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Exceptions
An exception is an event, which occurs during the execution of the program, that an interrupt
the normal flow of the program’s instruction. In other words, Exceptions are generated when a
recognized condition, usually an error condition, arises during the execution of a method. Java
includes a system for running exceptions, by tracking the potential for each method to throw
specific exceptions. For each method that could throw an exception, your code must report to
the Java compiler that it could throw that exact exception. The compiler marks that method as

potentially throwing that exception, and then need any code calling the method to handle the
possible exception. Exception handling is basically use five keyword as follows:

1. try

2. catch
3. throw
4. throws
5. finally




Exception can be generated by Java-runtime system or they can be manually generated by
code. Error-Handling becomes a necessary while developing an application to account for
exceptional situations that may occur during the program execution, such as

1. Run out of memory

2. Resource allocation Error

3. Inability to find a file

4. Problems in Network connectivity.

Types of Errors

Errors may broadly be classified into two categories;

» Compile-time errors
¢ Run-time errors




Compile-Time Errors

All syntax errors will be detected and displayed by the Java compiler and therefore these errors are
known as compile-time errors. Whenever the compiler displays an error, it will not create the .class
file, It is therefore necessary that we fix all the errors before we can successfully compile and run the
program.

Most of the compile-time errors are due to typing mistakes. Typographical errors are hard to find.
We may have to check the code word by word, or even character by character. The most common
problems are;

Missing semicolons

Missing (or mismatch of) brackets in classes and methods
Misspelling of identifiers and keywords

Missing double quotes in strings

Use of undeclared variables

Incompatible types in assignments / imtialization
Bad references to objects

Use of = in place of = = operator

And s0 on




/* This program contains an error */
class krrorl

public static void main(String args(])
|

System.out.printin({“Hello Java!") // Missing;

The Java compiler does a nice job of telling us where the errors are in the program. For example, if
we have missed the semicolon at the end of print statement in Program |, the following message
will be displayed in the screen:

Errorl.java :7: °;  eipected
System_out . println (“Hello

-

l‘"’ll ar




Run-Time Errors

Sometimes, a program may compile successfully creating the .class file but may not run properly. Such
programs may produce wrong resulis due to wrong logic or may terminate due to errors such as stack
overflow. Most common run-time €rrors are:

¢ Dividing an integer by zero
Accessing an element that is out of the bounds of an array
Trying to store a value into an array of an incompatible class or type

Trying to cast an instance of a class to one of its subclasses
Passing a parameter that is not in a valid range or value for a method
Trying to illegally change the state of a thread
Attempling to use a negative size for an array
Using a null object reference as a legitimate object reference to access a method or a vanable.
Converting invalid string to a number
* Accessing a character that is out of bounds of a string
* And may more

When such ermors are encountered, Java typically generates an ermor message and aborts the
program.




class Error?
void main(5tring args[ ])

int a =

int b =

int ¢ =

int x = af(b-c); { Division by zero
System. out . printin(™x = = + x):

Int ¥y = alf(b+):
System.out . printin(~y

Program is syntactically correct and therefore does not cause any problem during compilation.
However, while executing, it displays the following message and stops without executing further
statements.

java.lang.ArithmeticException: / by zero
at ErrorZ.main{Errord. java:10)

When Java run-time tries to execute a division by zero, it generates an error condition, which causes
the program to stop after displaying an appropriate message.




An exception 1s a condition that 15 caused by a run-time error in the program. When the Java interpreter
encounters an error such as dividing an integer by zero, it creates an exception object and throws it (L.
informs us that an error has occurred).

If the exception object is not caught and handled properly, the interpreter will display an error
message as shown in the output of Program and will terminate the program. If we want the
program fo continue with the execution of the remaining code, then we should try to caich the exception
object thrown by the error condition and then display an appropriate message for laking corrective
actions. This task 15 known as exception handiing.




The purpose of exception handling mechanism 15 to provide a means to detect and report an
“gxceptional circumstance” 5o that appropniate action can be taken, The mechamsm suggests
incorporation of a separate error handling code that performs the following tasks

|, Find the problem ( Hit the exception).

2. Inform that an error has occurred ( Throw the exception)
3, Receive the error mformation (Catch the exception)

4, Take corrective actions (Handle the exception)

The error handling code basically consists of two segments, one to detect errors and fo throw
gxceptions and the other to catch exceptions and to take appropnate actions.




