be integral types that are 
generally int or long.

• Bitwise logical operators:
– & AND, | OR, ^ exclusive XOR 



Casting and Conversion
• Casting assigns a value of one type (such as int 

or double) to a variable of another type (such as 
long or short):

• If the two types are compatible, Java performs 
the conversion automatically.

• Where information would be lost in an 
assignment, the compiler requires that the user 
confirm the assignment with a typecast. This is 
called explicit casting. 



Casting and Conversion (continued)

• An expression is assignment compatible if the 
variable receiving the assignment has a data 
type that is at least as large as the expression 
type.

• For binary operations using primitive types, the 
result of the operation is promoted to the wider 
type of the operands or an int.

• In Java, there are no casts between integer 
types and the Boolean type. 



Textual Data 

• To represent textual data, Java provides two 
options:

A single character stored in a primitive data type char

A string of characters in an object of the class String or 
class StringBuffer



Character Data Type 

• The char data type stores a single 16-bit Unicode 
character.

• The literal assigned must be enclosed in single 
quotes.

• Use the backslash (escape character) to use 
nonprinting and special meaning characters (for 
instance, \n for linefeed).



String and StringBuffer Classes

• String class

The collection of one or more Unicode characters stored 
in an object.

String literals are always enclosed in double quotes (").

The + operator can also be used to combine Strings. 

Strings are immutable and cannot be changed, therefore 
concatenation operations on Strings are memory 
intensive. 

• StringBuffer

Provides for the storage of string data that will change; 
generally recommended to store String data that will 
change.



Decision making and repetition

• A control structure is a standard progression of 

logical steps to control the execution sequence of 

statements. 

• All programming logic can be broken down into one 

of three control structures:

– sequence

– selection or decision

– repetition

• Control structures can be nested

• Control structures are used only in methods.



Logic
• Sequence - Actions are performed in sequence until all 

actions have successfully completed.

• Selection - Is used to determine an action to perform based 
on a certain condition:
– if-then-else structures

– case control or switch structures

• Repetition - Used to instruct the computer to repeatedly 
perform a set of actions. This structure is also called looping 
or iteration:
– for <loop>

– while <loop>

– do <loop>.



If Statement



If statement
• Actions are performed based on a certain condition, where 

the condition is a boolean expression or a boolean value.

• The basic syntax for an if/else statement is:
– if(a < b)
– {
– System.out.println(“a is less than b”);
– }
– else
– {
– System.out.println(“a is not less than b”);
– }

• When using a nested if, the short-circuit operator may also 

be used instead of an if statement.

• In some instances, the conditional operator may be used 
instead of an if statement.  



Multiple Condition If
• The if statement can be used to chain a series of 

conditions.   

• The basic syntax for a multiple condition if 

structure is as follows:
– if(a < b)
– {
– System.out.println(“a is less than b”);
– }
– else if (a < c)
– {
– System.out.println(“a is less than c”);
– }
– else
– {
– System.out.println(“a is not less than b or c”);
– }



Multiple condition If



Nested if

• The syntax for a nested if structure is:
– if(a < b)
– if(a < c)
– if( a < d)
– {
– System.out.println(“a is less than b, c, and d”);
– }
– else
– {
– System.out.println(“a is less than b and c”);
– System.out.println(“a is not less than d”);
– }

• This conditional testing is the same as using the & 
or && operator. 

• Braces, while not required if a single statement is 
executed, are strongly recommended for tracing 
the logic of the program.



Nested If



Switch Statements
• Selection control structure that allows for more 

than two choices when the condition is 

evaluated.

• The basic switch control syntax is as follows:



Switch Statement Syntax

• switch - Begins the selection (open brace 
follows the expression)

• case - The condition is equal to the constant 
following this keyword (colon [:] at the end of this 
statement is required.

• break - Ends the sequence of actions and exits 
from the switch control structure.

• default - The set of actions that will be 
executed if no match was found between the 
expression and each constant.

• expr1 - Must be assignment compatible with an 
int, byte, short, or char types.



Loop structures

• Java loop constructs:
– for

– while

– do loop

• All loop structures have four elements or actions that 
occur:
1. Initialization 

2. Test a condition or expression 

3. Execution of statements 

4. Alter the condition or expression to exit the loop 



Do While Loop Structure

• Syntax:

• The initialization statement is defined before the 

loop structure.

• This loop will execute at least once.



While Loop Structure

• Syntax:

• The initialization statement is defined before the 
loop structure.

• Ensure that the loop condition is true at the 
beginning if the loop must be entered at least 
once.



For Loop Structure

• Syntax:

• The initialization statement is declared and 

defined within the for block.



break, continue, and label

• Use the following statements to further control loop 
constructs: 

• break [label]; 

• continue [label]; 

• [label:] statement; where the statement should be a 
loop 

• break - To prematurely exit from switch, loop, and 
labeled blocks

• continue - To skip over and jump to the end of 
the loop body and then return control to the loop 
control statement

• label - Identifies any valid statement to which 
control must be transferred



Java.lang.System class
• System class accesses properties of the 

underlying operating system devices to stream 
data in and out of the program.

• The System class contains references to three 
useful objects:



Summary

There are arithmetic, unary, Boolean, comparison, logical, and 

assignment operators. 

Precedence gives operators priority over others so that the 

evaluation of a statement is consistent. 

Operators have associative properties. Some statements are 

evaluated from left to right, whereas others from right to left.

The three control structures are sequence, selection, and 

repetition. 

Selection constructs are the if and switch statements. The 

constructs for repetition are the do, while, and for loops.



Summary (continued)

The System class accesses properties of the 

underlying operating system devices to stream data 

in and out of the program. 

The System class contains references to three useful 

static objects: in, out, and err. 

These objects can send data and receive data from 

default input and output devices



Basics of Defining and Using 

Classes

Chapter 5



Learning Objectives

• Four Steps to Creating Objects

• Attributes (Class and Instance)

• Encapsulation

• Constructors

• Method Types and Syntax

• The variable this

• Method Data and Encapsulation

• Overloading

• Java Type Lifespan 



Overview

Elements that define classes and methods 

The syntax and best practices for attributes and the 

methods

The class definition process 

The use of objects and object methods 

Variables and identifiers

Scope, life, and encapsulation of data and objects

Accessibility of data and encapsulation

Object Destruction



Key terms

• Class definition

• Encapsulation

• Attributes

• Private Data

• Object data

• Class data

• Access Modifiers: private, public, default, protected

• Qualifier Modifiers: static, final

• Immutability

• new



Key terms (continued)

• Instance

• Constructors: default, defined

• this variable

• Data initializers

• Scope and Lifetime

• Method Syntax

• Methods: main, instance, static

• Overloading

• Destruction of an object

• Finalizer



Review of class and object 

definitions
• Class

- a template or blueprint for an object

- defines the object’s behavior and attributes

- defines the knowledge that is common to a 
certain type of object

- referred to as a Java reference type.

• Object 
– -knows something and knows how to do 

something

– -object data defines the state of an object



Review of class and object 

definitions (continued)
• An object is an instance of a class.

• Instance variables contain the data that 

defines an object’s state.

• Each object’s address in memory is stored 

in a variable known as the object reference.

• Objects may have the same data with 

different references. 

• Objects may have the same state, but have 

different identities.



Review of class and object 

definitions (continued)

• The behavior of an object is defined by a method. 

• Interactions between two objects occur through the 

use of the object reference to send messages.

• Programs should never directly access instance data. 

This data should be hidden, or encapsulated.

• An object can be related to other types of objects 

through association or inheritance. These are also 

referred to as "has a" and "is a" relationships.



Designing classes
• The four steps necessary to create and use 

objects are:
– Design the attributes and behaviors of the object.

– Define the object by creating a class definition or a blueprint.

– Create an object by creating an instance of the class.

– Use the object with other objects to solve a problem.

• Nouns and adjectives in the problem description 

often represent data or attributes of the object.

• Verbs can lead the programmer to selecting 

methods or behaviors.



Class definition

• Class definition includes several constructs:

– Declaration of the attributes

– Definition of constructors.

– Definition of standard methods 

– Definition of custom methods

– Thorough documentation



Create an object

• Objects are created when the new operator is 

used. 

• Objects can be created:

– in methods of other classes as local data

– as part of the attribute definition of another class

– within the main method of its class definition

• The creation of an object is also referred to as 

instantiation. 



Create an object (continued)

• Using two statements:

– Student s1; 

– s1 = new Student( );

• Using one statement:
– Student s1 = new Student( );



Using the dot operator

• The dot operator is used to access object 

data and methods.

• Only non-private data or methods are 

accessible to other objects. 

• Instance data is accessed through the 

object’s reference variable.

• Class data is accessed by referencing the 

class name. Class data is qualified with 
the use of the keyword static. 



Attributes - Overview
• An attribute is data stored in an object.

• Attributes are declared using variables. 

• Data can be a reference to any of the eight 

primitive data types or an identifier for another 

object. 

• The syntax for declaring an attribute is:



Variables

• A variable represents data stored in memory.

• Class definition can include three categories of 

variables:

– instance or object variables

– static data or class variables

– local or method variables



Instance variables
• Instance variables identify the data stored in each 

object of the class. 

• The values of instance variables differentiate objects 
from others by defining its state. 

• When one object stores the reference to another 
object, it is described as having a reference. This is a 
"has a" relationship. 

• To reference an instance variable within the class 
definition, use the variable name.

• To reference the variable of an object by another 
object, use the dot notation.  



Class data and static 

variables
• Variables that are associated with a class and 

are shared by all objects of the class are known 
as class or static variables.

• A given class will only have one copy of each of 
its class variables.

• The class variables exist even if no objects of the 
class have been created.

• If the value of the class variable is changed, then 
the new value is available to all objects. 

• The keyword static is used as a qualifier to 
define a static variable.



Immutability 

• Keyword final is used to qualify a class attribute or 
method as immutable.

• Data that is final is also referred to as constant data.

• The coding convention in Java is to name constants 
with identifiers in uppercase.

• The attributes of an object that have been declared as 
final cannot be changed once an instance (object) of 
the class has been constructed.

• For instance data, the value of the constant for each 
object can be different and is initialized in the 
constructor method.



Encapsulation 

• In Java, this term has a special meaning of hiding 
information.

• Objects must provide consistent, reliable, and 
predictable information and behavior.

• Keep data members encapsulated to prevent the 
other objects from modifying them.

• Encapsulation is implemented through access 
modifiers such as public and private.



Access modifiers



Influence of access 

modifiers



Access modifiers

• In general, data or attributes of a class should be 
private and methods should be public.

• Class-based data may also be public, especially if the 
data is constant.

• A class member should be explicitly specified, rather 
than omitting access modifiers.

• A simple public accessor method can return the value 
of private data to other objects.

• Access modifiers apply in the same manner whether 
the variable is an instance variable or a static variable.



Constructor process

• Calling the new operator                                
Student s1 = new Student();       

results in allocation of space for the new object in this 

sequence:

1.Memory allocation: Space for the new object is allocated. 

Instance variables are initialized to their default values.

2.Explicit initialization is performed. Variables initialized in the 

attribute declaration will have the default values replaced with 

this initial value.

3.A constructor is executed. Variable values may be reset or 

set in the constructor. Constant should be set here.

4.A variable assignment is made to reference the object.



Default values
• Default value for an attribute is a value that is 

stored in memory and based on pre-defined rules. 
This value can be changed. 

• Each variable default value is determined by the 
type of data the variable references:



Default values (continued)

• Variables declared in a method are not assigned 

default values. The programmer is responsible for 

ensuring that all variables in a method have been 

initialized properly before use.  



Default constructor
• If a constructor is not defined for a class, the Java 

compiler inserts a constructor in the class definition. 
This constructor will have:
– the same name as the class

– will require no arguments. 

– will not have any specialized instructions.

• This type of a constructor is also referred to as the 
null constructor. 

• An object created using the null constructor will have 
all the member data initialized to their default values 
and/or to the initialization values that are explicitly 
assigned in the declaration section of the class or an 
initializer block.



Defined constructor
• When a class definition includes an explicit 

constructor, the compiler will use the constructor. 

• The compiler will not insert a null constructor in 
the class definition.



Method signature

• The method can be understood in terms of 
three sections:
– The method identifier elements, which include 

modifiers, qualifiers, return-type, and name. 

– The method arguments, which include data-
types received by the method defined inside 
the parentheses ( ). 

– The method body defined inside opening and 
closing braces { }. 



Method syntax

• Required elements:

return-type

method-name

• Optional elements (described inside the < > ):

modifiers

qualifiers

arguments of the method  



Standards for method 

identifiers

• The use of lowercase for the starting letter, and 

uppercase for the start of each separate word in the 

name. 

• The use of the getXXX, where XXX is the identifier of 

the data returned, and get to signify that the method is 

an accessor method.

• The use of setXXX, where XXX is the identifier for the 

data that will be changed by the method.

• The name explains what the method does.



Method body

• The methods define the procedures or tasks an 

object or class can perform. 

• The method body contains the procedures. 

• The method body is enclosed between opening 

and closing braces { }. 

• The user of the class needs only to know the 

elements of a method signature.



Method return value
• The return type declares what type of data will be 

returned by the method to the caller.

• If the method has no data to return, the keyword 
void must be specified. 

• If the method returns a value, this must be 
defined using the keyword return in the body of 
the method. The keyword return is used in two 
different formats:
– return value;

– return;



Method return value 

(continued)

• A method can only return one value.

• A return statement can return a value referenced 

by a variable or the result of an expression. 

• In all instances, the data type of the values must 

be assignment compatible to the data-type 

declared as the return type in the method 

definition.



Method arguments

• Can be omitted by declaring the method to have 
no arguments using the syntax methodName( ). 

• Can have one or more arguments defined in the 
method signature:

– the syntax for each argument includes Java data type, 
and the name of the argument method variable that will 
store the data

– a comma separates each argument

– methods may include arguments where the data type 
is the same

– the name of the argument method variable must be 
different for each argument.



