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Overview

• Streams

• Terminal window I/O

• Binary files

• Object serialization

• Random file access
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Streams
• A stream is an object that a program can use to write data to a destination (output 

stream) or read data from a source (input stream).

• Sequential streams: Data can only be read or written one value at a time, i.e. as a 
sequence.
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Byte streams and character streams
• Byte streams handle sequences of bytes.

– Data consisting of eight bits.

• Character streams handle sequences of characters.
– Data consisting of Unicode characters.



Java Actually 18: Files and Streams 18-5/36

Byte streams (Figure 19.1)
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Character Streams (Figure 19.2)
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Terminal window I/O
• Every Java program during execution is automatically associated with the following 

three byte streams:

1. System.in reads bytes from the keyboard.

2. System.out writes bytes to the screen.

3. System.err writes error messages to the screen.
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Writing to the terminal window
• System.out is an object of class PrintStream, and is used to send printout to the 

terminal window (Figure 19.3): 
System.out.println("Life is too short. Eat your dessert first!");

Object of class PrintStream: 
System.out 

I t ' s  n o w  o r  n e v e r  

F l a m i n g  S t a r   

S u s p i o u s  M i n d s  

A n g e l  

Terminal window 

print(boolean b)  
print(char c)  
print(char[] cArray)  
print(double d)  
print(float f)  
print(int i)  
print(long l)  
print(Object obj)  
print(String str) 
println() 
println(...) 
printf(...) 
... 
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Lexical analysis with the java.util.Scanner class
• A scanner converts the input from its source to words (a.k.a tokens).

– Whitespace (space, tab, line feed) separates the words.

– The source can be a String, an InputStream or a Reader, and is sent as a parameter in the 
constructor call of the scanner.

Lookahead methods Analysis of word in the input
boolean hasNext()

Returns true if there are words left in the input. 
String next()

Returns the next input in the input.
String nextLine()

Moves reading past the current line, and returns 
the input that was skipped.

boolean hasNextInt()
boolean hasNextLong()
boolean hasNextDouble()
boolean hasNextBoolean()

Returns true if the next word in the input can be 
interpreted as a type of matching method name.

int     nextInt()
long    nextLong()
double  nextDouble()
boolean nextBoolean()

Interpreted as a type of matching method name.

void close()

Closes this scanner, and also its source.
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Reading from the terminal window (Figure 19.4)

• System.in is a byte-input stream.

• A Scanner object can be connected to System.in for reading.

• Methods in the Scanner class is used to read values that are entered.

Scanner keyboard = new Scanner(System.in); // Step 1 

Object of class 
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String  nextLine() 
... 

Keyboard 

I t ' s  n o w  o r  n e v e r  

F l a m i n g  S t a r   

S u s p i o u s  M i n d s  

A n g e l  

Object of class InputStream: 
System.in 

 



Java Actually 18: Files and Streams 18-11/36

Example: Reading from the terminal window

import static java.lang.System.out;
import java.util.ArrayList;
import java.util.List;
import java.util.Scanner;

public class ReadingFromTerminalWithScanner {

  public static void main(String[] args) {

    // A Scanner is connected to System.in, i.e. to the terminal.
    Scanner keyboard = new Scanner(System.in);
    // Read the name.
    String firstName;
    String lastName;
    String name;
    String answer;
    do {
      System.out.print("Type first name: ");
      firstName = keyboard.next();
      keyboard.nextLine();  // empty current line for input.
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      System.out.print("Type last name: ");
      lastName = keyboard.next();
      keyboard.nextLine();
      name = lastName + " " + firstName;
      System.out.println("Name: " + name);
      System.out.print("Continue? (y/n): ");
      answer = keyboard.next();
    } while (answer.equals("y"));
    // Read a list of integers.
    List<Integer> intList = new ArrayList<Integer>();
    out.println("Type a list of integers," +
                " terminate with a non-integer value:");
    while(keyboard.hasNextInt()) {
      int i = keyboard.nextInt();
      intList.add(i);
    }
    for (int i : intList)
      out.println(i);
    // Close the scanner.
    keyboard.close();
  }
}
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Running the program:

Type first name: Junior
Type last name: Java
Name: Java Junior
Continue? (y/n): n
Type a list of integers, terminate with a non-integer value:
132 454
43
-1
end
132
454
43
-1
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The class Console (Program E.1)
• The class Console defines static methods for reading values.

public final class Console {
  private Console() {}; // Cannot create objects of this class.
  /** Scanner object connected to System.in. */
  private static Scanner keyboard = new Scanner(System.in);
  public static int readInt() {
    while (true)
      try {
        return keyboard.nextInt();
      } catch (InputMismatchException ime) {
        reportError();
      }
  }
  // ...
  private static void reportError() {
    keyboard.nextLine(); // Empty the line first.
    System.out.println("Error in input. Try again!");
  }
}

– The method nextInt() can throw the non-checked exception 
InputMismatchException.

