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Lab Objective

¸Refresh basic Java concepts on

ÅI/O Streams;

ÅObject Serialization;

ÅSimple Client-Server applications through 

Sockets



I/O Streams in Java

Task objectives:

¸Refresh the principles of  
I/O usage in Java;

¸Understand the difference between
Streams and Reader/Writer objects;
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Introduction

¸ A stream is a sequence of data

¸ An I/O Stream represents an input source or an output 
destination. 

¸ A program uses an input stream to read data from a 
source, one item at a time

¸ A program uses an output stream to write data to a 
destination, one item at time

¸ Three streams are created for us automatically:
ÅSystem.in - > standard input stream

ÅSystem.out - > standard output stream

ÅSystem.err - > standard error 
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Basic input and output classes

¸ The java.io package has a large number of classes

¸ Most of the classes consist of:

ÅByte streams Ą subclasses of InputStream or 

OutputStream

ÅCharacter streams Ą subclasses of Reader and Writer

¸ InputStream and OutputStream classes read and 

write 8-bit bytes

¸ Reader and Writer classes read and write 16-bit 

Unicode characters

¸ ObjectInputStream and ObjectOutputStream

classes read and write entire objects
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What to use?

¸ Dependsé 

¸ Use InputStream and OutputStream classes if 

you use binary data (e.g., integers, doubles)

¸ Use Reader and Writer classes if you use text data

¸ Use Object InputStream and  

Object OutputStream classes if your data is an 

object
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Sources and sinks for data

¸ What is the source of your data?

¸ What will be consuming your output data?

¸ Many ways to input or output your data: files, strings, 

arrays of characters, sockets.

¸ Any of these can be a source for an InputStream or 

Reader or a sink for an OutputStream or Writer
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Input stream classes
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Output stream classes
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I/O from the Command Line 1

¸ the standard input stream System.in read bytes from
the console, while the standard ouput stream
System.out can print number and strings

¸ Since data from keyboard are composed of characters, 
the byte-to-character "bridge" streams 
InputStreamReader is used to convert bytes in 
characters:

InputStreamReader reader = 

new InputStreamReader ( System.in );
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I/O from the Command Line 2

¸ InputStreamReader reads one character at time

¸ What if I want to read a whole string?

¸ The class BufferedReader is used

BufferedReader console = new BufferedReader

(new InputStreamReader ( System.in ));

¸ The method readLine () is used to read the string

String input = console.readLine ();
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Exercise 1:

ConsoleInputTest.java 

¸Write a simple program that reads a 

string of characters from the console and 

print them into the std output 
(System.out )

¸The program ends when ñBYEò is digited
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import java.io.BufferedReader;

import java.io.InputStreamReader;

import java.io.IOException;

BufferedReader console = new BufferedReader(new InputStreamReader(System.in));

é

String input = console.readLine();

é

System.out.println(input);

Exercise 1: 

ConsoleInputTest.java
HINTs
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import java.io.BufferedReader;

import java.io.InputStreamReader;

import java.io.IOException;

public class ConsoleInputTest {

public ConsoleInputTest() { }

/**  @param args the command line arguments */

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

BufferedReader console = new BufferedReader(new InputStreamReader(System.in));

System.out.println("This is a simple example on how to read data from the console");

System.out.println("Please, enter characters");

while(true) {

String input = console.readLine();

if (input.trim().equals("BYE")) System.exit(0);

System.out.println(input);

}

}

}

Exercise 1: 

ConsoleInputTest.java
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File I/O byte streams 1

¸ Class FileInputStream : obtains input bytes from a 

file in a file system

¸ Constructors: FileInputStream (String 

filename), FileInputStream (File file )

¸ Methods:

Åint read() : reads a byte of data from this input stream.

Åint read(byte[] b) : reads up to b.length bytes of data 

from this input stream into an array of bytes.

Åvoid close() : closes this file input stream and releases any 

system resources associated with it.
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File I/O byte streams 2

¸ Class FileOutputStream : output stream for writing 

data to a File

¸ Constructors: FileOutputStream (String 

filename), FileOutputStream (File file )

¸ Methods:

Åint write( int b) : write the specified byte to this output 

stream.

Åint write(byte[] b) : writes b.length bytes from the 

specified byte array to this file output stream.

Åvoid close() : closes this file output stream and releases any 

system resources associated with it.
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Exercise 2:

Copy bytes from file1 to file2

¸ Hints

ÅCreate a text file (e.g., input.txt) from where to read data

ÅWrite a Java program that uses FileInputStream and 

FileOutputStream classes and their methods

import java.io.FileInputStream;

import java.io.FileOutputStream;

import java.io.IOException;

...

try {

in = new FileInputStream("input.txt");

out = new FileOutputStream("output.txt");

int c;

...

