/O STREAMS
javaio PACKAGE 10->input/output

Stream:
i) Constant flow of water is called as stream.
if) In computer stream is aflow of dataitems of unlimited length.

*** A Set of classesis used by some programmers or some program users, memory as its
source as well asits destination.

IO Stream (or) java.io package consists of a set of classes and interfaces which can be
used by the java programmers to read the (take) data from multiple input sources and
write the data to different destinations.

|S-->Input Source

OD-->Output Destination

1S1 1S2
read(){
o read(){ }
read(K){ read(k){
closa(){ close(){
.......... } i)

An abstract method can be called from the concrete method.

EX:

abstract class InputStreamy

abstract read();

read(k,i){
for(int n=0;n<i;n++)
k[n] =read();
}

}

** Ininput & output Streams library we have two abstract classes:
(1) InputStream (ii) OutputStream, which are extended by the sub-classes to provide the
implementation of reading from multiple sources & writing multiple destinations.

The advantage of the design of having the super-classes Input and Output Streamsiis, any
one can provide their own implementation of a new class to read or write data extending



InputStream OutputStream
read();
read(); write();
close(); close();
IS1 1S2
odl.close(); odl.close();
od2.closg(); od2.close();

the classes input and output streams and the other advantage of this design is a developer
can write a generic code as shown below:

InputStream | S=new InputStream();
ISread();
OutputStream OS=new OutputStream();
Ooswrite();
OS.close();

* After Javal.0,JavaSoft has developed
reader-->read character by character.
writer-->write character by character.

The classes (or) the sub-classes of 1/0 Streams allow the programmer to read or write
byte by byte Format. From Javal.1 Onwards JavaSoft has provided another set of classes
to read and write character data.The Super-classes for the set of classes that reads and
writes character data are: Reader and Writer.

JavaSoft Followed a very simple technique naming convention to easily identify the
name of the classes that acts as input stream (or) reader.

* end of Stream -> End is represented by special # -1.
When we apply aread method in the Input Streams, the Input streams read the bytes, but
returns the bytes as integers. All the positive numbers from 0 to 127are returned as 0 to
127.But the negative numbers are returned as numbers greater than 127.So thisis used to
differentiate between byte -1 in the Input Stream .And a Specia Vaue -1 whichisan end
of the stream.

Every Output stream puts alimit on no. of Files that can be opened by a process.

In Dos -- \r\n-->represents end of line.



In Windows --- \n-->represents end of line.

Most of the programs on DOS O/S stores "\r\n" to represents end of line, but in windows
\n' represents as end of line.

File Output Stream allows us to create afile and adds the data, and it also allows usto
open afilethat already exists and append the data to that file.

Most of the editors on Windows O/S are designed to interpret both\r\n' and "\n' as the end
of line.

Motor
input stream :  loutput stream

Well Tank

Our program is a motor
Our dataisawell

I/O stream is a pipe
Fileisatank

Filter: Filter isused to perform some sort of conversion as per our requirement.(convert
the way the data can be understood by the programmer).

Filter gets the datain one form i.e. byte by byte and converts it into integer/float/long or
any other data types.

Datarequires filtering action. Type of filtering depends upon the developer’s
requirement. Filtering may be in the outsidei.e. output side or in the input side. When we
write a program in javaor any kind of languages, we need to take input and produce an
output. Using the sub classes of input and output streams, we can read the data byte by
byte or write the data byte by byte. But in some cases it would be convenient for the java
programmer to read the datain a different format. In order to alow this, JavaSoft has
designed two different classes,

1. FilterlnputStream

2. FilterOutputStream

Subclasses of FilterInput/output streams are used to perform filtering actions.

InputStream
A
FilterlnputStream

T

Another subclass




**every filter requires another stream.

** Any FilterlnputStream requires some other InputStream as a parameter and any
FilterOutputStream requires some other output stream as a parameter.

In the Input/Output classes we have two classes with the name
ByteArraylnput/OutputStreams, which are used to represents a memory as the source and
memory as the destination.

Sourcefile is replaced by memory.
* FilelnputStream requires file as input.
* ByteArraylnputStream requires memory as inpuit.