Concept of pass-by-value
• A method call can include literal data or the 

reference to an object or primitive. 

• When the method call uses a variable, the JVM 
makes a copy of the value stored in memory and 
assigns it to the method variable, known as pass-
by-value.

• The original variable is not changed. 

• When the data sent is a reference to an object, that 
is, the address of an object, the value passed to 
the method is a copy of the address of the object.



Main method signature
• The main method signature is specific, because the 

JVM is programmed to look for this signature. Any 
class defining a main method is considered an entry 
point in an application that may consist of many 
classes.

• The main method signature is:
– public static void main(String[] args){        

//code in main method

– }



Instance method
• Methods that can only be accessed through an 

object of a class 

• If the qualifier static is not declared in the method 
signature, the method is considered an instance 
method. 

• Can access any data members of the class by 
using the identifier.

• Each object of a class will share the methods and 
retain its own copy of the data.

• Can access other methods of the same class, 
including static methods. 



Class method
• Class methods are used independently of any 

objects being created.

• Static variables can be referenced in a static 
method. 

• The main method is a static method. This method 
cannot access instance data, but it can access 
static variables. 

• Static methods can only access instance methods 
or instance data after an instance of the class is 
created. 



The variable this
• When several objects of a class are created, only one 

copy of the methods is loaded in memory and shared 
by all the objects. 

• Every instance method has a variable with the name 
this, which refers to the current object for which the 
method is applied. 

• If the instance variable name and the method 
arguments variable names are the same, the use of 
the this variable clarifies which variable the method 
should work on. 

• A common use of the this reference is in 
constructors.



Methods – data sources

• There are four potential sources of data that are 

available to a method:

– Arguments that are passed to the methods

– Instance and class data members

– Local variables declared in the body of the method 

– Return values of methods that are called from within 

the method



Implementing encapsulation 

using methods

• Encapsulation occurs in methods naturally. The 

user of a method knows the signature of the 

method, but not how it works.

• Access to a method can be restricted through the 

use of the default, protected, and private

• Hidden instance data of an object might need to 

be accessed or changed. This can be done 

through accessor methods and mutator methods.



Overloading methods and 

constructors
• Overloading – when two or more methods 

(including constructors) are defined in the same 
class and given the same name. 

• The rules for overloading methods or 
constructors are as follows:
– Names must be the same

– Number of arguments must be different, or if the 
number of arguments is the same, at least one 
argument (by position) must have a different data 
type.

– Changing only the return type for a method with the 
same name and same number and data type of 
arguments (by position), is not a valid overloaded 
method.



Initializing data – initialization block

• Used when a large number of variables are to be 
initialized with some calculated value, or be based 
on testing some condition.

• This code block has no name.

• It is not a method.

• It is executed before an object is created.

• There are two types of initialization blocks:
– static

– non-static



Initializing data – static initialization 

block
• A static block is used to initialize static variables of a 

class, and is executed only once when the class is 
loaded at run time.

• Defined using the keyword static. 



Initializing data – non-static initialization 

block
• A non-static initialization block is executed for each 

object that is created and thus can initialize instance 
variables in a class.

• Non-static initialization blocks can initialize both static 
and instance variables.



Initializing data – method 

data
• Method data has to be initialized within the  

method body. 

• The programmer does not need to explicitly 
initialize a method’s argument variable.

• The programmer must initialize local variables 
that are used in the method. The compiler will 
enforce this, and display an error. 



Scope of variables
• Instance variables are available as long as the 

object that holds the data is being referenced. 

• Class variables are available as long as the class 
is loaded in memory. 

• Method variables are local:
– they are only available to the method, and can only be 

accessed within the method

– an argument's method variable can be accessed 
through the entire duration of a method

– other local variables can only be accessed in the code 
block in which they were defined



Lifetime of an object

• As long as there is a reference to an object, the 

object lives and its data is accessible through the 

reference.

• An instance variable that references an object as 

part of a class definition ties the lifetime of that 

referenced object to the lifetime of an object of the 

enclosing class.

• If the reference to an object is method data, the 

object reference dies when the method has 

finished executing. 



Immutability of an object
• The objects of a class can be defined as 

immutable by declaring all of the attributes of the 
class as final. 

• The String class is an example of the use of 
immutability in instantiation.

• An instance variable can be defined as 
immutable. Only the variable qualified with the 
keyword final is immutable. Its initial value is final 
and cannot be changed.



Destruction of an object
• The value of a reference variable can be set to null. In 

Java, an automatic garbage collection program 
sweeps through the list of objects periodically and 
reclaims resources held by un-referenced objects. 

• The JVM schedules the garbage collection program. 
This is generally when the memory is running low.

• Students cannot depend on garbage collection or the 
use of the method gc( ) from the System class to 
destroy objects and release memory.



Finalizers
• Finalizers are methods that perform whatever actions 

should be completed before objects are discarded by 
the JVM garbage collection program.

• The finalize() method is called by the JVM just prior to 
running the garbage collection program, and its 
schedule is unpredictable.

• An alternative to the finalize() method is to define and 
call a dispose method to perform necessary clean up 
activities.



Summary

• Defining and using classes 

– declaration of attributes

– definition of constructors

– definition of standard methods

– definition of custom methods

• Data initialization

• Encapsulation and access modifiers

• Naming conventions for identifiers and class names 

• Better to have many smaller classes that have only a few   

tasks than a few large classes that have multiple tasks 



Summary (continued)

Definitions of methods and variables 

Methods must declare a return value and can have none, one, 
or many arguments. 

Methods can also be overloaded

Instance and class variables are initialized with default values

Local variables have to be explicitly initialized. 

Instance variables are created on the heap portion of memory

Local variables are created on the stack. 

The variable this has a reference to the object currently 
using the method.



Summary (continued)

The programmer does not control garbage collection. 

Garbage collection can be scheduled by calling the 
gc() method. 

Clean up of resources used by an object can be 
defined in the finalize() method of a class.

Because the finalize method call cannot be 
scheduled, a custom method can be designed to do 
final clean up.



System, String, StringBuffer, 

Math, and Wrapper Classes

Chapter 6



Learning Objectives

• System class

• String class

• StringBuffer class

• Input selection and repetition using System

• Wrapper classes

• Math class

• Math package

• Working with dates and random numbers 



Overview

The API documentation is a valuable resource to 

understand and use existing classes in Java.

The System, String, StringBuffer, Math, and Wrapper 

classes have many fields and methods that make 

working with textual and numeric data easier.

Two ways to create random numbers using the Math and 

Random classes are explored

The Date, DateFormat, and Calendar classes are used 

to efficiently work with data representing dates and time.



Key Terms

• System class: out, in, err

• String

• StringBuffer

• Wrapper classes

• Math class

• Math package: BigInteger, BigDecimal

• Date, Calendar, DateFormat classes

• Static methods



Key Terms (continued)

• Casting and conversion

• Concatenation

• toString method



Use of the System Class for 

Input and Output
• Data enters the program as a stream of bytes, which 

can be thought of as a flow of data through a pipe. 
Bytes arrive at the other end of the pipe and are put 
together to form a meaningful piece of information.

• Several classes in the Java API process the streams 
of data in and out of the program.

• This chapter focuses on three stream objects:
– These objects are the in, out, and err fields of the System 

class.

– These fields are static.

– These objects are designed to connect to the underlying 
stdin, stdout, and stderr devices.



Use of the System Class for 

Input and Output (continued)



Input Using System.in
• The System.in object can be used to read one 

character at a time.

• The in object has several methods for reading 
data.

• The read() method returns an int:
– char selection = (char)System.in.read();

– The int needs to be converted to (cast as) a char.



Output Using System.out

• The out object is an object of the class PrintStream. 
This class has overloaded methods print and println.
– System.out.println(“Hello");

• println adds a linefeed; print method does not.

• print and println methods are overloaded specifically 
for the primitive types, the char[], (char[] is an array 
of char data) and the String class. 

• All other reference types implement the toString() 
method inherited from the Object class.



Creating Strings
• Strings are a sequences of characters.

• The String class creates and stores a sequence of 
characters as String objects. 

• Strings can be created using either of two syntax 
rules:
– // literal assignment

– String s = “text”; 

– or
– // using the new operator 

– String s = new String(“text”);



Creating Strings (continued)

• Strings can also be created without a reference in a 
return statement or with the println method.
– System.out.println(“Hello Student”);

• The String class is defined as final.  All String 
objects immutable. 

• When creating a variable that references a String 
object, a different String object can later be assigned 
to the reference variable.   

• When a String is created using a literal assignment, 
the String is stored in a memory space that can be 
shared by all objects. This is often referred to as the 
String pool.



Creating Strings (continued)
• Shared Strings can be reused and referenced by 

other variables.

• The literal assignment of a String to a reference 
results in a search of the String pool for a match and 
reuse of the String.

• When the new operator is used to create a String, the 
variable references a String object that is created in 
heap memory, not in the String pool. 

• In general, String should be used sparingly. Use 
String to store data that will be shared by many 
objects and does not change.

• The alternative to String is StringBuffer.



String Methods

• Strings can be operated on using the + operator. 

• The use of == to compare object data is considered 

a shallow comparison. It determines whether the 

reference values are the same. 

• The use of the compareTo method performs a 

deeper comparison of the data in the objects.

• String method signatures:

– int length()

– char charAt(int index)

– boolean equals(Object anObject)

– boolean equalsIgnoreCase(String anotherString)



String Methods (continued)
• String method signatures:

– int compareTo(String anotherString)

– int compareTo(Object o)

– int compareToIgnoreCase(String str)

– boolean startsWith(String prefix)

– boolean startsWith(String prefix, int 

offset)

– int indexOf(int ch)

– int indexOf(String str)



Casting and Conversion

• The + operator is considered an overloaded operator 
in the Java language, accepting numeric values and 
String values as operands.

• All data types can be converted to a String. The String 
class converts primitives as an implicit cast to a String.

• A primitive cannot be assigned to a String directly. The 
primitive can be concatenated with a String and the 
result can be stored in a String object.

• When a String is concatenated with a value that is not 
a String, the latter is converted to a String.



Casting and Conversion 

(continued)
• Every object can be converted to a String if it 

implements the toString method.

• The use of the + operator with Strings has some 

effects. 

– If it has numbers as both its operands, a numeric calculation 

occurs. 

– If one of the operands is a String, the result is a 

concatenation operation.



StringBuffer Class Methods

• String and StringBuffer are independent classes. 
They have no common methods and fields.

• Use the StringBuffer class as the working space 
for manipulating the characters and the String 
class as the place where the final result is 
placed.

• StringBuffer class method signatures:
– StringBuffer append(char c)

– StringBuffer delete(int start, int end)

– StringBuffer deleteCharAt(int index)



StringBuffer class methods 

(continued)

• StringBuffer class method signatures:

– StringBuffer replace(int start, int end, String str)

– String substring(int start)

– String substring(int start, int end)

– StringBuffer insert(int offset, String str)

– StringBuffer reverse()

– String toString()



Console Class

• The task of obtaining input from the keyboard in 

the console environment is quite difficult and 

tedious to code.

• Because the goal of OOP is to encourage code 

reuse, a Console class is provided to display any 

prompt to the user and collect input from the user.

• The methods of the Console class are static, 

making this class easy to use.



Console Class Methods
• static void printlnPrompt(String prompt)

– Prints a prompt on the console.

• static String readLine()

– Reads a String, the String is ended with a new line.

• static String readLine(String prompt)

– Reads a String until it reaches a line break.

• static int readInt(String prompt)

– Reads an integer from the console.

• static double readDouble(String prompt)

– Reads a floating-point number from the console.



Wrapper Classes
• Primitive data types are not objects. 

• The Java programming language provides wrapper 
classes to manipulate primitive data elements as 
objects. 

• Each Java primitive data type has a corresponding 
wrapper class in the java.lang package.

• Each wrapper class object encapsulates a single 
primitive value.



Wrapper Classes (continued)



Wrapper Classes (continued)
• Constructors:

• Implement immutable objects.

• Useful when converting primitive data types because 
of the many wrapper class methods available: 
parseInt(), valueOf(), doubleValue(), isUpperCase(), 
getBoolean(), equals(), and so on. 

• Cannot be used with arithmetic operators or 
conditions.



• The Math class is used for many mathematical 
operations.

• The Math class methods are all static. 

• Some of these methods accept parameters, whereas 
others do not require any parameters. 

Math Class – Static Methods 



Math Package – Storing 

Numeric Data in Objects
• The precision of the primitive numeric types is not 

sufficient for some applications such as security keys, 
very large monetary values, and for scientific 
calculations with large numbers.

• The BigDecimal and BigInteger classes are used when 
operations on a number need to maintain a high level 
of precision, or a large fractional portion of a number.

• The BigDecimal and BigInteger classes can manipulate 
numbers with an arbitrarily long sequence of digits; 
however, computations using these classes are slower 
than using primitives.



Math Package – BigDecimal 

Class
• Implements arbitrary precision floating-point arithmetic, 

and can perform calculations that might result in 
numbers larger than a double. 

• Holds signed decimal numbers that are accurate to an 
arbitrary level of precision.

• This class gives programmers control over rounding 
and scaling behavior and provides methods for 
performing basic operations.

• The constructor for BigDecimal accepts a String of 
numbers as the argument. 

• The mathematical operators cannot be used. The 
methods in the class must be used instead.



Math Package – BigInteger 

Class
• Implements arbitrary precision integer arithmetic, and 

can perform calculations that might result in numbers 
larger than a long.

• The BigInteger constructor accepts String of numbers 
as the argument.

• The mathematical operators cannot be used. The 
methods in the class must be used: 

BigInteger d = c.multiply(b.add(BigInteger.valueOf(2)));

• The documentation for both BigDecimal and BigInteger 
can be found in the section on the java.math package 
in the Java API documentation. 