Exception Type

Cause of Exception

ArithmeticException
Array Index0ut0fBoundsException

Arraystorebxception

FileNotFoundException

[0Exception

Nul1PointerException

NumberFormatException
UutOfMemoryExcept ion
securitybxception

StackOverf 1owk xcept ion

StringIndexOut(fBoundsExcept

Caused by math errors such as division by zero

Caused by bad array indexes

Caused when a program tries to store the wrong type of
data in an array

Caused by an attempt to access a nonexistent file
Caused by general 140 failures, such as inability to read
from a file

Caused by referencing a null object

Caused when a conversion between strings and number
fils

Caused when there’s not enough memory to allocate a
new object

Caused when an applet tries to perform an action not
allowed by the browser's security setting

Caused when the system runs out of stack space

Caused when a program attempts to access a nonexistent
character position in a string




Syntax of Exception Handling Code

Exception object
crestor

Throws

enceplion
object

Excaption
hancler

Exception handling mechanism




Java uses a keyword try to preface a block of code that i1s likely to cause an ermor condition and
“throw™ an exception. A catch block defined by the kevword cateh “catches™ the exception “thrown™
by thee try block and handles it appropriately. The catch block is added immediately after the try block.
The following example illustrates the use of simple try and catch statements:

try
{

statement: {1 generates an exceplion

catch (Exception-type ¢e)
{

statement !l processes the exception

The try block can have one or more statements that could generate an exception. If any one statement
generates an exception, the remaining statements in the block are skipped and execution jumps to the
catch block that 15 placed next to the try block.




public class demo

{

public static void main(String[] args)
{

int ansl, ans2;
inta=2,b=2,c=0;

try

{

ansl = a/b;

System.out.printin("a/b =" + ansl);
ans2 = alc;

System.out.printin("a/c =" + ans2);

}

catch(ArithmeticException e)

{

System.out.printin("Arithmetic
Exception!");

}

System.out.printin("demo is over");
}

}
Output:

C:\>set path=C:\Java\jdk1.5.0 01\bin
C:\>javac demo.java

C:\>java demo

ab=1

Arithmetic Exception!

demo is over




Using Multiple catch Blocks

It is possible that a statement might throw more than one

kind of exception

1 you can list a sequence of catch blocks, one for each
possible exception

[0 remember that there is an object hierarchy for exceptions —
class demo

{

public static void main (String args [])
{

int A[] = new int [5];
(8%

{

for (int ¢ =0; c <5; c++)
{

//do nothing

}

for (int ¢ =0; c <5; c++)
{

Alc]l=c/c;

}

}

catch (ArraylindexOutOfBoundsException e)

{

System.out.printin ("Array out of bound ");

}

catch (ArithmeticException e)

{

System.out.printin ("Zero divide error’);

}
}




Output:

C:\>javac demo.java

C:\>java demo

Zero divide error

C:\>

Finally Block

To guarantee that a line of code runs, whether an exception occurs or not, use a finally
block after the try and catch blocks The code in the finally block will almost always
execute, even if an unhandled exception occurs; in fact, even if a return statement is
encountered

1. if an exception causes a catch block to execute, the finally block will be executed after
the catch block

2. 1f an uncaught exception occurs, the finally block executes, and then execution exits
this method and the exception is thrown to the method that called this method




Syntax —

try
{

risky code/ unsafe code block

}

catch (ExceptionClassName exceptionObjectName)

{

code to resolve problem

¥
finally

{

code that will always execute

¥

In summary:

1. a try block is followed by zero or more catch blocks

2. There may one finally block as the last block in the structure.

3. There must be at least one block from the collective set of catch and finally after
the try.




Managing Input / Output Files in Java

Data can be stored using variables and their values are used
during execution. There are 2 drawbacks in it. They are

. The data is lost either when a variable goes out of scope or when the program is terminated. That
15, the storage is temporary,
2. Itis difficult to handle large volumes of data using vaniables and arrays,

We can overcome these problems by storing data on secondary storage devices such as floppy disks
f hard disks, The data 15 stored in these devices using the concept of files,