} catch (IOException e) {

System.out.println(e.getMessage());

}

é.
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Exercise 2:

Copy bytes from file1 to file2

¸ Solution
package it.unitn.web.streams;

import java.io.FileInputStream;

import java.io.FileOutputStream;

import java.io.IOException;

public class CopyBytes {

public static void main(String[] args) {

FileInputStream in = null;

FileOutputStream out = null;

try {

in = new FileInputStream("input.txt");

out = new FileOutputStream("output.txt");

int c;   

while ((c = in.read()) != -1) {

out.write(c);

}

in.close();

out.close();

System.out.println(ñdone!");

} catch (IOException e) {

System.out.println(e.getMessage());

}

}     

}
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Exercise 3:

Copy characters from file1 to 

file2

¸ Hints

ÅUse the same text file (e.g., input.txt) as before

ÅWrite a Java program that uses FileReader and 

FileWriter classes and their methods 

Åhttp://java.sun.com/j2se/1.5.0/docs/api/index.html

http://java.sun.com/j2se/1.5.0/docs/api/index.html
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¸ Solution
package it.unitn.web.streams;

import java.io.FileReader;

import java.io.FileWriter;

import java.io.IOException;

public class CopyBytes {

public static void main(String[] args) {

FileReader in = null;

FileWriter out = null;

try {

in = new FileReader("input.txt");

out = new FileWriter("output.txt");

int c;   

while ((c = in.read()) != -1) {

out.write(c);

}

in.close();

out.close();

System.out.println(ñdone!");

} catch (IOException e) {

System.out.println(e.getMessage());

}

}     

}

Exercise 3:

Copy characters from file1 to 

file2
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Exercise 4:

Copy lines from file1 to file2

¸ Hints

ÅCreate a text file (e.g., input.txt) from where to read data

ÅWrite a Java program that uses BufferedReader and 

PrintWriter classes and their methods

é

import java.io.BufferedReader;

...

try {

in = new BufferedReader( new FileReader("input.txt"));

out = new PrintWriter( new FileWriter("output.txt"));

String line;

...

} catch (IOException e) {

System.out.println(e.getMessage());

}

é.
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¸ Solution
package it.unitn.web.streams;

import java.io.FileReader;

import java.io.FileWriter;

import java.io.IOException;

import java.io.BufferedReader;

import java.io.PrintWriter;

public class CopyLines {

public static void main(String[] args) {

BufferedReader in = null;

PrintWriter out = null;

try {

in = new BufferedReader( new 

FileReader("input.txt"));       

out = new PrintWriter( new           

FileWriter("output.txt"));

String line;

while ( (line = in.readLine()) != null) {

out.println();

}            

in.close();

out.close();

System.out.println(ñdone!");

} catch (IOException e) {

System.out.println(e.getMessage());

}

}     

}

Exercise 4:

Copy lines from file1 to file2
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Buffered Streams

¸ CopyBytes.java and CopyCharacters.java used 

unbuffered I/O. This means each read or write request 

is handled directly by the underlying OS.

¸ ConsoleInputTest.java and CopyLines.java

used buffered I/O streams.

¸ Buffered input/output streams read/write data from/to a 

memory area known as a buffer; the native input API is 

called only when the buffer is empty/full
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Exercise 2: 

GZIP compression

¸ Create a text file

¸ Compress the file by using the GZIP format;

¸ Decompress the GZIP file and put it into another file

¸ Check if the two files are the same

Hint: Use GZIPOutputStream   and GZIPInputStream



Object Serialization

Example of writing on file
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The serialization process 1

¸ The ability for an object to exist beyond the 
execution of the program which has created it, is 
called persistence

¸ The Java Serialization API provides a standard 
mechanism for developers to implement object 
persistence.
ÅObject serialization is the process of saving an object's state 

to a sequence of bytes, as well as the process of rebuilding 
those bytes into a live object at some future time.

ÅSuch mechanism allows, for example, to save the objectôs 
state in a file, move it through the network and use it in 
distributed applications.
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¸ An objectôs state is composed by its class, its 
primitive fields and its referenced objects

¸ Serializing an object means to transfer the entire 
web of object references into a stream

¸ In Java few lines of code allow to save/restore the 
state of an object into/from a stream

ÅClasses ObjectOutputStream and ObjectInputStream 
are used for serialization and deserialization

The serialization process 2
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The serialization process 3

Rule #1: The object to be persisted must implement the

Serializable interface or inherit that implementation

from its object hierarchy.

¸ Not all the classes implement the interface Serializable (e.g, 
Object, Thread, Sockets)

ÅTry the command  ñserialver ïshowò to check if a class is serializable

¸ What if we have a class that contains an instance of Thread?

Rule #2: The object to be persisted must mark all nonserializable  

fields transient
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Example:

Serialization on file

¸ Steps:

1. Create a persistent object (e.g., current time and date) 

2. Save object into a file

3. Restore this info from the file, print it on the screen 
together with time and date occurring at the time of 
printing

¸ Expected output (after step 3) :

Flattened time: Thu Sep 15 14:21:09 CEST 2005

Current time: Thu Sep 15 14:22:11 CEST 2005
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package flatten;

import java.io. Serializable ;

import java.util.Date ;

import java.util.Calendar ;

public class PersistentTime implements Serializable {

private Date time;

PersistentTime () {

time = Calendar.getInstance (). getTime ();

}

//Return the date

public Date getTime () {

return time;

}

}

Step 1:

Create a persistent object
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import java.io. ObjectOutputStream ;

import java.io.FileOutputStream ;

...

public class FlattenTime {

public static void main(String [] args ) {

...

PersistentTime time = new PersistentTime ();

...

fos = new FileOutputStream (filename);

out = new ObjectOutputStream ( fos );

out.writeObject (time) ;

out.close ();

...

}

}

Step 2:

Save object into a file
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import java.io. ObjectOutputStream ;

import java.io.FileOutputStream ;

Import java.io.IOExcception

public class FlattenTime {

public static void main(String [] args ) {

String filename = "time.ser";

if( args.length > 0)

filename = args [0];

PersistentTime time = new PersistentTime ();

FileOutputStream fos = null;

ObjectOutputStream out = null;

try {

fos = new FileOutputStream (filename);

out = new ObjectOutputStream ( fos );

out.writeObject (time) ;

out.close ();

}

catch( IOException ex) {

ex.printStackTrace ();

}

}

}