Creating Dates

• Three classes in the Java API documentation are used 
with dates.

Date class is used to create objects that hold date values.

Calendar class sets or changes the date for a Date object.

DateFormat class displays the date in different formats.

• The Date and Calendar class are located in the 
java.util package. The DateFormat class is part of the 
java.text package. When using these classes, specify 
the location of these using the following statements 
before the class header.

import java.util.*;

import java.text.*;



Creating Dates (continued)

• The date stored in a Date object is a specific instance 
in time to the nearest millisecond.

• The null constructor Date( ) creates an object based on 
the current time from the computer clock.  

• A date can also be obtained from a String using the 
parse() method of the DateFormat class.



Setting dates

• Almost all of the Date methods that would help to 
change dates have been marked deprecated in the API 
Documentation. 

• To set the date of a Date object to a new date, use the 
methods in the Calendar class, which uses the 
Gregorian calendar:

create a Calendar object

use its getTime() method to get the most current date values for 
the Date object.



Formatting Dates

• The DateFormat object can hold specific data 
regarding formatting styles for a date.

• To format a Date object, start with the same steps used 
to convert a String to a date. Because the date is being 
converted to a String, it can be printed:



Random Numbers
• The Java language provides two classes for generating 

random numbers.
– The Math class provides the static method random().

– The java.util package includes the Random class.

• Random number generators take a seed number and 
grow a sequence of numbers; the same seed number 
produces the same sequence.

• The random number can be of the type int, long, float, 
or double. Floating-point values are distributed between 
0.0 and 1.0.

• The sequence of numbers generated are distributed 
uniformly over the range of the type of numbers.



Math.random() method

• The Math.random() returns a double value with a 

positive sign that is greater than or equal to 0.0 and less 

than 1.0.

• Returned values are chosen pseudo randomly with 

(approximately) uniform distribution from that range.



Random Class
• The java.util package includes the Random class with 

different algorithms for generating random numbers.

• The Random class has two constructors:
– Uses the time from the clock in the computer as the seed value 

– Accepts an argument of the type long as a seed to generate 
the random numbers.

• If the default constructor is used, the sequence of 
numbers are different each time. 

• When the constructor is used with the long argument, 
two Random objects with the same "seed" number 
generate the same sequence.



Random Class (continued)
• Random class method signatures:

– int nextInt()

– int nextInt(int n)

– long nextLong()

– boolean nextBoolean()

– float nextFloat()

– double nextDouble()

– void setSeed(long seed)



Summary

The Java API is a valuable resource for learning how to use 

the classes included in the Java platform.

The System class enables programmers to accept input from 

users and display it on the screen. 

The String class holds textual data and has several methods to 

manage textual data. 

The StringBuffer class is used to create, modify, and store 

String objects. 

It is generally more efficient to use StringBuffer when textual 

data will be modified. 



Summary (continued)

• The Math class has static methods for performing 

calculations. 

• Every primitive data type has a corresponding wrapper 

class that can be used to treat them as objects.

• The Date, Calendar, and DateFormat classes have 

several methods and fields to manipulate and calculate 

data related to date and time.



Arrays

Chapter 7



Learning Objectives

• Arrays

• Declaring and initializing arrays

• Initializing arrays

• Using arrays

• Multidimensional arrays



Overview

Arrays are logical, organized mechanisms for storing 

data of objects that are of the same data type. 

Multidimensional arrays can hold several types of data 

for each object.

Arrays provide enormous flexibility in programming. 

The data in arrays can be accessed, processed, and 

sorted quickly and efficiently by using loops. 

The use of loops and arrays reduces the number of 

instructions a programmer has to code and the number 

of instructions the compiler has to compile.



Key Terms

• Arrays of primitives

• Arrays of objects

• Initializing

• Fixed size

• Subscripts

• Index

• Zero-based indexing

• Array length



Key Terms (continued)

• Nonstatic initializer block

• Parallel arrays

• Sorting

• Bubble sort

• Multidimensional arrays

• IndexOutOfBoundsException

• NegativeArraySizeException

• NullPointerException



Introduction to Arrays

• An array object creates and stores data in a 
sequential set of storage locations.

• A prebuilt data type used to build an array object 
that can hold a large number of primitive data 
types or objects.

• Reduces the number of lines of code to 
manipulate objects.

• Efficient way to store and randomly access a 
sequence of object references. 

• Can be used in loop constructs to perform the 
same actions on each object.



Array Variables, Reference 

and Sequence 



Variables in Arrays
• A variable references a single primitive data value or a 

single reference to an object.

• An array is an object that references many primitive values 

or objects as a collection; the array object holds the 

references to these values of the same data type. 

• The array itself is referenced through a unique variable 

identifier.

• An array provides the ability to handle sets of values of the 

same data type with one name. Access to the elements will 

now be through the array variable and an index. 



Accessing Objects with 

Arrays



Array Index

• An array object needs to know exactly how many 
objects or primitives to reference; this determines 
the size of an array.

• After the array object is created, its length is fixed 
and cannot be changed.

• In an array, each primitive or reference to an 
object is an element, and is assigned an int value 
in the sequence in which it was created. This is 
the index value for the element. 

• Array objects can access elements in any order 
by using the index.



Array Index (continued)

• The first element in the array is always assigned the 

number zero, the next element number one, and so 

on. 

• The last element in the array will have an index equal 

one less than the length of the array. 

• If a nonexistent index is referenced, an error occurs.

• Nonexistent indices include numbers less than zero 

and greater than or equal to the size of the array.



Creating an Array Reference 

to Array of ints



Creating an Array Reference 

to Array of Objects



Array Referencing a 

Sequence of Primitives

• Arrays of long, float, double, boolean, byte, or short primitive data 

types could also be created. 



Arrays of Object References

• In this case, the data in the array object is a sequence of references to 
the actual objects.



Creating arrays

• Creation of arrays includes two steps: 

– declare the variable 

– initialize the array object.



Declaring Arrays

• There are two forms for the declaration of the variable. 



Creating and Initializing the 

Array Object
• The new operator is used to create an array object 

and allocate storage for each element. The length of 
the array is defined within the [ ]. 
– //creates storage for two primitives of the 

type double[] amount = new double[2]

• Each element stores a default value. The default 
values are 0 for integer, 0.0 for floating point, \u000 
for char, false for boolean, and null for reference data 
type.

• When creating an array of references to objects, the 
array object is created first, and then each object that 
the array references is created. 



Accessing Elements of an 

Array
• The name of the array variable and the index value 

together provide a reference to an individual element 
of the array:

• The index value can be an expression that results in 
an int. 



Initializing Array of Primitives
• The values of an array of primitives can be initialized 

as part of the creation of the array object. In the 
example below , the actual values of the primitives 
are provided in the code block { }. The length of the 
array is fixed to the number of items separated by 
commas described inside the code block { }. The 
quantity array will have a length of 5.



Initializing an Array of 

Primitives
• The values of an array of primitives can also be 

changed from default to some other value after the 
array object has been created. The code below uses 
a for loop to store data.

• Use the length variable of an array to ensure that the 
code does not try to access an element beyond the 
size of the array. 



Initializing an Array of 

Objects
• First, the array object and its length are determined; 

at this stage, each element of the array is a reference 
variable with the value null.

• Second, each object referenced by the array needs 
to be created, and its reference must be stored as the 
value of an array element. 



Initializing an Array of 

Objects (continued)



Static Initializer Blocks
• If a class contains static array data and a loop 

construct is to be used to initialize the data, this 

construct is enclosed in a static block.

• This block is executed only once when the class is 

loaded at runtime, and the data it creates is 

available before any object of the class is created.



Nonstatic Initializer Blocks
• A nonstatic initializer block can be used to initialize 

nonstatic array data such as the String array 

testComments:



arraycopy() Method of the 

System Class



Passing an Array Element to 

a Method

• An array element can be passed to a method 

requesting a single value:



Passing an Array to a 

Method
• An array can be passed to a method:



Parallel Arrays

• When the value in one element of an array has 

corresponding meaning to the value of the same 

element in another array. For example:

– name [0], address [0] , phone [0] all hold different 

information about the same person.

• This parallel relationship between arrays can be 

used to process and handle these arrays in the same 
loop construct, the same if statement, or any other 

method or statement. 



Sorting an Array

• Sorting is the process of arranging a series of 
objects in some logical order, such as ascending or 
descending order

• Bubble sort - Relies on being able to compare pairs 
of values; if the values are out of order, they are 
swapped:



Sorting an Array (continued)

• Use an array to bubble sort a large number of 

values. 

• Sorting objects is not much different from sorting 

primitives. Objects are generally sorted based on the 

value of some data in the object (for instance, sorting 

students by their ID).



Reusing an Array 

• The array variable is separate from the array itself. 

• Use array variables to access different arrays at 
different points in the program. 

• It is similar to the way an ordinary variable can 
access different values at different times.



Initialization of a 

Multidimensional Array
• The Java language supports multidimensional arrays. 

• A multidimensional array is also known as an array of 
arrays. The syntax for a two-dimensional array contains 
two sets of bracket:

JavaStudent[][] students = new 

JavaStudent[3][6];

• The first [ ] holds the index references to the first 
element of the array, and the second set of brackets 
holds the index references to the elements of the 
second dimension.



Initialization of a multidimensional array 

(continued)
• The tables shown below presents data for three 

students. A two dimensional array would allow the test 
number to be referenced as one dimension and the 
student to be referenced as another dimension. 



Initialization of a Multidimensional Array 

(continued)
• For example, a reference of [2][3] identifies the 4th 

test score for the third student (Polly Pocket, Test4, 
score of 83).



Initialization of a Multidimensional 

Array (continued)
• The creation and initialization of multidimensional arrays 

require that each dimension (the outer dimension) be 
created before initializing values for the next (next inner) 
dimension. 

• Multidimensional arrays can have different length arrays 
in each dimension:

• When processing arrays of irregular lengths, use the 
length of the array to process the array.



Traversing a 

Multidimensional Array

• To reference a single element of a multidimensional 
array, reference the index value for each dimension. 



Traversing a Multidimensional 

Array (continued)

• To access more than one element of a 
multidimensional array, nested for loops can be used. 
Each loop processes elements of one dimension. 



Summary

Arrays are Java built-in objects that manage 
several items of the same data type.

Arrays can be one-dimensional or 
multidimensional.

The length of an array is limited only by the 
capacity of the int data type.

The first element of the array is indexed as zero, 
and the last element is indexed as one less than 
the length of the array. 



Summary (continued)

Array elements are often accessed or processed 
using loop constructs. 

Loops that process arrays must ensure that the 
code block does not try to access an index value 
larger than the length of the array or less than 
zero. 

If an array is accessed beyond its last element, or 
with a negative index, the JVM ends the program 
and produces an error message.

Arrays can be sorted using a swapping or bubble 
sort methodology.



Classes and Inheritance

Chapter 8



Learning Objectives

• Inheritance and object-oriented programming

• Java language support for inheritance

• Access modifiers and inheritance

• Overriding

• Use of this and super

• Inheritance and constructors

• Extending classes

• Interfaces

• Polymorphism, dynamic binding, and virtual method 
invocation



Overview

• Inheritance increases flexibility of class design. 

• An inheritance hierarchy becomes increasingly more 

specific. 

• The class at the top of a hierarchy is a superclass. 

• Subclasses derive behavior from superclasses.

• All classes inherit from the superclass object. 

• A subclass inherits all nonprivate data and methods of the 

superclass. 



Overview (continued)

• An interface can only contain constants and abstract 

methods. 

• A class can implement more than one interface, and 

unrelated classes can implement the same interface. 

• The methods declared as members of the interface can be 

executed polymorphically. 

• A method can be defined to accept an interface as an 

argument. Any class that implements the interface can then 

be passed as a parameter to the method.



Key Terms

• Inheritance

• Abstraction

• Superclass

• Subclass

• Multiple inheritance

• extends

• Superclass object: equals() and toString() methods

• Derived methods



Key Terms (continued)

• Overriding

• this and super

• final

• Interfaces

• implements

• Null method definition

• Polymorphism

• Dynamic binding or virtual method invocation



Inheritance

• Deriving new class definitions from an existing class.

• Reasons for using inheritance: 
• Reuse of predefined, well-tested classes

• Standardization of behaviors across a group of classes

• Ability to use members of a family of classes interchangeably in 
methods

• Methods of the existing classes can be reused or 
changed.

• New fields (data members) and methods can be added.

• Inheritance defines "is a" relationships among classes 
and objects.



Inheritance



Abstraction

• Generalization through superclasses

• Specialization through subclasses

• Abstract and concrete implementation



Abstraction



Abstract and Concrete Designs

• Programmers arrive at abstract and concrete 

designs of classes in one of two ways:

– Generalization, or discovery of general behaviors 

among classes

– Specialization, or identification of specific adaptation 

of general behaviors or adoption of new behaviors in 

an inherited class



The Problem of Multiple Inheritance



Java Language Keywords in 

Inheritance
• extends

• super

• implements

• protected

• abstract



Methods of the Object Class

• clone() 

• equals(Object obj) 

• finalize() 

• getClass() 

• hashCode() 

• notify()                  

• notifyAll()

• toString() 

• wait() 

• wait(long timeout) 

• wait(long timeout, int nanos)



Methods of the Object Class

• Each class extends from the Object class, which 

is the superclass of all classes. 

• Each class includes all of the methods of the 

Object class. 

• Some methods of the Object class require 

special consideration. These are the equals() 

and toString() methods.



Role of Access Modifiers in 

Inheritance



Influence of Access Modifiers 

in Inheritance



Method Overriding

• Inheritance facilitates reuse of existing classes, 

but the methods and behaviors of a superclass 

may require modification.

• The ability of a programmer to redefine or 

customize the definition of a parent class method 

is known as overriding.

• Any method that is inherited can be overridden, 

except for nonprivate methods that have been 

declared final in the parent class.