Ex:
classiostream
{
public static void main(String argy[])
{
byte c[]={22,23,24,25,.....,32};
InputStream in=new ByteArrayl nputStream(c);

[* creation of file InputStream is different from that of ByteArraylnputSream */

in.mark(10);  //read limitis10
System.Out.printIn("is mark supported: "+in.markSupported());

I* markSupported returnstrue/false, if it istrue, thiswill support the marks
(bookmarks)
otherwise thiswill not support.*/

System.Out.printIn("next available byte is="+in.read());
/I thisreturns the next available byte in an array.

byte b[]=new byte[ 20];

in.read(b,0,3);

inti;

for(i=0;i<3;i++)

{
System.Out.printin(b[i]," ");
System.Out.printin();
in.reset();

System.Out.printIn("bytes read are: "+in.read(b,0,3));
System.Out.printin("in.available()" +in.available());
System.Out.printin(in.read());
}
[* InputStream.available() returns the number of bytes available in the next read
cal */ '}



When we use multi byte read, the return type value indicates the no of bytesread and in
some cases it returns -1 to indicate the end of stream is reached.

-1 returns 255
Byte >127 should be a negative value.

When we use InputStream.read(), the read method converts a negative byte value into a
positive valuei.e., greater than 127.
[-1=255, -2=254, -3=253, .............. , -128=127]

* When we use single byte read in the InputSteram, all the negative byte values converted
into positive integers by using the below formula.

* Asajava programmer we need to check always the return values of single byte read
and then apply appropriate logic to get actual values read from the stream.

* When we use multi byte read, the values are returned as it is. In case of single byte
read, the above logic is used to differential between abyte value -1 and the end of stream
-1 value.

In case of InputStream which supports the mark operation, we can use the methods:

1. mark() --> to place a bookmark

2. reset() --> to come back to the bookmark

3. readLimit() --> to limit the bytes read

4. skip(n) -->to skip n number of bytes
note: we should not use the mark and reset operations on the stream which does not
return true for marksupported method. In some of the streams it may be possible to reset
back after crossing the readlimit. But it is always recommended to reset back before
crossing the readlimit.

* |n case of InputStream we can use the mark method to put a single mark.
* In.available() returns number of bytes are available to the next read call and in some
cases In.available() may return avalue x, but when we execute In.read() as shown, it
may return a value greater than x if the input is the network program.

In.available();

[* if there are 10 bytesin an array */

In.read(b.0,x+99);

* hereitisshould return 10, but it is returning the value greater than x.*/

* |n case of ByteArraylnputStream where the total data available is the memory itself. we
can ableto predict the return values for avail able methods.

* Experiment with ByteArraylnputStream which allows us to write the output to memory
itself.

We can use FilterStreams to compress and uncompress the data.



The other filters allow usto read byte by byte and convert them as integers, strings
(primitive data types). A java programmer can use afilter and write java primitive data
types which will be converted to bytes.

| nputstream outputstream
Compressed data Un-compressed
(size 6KB) Filter data (size 29 KB)

A

There are standard al gorithms to compress and uncompress the data. ex: WinZip
javauutil.zip --- package

Inflator() -- expands the data
Deflator() -- compress the data

If you read the data from compressed file while InputStream is connected to the filter,
then some datais not available to the FilterStream. If you want to read the datafrom
FilterStream you should not get the complete data. If you want the data you must read
either from FilelnputStream or from the Filter. But don’t read the data from the two.

ex: [* program to uncompress the compressed data */
class uncompress

/[Filter on the input side
public static void main(String argg[ ] )throws Exception
{
FilelnputStream fis=new Filel nputSream(* com.omp");
FileOutputStream fos= new FileOutputSream("uncom.bmp");
Inflater InputStream iis=new Inflater InputSeream("fis");
int data;

while((data=fis.read())!=-1)
{
fiswrite(data);
}
fis.close();
}
}

[* program to compress the uncompressed file */
class compress

/[Filter on the output stream



public static void main(String argg] )throws Exception

{

FilelnputSream fis= new Filel nputStream(" uncom.bmp:);
FileOutputStream fos= new FileOutputSream(" com.bmp");
Deflater OutputStream dos=new Deflater OutputStream(“fos');

int data;
while((data=fos.read())!=-1)

fos.write(data);

}
fos.close();
}
}

note: experiment with the compressed file by compressing it again.