• See Program 19.1 (class CompanyUsingTerminalWindow)
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Binary files
• A binary file stores binary representation of primitive values defined in Java.

• Numerical values on the file are stored in accordance with their size defined in the 
Java programming language.

• Characters are represented in the Unicode character set in a binary file.

• The Boolean values true and false are stored on file with the binary representation 
given by respectively (byte) 1 and (byte) 0.

• The program must ensure that the values written are interpreted properly when read 
back.
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Writing binary values (Figure 19.5)

FileOutputStream outFileStream = new FileOutputStream(binaryFileName, append); // Step 1
DataOutputStream outBinStream  = new DataOutputStream(outFileStream);          // Step 2
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... 
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Procedure for writing binary values from a file (Figure 19.5, 
Program 19.2)

• See the classes CompanyUsingBinFiles and CompanyAdminBin.

1. Create a FileOutputStream object that opens the file to write on: 

FileOutputStream outFileStream = new FileOutputStream(binaryFileName, append); 

2. Create a DataOutputStream that is connected to the FileOutputStream object: 

DataOutputStream outBinStream = new DataOutputStream(outFileStream); 

3. Write the binary values using the relevant writeX() methods defined in the
DataOutputStream class. 

        outBinStream.writeChars(employee.firstname + FIELD_TERMINATOR);
        outBinStream.writeChars(employee.lastName  + FIELD_TERMINATOR);
        outBinStream.writeDouble(employee.hourlyRate);
        outBinStream.writeBoolean(employee.gender.ordinal());
    }

4. Finish by closing the stream to free up the file and other resources:

outBinStream.close();
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Reading binary values (Figure 19.6)

FileInputStream inFileStream = new FileInputStream(binaryFileName); // Step 1
DataInputStream inBinStream  = new DataInputStream(inFileStream);   // Step 2
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Reading binary values
• The procedure for reading binary values from a file (se Figure 19.6 and Program 19.2): 

1. Create a FileInputStream object which opens the file to read from: 

FileInputStream inFileStream = new FileInputStream(binaryFileName); 

2. Create a DataInputStream object which is connected to a FileInputStream object: 

DataInputStream inBinStream = new DataInputStream(inFileStream);

3. Read binary values using the relevant readX() methods defined in the DataInput-
Stream class. 

hourlyRate = inBinStream.readDouble();

4. Finish by closing the stream: 

inBinStream.close();
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Handling End-of-File (EOF) for binary values (Program 19.3)
• See the class EndOfBinFile.

• End of input is handled by catching the controlled EOFException.

• The method main() is responsible for creating the streams and catches IOExceptions 
thrown by the readFromBinFile() method.
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Object Serialization
• The process of writing an object as a sequence of bytes is called serialization.

– All relevant information about an object is written as a sequence of bytes.

• The process to read this information and recreate an object is called deserialization.
– The object can be "recreated" with the same state by interpreting its byte sequence.

• Classes ObjectOutputStream and ObjectInputStream define respectively object 
output streams and object input streams that provide methods to serialize and 
deserialize objects.
– The classes can also be used to write and read binary values.

• For an object of a class to be serialized, the class must implement 
java.lang.Serializable interface. 

interface Serializable {} // Marker interface.

class Employee implements Serializable {...} 
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Writing objects and binary values (Figure 19.7)

FileOutputStream   outFileStream = new FileOutputStream(dataFileName, append); // Step 1 
ObjectOutputStream outObjStream  = new ObjectOutputStream(outFileStream);      // Step 2 
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Writing objects
• The method writeObject() in the class ObjectOutputStream is used to write 

objects. 

outObjStream.writeObject(employee); 

• This method writes the state of an object, which represents the values of the field 
variables in the object.
– Static data members are not included.

• The following method call serializes the entire employee array: 

outObjStream.writeObject(employees);

• Note that the call above causes the entire employee array to be serialized, including 
the Employee objects in the array.
– When deserialized, the same state is recreated as when the object was serialized. 
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Procedure for serializing objects to a file (Figure 19.7 and 
Program 19.4):

• See the classes CompanyAdminObj, CompanyUsingObjFiles, Employee, PieceWorker, 
Manager, PermanentEmployee, HourlyWorker.