Rules for Method Overriding

• Can be overridden only once in the subclass.

• Must have argument lists of identical type and 

order; otherwise they are overloaded methods. 

• Return type must be identical to that of the parent 

method.

• The accessibility must not be more restricted than 

the parent method.



Overriding of Object Class 

Methods
• clone()

• equals(Object obj) 

• finalize() 

• getClass() 

• hashCode() 

• notify()                  

• notifyAll()

• toString() 

• wait() 

• wait(long timeout) 

• wait(long timeout, int nanos)



Comparison of Overloading and 

Overriding
Overloading Overriding

Method must be in same class Method must be in subclass

Method must have same name 

but must have different 

parameters (either # of 

parameters and/or data types)

Method must have the same 

name AND the same parameters 

(both # of parameters and data 

type)

Return type may be different 

(different return type alone is not 

enough to overload method, 

parameters must be different too)

Return type must be the same

Different method signature Same method signature



Comparison of Overloading and 

Overriding (continued)
Overloading Overriding

Method's access modifier can be 

more private than parent 

method's

Method's access modifier cannot 

be more private than parent 

method's

Exceptions may be different 

(different exceptions alone are 

not enough to overload method. 

Parameters must be different 

too.)

Method must throw exceptions 

that are the same type as parent 

method's or child exceptions of 

the parent method's exceptions.

Methods can throw more 

exceptions than the parent 

method they override. (different 

number of exceptions alone are 

not enough to overload method, 

parameters must be different too.)

Methods cannot throw more 

exceptions than the parent 

method they override.



Access Modifiers and 

Inheritance
• Subclasses inherit the access modifiers applied to 

class attributes and methods. 

• The impacted of access modifiers on inheritance 

is different when a subclass is in a different 

directory from the parent class.

• All methods and data from a parent class exist in 

the subclass object. However, the private 

attributes and methods are inaccessible to the 

subclass object.



Use of this and super

• A subclass object should be viewed as containing 

the parent class’s object methods and data within 

it. 

• To reference the methods and data of each object 

(subclass and parent class), use the variables 
this and super in the methods.

• All of the methods of the subclass include the 
this variable and the super variable.



Handling Constructors in 

Inheritance
• Constructors are not inherited the same way as 

other methods. 

• Constructors can be overloaded with different 

argument lists.  

• One constructor can call another constructor.

• When overloading constructors, the call to 

another constructor with the statement this() must 

be the first statement.



Abstract Classes



Abstract Classes

• As the programmer moves up the inheritance 

hierarchy, classes become more general and 

probably more abstract. 

• When the class in a hierarchy serves as a 

framework or guideline for other classes, the 

class is defined as abstract.

• The ultimate goal of OOP design is to factor out 

the common operations and data to a higher 

level in the inheritance hierarchy. 



Abstract Classes Guidelines

• Any high-level class that includes an abstract 

method must be declared as abstract.

• Abstract classes can have abstract methods, and 

concrete methods and data.

• Abstract classes force any nonabstract subclasses 

to provide an implementation for the abstract 

methods.

• In general, move as many common methods and 

data into an abstract superclass.



Final Classes

• In inheritance models, the keyword final, 

when applied to the methods of a class, 

prevents the method from being overridden by 

any subclass.

• The keyword final, when applied to a class 

definition, prevents a class from being used as a 

superclass. 

• Several classes in the Java language have been 
declared final.



Interfaces and Inheritance



What and Why of Interfaces

• Interfaces provide a mechanism for a subclass to 

define behaviors from sources other than the 

direct and indirect superclasses. 

• Interfaces are abstract classes that define 

abstract methods and constants.

• All the methods in an interface must be public.



Implementing Interfaces -

Syntax
• The syntax for implementing an interface includes 

the use of the keyword implements in the class 

definition statement.

• This declaration is viewed as a contract between 

the class and the interface that it implements.



Implementing Interfaces

• All methods of an interface are declared public and 

are automatically abstract.

• Many unrelated classes can implement the same 

interface.

• A class can implement many interfaces.

• Interfaces can extend other interfaces.

• A class that implements an interface is an instance 

of the interface class.



Polymorphism

• Polymorphism literally means "many forms."

• Polymorphism adds enormous flexibility to 

programs, allowing the same code to have 

different effects at runtime depending on the 

context.

• Polymorphism takes advantage of inheritance 

and interface implementations.



Polymorphism in method calls

• Inheritance only works in one direction: 

from superclass to subclass.

• A method can accept objects that are 

subclasses, but not superclasses of the 

argument’s type. 



Virtual Method Invocation or 

Dynamic Method Binding

• The technique of resolving the behaviors of an 

object at runtime is known as dynamic method 

binding, or virtual method invocation. 

• Dynamic binding resolves which method to call 

at runtime when more than one class in an 

inheritance hierarchy has implemented the 

method.

• Dynamic binding also resolves the handling of 

the arguments being passed to a method.



Summary

• Inheritance is the creation of general classes from which 
other classes derive attributes and behaviors. 

• The class Object is the superclass for all classes. 
• Abstract classes contain abstract methods that must be 

implemented in subclasses. 
• Final classes cannot be subclassed.
• Interfaces only contain constants and abstract methods.
• Polymorphism allows code to have different effects at 

runtime.



Understanding Packages

Chapter 9



Learning Objectives

• Java packages

• Packaging and names in programs

• Accessing packages

• Using AWT 



Overview
Packages are entities that help manage classes as a 

collection. 

Classes in packages can inherit from other classes in the 

same package or other classes in other packages. 

The modifier protected influences the inheritance of 

classes from other packages.

Packages can be stored as one archive file using the jar 

utility. 



Overview (continued)
The operating system variable CLASSPATH needs to be 

set properly to access the JDK programs and classes 

that form the Java platform API.

Graphical user interfaces provide a context for exploring 

the Java platform packages, class hierarchies, design 

principles of Model View Controller, and event-driven 

programming.



Key Terms
• Packages

• Directory

• Class loading

• PATH variable

• CLASSPATH variable

• Explicit package declaration

• Unique domain

• Jar

• Compilation unit



Key Terms (continued)

• Current working directory

• Default directory

• Standard classes

• AWT classes

• API packages

• import Statement

• Model View Controller pattern

• GUI



Package – A Collection of 

Classes
• Packaging - The management of classes in a group.

• The Java interpreter locates and loads the classes for 

the program using namespaces. Namespaces are 

identifiers of a class and its methods.

• Two or more unrelated classes can have the same 

class and method names if the class files are stored in 

different directories. 

• To enable the loading of classes in different 

namespaces and to avoid conflicts in method calls, the 

Java language provides the package construct.



Package – A Collection of 

Classes (continued)
• Packages manage the program as a 

collection of classes. The keyword package

allows classes to be identified as belonging 

with each other.

classes for a banking 

application



Package – A Collection of 

Classes (Continued)
• For packaged classes to be loaded properly, 

the classes must include a package 

statement and an import statement for 

classes not in their package.

• The keyword import ensures that 

referenced classes can be located by the 

interpreter. 

• A package statement is used to declare the 

unique namespaces for the classes.

• Packaging classes provides a way to 

enforce scope above the class level. 



Class Loading 

• Source files and class files created so far 

have been placed in the default directory. 

• The filename for each source file or 

compilation unit must end with .java. 

• There may be multiple class definitions in 

the source file. 

• When the source file is compiled, a class file 

for each class defined in the source file is 

created. 



Class Loading (continued)

• The Java compiler and interpreter are responsible for 

finding, loading, and interpreting the .java and .class 

files.

• Operating systems use variables to store names of 

directories searched when loading programs. 

• For the JRE, the PATH and CLASSPATH variables 

affect access to class files and JDK programs.

• The PATH variable is an operating system variable 

that will contain the paths to the directories where 

many executable files are located. 



Class Loading (continued)

• Because separate directories are created to store the 

class files, paths to these directories must be included 

in the CLASSPATH variable:



Class Loading (continued)

• When class loading occurs, the default directory and 
the explicitly identified package locations are searched. 
The interpreter will:
– Look for files in the standard directories. 

– Look for all the files in the current working directory. 

– Use the directory paths defined in the CLASSPATH variable 
to look for files. 

– Look for files in the packages declared in the package 
statement of the class. 



How Does the Interpreter Find, 

Load, and Interpret Classes 

Needed by a Program?



How Does the Interpreter Find, Load, and Interpret 

Classes Needed by a Program?



Class Loading (continued)

• The standard classes that form the java.lang 

package are automatically accessed. 

• If the interpreter cannot find a specified 

class, an error message is generated:



Locating Explicit Package 

Declarations
• If classes are located in a specific directory and have 

been identified as part of package, they can be 
identified using two forms. 
– The first and simplest is the use of the import statement:

– The second is to identify the package name in each use of 
the classes in the program: 



Locating Explicit Package 

Declarations (continued)
• The CLASSPATH variable can be overridden:

– By the use of the -classpath option when using the 

compiler

– By the use of the -cp option or –classpath option when 

using the interpreter.



Three Effects of Packages on 

Object-oriented Design

• Stricter access control

The use of the keyword protected ensures that only subclasses have 

access to the class, method, or attribute.

• Easier to reuse common names

Classes with common names are allowed if they have different 

namespaces.

• Collect classes so that they can be shared more easily 
between applications.

For example, the Date class is packaged with other utility classes. 



Unique Domain Name

• Use a unique domain name to avoid encountering 

classes and package names that conflict.
– In the example below, the package identifier is 
edu.state.district.studentname.banking.

classes for a banking 

application



Packaging Classes

• The following steps outline the process of 

packaging classes.

– Step 1. Include the statement 

package <packagename>; 

as the very first statement of the source file. 

– Step 2. Create the directories in which the 

classes will be saved. 



Packaging Classes (continued)

– Step 3. Place the source code in a separate directory. 

– Step 4. Use the -d option with the javac command to place 
class files into the package directory. The path to the 
package directory is defined by the argument after the -d 
option, which stands for ―destination.‖

– Step 5. Set the CLASSPATH variable to point to the root of 
the package identifier. 



Jar Utility

• Jar is an acronym for Java Archive.

• All of the files in a package can be combined into a 

single file using the jar utility.

• Packs class files in the directory into one file. 

• This file is known as an archive file.

• The Java compiler and interpreter can access classes 

archived in a jar file directly.



Jar Command Syntax and Options:



Guide for Creating Jar Files

• Create all the class files in the package 

structure.

• Use the jar utility to archive all the files in 

the package. 

• Verify the contents of the jar file. 

• Adjust the CLASSPATH to reference the 

directory in which the jar file is placed. 

• Use import statement that points to the 

package in the jar file. 



Accessing Packages
• There are two important steps to accessing packages:

– The first is to ensure that the CLASSPATH variable is 
assigned the proper directory path to the location of the 
package.

– The second is to include the import statement in the class 
definition. As shown below, the import statement must be 
after any package statement in the class:



Accessing Packages 

(continued)
• Import statements identify names of packages. They 

do not identify directories or locations of files. 

• When an import statement is included in the class 

definition, the directories and jar files on the 

CLASSPATH are searched for the classes belonging 

to the imported packages.



Exploring the API Packages
• API classes are packaged based on their 

commonality of use.

• Inheritance does not affect the ability to package 
classes with different inheritances in the same 
package.

• The class documentation shows both the package 
location and its superclasses.



Exploring the API Packages –

Button Class
• Note that inheritance is from a class in the same 

package. The Button class is a subclass of the 

Component class. The Button and the Component class 

are in the same package, java.awt.



Exploring the API Packages –

Applet Class
• Note that inheritance from a class in a 

different package. The Applet class is in the 
java.applet package and inherits from the 
Panel class in the java.awt package. 



Influence of Access Modifiers 

and Packages
• Access modifiers can have a significantly different 

impact when classes are collected into packages. 



GUIs

• The Java platform provides a set of API that 

provide many classes that draw graphics 

and manage user interaction to create 

graphical user interfaces.

• To program a GUI, students must 

understand the following:

– Event-driven programming 

– Model View Controller pattern 

– GUI terminology 



Event-Driven Programming

• All input and output should pass through the 

program's GUI.

• GUI programs are event driven.

• In an event-driven program:

– User initiates all actions. 

– User must be able to initiate an action and receive a 

reasonable response.

– Display graphical objects that suggest actions that the user 

can perform.

– Provide responses whenever a user initiates an action. 



Event-Driven Programming 

(continued)

• Design classes and write code that listens 

for events (actions) initiated by the user and 

then responds to these actions.

• In Java, events can be associated with GUI 

components and non-GUI components.



Model View Controller Pattern

• To be consistent with object-oriented design, the GUI 

and processing code are kept separate.

• The Model View Controller pattern separates the 

classes by function:

– Model - Classes that hold and process the data

– View - Classes that present the data (graphic)

– Controller - Classes that handle or control the events that 

occur with user interaction 

• The advantage of this model is that the same model 

can be presented in different views. 



Model View Controller Pattern –

Different Views
• The Customer objects can be connected to a Teller GUI or 

an ATM GUI. Whereas a single Customer class holds the 
data for the customer, there are different View and 
Controller classes for handling the Teller and ATM 
implementations.



GUI Terminology - Component

• Components are predefined standard elements such 

as buttons, text fields, frames, windows, menus, 

menu items, text areas, and dialog boxes.



GUI Terminology – Frame 

Windows
• The Java display space (also a component) is a 

frame window. Frame windows have a title, a border, 
and buttons for closing, minimizing, and maximizing 
the window.



GUI Terminology - Container

• Components that can hold other components are 
called containers. For example, the Frame 
component below is a container; it holds other Panel 
components.



Java Foundation Classes

• To support GUIs, the Java platform provides the Java 

Foundation classes; the five APIs include:

• This course focuses on the AWT classes. 