A file is a collection of related records placed in a particular area on the disk. A record is composed
of several fields and a field is a group of characters as illustrated in Fig. Characters in Java ang
Unicode characters composed of two bytes, each byte containing eight binary digits, 1 or (.
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Storing and managing data using files is known as file processing which includes tasks such as
creating files, updating files and manipulation of data. Java supports many powerful features for
managing input and output of data using files. Reading and wrniting of data in a file can be done at the
level of bytes or characters or fields depending on the requirements of a particular application. Java
also provides capabilities to read and write class objects directly. Note that a record may be represented
as a class object in Java. The process of reading and wniting objects is called object serialization,

Concept of Streams

In file processing, input refers to the flow of data into a program and output means the flow of data out
of a program. Input to a program may come from the keyboard, the mouse, the memory, the disk, a

network, or another program, Similarly, output from a program may go to the screen, the printer,
the memory, the disk, a network, or another program.
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Java uses the concept of streams to represent the ordered sequence of data, a common charactenstic
shared by all the input/output devices as stated above. A stream presents a uniform, easy-to-use, object-
oriented interface between the program and the input/output devices

A stream in Java 15 a path along which data flows (like a niver or a pipe along which water flows). It
has a source (of data) and a destination (for that data) as depicted in Fig. Both the source and the
destination may be physical devices or programs or other streams in the same program.

‘Vakhme connecting the
- source and the stream

Concepfual view of a stream




The concept of sending data from one stream to another (like one pipe feeding into another pipe) has
made streams in Java a powerful tool for file processing. We can build a complex file processing
sequence using a seres of sumple stream operations. This feature can be used to filter data along the
pipeline of streams so that we obtain data in a desired format. For example, we can use one stream to
get raw data in binary format and then use another stream in series to convert it to integers.
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Using input and oulput streams




Java streams are classified into two basic types, namely, input stream and owtput stream, An mput
siream extracts (1.2, reads) data from the source (file) and sends it to the program. Similarly, an output
stream takes data from the program and sends (1.e. writes) 1t to the destination (file). Figure
\lustrates the use of input and output streams. The program connects and opens an input stream on the

data source and then reads the data serally. Simularly, the program connects and opens an outpu
stream to the destination place of data and wnites data out senally. In both the cases, the program does
not know the details of end points {i.e. source and destination).




Stream Classes

The java.io package contains a large number of stream classes that provide capabilities for processing
all types of data. These classes may be categonzed into two groups based on the data type on which

they operate.
1. Byte stream classes that provide support for handling 10O operations on bytes.
2. Character stream classes that provide support for managing 'O operations on characters.

[ =F]
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Classification of Java slream classes




Byte Stream Classes

Byte stream classes have been designed to provide functional features for creating and manipulating
streams and files for reading and writing bytes. Since the streams are unidirectional, they can transmit
bytes in only one direction and, therefore, Java provides two kinds of byte stream classes: fnpur stream
classes and owipur stream classes.

Input Stream Classes

Input stream classes that are used to read B-bat bytes include a super class known as InputStream and
a number of subclasses for supporting various input-related functions.

The super class InputStream is an abstract class, and, therefore, we cannot create instances of this
class. Rather, we must use the subclasses that inherit from this class. The InputStream class defines
methods for performing input functions such as

¢ Reading bytes
Closing streams
Marking positions in streams
Skipping ahead 1n a stream
Finding the number of bytes in a stream




InputStrean

Hierarchy of input stream classes




InputStream Methods

Method Description

read( ) Reads a bvte from the input stream

read (byie bi |) Heads an amray of bytes into b

read (byte b |, int n, it m) Reads m bytes into b starting from nth byte.
available( ) Cnives number of bytes available in the mput
skipin) Skips over n bytes from the input stream
reset] ) CGoes back to the beginning of the stream
close{ ) Closes the input stream

1

2,
3.
4.
5.
f.