How the compression takes place:

In the algorithm first,

* Bit patterns are selected.

* For each bit pattern of 8 bytes, they will create an index
with one or more digits.

inde>J<_es
v v
11111111-0 0
11100111-10 10
10q01111-11 —» 11
bitpatterns

* At the output they read the file according to the indexes created for the bit patterns.
* When compared to the original file, thiswill be very small.
* There are so many standard algorithms to compress and uncompress the data.

* In some cases, when we compress the data which is already compressed, the size of the

new datawill be more than the size of datathat is compressed.

[* program to display al filesin c:\windowsii.e., in al the folders and sub folders*/

class Listfiles
{ /l by using the recursion function
static int nof;

public static void main(String args[] )throws Exception

{
Listfiles("c:\windows'");
System.Out.printIn("number of files=" +nof);

}

private static void Listfiles(String argg[] dirname)
{

File Myfile = new File(dirname);

inti;

Fileflist[];

flist=Myfile.Listfiles;

for(i=0; i<flist.length; i++)




if(flist[i] .isDirectory())

System.Out.printin("D**" +flist.getAbsol utepath());
Listfiles(flist[i] .getAbsol utepath());

}

else
System.Out.printin(flist[i] .getAbsol utepath());

nof++;

}
}

}

* converting recursive methods to iterative methods is possible

Even though it is very convenient to write some methods by using recursion we have an
overhead in executing the recursive methods. When ever we use a recursive method, a
method will be calling itself and when a method call is executed, anew stack frameis
created which is an expensive operation and in some cases we will see stack overflows.

So in most of the cases we need to prefer an iterative mechanism than using recursion
mechanism.

[* Algorithm how the list of files are displayed */
Listfiles(fname)

{
A: get thelist of filesfrom a particular folder
for(i=0; i<n; i++) /I nislist of files
{

if(it is not a directory)

print all the files;
if(it isa directory) goto A;
}
}
}

* We have different FilterStreams available which allows us to read the datain java
primitive data types format and write the data in java primitive data types format.

Datal nputStreams are the subclasses of filter input/output streams



* Data Input/Output Streams allows us to read the data using java primitive data type
format and writing java primitive data type format.

* Using Datal nputStream we can convert the underlying ByteStream to java primitive
datatypes

Using DataOutputStream we can write the data using java primitive datatypes which will
be converted by DOS as bytes and they are written to the underlying stream.

Data input/output example:

We can not use the following methods because they are not part of FilelnputStreams
contract.
System.Out.printin(fis.readint());
System.Out.printin(fis.readFloat());
System.Out.printIn(fis.reset());

/* how the data input/output stream works */
ex: ByteArray asinput parameter to the inputstream

class iostreams

{
public static void main(String args ] )throws Exception

{
byte c1={22,23,24,.....,32}:
byte c2={2,3,4,5,6,7,8,9,0,1,2};

InputStream in=new Bytel nputStream(c1,0,10);
FilelnputStream fis=new Datal nputStream(in);
System.out.printin(fis.read());

Datal nputStream dis= (Datal nputStream)fis;

fis.mark(10);
System. Out.printin(dis.readint());
fis.reset();
System.Out.printin(dis.readFloat());
System.Out.printin(dis.readint());
System.Out.printin(dis.readDoubl&());
}
}

note: in this example we are reading 10 bytes from an input stream. From this 4 bytes
are used to convert to float and 4 bytes are to double data type we will get an error saying
that EOF. Thisis occurred because the remaining bytes are 2 only. But we need 8 bytes
to convert double data type.



* observe the output the output will be displayed in a binary form.

output: 22
387455258
1.2913426 to -22
Exception in thread "main” java.io.EOFException

The data input stream takes the appropriate number of bytes from the underlying stream
and convertsit into java primitive data type. For ex, to create an integer, Datal nputStream
takes 4 bytes from the underlying stream and converts into integers.

Incase of DataOutputStream the DataOutputStream can be fed with any outputstream as a
parameter and we can apply the methods writelnt(), writeFloat().