AWT
• The AWT package, shown below, contains many of 

the classes used to create GUIs:



AWT – Button Class
• The Button class is part of the java.awt package:



AWT – Frame Class
• Inheritance is an important concept in AWT. Note the 

inheritance hierarchy of the Frame class shown below:

inheritance hierarchy



AWT (continued)
• Students should become familiar with locating the 

API documentation for the AWT classes. 

• Programming the GUI can sometimes become the 
largest part of the code for an application. 

• The Swing set of classes provides more 
sophisticated GUI capabilities than those of AWT. 
Understanding the AWT classes prepares students 
for the use of Swing classes. 



AWT CLASSES

• Numerous classes in the AWT hierarchy can be used 

to create graphical user interfaces. Each class has 

unique features that can be applied to interactive 

applications. They include the following:

– Classes that draw graphics or manipulate images

– Classes that can be used to position visual elements

– Classes that can be used to change properties of visual 

elements

– Classes that create graphical components

– Classes that can hold other components or containers



AWT Hierarchy



Summary
•The package is an entity used to collect classes or 
group classes. 

•Classes belonging to a package is based on their 
commonality of use and not necessarily on their 
inheritance relationships.

•Classes that are in packages can be archived and 
compressed into one single file using the jar utility.

•The package statement must be the first statement in a 
class definition, excluding comments. 

•The source file that contains the class definition is 
known as the compilation unit. A compilation unit may 
have only one public class.



Summary (continued)

•The compiler loads classes by searching directories 
identified in the CLASSPATH variable. 

•The CLASSPATH variable can be overridden to search 
the current directory. 

•The compiler searches in the directories identified by 
the package statement. 

•The CLASSPATH may be redefined using the
-classpath -cp options. 

•When using jar files, the CLASSPATH must point to 
the exact location of the jar file and include the jar file in 
the CLASSPATH.



Summary (continued)

•The import statement is used to identify the 
package names for classes that are not in 
the default directory. 

•GUIs provide user interfaces that display 
data and obtain user input using graphics.

•The AWT classes provide flexible and 
extensive support for programming GUIs. 

•The Model View Controller pattern 
separates the three aspects of GUI 
programming.



Creating GUIs Using AWT

Chapter 10



Learning Objectives

• Reviewing AWT

• Steps to create a GUI

• GUI functionality



Overview
Most interactions between a user and an application will 

be through GUIs. 

GUIs provide a means for the program to display data 

and to obtain input from the user. 

The Java platform has an extensive library of classes for 

a programmer to use in building GUIs. 

GUIs display information in a window. 

A GUI can be a simple message box or a complex 

window with many interactive components.



Overview (continued)
GUIs can include textboxes, buttons, moving images, 

pictures, and sounds.

A useful GUI has the graphics, the interactive 

components, and interaction responses.

Event delegation model manages user interaction. 

In an event delegation model, the component does not 

perform actions, but rather informs another object to 

perform the action. 

The component can continue monitoring further actions.



Overview (continued)
The model view controller design emphasizes the 

separation of the display, business rules, and responses 

to user interactions into separate classes. 

The view is implemented in classes that display 

information. 

The model is implemented in classes that hold and 

manipulate business data. 

The control is implemented in classes that monitor and 

respond to user interactions.



Overview (continued)
Working with GUIs results in the creation of many class 

files. 

One way to manage these is to create tightly associated 

classes through the use of inner class and anonymous 

class designs. 



Key Terms
• Abstract Window Toolkit

• Graphical user interface

• Graphics

• Components

• Component

• Container

• TextComponent

• Button

• Label



Key Terms (continued)
• TextField

• TextArea

• Frame

• Window

• Layout managers

• BorderLayout, FlowLayout, GridLayout

• setLayout(), add()

• Size and visibility

• setSize(), setVisible(), setEditable()



Key Terms (continued)

• Event delegation model

• Event source, event objects, event handler

• Event listeners

• addXXXListener()

• Adapter classes

• Inner classes

• Anonymous classes



AWT Classes

• The Java platform provides Abstract 
Windowing Toolkit in the java.awt package.

• AWT classes are used to create GUIs

• The classes that make up the AWT can be 
categorized as follows:
– Classes that manage and create graphics

– Classes that create components



AWT Classes - Categorization

Classes that 

draw graphics 

or manipulate 

images:

Classes that can 

be used to 

position visual 

elements:

Classes that can 

be used to 

change 

properties of 

visual elements:

Graphics

Image

Insets

Point

Polygon

Rectangle

BorderLayout

CardLayout

FlowLayout

GridBagLayout

GridLayout

Toolkit

Color

Font

FontMetrics



Commonly Used GUI 

Components



GUIs and World Wide Web 

Documents



AWT Class Hierarchy

Object
 Component

 Button

 Canvas

 Checkbox

 Choice

 Container
 Panel

 Applet

(java.applet 

package)

 ScrollPane

 Window
 Dialog

 FileDialog

 Frame

 Label

 List

 Scrollbar

 TextComponent

 TextArea

 TextField

 MenuComponent

 MenuBar

 MenuItem

 CheckboxMenuItem

 Menu
 PopupMenu



Common GUI Methods 

• GUI component classes include the code to draw the 

component and public methods to provide user 

interaction functionality. The most common methods in 

the GUI component classes include the following:

– add()

– remove() 

– setText()

– getText()

– setLabel()

– getLabel() 



GUI Containers

• All classes that derive from the Container 
class serve as containers for other 
components or other containers. 

• Examples of containers include the 
following:
– Panel

– Applet

– Dialog

– Frame



Designing GUIs

• Designing GUIs requires interaction with the users of 

the application. The goal is not to clutter up the screen 

with every component, but to break up the screen into 

separate, logical areas. 

• Many commercial Integrated Development 

Environments (IDEs) provide a visual component 

editor. 

• One technique to use is to layer the GUI into panels. 

Then each panel can be designed to have different 

functionality. 



Steps to creating a GUI

1. Design the GUI on paper. Get feedback

2. Creating the references for the GUI components.

3. Select a container for all the components.

4. Select a layout manager for each of the containers.

5. Create the component objects and add the components to 
the container. 

6. Register the event listener with the Component.

7. Set the size for the container.

8. Make the container visible.



Creating GUI Components

• The definition of the GUI class begins with 

the creation of references for all the 

component objects.

– The component references can be created, 

and then each component object constructed.

– Or the reference and the object can be 

created at the same time.

– This is a matter of coding style.



GUI Components

• Button class – A button on the screen has 

three elements:

– The image of the button (the graphic)

– The code that monitors the interaction of the 

user with the button

– The code that performs some action based on 

the user's interaction with the button

• Label class - Used to display text as labels 

on the screen



GUI Components (continued)

• The TextComponent class is subclassed into the:

– TextArea class - An area in which the user can enter several 

lines of text

– TextField class - An area in which the user can enter a single 

line of text 

• Some programmers define the references to GUI 

components first, define a constructor that calls a 

build() method, and thus build the GUI in this method. 

• Others prefer to build the GUI in the constructor for 

the class. 



Containers

There are two main types of containers: Window and 
Panel.

•Window is a freestanding native window on the display that is 
independent of other containers. There are two important 
types of Window:

Dialog - does not have a menu bar. Although it can be moved, it cannot 
be resized

Frame - a Window with a title and resizing corners. 

•Panel is a free floating container and must be displayed on 
another container such as a Window, Frame or Dialog. 

•Panel identifies a rectangular area into which other 
components are placed.



Panel Containers

• Container holds components and other containers, 

which is necessary to design complex layouts. The 

Panel container is used to layer a GUI display:



Panel Containers (continued)

• Consider the context in which the GUI will be displayed 

- A web page or a standalone application.

• Java provides the Applet class to display GUIs in web 

pages. 

• For flexibility and code reuse, select the Panel class as 

a container for all the GUI components. 

• An object of this class can be displayed either in a 

Frame for a standalone application or an Applet for a 

web page.



Container layout managers

• Each container object will add other components 

when the add method of the container is called, and a 

component object reference passed to it.

• Each container has a default LayoutManager object 

that sets the position for displaying each component. 

• Each container has a default layout manager 

associated with it that can be changed by calling the 

setLayout method. 

• The default layout manager for Panel is FlowLayout, 

and for Frame it is BorderLayout



Selecting a Layout Managers
• The programmer can select a layout manager in these 

ways:
– Use the default.

– Select an alternative layout manager from the predefined 
layout manager classes using the setLayout() method. For 
example:                                                               

setLayout(new BorderLayout()) or
setLayout(new GridLayout(2,3))

– Create a custom layout manager extending from 
LayoutManager. Set the layout to this custom layout manager.

– Place each component using setLocation(). This requires that 
the default layout manager not be used by using the 
setLayout(null) option.



Layout Managers for Containers

• FlowLayout - Left to right, top to bottom. Maintains 
dimensions of components.

• BorderLayout - Container area managed in five 
regions: north, south, east, west, and center.

• GridLayout - Uses a grid of rows and columns. Fills 
each grid with one component, from left to right and 
top to bottom.

• CardLayout - Uses panels like a deck of cards. A tab 
panel is an example of this layout.

• GridBagLayout - Uses a grid of rows and columns. 
Components can be sized differently.



BorderLayout Manager 

Properties
• This is the default layout for the Frame class.

• Each region holds only one component.

• Components are added to a specific region using 
syntax add(component,REGION). The regions are 
specified using the constants NORTH, SOUTH, EAST, 
WEST, and CENTER.

• Syntax to add a region is as follows:                 
add(component, BorderLayout.NORTH) or

add(component,"North")

• North, south, and center regions adjust horizontally; 
east, west, and center regions adjust vertically.



Five Regions of the 

BorderLayout Manager



FlowLayout Manager Properties
• Default layout for the Panel class.

• Components are added from left to right and 
top to bottom. 

• Default alignment is centered to the area. This 
can be changed. 

• Uses the components preferred sizes.

• Resizing the window may not always change the size 
of the components.

• The constructor for the FlowLayout manager accepts 
settings for the behavior of the layout manager.



FlowLayout Manager Properties 

(continued)



GridLayout Manager Properties

• GridLayout manager provides more control over the 

location of components.

• The properties of a GridLayout manager:

– Components are added left to right and top to bottom.

– All regions are equally sized.

– The constructor specifies the rows and columns.



GridLayout Manager Properties 

(continued)



Comparing Layout Managers
FlowLayout BorderLayout GridLayout CardLayout

Components are added 

from Left to Right Top to 

Bottom

Components are added 

from Left to Right cells Top 

to Bottom cells

Center is default alignment Center is default alignment

Honors preferred size of 

components added to it

North & South: Honor 

preferred height, but not 

preferred width

East & West: Honor 

preferred width, but not 

preferred height

Center: Ignores preferred 

width & height

All components are equal 

size, ignoring preferred 

width & height

Can hold many 

components

Each region can only have 

1 component

Each region (cell) can only 

have 1 component

Made up of multiple 

panels. Panels can own 

layout manager and 

components

Components may move 

from one row to next, if 

panel is resized vertically 

or horizontally

Components stay put 

within their region as panel 

is resized

Components stay put 

within their region as panel 

is resized



Displaying the GUI
• It is best to display the GUI after all the components 

have been built and added to the panels, frames, and 
windows.

• The method setVisible is used to display components. 
This method accepts the Boolean value true to make 
the components visible and false to hide them.

• The setVisible method can be used on a specific 
component or on the base container that contains all 
other components:



Event model
• An event is an action initiated by a user.

• When the user performs an action at the user interface 
level (clicks a mouse or presses a key), this causes an 
event to be issued.

• Events are objects that describe what has happened.

• A variety of event classes exist to describe different 
categories of user action.

• In Java, event objects derive from the 
java.awt.AWTEvent class, and can be found in the 
java.awt.event package, as well as in other packages. 



Event Objects

• User interaction with a component is the source of an 
event for GUI programs.

• Each of the component classes can generate specific 
event objects.

• For example:
– The Button object generates an ActionEvent object. 

– The TextComponent object generates a TextEvent object.

– The Frame object is a window and generates a WindowEvent 
object.



Components and Event Objects

Event/Method Generated by

ACTION_EVENT/action Button, List, MenuItem, TextField 

Checkbox, CheckboxMenuItem,

Choice

WINDOW_DESTROY, WINDOW_EXPOSE, WINDOW_ICONIFY,

WINDOW_DEICONIFY

Dialog, Frame

WINDOW_MOVED Dialog, Frame

SCROLL_LINE_UP, SCROLL_LINE_DOWN, SCROLL_PAGE_UP, 

SCROLL_PAGE_DOWN, SCROLL_ABSOLUTE, SCROLL_BEGIN

SCROLL_END

Scrollbar

LIST_SELECT

LIST_DESELECT

Checkbox, CheckboxMenuItem

Choice, List

MOUSE_DRAG/mouseDrag

MOUSE_MOVE/mouseMove

Canvas, Dialog, Frame, Panel, 

Window

MOUSE_DOWN/mouseDown

MOUSE_UP/mouseUp

MOUSE_ENTER/mouseEnter

MOUSE_EXIT/mouseExit

Canvas

Dialog

Frame

Panel

Window



Objects Used in the Event 

Delegation Model
• The source of an event - This is an object 

that can generate an event object. 

• The event - This is an event object that 

encapsulates information about the event. 

• The handler - This is the object that can 

handle the event by performing some task. 



Implementing the Delegation 

Model for a Button
• The objects that listen for particular events on 

a particular GUI component are registered 
with that component.

• Only the objects that are registered receive a 
message that an event has occurred.

• The delegation model distributes work among 
classes.

• Define and create the component the user will 
interact with.
– Example: Button b = new Button(“OK");



Implementing the Delegation 

Model for a Button (continued)
• Define a class that implements the listener 

interface. If a component generates more 

than one event object, the class or classes 

must implement all the appropriate listener 

interfaces. 

• Register an instance of the class that 

implements the interface with the component 

that generates the event object.  