Mote that the class DatalnputStream extends FilterinputStream and implements the interface
Datalnput. Therefore, the DatalnputStream class implements the methods described in Datalnput
in addition to using the methods of InputStream class., The Datalnput interface contains the
following methods:

readShort( ) readDouble( )
readlnt ) readLine( )
readLong( ) readChari )
readk loat{ ) readBollean{ )
n::u;]HF{ I




Output Stream Classes
Cuutput stream classes are denved from the base class OutputStream as shown in Fig. Like
InputStream, the OutputStream is an abstract class and therefore we cannot instantiate it. The several
subclasses of the OutputStream can be used for performing the output operations.
The OutputStream includes methods that are designed to perform the following tasks:

o Writing bytes

¢ Closing streams

» Flushing streams

QutputStream Methods

Method Description

. write( ) Wriles a byte to the output stream

. write{byte] | b) Writes all bytes in the array b to the output stream
3. write{byte b| |, int n, int m) Writes m bytes from array b starting from nth byte

. Close( ) Closes the output stream

. fhushi ) Flushes the output stream
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Character Streams:
It supports 16-bit Unicode character input and output. There are two classes of
character stream as follows:
1. Reader
2. Writer
These classes allow internationalization of Java 1/O and also allow text to be stored
using international character encoding.
Reader:
- BufferedReader
- LineNumberReader
- CharAraayReader
- PipedReader
- StringReader
- FilterReader
- PushbackReader
- InputStreamReader
- FileReader




Writer:

- BufferedWriter
- CharAraayWriter

o~ -

n Fl |eWI’Iter '=M_ III.-"II f III"-.II [ eT— )

- PipedWriter >N R
- PrintWriter PR T
- String Writer o o
- OutputStreamWriter
- FileWriter

Higrarchy of writer stream classes




HOW FILES AND STREAMS WORK:

Java uses streams to handle I/O operations through which the data will flow
from one location to another. For example, an InputStream can flow the data

from a disk file to the internal memory and an OutputStream can flow the
data from the internal memory to a disk file. The disk-file may be a text file or
a binary file.

When we work with a text file, we use a character stream where one
character is treated as per byte on disk. When we work with a binary file, we
use a binary stream.




The working process of the 1/O streams can be shown In the
given diagram.

INPUT STREAM
READ DATA

FLOW OF DATA

DISK- FILE
INTERNAL MEMORY

WRITE DATA
FLOW OF DATA

QUTPUT STREAM




Using the File Class

The javaio package includes a class known as the File class that provides support for creating files
and directories. The class includes several constructors for instantiating the File objects. This class
also contains several methods for supporting the operations such as

+ Creating a file

* (pening a file

* Closing a file

o Deleting a file

+ (etting the name of a file

¢ Getting the size of a file

» Checking the exisience of a file

* Renaming a file

¢ Checking whether the file is writable
¢ Checking whether the file is readable




Input/Output Exceptions

When creating files and performing i/o operations on them, the system may generate /o related
exceptions. The basic Vo related exception classes and their functions are given in Table

10 Exception class Funcrion

Signals that an end of the file or end of stream has been reached
unexpectedly duning mpaut

Informs that a file could not be found

Wams that an 'O operations has been intermupted

Signals that an 10 exception of some sor has occurred

EOFException

FileNotFoundExceptian
InterruptedlOException
[OException

Each i/o statement or group of 1/o statements must have an exception handler around it as shown
below or the method must declare that it throws an [OException.

™ %
o =

'O statements

I10Exception ¢

Message output statement

Proper use of exception handlers would help us identify and locate 1o errors more effectively.




Creation of Files

If we want to create and use a disk file, we need 1o decide the following about the file and 1ts mtended
purpose:

Suitable name for the file
Data type to be stored

L]

¢ Purpose (reading, writing, or updating)
# Method of creating the file

A filename 15 a unique siring of characters that helps identify a file on the disk. The length of a

filename and the characters allowed are dependent on the O5 on which the Java program 158 executed.

A filename may contain two parts, 8 primary name and an optional period with extension. Examples:

input . data
test. aoc

inventory

Data type is important to decide the type of file stream classes to be used for handling the data. We
should decide whether the data to be handled 18 in the form of characters, bytes or primitive type.

The purpose of using a file must also be decided before using it. For example, we should know
whether the file 15 created for reading only, or writing only, or both the operations.




Steps In Using Files

¢ Select a filename

¢ Declare a file object

¢ (jive the selected name to the file object declared
¢ Declare a file stream object

e Connect the file to the file stream object

N

frs ) { tost dat’

Stream obyect Fdoname
fis rF de ‘ “esl dat™

Stream object File object F tanama

Instantiating file stream objects




Reading/Writing Characters

subclasses of Reader and Wi riter implement streams that can handle characters.
The two subclasses used for handling characters in files are FileReader (for reading characters) and
FileWriter (for writing characters). Program uses these two file stream classes to copyw the
contents of a file named “imput.dat™ into a file called ““output. dat™.