/* read the file and display the contentsin afile */

classreadline
{
public static void main(String argg[] )throws Exception
{
FileReader fr=new FileReader ("testfile.txt");
LineNumber Reader Inr=new LineNumber Reader (fr);
for(intio=0; i<3; i++) {
Sring s=Inr.redLing();
System.Out.printin(s);
}
fr.close();
}

FileReader: readsthe datafrom afile as character by character.
LineNumberReader: provides a convenient way to read line by line.

\r\n -- to terminate the line in dos o/s
\n -- to terminate the line in unix o/s

* The LineNumberReader(LNR) reads the datatill reaches \r\n or \n from the underlying
reader and returns the lines by skipping the line terminators.

while running the program, give like this:
c:\>javareader>in.txt //returnsthe out put to in.txt
c:\> javareader<in.txt //readstheinput from in.txt

* The input/outputs will be reads/writes from/to the file given at the command line.

* The o/s will take care. how this managed is



0,1,2,3 are called as filedescriptors.

0 stdin (thiswill gives an information about
Standard input e . . .

1 aspecific file or this describes a
Standard output stdout specific file)

2
Standard error StdErr

3 » Filennen

FileTable: thisisassumed as an array but it is going to keep track of the files opened by a
specific program.

* File descriptions are the indexes to the table. In the o/sfirst three slots are reserved for
fileTable as shown in the above figure. If you open a new file then that fileis stored in
the slot number 3. if you open another file without closing the earlier file, then the new
filewill override the old file and stores it in the slot number 3 only.

* UNIX guystreat every device as afile and represented the file descriptor as follows:
First FD(0) represents the keyboard
Second FD(1) represents the monitor
Third FD(2) represents the monitor

The out put and error messages are displayed in the monitor.

* When ever the process done by an ofs, the program is responsible for opening up afile
table in which it is going to store the information about stdin, stdout and stderr.

ex:
class ex

{
public static void main(String args[]) throws Exception

{
System.Out.printin("thisis sent to stdout™);
System.Err.printin("thisis sent to stderr");
System.in.read();
System.in.read();
}
}

observe the output:

thisis sent to stdout
thisis sent to stderr will appear.



Options:
* c\>java exp<testfile.txt
in this case, the program should not wait for the keyboard input.

* c:\>java exp>out
thiswill goes to the stderr(2) but thiswill be displayed in the monitor i.e. output will
be on your console.
* c\>javaexp 2>eee
thiswill store the file description eee to the stderr(s). to manipulate this send it to the
stdout(1). then the output will be displayed is: thisis sent to stdout.

* Try to find out how to redirecxt both stdout and stderr of a program
* Depending on the configuration of o\s we have certain l[imit on number files that can be

used by a particular program. so it is always advisable to close the files after using the
files.

X |0 /YJ 0
in UNIX o/s X|Y means 1 1
2 2

stdout of first program is the stdin of second program.

When we use a pipe symbol between two programsin unix o/s, the unix o/sisresponsible
to connect stdOut of first program to stdin of second program.

Note: FileAllocation Table and FileTable are not the same FAT used in the way the files
written on the disk.

* Print Streem provides the methods like print() and printin().

* Nulloutput-> It takes some bytes, and writes nothing (or) not stored any where.

* By default printstream connected to the FileDescriptor (stdout). Which is by default
connect to the monitor.

Ex:- /* Print Stream with Nullop Example*/
classiostreamg

{
public static void main(String argg ] )throws Exception

{
nullop nop=new nullop();
PrintStream ps=new PrintStream(nop);
System.out.printin("Before setting the new out Sream’');
System.setout(ps);
System.out.printin(" After setting the new out stream);
FileOutputStream out=mew FileOutputStream(FileDescriptor.out);
System.out.printin(new PrintStream(new BufferedOuputStream(out)));
System.out.printin(" After Re-setting the New Out out stream*);

out.close();
/lif thisis used s.o.flush() should



System.out.flush();
//notwork
}
}
Output:- Before setting the New out stream

After Re-setting the new outstream. If System.out.flush(); is not used, the output will
beonly
one sentence.
In nullcp class:
class nullop extends outputstream
{
public void write(int i)
{
}
}

How the out variable working in the java language at the back:-

Out variable of the System classis of type PrintStream. This PrintStream object by
default is connected to the FileDescriptor1(stdout)

By default System.in variable will be pointing to FileDescriptor o (stin), System.out will
be pointing to FileDescriptorl(stdout) and the System.err will be pointing to the
FileDescriptor2 (stderr).