Event Delegation Model 

Implementation
• The event delegation model can be implemented in one 

class. The class containing the GUI components also 

implements the listener interfaces and the business 

logic.

• When implementing a proper Model View Controller 

(MVC) pattern, the GUI, business logic, and listener 

methods should be separate classes.

• If the handler for the event is specific to a GUI and its 

components, the inner class or the anonymous class 

can be used to handle the events.



Handler Classes

• A handler class is any class that implements the 

appropriate Listener interface for the component.

• Components generate event objects when a Listener 

object is registered with it.

• The method of the component that accomplishes this 

is the addXXXListener method. The XXX represents 

the name of the specific listener.

• The Listener interface specifies the methods by which 

the event object can be handled. The class must 

implement the code for these methods.



Listener Interfaces

• Events are handled through the use of 

interfaces. They define methods that must 

be implemented by the classes that handle 

events.

• The JVM looks for these implementations in 

order to communicate between components 

and handler classes.

• To handle window events such as window 

closing, for example, the WindowListener 

interface is implemented. 



Listener Interfaces (continued)

• The Listener interfaces are part of the 

java.awt.event package, which must be 

imported. 

• The Listener interfaces for event handling 

can be implemented either in the class that 

constructs the GUI or in a separate class. 

• WindowListener can be used to close the 

window. Only the windowClosing method is 

used, but all the WindowListener methods 

must be implemented. 



Listener Interfaces and 

Methods



Listener Interfaces and Methods 

(continued)



Listener Interfaces (continued)

• The ActionListener interface has only one 
method, actionPerformed(ActionEvent).

• A handler class contains the code logic for 
responding to user interaction. 

• Multiple listeners can be registered with a 
component. 
– If the programmer is interested in text change 

in a TextComponent and any specific key 
pressed by the user, for example, the 
programmer could register TextListener and 
KeyListener objects with a TextArea 
component.



Adapter classes

• The Java platform provides abstract adapter classes 

that implement the methods for a specific Listener 

interface.

• Adapter classes reduce the number of methods a 

programmer needs to implement. 

• The class that extends the adapter class can override 

the methods that are useful.

• The one drawback to using an adapter class is that 

the class can only extend from this, and not any other 

class. 



Adapter Classes

• The programmer can create a handler class that 
extends from one of these adapter classes. The 
adapter classes have the name of the Listener 
interface and the word Adapter:

• Note: The ActionListener is not implemented as an 
adapter class because it has only one method.



Inner Classes

• Inner classes are classes defined within 

another class. 

• A source file that defines an outer class and 

an inner class compiles into two class files. 



Inner Classes (continued)

• Inner classes can be defined inside a method or 

outside of a method. 

• The enclosed classes fall into one of the following 

categories:

– Nested top-level classes, also known as Outer class 

– Member inner classes

– Local inner classes



Member and Local Inner 

Classes
• Member inner classes:

– Defined inside another class.

– Must be instantiated as part of an instance of their enclosing 
class.

– The programmer can qualify the new keyword with an object 
reference to specify the enclosing object.

• Local inner classes:
– Defined inside a method of a class.

– Their definitions are private to that method.

– After an object of a local inner class has been created, its 
lifetime continues even after the scope of the method in 
which the class is declared ends.



Anonymous Classes

• A programmer can include an entire class definition 

within the scope of an expression. This approach 

defines what is called an anonymous inner class and 

creates the instance all at once.



Anonymous Classes

• Anonymous inner classes are generally used with 

AWT event handling and used to extend from one of 

the adapter classes. 

• Anonymous inner classes are local inner classes that 

do not have a name. 

• Anonymous inner classes do not have constructors, 

but their fields can be initialized with instance 

initializer blocks.



Summary
The java.awt package contains classes to create GUIs.

GUIs are built using Component and Container objects. 

Components are added to containers using the add 
method of the container

Layout managers manage location and size of 
components within containers.

The appropriate layout manager should be chosen 
depending on the specific GUI being designed.



Summary (continued)

GUIs respond to events such as mouse movement, 
mouse clicks, or keyboard input. 

The Java language uses the event delegation model 
for event handling. 

Appropriate listener interfaces are used to handle an 
event when they are registered with a component. 

Adapter classes reduce the number of methods that 
must be implemented to only those events that are of 
interest.

Inner classes can be defined within another class or 
another class’s method.



Applets and Graphics

Chapter 11



Learning Objectives

• Applets

• Creating an applet

• Applet class hierarchies

• Applet methods

• GUI components in applets

• Applets and event-driven programming

• Graphic objects



Overview

Applets are Java programs that are embedded and run in 

a web browser. 

A browser is a program used to display HTML documents 

from the World Wide Web.

Applets include GUI components, graphics, and event-

handling objects. 

The java.applet and java.awt packages contain the 

classes to create applets.

The appletviewer utility can be used to test applets.



Overview (continued)
The Java platform provides many classes for creating 

graphics. 

The Graphics class has methods to draw lines and basic 

shapes from which complex graphics can be designed. 

GUI components are drawn on the screen using 

Graphics objects as well as the paint, repaint, and 

update methods. 

The Applet class uses these methods to display the 

applet's graphics in the browser window.



Key Terms
• Applications

• Applet

• Appletviewer

• HTML

• URL

• Applet security

• <HTML> </HTML>

• <APPLET> </APPLET>

• Container

• Panel



Key Terms (continued)
• Lifecycle methods

• init(), start(), stop()

• Font

• Color

• Typeface, character, glyph

• System fonts

• validate(), invalidate()

• Event delegation model

• Graphic

• paint(), repaint(), update()



What Are Applets?
• An applet is a Java program that requires another 

program, a web browser, to execute it. 

• The popularity of Java applets was in large part due to 
the widespread use of the World Wide Web. 

• Java applets are embedded within one of these web 
pages created with Hypertext Markup Language 
(HTML). 

• Applets represent container objects. These containers 
can display the graphics and other GUI components in 
a window frame.



Launching Applets
• An applet cannot be run directly. It requires an HTML 

file and a browser to display the HTML file. 

• The basic steps followed in the creation and use of 
applets are outlined here:

1. Design the GUI.

2. Create a class that extends from the applet 
class.

3. Compile the applet.

4. Create a HTML file. Insert the statements that 
call the Applet class.

5. Open a Browser or use the appletviewer 
program and view the HTML file.



Locating the URL
• To launch an applet, begin by loading a browser and 

pointing the browser to a URL (a specific address for 
an HTML document). The URL could be either a 
reference to a directory on the programmer's 
machine or an Internet address for another machine.



How the Applet Loads
• A browser loads the URL and locates the HTML 

document. Then it loads the HTML document and 
interprets it. It locates the applet classes referenced 
by the HTML document, loads them, and runs them.



Sample .java and HTML files
• applet Lights.java file:

• HTML file:



Appletviewer Program to Test 

Run Applets 
• The Java platform also provides the appletviewer 

program to test run applets. An applet can be 
launched from the command line with the 
appletviewer program:

• Output from the appleviewer:



Applets and Security

• When a user downloads an applet in a browser, the 

applet runs in the memory of the user's computer. 

• Browsers launch a copy of the JVM to run these 

applets. 

• The threat of malicious damage to computers and 

networks has resulted in most browsers implementing 

security measures against code that is downloaded 

from another machine. 

• Most browsers prevent several actions by default for 

applets accessed over the Internet. 



Applet Security: Actions Prevented 

by Default
• A remotely loaded applet that attempts to perform any 

of these actions causes exceptions to be thrown, and 

the applet will fail to load:

– Runtime execution of another program

– File I/O

– Calls to any native methods

– Attempts to open a socket to any system except 

the host that provided the applet

• An applet loaded from the local file system has more 

privileges. 



Embedding an Applet in an HTML 

Document
• To embed applets in an HTML document, the <HTML> 

</HTML> and <APPLET> </APPLET> tags are used. 
– Place the attributes CODE, WIDTH, and HEIGHT inside of 

the applet tag.   
– CODE points to the name of the Java class file. 
– WIDTH and HEIGHT are the width and height of the applet in 

pixels.



Creating an Applet 

• To create an applet, start by creating a class using the 

form:

– import java.applet.*;

– public class HelloWorld extends Applet{

• The applet's class must be:

– Public

– In a source file of the same name 

– Derived from the class Applet that is in the java.applet 

package



Writing an Applet 

• Writing an Applet class will require:

– Adding more import statements (in addition to others such as 

java.awt.*; java.awt.event* )

– Adding components 

– Implementing the methods to handle window events

– Including the use of the Font and Color classes to set the 

properties of text and graphics 

– Including the use of the Graphics class to draw images on the 

display. 

– Implementing event handling through the event delegation 

model 



Applet Class Hierarchy

• The Applet class is a subclass of Panel.

• Panel cannot be displayed by itself; it needs 

to be displayed in a Container that can 

render its graphical components. 

• The browser window or frame serves as this 

container.

• The Applet inherits the default layout 

manager, FlowLayout, from the Panel class. 



Applet Class Hierarchy



Applet Methods
• The Applet class inherits methods from the 

Component, Container, and Panel classes. In addition 
to these, the Applet class has its own methods for 
initializing an applet and closing or destroying the 
applet object.

• Applet methods include the following:
–Add methods to add components.

–Set methods to set values and properties of components 
(such as color, font, and size).

–Get methods to retrieve values of components.

–addXXXListener and removeXXXListener methods to 
implement event handling.

–The applet includes methods to paint, repaint, and update 
the Graphics of the applet.



Applet Methods (continued)

• An applet is a Container, so it can contain numerous 

Panels with different layout managers. Other 

components, can be added to these Panels or to the 

applet directly. 

• The steps to create the GUI features of an applet are 

no different from the steps used to create standalone 

applications that presented GUIs. 



Applet Lifecycle Methods

• The painting and repainting of an applet are also 

known as the lifecycle methods:

– init() - First method the browser calls; method in which code 

must be written to present the components.

– start() – Called by browser to start the applet.

– stop() – Called by browser to stop the applet.

– destroy() - When the window is closed, the destroy() 

methods is called. 

• Any tasks that must be performed when the applet is 

no longer visible can be defined in the applet’s stop() 

and destroy() methods.



Applet Lifecycle Methods 

(continued)
• The stop() and destroy() methods do not 

have to be written.

• The browser calls many applet methods 
automatically. If code is not written for one 
of these methods, the compiler creates the 
method with empty braces { }.



Applet Lifecycle Methods



Other Applet Methods

• In addition to the key methods, the graphics of the 

applet are painted and repainted as follows:



GUI Components

• Any AWT component can be added to the 

applet.

• Code can also be included to set the font 

and color of the components. 

• Graphic objects can be included using the 

Graphics class to draw simple shapes or 

combine simple shapes to create complex 

images. 



GUI Component - Color

The color of a component is a property of the graphics 
of that component.

The Color class in the AWT package includes several 
constants that define the combination of red, green, and 
blue as integers values. 

A Color object can also be created using one of the 
constructors. 

For example Color(int r, int g, int b) creates an opaque object with 

different intensities of red, green, and blue. 

Components can be set to different colors using the 
setBackground() and the setForeground() methods. 



GUI Component - Font

• Fonts represent the technology for displaying symbols 
of the written language in different shapes, sizes, and 
styles. 

• Two terms are frequently used to describe the features 
of fonts: character and glyph.
– A character is a symbol that represents items such as letters 

and numbers in a particular writing system. 

– When a particular character has been rendered, a shape now 
represents this character. This shape is called a glyph.

• A font can have faces such as heavy, medium, oblique, 
gothic, and regular. Thus, a font includes the glyph, the 
face, and the size. 



GUI Component – Font 

(continued)
• Fonts are set for the text of any component or graphics 

objects using Font objects. 

• A Font object contains data regarding the font face, the 
style, and the size. 

• The Font class stores data in static members to 
represent the font style. These integers are 
Font.ITALIC, Font.BOLD, and Font.PLAIN. 

• Font objects can be used as arguments to the setFont() 
methods of components.

• The font can also be set by obtaining the names of the 
fonts from the system and then using these to create a 
Font object.



Other Applet Methods

• When adding components to an applet, additional 

methods can be implemented:

– invalidate() - Marks applet as out of date.

– validate() - Redraws any invalid windows, allowing any 

changes to take effect. 

– setLocation() - Provides a way to control the position of the 

components in the applet display area. 

– setEnabled() - Makes the component available or unavailable 

with a Boolean true or false. A disabled component is still 

visible, but the user cannot interact with it.

– setVisible() - Makes all the components of a frame visible.



Applet Axis



Applets and Event-Driven 

Programming
• Applets can be designed to respond to user-

initiated actions using the event delegation 

model.

• The event delegation model is the same for 

applications and applets.



Applets and Event-Driven 

Programming (continued)



Creating Graphic Objects
• Each component has a Graphics object, and any 

component can be drawn in. 

• A constructor cannot be called to create a Graphics 
object. 

• To create a Graphics object, there must be a context 
in which this Graphics object can be drawn; usually a 
Component such as a Panel. 

• Panel provides the getGraphics() method that 
provides a graphics context. Without this surface, the 
images cannot be visible. 

• In an applet, the getGraphics() method provides the 
applet surface as the context. 



Creating Graphic Objects 

(continued)

• The Graphics class provides many methods to draw 
shapes, drawArc, drawOval, drawPolygon, 
draw3DRect, and so on.  

• The clearRect() method can be used to draw what 
appears to be a clear, or empty, rectangle.

• The AWT also provides a Canvas class specifically for 
the purpose of drawing. 

• Typically, a subclass of Canvas would be created and 
the paint() method would be overridden.



Painting and Repainting 

Graphics
• An applet has important methods for the painting and 

repainting of images on the display. These methods 

are declared and documented for the AWT 

Component class, and include the following: 

– paint() - Updates are not made over the entire area of the 

graphics (unless necessary). 

– repaint() - Notifies the system that the programmer wants to 

change the display. The repaint method actually calls the 

update() method. 