Program ° for Copying characters

Copyving characters from one file into another

import Jjawva.io,w:
class CopyCharacters
{ public static woid main (String args | ]

Declare and create input and output files

File inFile = new File (Tinput.dat”™)
File owtFile = new File (Toutput._dat™) :
FileReader ins = null: f 5 Creates file stream ins
FileWriter ouwuts = null F f Creates file stream outs
try
ins = new FileReader (inFile) : £ Owpens mFile
outs new FileWriter (outFile) ff Opens outFile

Read and write till the end
int ch
while ¢ (ch = dins.read( ) ) 1= 11
i

}
}
catch (IOExceptiom e)
|

outs . write {(chh

System.out .printin (el
System.exit (— 11}

}
finally ff Close files

.

ins.close {3}
outs . close )
¥

catch (IDE=xception e} { 1}




This program 15 very simple. It creates two file objects inFile and outFile and imnahzes them with
“input.dat™ and “output.dat™ respectively using the following code:

File inFile = new File (“input.dat™);:

File outFile = new File (“output.dat™):
The program then creates two file stream objects ins and outs and initializes them with “null” as
follows:
FileReader ims = null;
FileWriter outs = null;
These streams are then connected to the named files using the following code:
ins = new FileReader (inFile)
puts = new FileWriter (outFile)
This connects inFile to the FileReader stream ins and outFile to the FileWriter stream outs. This
essentially means that the files “input.dat™ and “output.dat™ are opened. The statements
ch = ins.read ( )




reads a character from the inFile through the input stream ims and assigns 1t to the vanable ch.
Simmualarly, the statement

outs . wreite {Cha

writes the character stored im the varmable eh o the outFile through the output stream owis. The
character —1 indicates the end of the file and therefore the code
while { {ch=ins.read{ ) )} != 1)
causes the termination of the while loop when the end of the file 1s reached. The statemenis
ins.cliose |

outs _close |

enclosed in the fimally clause close the files created for reading and writing., 'When the program catches

an 'O exception, it prmnts a message and then exits from execution.
The concept of using file streams and file objects for reading and writing characters in Program
is illustrated in Fig.

ins stream

i File

OutF il

Reading from and writing fo fites




Reading/Writing Bytes
Two commonly used classes for handling bytes are FilelnputStream and Fileﬂmpmﬁlmm- classes,

Program . demonstrates  that  FileOutputStream class is used for writing bytes to a file, The

program writes the names of some cities stored in a byte array to a new file named “city.ixt”. We can
verify the contents of the life by using the command

Lype CI1ly.Txt




import java.io.";
lass WriteBytes
public static wvoid main (S5tring args
|

[N =

[Declare and initialize a byte array
byte cities [ ] = {'D°. "E°. 'L’
P R L P LT
Create an output file stream
FileQutputStream outfile = null; type city.tat
Lry DELHI
i _ _ MADRAS
fF Connect the outfile stream to oty txt™ ';|'1|:I|:|LJ
outfile = npew FileQutputStream -
Write data to the stream
outfile . write (cities)
outfile_close

catch ( [OException ioe)

system.out.printin

avystem,extt |




ff Reading bytes from a file
import jawva.i
class ReadBy

public static

Create an imput file stream
FilelnputStream infile = null:
1ML D
Lry Frompt>java Readdytes city.txd

DELHI

MADRAS
.Ur'"':lh

Connect infile stream to the required file
infile = new FilelnputStream (args |
Read and display data

while { (b = infile.read { )} )} = —1)

aystem, out .print ( { char)

catch {(I0Exception ioe)

system.out . .printin




Handling Primitive Data Types

The two filter classes used for creating “data streams™ for handling primitive types are
DatalnputStream and DataOutputStream,

A data stream for input can be created as follows:

FilelnputStream fis = new FilelnputStream (infile)
DatalmputStream dis = new DatalnputStream (f

P
These statements first create the input file stream fis and then create the input data stream dis. These
statements basically wrap dis on fis and use it as a “filter”. Simlarly, the following statements create
the output data stream dos and wrap it over the output file stream fos.
Class Inferface