But these variables can be programmatically modified by using System.Setin(),
System.setOut and System.setErr().

Sequencel npputStream() SIS:- Provides a convenient mechanism of combining multiple
streams and treating them as a single stream. They can read the File2, when Filel is
completely read and so on.

When we used SIS, the SIS reads the First input Stream and then moves on to the second
input stream. When we execute the available() method on SIS, it simply executes the
available() method on SIS, it simply executes the available() method on the current
inputstream (i.e. from which it is reading).

Example:-
[* Sequence Input Stream Example*/

classiostream?

{
public static void main(String argg ] )throws Exception

{
byte c1[]={22,23,24,25.......32};
byte c2[]={2,3,4,5,6,7,8,9,0,1,2};
ByteArraylnputStream b1=new ByteArrayl nputStream(cl);
ByteArrayl nputStream b2=new ByteArrayl nputStream(c2));



I/Sequencel nputStream(l nputStream, | nputStream);

Sequencel nputSiream s=new Sequencel npuStream(b1,b2);
for(inti=0;i<15;i++)

{
s.0.p(s.read());
if(i==9)
s.skip(5);
so.p("........ "+s.available());
}
}
}

Note: we can use all the methods that are used in the ByteArraylnputStream Example.

Pipedinput\Output Streams (PIS/POS):- PIS & POS's provides us a mechanism of setting
up apipe, which alows us to write to POS which can be read from the other end PIS.

Program 1 Program 2
(p1) (data POS PIS (p2) (data
written by read from
POS) PIS)

P2 requires input from P1. POSisavailable on PIS.

When we use PIS and POS's, the data from the PI'S can be read in the same sequencein
which the data is written by POS.
Ex:- /* piped input/output streams example */
classioStream6
{
p.sv.m(Sring argg])
throws Exception
{
byte c1[]={22,23,24,......... 32}
byte c2[]1={2,3,4,5,...9};
PipedinputStream pis;
PipedOutputStream pos,
/[create an outputstram to which we can write
pos=new PipedOutputSream();
/[create an inputstream to read, and connect it to previously created outputstream.
pis=new PipedlnputSream(pos);
pos.write(cl,o,cl.length());
s.0.p("data available in pis="+ pis.available());
pos.write(c2,0,c2.length());



s.0.p("data available in pis="+ pis.availablg());
pis.read(cl,0,4);
for(inti=0; i<6; i++)
s.0.p(pis.read());
s.0.p("data available in pis="+pis.availablg());
[* pis.read(c2,0,c2.length());
for(inti=0; i<8; i++)
s.o.p(c2[i]);
s.0.p("data available in pis="+pis.available()); */
}
}

output: -
data available in pis=11
data available in pos=19
25

data available in pis=14
(because 5 bytes are already read by the pis.read(c1,0,4) & s.o.p(pis.read()); reads one)

File Buffers: - these are used to speed up the processing of files/fileinput & output.

Q: - what happensif fileBuffers are not managed by the O/S.

Program 1 Program 2
P1 ) P2

Filebuffer ./ “filebuffer

Disk (rotating like a gram phone player)

A:- Asshowninthefigure, if plisstoring the datain the disk, and p2 is aso storing
the datain some other location in the disk. If pl isagain used to store same more datain
the previous location, when the disk is rotating. So it will take much time to do this. So,

in order to speed up the filelnput/outputs fileBuffers are used. In every o/s uses the
fileBuffersin order to special up the file input/outputs. So write the content to thefile. the
filewill not be directly updated, instead of updating the file directly the O/S stores this
data written by a program temporarily in a buffer and the O/S updates the disc with the
content of these buffers periodically when the program closes the file when we executes a
flush method.

Q:- Mark isnot supported by the stream, but you want to work with mark in your
program. How?

A:- A buffer input /output streams are the sub-classes of filter input /output streams.
these streams acts as intermediate buffers(temporary storage) . using this stream you can
able to do the mark operation in your program.



Buffer Buffer
Inputstream Input Output Outputstream
stream stream
—> Read(); «—
Advgs:-

1. inputstream will be read from the BufferlnputStream, but not from the disc to speedup
the process. BufferlnputStream supports mark() method, so you can use thisin your
program.