– update() - Usually clears the current display and calls paint(). 

The update() method can be modified, for example, to reduce 

flicker by calling paint() without clearing the display.



Exposure – Displaying Graphics on 

the Screen
• The paint() method is called by the start() method. This 

is the first exposure of the graphics. 
• The graphics are redrawn if the window loses focus. 
• The second exposure happens if the display is 

changed. The area that is changed is considered a 
damaged area and must be updated. 



Summary

An applet is a Java program that runs in 
another application such as a web browser. 

Applets are useful for making programs 
available to Internet users because they are 
secure and do not permit access to files or 
data from the client's computer. 

The applet is destroyed when the user closes 
the applet. 

Applets have many methods that are 
executed automatically. 



Summary (continued)

A programmer may override applet methods to 
execute specific instructions. 

Programmers can run applets using a utility 
called appletviewer in the Java SDK toolkit.

The Graphics class provides many methods to 
draw shapes. 

The Color and Font classes can be used to 
enhance applets and graphics in the application. 



Exceptions 

Chapter 12



Learning Objectives

• Idea behind exceptions 

• Types of exceptions

• How exception handling works

• Exception objects

• Dealing with exceptions

• Exception objects

• Structuring a method and the execution sequence

• Overriding and exceptions



Overview

• Errors are a common occurrence during compilation 
and runtime.

• Traditional methods for identifying and handling 
errors involved using variables to flag errors. 

• This code had to be rewritten for each program. 

• The Java platform provides a class, the Throwable 
class, for handling errors. In Java, errors are known 
as exceptions.



Overview (continued)

• Exceptions represent an exception to the normal 
flow of processing of a program. 

• Users can define custom exceptions to reflect the 
particular business rules of the problem.

• This chapter covers the set of classes that inherit 
from the Throwable class and their uses. 

• The keywords try, catch, finally, throw, and 
throws are used to manage exceptions.



Key Terms
• Throwable class 

• Error and exception classes 

• Runtime exception 

• Checked exceptions 

• Advertising or declaring exceptions 

• Try-catch block 

• Handling exceptions 

• Catching multiple exceptions 

• Throw, throws, and rethrow 



Key Terms (continued)

• Finally block 

• User-defined exceptions 

• Nested try-catch blocks 

• Polymorphism and exceptions 

• Overriding methods and exception 

declaration 

• Execution sequence of try-catch block 

• Call stack 



Introduction to Exceptions
• Ideally, errors should be prevented before runtime.

• Not all errors can be prevented due to unexpected 
user input, network resource availability, and other 
vulnerabilities.

• The user should be notified that an error has 
occurred.

• The procedural approach to error handling is code 
intensive and difficult to maintain.



Object-Oriented Approach

• A class can be created to handle errors.

• The object of this class encapsulates 
information about the error and an error 
message.

• The error object prevents the program 
from ending abruptly when it is handled 
correctly.



Java Exceptions

• Unexpected errors are exceptions.

• When an error occurs, an Exception object 

is thrown by the JVM.

• Programmers write code to proactively 

anticipate Exception objects.



Types of Errors

• Java errors that are the result of program errors
• Code or data errors

– Improper casting, illegal arithmetic operations

• Standard errors known and expected to occur
– File access errors, network connection errors

• User-defined errors designed to reflect business 
rules



Class Throwable

• The Throwable class is at the top of the hierarchy for Error 

and Exception objects.

• Error objects represent compile-time and system errors 

handled by the JVM.

• Exception objects must be handled by the programmer.



Execution Stack

• The execution stack is a list of methods called that 
resulted in an Exception.

• The Exception object contains the execution stack as 
part of its object data.

• The printStackTrace() method is inherited from 
Throwable.



Exception Class

• The Exception class and its subclasses represent 
checked exceptions.

• RuntimeExceptions are unchecked exceptions.

• The compiler ensures that all checked exceptions 
are caught or declared before successfully 
compiling the class. 

• The keyword throws is used to declare a checked 
exception

• The try-catch construct is used to catch checked 
exceptions



RuntimeException Class

• These are not checked by the compiler.

• RuntimeExceptions do not have to be 

declared or caught.

• RuntimeExceptions can be avoided with 

defensive coding.

• Well-written code will avoid most 

RuntimeExceptions.



Fatal Errors

• The Error class is a subclass of 
Throwable.

• Errors represent catastrophic anomalies 
often associated with hardware failure or 
memory problems.

• Programmers can do little to remedy fatal 
errors, other than note that it occurred. 

• The try-catch construct should not be used 
for Error objects.



Advertising Exceptions

• The keywords throw new are used to generate an 

Exception object.

• If a method creates an Exception object, the 

Exception must be declared in the method header.

• If a method calls another method that throws an 

Exception object, the Exception must be declared in 

the method header.

• Exceptions are declared with the keyword throws.



Handling Exceptions

• When method statements could potentially 

throw an Exception, do one of the 

following:

– Declare the Exception with the throws

keyword.

– Handle the Exception with a try-catch block.

– Rethrow the Exception and declare it in the 

method signature.



Try-Catch Block

• A try-catch block is a Java construct used to handle 
exceptions.

• Code that could potentially throw an exception is 
placed in the try block.

• Code to handle an exception is placed in the catch 
block.

• When an exception is thrown in a try block, control is 
transferred to the catch block.



Try-Catch Block (continued)

• A try block can be followed by multiple 

catch blocks to address different 

Exception objects.



Catching Multiple Exceptions

• Each catch block is used to catch one type 

of Exception.

• An Exception is caught by the first catch 

block that accepts its type of Exception.

• Polymorphism affects the way Exceptions 

are caught.

• A catch block defined to catch Exception 

objects will also catch all subclasses of the 

Exception class.



Using Try-Catch Blocks

• A try block must be followed by at least 

one catch block

• Multiple catch blocks should be ordered 

from most specific to most general

• No code can be placed between a try 

block and catch block.

• No code can be placed between multiple 

catch blocks.



The Finally Block

• The finally block is an optional construct 

that follows the catch blocks.

• The code in the finally block is executed 

every time, regardless of Exceptions being 

thrown.

• The finally block is used to perform 

important tasks that may otherwise not be 

executed due to an Exception.



The Finally Block (continued)

• The finally block is executed under each of 

these circumstances:

– Try block executes correctly.

Catch block is executed after an Exception.

Try block has a break or continue statement.

Try block has a return statement.

• The finally block does not execute if the 

try-catch blocks contain a System.exit() 

statement.



Custom Exception Objects

• Custom Exception objects are created to address 

specific business rules of the problem domain.

• The custom Exception class is a subclass of 

Exception.

• The programmer must define the rules for throwing 

the custom Exception.

• The programmer explicitly throws the Exception 

object from a method, usually as the result of a 

conditional test.



Custom Exception Objects



Handling Custom Exception 

Objects
• Similar to handling other Exception 

objects.

• Declare the Exception and do nothing 

further.

• Use a try-catch block to handle the custom 

Exception.

• Use a try-catch block to rethrow the 

custom Exception object.



Execution Sequence

• When no Exception is thrown:

– The finally block executes before any return 

statement in the try block.

– Any statements after the finally block will not 

execute.

– The return statement in a try block is not 

executed if the finally block contains a return 

statement.



Execution Sequence 

(continued)

• When an Exception is thrown:

– Execution of the try block terminates at the 

statement that throws the Exception.

– Control is transferred to the first matching 

catch block.

– The finally block is executed before any return 

statement in the catch block.

– The return statement in a catch block is not 

executed if the finally block contains a return 

statement.



Nested Try-Catch Blocks

• Try-catch blocks can be nested within 

other try blocks or catch blocks.

• Any exceptions not caught in the inner 

catch blocks will be caught by the outer 

catch blocks.



Rethrowing Exceptions

• The fillInStackTrace() method is used to 

rethrow exceptions.

• This method hides the original source of 

the Exception and creates a new 

Throwable object.

• The stack trace now references the 

current location as the source of the 

Exception.



Overriding Methods

• Throwing different exceptions that are a subclass of 

the exception thrown by the parent method is 

permissible.  

• Throwing different exceptions that are not a 

subclass of the exception thrown by the parent 

method is not permissible.  

• Throwing fewer exceptions of the same class or 

subclass is permissible.  

• Throwing exceptions more general than the parent 

class is not permissible.  



Summary

• The Throwable class is the superclass for all 
Exception objects.

• Checked exceptions must be caught or declared a 
compile time.

• RuntimeExceptions are unchecked and not required 
to be declared or caught at compile time.

• The try-catch block is used to test and handle 
exceptions.

• An optional finally block can be added to the try-
catch construct to execute important code.



Summary (continued)

• A try block can be followed by multiple catch blocks 

to address different Exception objects.

• Rethrowing an exception creates a new exception 

that must be caught by another catch block in the 

calling method.

• Programmers must define the conditions to throw 

custom Exception objects, but they are handled 

similarly to all other Exceptions.

• There are many rules for overriding methods that 

throw Exceptions.



Files, Streams, Input and Output 

Chapter 13



Learning Objectives

• Understanding files

• Input and output classes

• Instruction for input and output operations

• Storing objects in a file



Overview

• The java.io package provides classes for data input 
and output. 

• The File class is used to access information about 
files and directories.

• Input activities represent reading data into a 
program that can then be stored in objects or 
manipulated.

• Output activities represent writing data from a 
program to a file, printer, or monitor.



Overview (continued)

• Data is transferred through streams as bytes
• The streams are objects.
• High- and low-level streams are used together to 

efficiently transfer data.
• Each stream adds enhanced capabilities allowing 

the programmer to send and receive formatted data.
• Stream objects can buffer data to further improve 

efficiency.
• To read and write objects, they must be serialized.



Key Terms

• Input 

• Output 

• Byte 

• Character 

• Stream 

• java.io, java.net 

• Random access 

• RandomAccessFile class 

• Directories and files 

• File class 

• Absolute, relative path names 



Key Terms (continued)
• Source and sink 

• Node, source, and sink streams 

• read(), write() 

• InputStream and OutputStream classes 

• Reader and Writer classes 

• Low-level streams 

• High-level streams 

• Filter streams 

• DataInputStream and DataOutputStream 

• ObjectStream 

• Object serialization 

• Serializable interface



The File Class

• Used to navigate the file system of a computer

• Not used to create files or edit files

• Constructor requires the file path or directory path



Paths

• Path name is the directory in which file or 
subdirectory exists.

• Absolute path is a list of all directories and 
subdirectories leading to a file.

• Relative path is a list of directories from the current 
directory to a file.

• The current working directory is at the top of the 
hierarchy of a relative path.



Methods of the File Class

• getName()

• getAbsolutePath()

• canRead()

• canWrite()

• isDirectory()

• isFile()

• delete()

• mkdir()



RandomAccessFile Class

• Unlike File, RandomAccessFile can be used to read 
and write data to a file.

• The constructor accepts a File object or file name as 
a String and a mode.

• Modes are r and rw for read access and read/write 
access

• A new file can be created in the read/write mode, 
but not read mode.



RandomAccessFile Class 

(continued)

• A file pointer is a position from which the 
next I/O operation will occur

• The seek() method is used to move the 
pointer to any position in the file.

• The length() method returns the number of 
bytes in the file.

• Methods of RandomAccessFile are used 
to read and write primitives as well as 
String objects to a file.



The java.io Hierarchy

• The java.io package contains a complex 
hierarchy of classes used for I/O 
operations.

• Low-level streams and writers are used to 
communicate directly with I/O devices.

• High-level streams and writes are used to 
format or buffer data.

• It is typical to use high- and low-level 
streams in tandem.



Data Streams

• A sequential flow of bytes into or out of a program.

• Bytes flow from a source to a sink.

• System.in is an input stream.



Data Streams (continued)

• System.out is an output stream.

• Data can only be read from an input stream.

• Data can only be written to an output stream.



Sources and Sinks

• Typical sources for input streams are file 

and keyboard.

• Typical sinks for output streams are file, 

printer, and monitor.

• The program is at the opposite end of the 

stream from the I/O device.



Low-Level Streams

• Byte streams are low-level streams that transfer a 
series of bytes.

• Character streams are low-level streams that 
transfer a sequence of Unicode characters.

• Low-level streams perform I/O operations with the 
I/O devices directly.

• But, it would be cumbersome to convert objects and 
primitives to bytes for I/O operations.



Low-Level Streams

• Examples of low-level stream classes



High-Level Streams

• High-level streams read and write Java data types 
and convert data types to Unicode.

• High-level streams filter and format data.

• They cannot perform I/O operations directly with 
devices.

• They must be connected to an appropriate low-level 
stream.

• The constructors for high-level streams specify a 
low-level stream as the argument.



High-Level Streams

• Examples of high-level streams



Buffering Data

• High-level buffer streams buffer data by storing 

multiple I/O operations in memory and completing 

them at once.

• Buffering improves performance because there are 

less communications with the I/O devices.

• Filter streams are connected to buffer streams, 

which are then connected to low-level streams.



Connecting Streams



Binary I/O Operations

• The following code can be used to read binary 

data, such as a character or byte array.



Character I/O Operations

• The following code can be used to read character 

data from a file



Primitive I/O Operations

• The following code can be used to read primitive 

data types from a file.



Serialization

• Although it is useful to read and write Java 
primitives, I/O with objects is most useful in OOP.

• Object streams read and write objects as a unit.
• Serialization is the process of converting an object 

to and from a series of bytes for I/O.
• Only object data is serialized—class data and any 

field declared transient is not serialized.
• Object references are serialized recursively.



Serialization (continued)

• Not all objects can be serialized.

• Some objects, such as I/O streams, are valid only in 

their current context.

• Only classes implementing Serializable can be 

serialized.

• Serializable is a marker interface.

• Nonserializable objects referenced by a serializable 

object will not be serialized recursively.



Object Streams

• ObjectOutputStream is used to write an object to a 
low-level stream.