S ——

!f_ﬁ-- FilterinputStream -_h:} i Datalnput

T

Hierarchy of data stream classes

FileOutputStream fos = new FileQutputStream {(outfile)
DataQutputStream dos = new DataQutputStream (fos)




Irrapeort jaswa.io. ™
das==s Fuead™ ™

Htelntegers
public static woid neain (String ares [ 10
DatalnpurtStrearen
Cataout S e
File intFile = e
L

o File( " rand.dat™

dos = newr DataCwutpueS toearn e
FilelDutrtputStream (intFile?> 30
i = D:

for (int <20
dos writelmt (
catch (JOException "Goe)d

System. out printim |

o2 getMessa

T++3

{Aimt) (math.random (

e}
m
=
w

CimtFilel ]

]
Fimnally
{
Trw
{
daos . .close D
catch (IOExceptiom ioe) { }
Reading integers from rand_dan file
Ty
L Creatve input stream for intFile file
dis = mew DatalmputStream (mnew
FailelnputStream
for (int 1=0: 1 < 20: A1++1
i
int M= dis._readInt § 2

System. out . print

4
catch {(IDException Goe)
i
System. out _printin
Fimal

- -

Lm o+

ioe_getMessage ¢ 1 )

i
Try
{
dis . close { )
}
catch ( IOException ioeld { }
¥
k
} e — . —
Orutpuat of Program
A8 62 54 55 55 48 48 35 13 &4 13 90 10 78 9l

5

#1007

hl

42 9

g3 B

[=1&




Java - RandomAccessFile
This Is used for reading and writing to random access file. A random

access file behaves like a large of bytes. There iIs a cursor implied to
the array called file , by moving the cursor we do the read write
operations. If end-of-file is reached before the desired number of byte has
been read than EOFEXxception is . It is a type of IOException.



https://www.javatpoint.com/object-class
https://www.javatpoint.com/array-in-java
https://www.javatpoint.com/c-pointers
https://www.javatpoint.com/throw-keyword

Constructors for RandomAccessFile class

Constructor Description

RandomAccessFile(File file, String mode) Creates a random access file stream to
read from, and optionally to write to, the
file specified by the File argument.

RandomAccessFile(String name, String Creates a random access file stream to
mode) read from, and optionally to write to, a
file with the specified name.



https://www.javatpoint.com/java-constructor
https://www.javatpoint.com/java-string

Modifier and Type

void

FileChannel

void

void

void

void

void

iﬁ

close()

getChannel()

readint()
readUTF()

seek(long pos)

writeDouble(double v)

writeFloat(float v)

write(int b)
read()
length()

seek(long pos)

It closes this random access file stream and releases any
system resources associated with the stream.

It returns the unique FileChannel object associated with this
file.

It reads a signed 32-bit integer from this file.

It reads in a string from this file.

It sets the file-pointer offset, measured from the beginning of
this file, at which the next read or write occurs.

It converts the double argument to a long using the
doubleToLongBits method in class Double, and then writes that
long value to the file as an eight-byte quantity, high byte first.

It converts the float argument to an int using the floatTolntBits
method in class Float, and then writes that int value to the file
as a four-byte quantity, high byte first.

It writes the specified byte to this file.
It reads a byte of data from this file.
It returns the length of this file.

It sets the file-pointer offset, measured from the beginning of
this file, at which the next read or write occurs.


https://www.javatpoint.com/data-transfer-between-channels

import java.io.|IOException;
import java.io.RandomAccessFile;
public class RandomAccessFileExample {
static final String FILEPATH ="myFile. TXT";
public static void main(String[] args) {
try {
System.out.printin(new String(readFromFile(FILEPATH, 0, 18)));
writeToFile(FILEPATH, "I love my country and my people”, 31);
} catch (IOException e) {
e.printStackTrace();
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private static byte[] readFromFile(String filePath, int position, int size)
throws I0Exception {
RandomAccessFile file = new RandomAccessFile(filePath, "r");
file.seek(position);
byte[] bytes = new byte[size];
file.read(bytes);
file.close();
return bytes;
}
private static void writeToFile(String filePath, String data, int position)
throws I0Exception {
RandomAccessFile file = new RandomAccessFile(filePath, "rw");
file.seek(position);
file.write(data.getBytes());
file.close();
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The myFile. TXT contains text "This class is used for reading and writing to random access file.“ after running the program it will contains
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