2. output should not be writing to the disc immediately.

3. Most of the people say that BIS'BOS 's are used to increase the performance of an
application Since the Buffer is used to temporarily collect the data. But in the case of
Filelnput/output Streams , aready the o/s provides buffering mechanism in order to
improve the performance of an application.

4.A BufferedlnputStream can be used to provide mark operations, For the InputStreams,
which does not directly provide the mark operation.

Byteswill be write BOS
to BOS —* Printstream 5

which internally returns to the os?

The output will be in the Buffer. If you use, System.out.flush();-->you will get the output

from the buffer.

ex:-
classiostreamy
public static void main(String arg[] )throws Exception{

nullop nop=new nullop();
printStream ps=new printStream(nop);
System.out.printIn("Before setting new outstream);
System.setOut(ps);
System.out.printIn(" After setting new out stream’);
FileOutputStream out=new FileOutputStream(file.Descriptor.out);
System.setOut(new printStream(new BufferedOutputSream(out)));
System.out.printIn(" After Resulting New out Stream’');

out.close();
System.out.flush();



/I create a FilOutputStream, then use
PrintStream ps = new PrintSream(fos);
ps.print(100000);
fos.close();
/I Take the back up of thefile, and replace dos
dod ds= new dos(fos);
ds.readint();
ds.readFloat();
/I Observe the outputs of both and these are occurring like this ?

Find the difference between ps & dos ?



Java IO Streams Class Hierarchy

Bytetmay
InputStream

File
InputSiream

InputSiraam
(abstract)

Buffered
InputSiream

Filtar
InputSiream

Data
InpuiStream

Object
InputStream

Pushback
InputStream

Pipead
InputSiream

Sequence
InputStream

Bytefmay
OutputStream

File
QOutputStream

QutputStream
{abstract)

Buffered
QutputStream

Filtar
OutputStream

Data
QutputStream

Object
QOutputStream

PrintSream

Piped
OutputStream

Class hierarchy of Input and OutputStreamsin java.io



Ex:- /* How to read/write to a Random Accessfile*/

class Raf {
public static void main(String argg[]) throws Exception {

RandomAccessFile ras = new RandomAccessFile("ras.txt"," rw");
// We can also pass File & fileDescriptor objectsto fis.
byte b[] = {1,2,3,4,5,65,6,3,33,52,32,2,33,4}; //photo
writeRecord(ras,"x",100,10000f,b);
System.out.printin("Record pointer is at :"+ras.getFilepointer());
writeRecord(ras,"y",101,10000f,b);
System.out.printin("Record pointer is at :"+ras.getFilepointer());
writeRecord(ras,"a",102,10000f,b);
writeRecord(ras,"b",103,10000f,b);
writeRecord(ras,"c",104,10000f,b);
printRecords(ras,1);
printRecords(ras,2);
printRecords(ras,20);
ras.close();

}

private static void writeRecord(RandomAccessFile r, Siring name, int eno,
float sal, byte photo[]) throws Exception {
r.write UTF(name);
r.write Int(eno);
r.write Float(sal);
r.write UTF(photo,0,photo.length);
r.write UTF("\n");

}

private static void printrecords(RandomAccessFiler, int recno) throws Exception {
long curpos = r.getFilepointer();

//set the file pointer to appropriate position

long newpos = (recno-1)* 30;

r.seek(newpos);

System.out.printin("r.readUTF() + " ");

System.out.printin("r.readint() + " ");

System.out.printin("r.readFloat() + " ");

//System.out.println(ras.readBytes(phto,0,photo.length);

[lras.writeSring("\n");

r.seek(curpos);

}



class hierarchy for Reader swritersin Java.io:-

Java |0 Reader/Writer Class Hierarchy

Bufferad LineMumber
Reader Reader

Charfrray
Reader

Filter
Reader
(abstract)

Reader
(abstract)

Pushback
Reader

InputSiream File
Reader Reader

Piped
Reader

String
Reader

Bufferad
Witer

CharArray
Witer

Filter
Wiriter
{abstract)

Writer CutputStraam File
(abstract) Writer Writer

Pipead
Witer

Print
Wiriter

String
Writer