• ObjectInputStream is used to read an object from a 
low-level stream.

• Object streams can be connected with buffered 
streams to improve performance.

• The read() method of ObjectInputStream returns an 
Object, which may have to be explicitly cast.



Summary

• The File class is used to navigate the files and 

directories of a computer.

• Most I/O operations in Java occur with streams, or 

flows of sequential bytes.

• RandomAccessFile objects read and write to a file 

without streams.

• Many classes in the java.io package are used 

together to perform I/O operations.

• Data is read from a source and written to a sink.



Summary (continued)

• High-level streams are connected with low-level 
streams to effectively perform I/O operations.

• Low-level streams communicate directly with I/O 
devices such as files, keyboard, or monitor.

• Objects can be read or written using 
ObjectInputStream or ObjectOutputStream.

• Only objects implementing Serializable can be 
written to a file.

• The keyword transient is used to mark data that 
should not be serialized.



Collections 

Chapter 14



Learning Objectives

• The java.util package

• Collections

• The collections framework



Overview

• The array has been explored as a structure to 

manage many objects.

• Arrays are limited due to a fixed size and ability to 

store one type of object.

• Many other collection classes offer more flexibility in 

managing multiple objects.

• These objects are dynamic, and elements of the 

collection can be manipulated with built-in methods.



Overview (continued)

• The four storage technologies are array, 
linked-list, tree, and hash table.

• Each of these has unique properties for 
storing and accessing collection elements

• The collections framework consists of 
many classes that implement these 
storage technologies.

• Choosing the correct collection is crucial to 
designing efficient programs.



Key Terms

• Collections framework 
• Elements 
• Collection 
• Array 
• LinkedList 
• Doubly linked 
• Tree 
• Hash table 
• Bag, multiset, sequence 
• Ordered, unordered 



Key Terms (continued)

• Set 
• Map 
• Dictionaries 
• Collection interface 
• ArrayList 
• Vector 
• Treeset 
• Hashset 
• Iterator 
• ListIterator 



Key Terms (continued)

• Enumeration 

• Property 

• System properties 

• Key-value pairs 

• Sorting 

• Shuffling 



The java.util Package

• The java.util package contains classes:
– To manage collections of objects

– To manage messaging between objects when 
changes occur in an object

– To manipulate date information

• This chapter focuses on the collection 
classes.



Collections

• A collection is a single object that 

represents a group of objects.

• Unlike arrays, collection objects cannot 

reference primitive types.

• Collection elements are object references.

• Collection objects can grow dynamically, 

sort objects, move through objects, and 

add or remove objects.



Collections (continued)

• Three important concepts relate to 

understanding collections:

– Storage technologies available to store and 

manage a collection of objects 

– Properties of collections 

– Types of collection objects 



Storage Technologies

• The four major storage technologies 

available for collections are:

– Array

– Linked-list

– Tree

– Hash table



Array

• Arrays are used to store unique values.

• The array is most efficient for a fixed 

number of elements.

• Adding or removing array elements is 

considered an expensive operation.



Linked-List

• Items are stored in order.

• Duplicates are allowed.

• Each object has a link to the object before and after 
it.



Linked-List (continued)

• Linked lists are doubly linked and can be traversed 

forward and backward.

• Adding and removing elements only changes the 

links of the objects next to the elements.



Tree

• Elements in a tree structure are sorted in ascending 

order.

• An index is used to search for objects.



Hash Table

• Each item is assigned a key value.

• The item and key represent Key-value pairs.

• Accessing items is fast but memory intensive.



Properties of Storage 

Technologies



Collection

• The Collection interface represents a 

simple container.

• It includes many methods for adding, 

removing, and sorting elements.

• The interface has concrete 

implementations in lists, sets, and maps.



List

• Lists are ordered collections that allow duplicates

• Elements are indexed. 

• Lists are also known as bags or multi-sets



Set

• An unordered collection of objects.

• Duplicates are allowed.

• The size is dynamic and allows objects to be added 
or removed.



Maps

• A collection of arbitrary associations 

between key-value pairs.

• Only one entry allowed for a given key.

• Elements searchable by key value only.

• The key value is used to generate a hash 

code, which determines the memory 

location.



The Collections Framework

• A set of classes and interfaces that enable 

programmers to manage larger numbers 

of objects as collections.

• Defines a set of behaviors for collection 

objects.

• Although there are many, this chapter 

focuses one implementation of each 

storage technology.



Collection Interfaces

• These interfaces represent abstract guidelines to 

be used in concrete implementations



Collection Interfaces (continued)

• Collection is used for any collection that is 

simple, unordered, and has duplicates.

• List is an ordered collection that is indexed 

and has duplicates.

• Sets are finite collections that do not allow 

duplicates.

• SortedSet is for sets with elements in 

ascending order.



Collection Interfaces (continued)

• Map provides basic methods for storing 

and retrieving key values.

• SortedMap is implemented to create a 

map with values in ascending order.



Helper Interfaces

• There are two helper interfaces that do not 

represent collections but are used with 

collection objects.

• Iterator is used to traverse the elements of 

a collection. It traverses forward only.

• ListIterator is used to traverse the 

elements of a list both forward and 

backward.



Set Objects

• HashSet implements the Set interface and 

uses hash table storage.

• Duplicates are not allowed in HashSet 

objects.

• TreeSet implements SortedSet and sorts 

elements in ascending order.

• Duplicates are not allowed in TreeSet 

objects.



Vector

• Vector implements the List interface. 

• The Vector object can hold multiple types 

of objects.

• To cast these objects to an assignable 

type, the instanceof operator is used.

• Vectors are zero-indexed.



Additional List Objects

• ArrayList implements the List interface.

• ArrayList objects allow duplicates.

• LinkedList implements the List interface.

• Objects can be added and removed from 

LinkedList objects efficiently.

• An Iterator object is used to traverse the 

LinkedList object.



Map Objects

• The Map interface is not technically a collection.

• It uses keys to manage objects, which may be 

duplicated.



Hash Codes

• The key is integer generated from the 
hashCode() method.

• The hashCode method, inherited from 
Object, should be overridden to provide a 
hash code for each object.

• Objects with similar data should produce 
unique hash code values.



Iterator

• An Iterator is used to scan a collection object.



Iterator Methods

• Iterator methods can be called to manipulate 
elements of a collection.

• Elements can be added and removed by an Iterator.



Sorting and Shuffling

• The bubble sort construct was explored 

earlier in this curriculum.

• But, collection classes have built-in sorting 

functionality with the sort method.

• The reverse() method reverses the current 

order of the elements.

• The shuffle() method is used to place 

elements in random order. 



Summary

• The collections framework in the java.util package 
contains several classes and interfaces to create 
collection objects.

• Collections are flexible and can manage several 
objects efficiently.

• There are several storage technologies available to 
create collections such as array, linked-list, tree, and 
hash table.

• The classes of the collections framework implement 
interfaces that determine the behavior of the 
collection.



Summary (continued)

• Collection objects impose no rules on 

order or content duplication.

• Lists maintain order.

• Sets reject duplicate elements.

• Maps use key-value pairs to store and 

access elements

• The Iterator and ListIterator interfaces are 

used to traverse collections and 

manipulate collection elements.



Threads 

Chapter 15



Learning Objectives

• Threads and multithreading

• The Thread class and Runnable interface

• Creating and running threads

• The lifecycle of a thread

• Managing threads



Overview

• This chapter explores the usage of multithreading to 
improve program efficiency.

• Threads are created from the Thread class and 
Runnable interface.

• The run() method is executed concurrently after 
threads have started.

• The five states of the thread lifecycle are born, 
ready, running, blocked, and dead.

• Multiple threads can share code and data, so careful 
thread management must be practiced to conserve 
the integrity of data.



Overview (continued)

• Threads are scheduled by the CPU with time slicing 
or preemption.

• The sleep method and yield methods allow other 
threads access to the CPU.

• The wait and notify methods are used to facilitate 
thread communication.

• Synchronizing threads protects objects from 
becoming invalid.

• Deadlock occurs when all active threads are in the 
blocked state.



Key Terms

• Thread runnable 

• Low-priority thread 

• High-priority thread 

• Multiprocessing computers 

• Virtual CPU 

• Time slicing 

• Preemption 

• run(), start() 



Key Terms (continued)

• IllegalThreadStateException 

• Born state, ready state, blocked state, wait 
state, dead state 

• sleep(), join(), yield(), wait(), notify(), 

• stop(), suspend(), resume() 

• Wait pool 

• Synchronized 

• Dead locks



Understanding Threads

• A thread is a path of execution.
• Multithreading allows more than one path of execution 

through a program.
• Processes can occur concurrently in multithreaded programs.



Understanding Threads 

(continued)
• A thread is the encapsulation of a virtual CPU and 

its own program code and data.

• The java.lang.Thread class is used to create 
multithreaded programs.

• Threads share code when they are operating on 
instances of the same class.

• Threads share data when they are operating on 
references to the same object.



Executing Threads Concurrently

• The operating system manages thread scheduling 
with time slicing or preemption.

• Thread scheduling varies among operating systems.

• In time slicing, each thread is given an amount of 
time to process before control is transferred to 
another thread.

• In preemption, threads of higher priority have 
access to the CPU and lower-priority threads must 
wait.



The Thread Class

• There are several constructors for a 

Thread object.

• All Thread objects implement the 

Runnable interface.



Runnable Interface

• Any object that is executed as a thread must 

implement Runnable.

• Runnable objects must define a run() method with 

no arguments.

• The run() method contains the statements to be 

executed concurrently with other threads.

• A Thread class can be created by implementing 

Runnable and passing an instance of itself to a 

Thread constructor.



Creating and Running Threads

• There are several ways to create a thread:

– Create a Thread object and pass a Runnable 

target through the constructor.

– Extend the Thread class and override the run 

method.

– Extend the Thread class and pass a Runnable 

target through the constructor.



Running a Thread

• To run a thread, the thread’s start() 
method is called.

• The start() method performs several tasks 
and calls the thread’s run() method.

• The thread becomes ready for execution 
when the start() method is called.

• The start() method returns control to the 
method in which it was called, and the 
caller runs concurrently with the thread.



Thread States



Thread States

• Born state – The thread has just been created.

• Ready state – The thread’s start() method has been 

called but it is not currently running.

• Running state – The thread is using processor time 

to execute statements.

• Blocked state – A thread is waiting to complete the 

run() method.

• Dead state – A thread’s run() method has completed 

or terminated.



Thread Methods – sleep()

• Thread.sleep(1000);

• The sleep method is a static method of the Thread 
class.

• The sleep method causes the current thread to 
enter the blocked state.

• The thread remains in the blocked state for the 
number of milliseconds specified in the sleep 
method.

• An InterruptedExeption is thrown by the sleep 
method if the sleeping thread is interrupted by 
another thread.



Thread Methods – join()

• The join method causes the current thread 

to wait until the thread on which the join 

method is called terminates. 

• The join method can be called with a 

specified timeout. The caller will terminate 

at the end of the specified time if the other 

thread has not terminated.

• A timeout of zero signifies that the thread 

will not time out.



Thread Methods – yield()

• The yield method is a static method of the 
Thread class.

• The yield method causes the current 
thread to pause so that other threads can 
access the CPU.

• Only threads of the same priority are given 
access to the CPU.



Thread Priorities

• A programmer cannot control thread scheduling but 

can assign thread priorities.

• Thread priorities are static fields of the Thread 

class and affect the scheduling of threads.



Stopping a Thread

• The Thread methods stop and suspend are 

deprecated because they are inherently unsafe.

• The following steps should be used to safely stop a 

thread.



Synchronizing Threads

• A programmer must ensure that multiple threads do 
not access the same data simultaneously. 

• Threads simultaneously changing object data can 
produce an unsafe object.

• To prevent this problem, the keyword 
synchronized is used.

• Both methods and code blocks can be declared 
synchronized.

• The thread has exclusive access to an object by 
obtaining an object lock.



Keyword Synchronized

• The synchronized keyword allows interaction 

with the object lock.



Keyword Synchronized 

(continued)

• When a thread is executing a synchronized block of 

code, no other thread has access to the object data 

referenced in the block.

• A programmer must ensure that all references to the 

object data are enclosed in synchronized blocks.

• The object lock is automatically released when the 

synchronized block terminates.

• If an object lock is unavailable, the requesting 

thread is blocked until the lock is released.



Deadlock

• Deadlock occurs when all running threads enter the 

blocked state.

• Deadlock can occur if multiple threads are 

accessing multiple objects and each is waiting for 

the other to release a lock.

• Java has no way to detect or prevent deadlock.

• Deadlock occurs due to a logic error.



Communication Between 

Threads

• The wait and notify methods of the Object 

class are used for thread communication.

• The wait method is called by a thread on a 

certain object when it must wait to proceed 

until another thread performs some action.

• The notify method is called by a thread to 

let the other thread know that it can now 

proceed.



The wait and notify Methods

• The wait and notify methods can only be 
called when the thread obtains an object 
lock.

• They can only be called from within a 
synchronized block of code.

• After a wait or notify method is called, the 
object lock is released.

• The thread that has called a wait method 
is placed in the wait pool.



The Wait Pool

• The notify method moves a thread from the wait pool to the 

lock pool.

• The notifyAll method moves all threads from the wait pool to 

the lock pool.



Summary

• Threads are used to create multiple paths 
of execution through a program.

• A thread is the encapsulation of a virtual 
CPU, code, and data.

• There are several ways to create threads, 
including extension of Thread and 
implementation of Runnable.

• In all threads, the run() method is 
overridden.



Summary (continued)

• Thread methods include sleep, join, and yield.

• The stop method should not be used to terminate a 

thread because it can leave objects in an 

inconsistent state.

• The wait and notify methods of the Object class are 

used for Thread communication when sharing data.

• The keyword synchronized is used to obtain a 

lock on an object and secure exclusive access.
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