1. Create a FileOutputStream object which opens a file for writing:

FileOutputStream outFileStream = new FileOutputStream(dataFileName, append); 

2. Create an ObjectOutputStream object which is connected to a FileOutputStream
object: 

ObjectOutputStream outObjStream = new ObjectOutputStream(outFileStream); 

3. Write objects using the writeObject() method:

outObjStream.writeObject(employees); // Writes the whole array.

– In addition we can also write primitive values, for example: 
outObjStream.writeInt(numOfEMployees);              
outObjStream.writeInt(numofFemales);

4. Finish by closing the stream:

outObjStream.close();
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Reading objects and binary values (Figure 19.8)

FileInputStream   inFileStream = new FileInputStream(dataFileName);    // Step 1
ObjectInputStream inObjStream  = new ObjectInputStream(inFileStream);  // Step 2

It's now or never 

Flaming Star  

Suspious Minds 

Angel 

Crying in the Chapel 

If I can dream 

Fever 

CC Rider 

Little Sister 

Are you lonesome tonight? 

Devil in desguise 

Object of the class 
ObjectInputStream  

Object of the class 
FileInputStream  

data file Step 2 Step 1 

Object readObject() 
 
boolean readBoolean() 
char    readChar() 
double  readDouble() 
float   readFloat() 
int     readInt() 
long    readLong() 
... 

primitive 
values 

bytes bytes 

objects 

Java Actually 18: Files and Streams 18-26/36

Reading objects
• During deserialization we must ensure that the correct number of objects are read in 

right order.

• The method readObject() in the ObjectInputStream class is used to read a 
serialized object one at a time, including its constituent objects.

• The program must keep track of which class the object actually belongs to.
– The method readObject() recreates the state of the object.
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Procedure for deserializing objects from a file (Figure 19.8 and 
Program 19.4) 

1. Create a FileInputStream object which opens the file to read from:

FileInputStream inFileStream = new FileInputStream(dataFileName); 

2. Create an ObjectInputStream object which is connected to a FileInputStream
object: 

ObjectInputStream inObjStream = new ObjectInputStream(inFileStream); 

3. Read an object with the readObject() method.

– Make sure the type of the object is correct before calling the specific methods 
defined in the class of the object. 

      Object newObject = inObjStream.readObject();                 // (11)
      if (newObject instanceof Employee[])                         // (12)
        employees = (Employee[]) newObject; // Downcasting
      else
        System.out.println("Employee array not found.");

4. Finish by closing the stream: 

inObjStream.close();
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Additional remarks on object serialization
• Serialization process is sequential.

– This means that the objects are deserialized in the order they were serialized.

• Serialization mechanism avoids duplication of objects (Program 19.5).
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Random access files (Figure 19.9)
• The class RandomAccessFile provides a random access file (Table 19.2).

– Can both read and write from an arbitrary position in a file.
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Random access files (Table 19.2)

java.io.RandomAccessFile

RandomAccessFile(String fileName,
      String fileMode) 
      throws FileNotFoundException

Opens file with specified file name.

long length() Returns number of bytes stored in the file, i.e. the 
length of the file.

void setLength(long newLength) Set the length of the file.

long getFilePointer() Returns the current file pointer position.

void seek(long displacement) Moves the file pointer to the position specified by 
the value of the parameter.

int skipBytes(int n) Skips n bytes forward from the current position in 
the file.

boolean readBoolean()
char    readChar()
double  readDouble()
float   readFloat()
int     readInt()
long    readLong()

Methods for reading binary values.
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void writeBoolean(boolean v)
void writeChar(int v)
void writeDouble(double v)
void writeFloat(float v)
void writeInt(int v)
void writeLong(long v)

Methods for writing binary values.

void writeChars(String s) The method writes each character in the string as 
two bytes to the stream.

void close() This method closes the file.

java.io.RandomAccessFile
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Using the class RandomAccessFile
• In order to create random access to a file, the file must be opened by specifying the 

file name during the creation of a RandomAccessFile object:

try {
    RandomAccessFile raf = new RandomAccessFile(dataFileName, "rw");
} catch (FileNotFoundException exception) { ... }

– File mode "rw" allows combining both read and write operations on the file.
– File mode "r" allows only reading from an existing file. 

• Number of bytes in a file is called the file length, returned by the method length().

• A file pointer specifies where in the file reading or writing can be performed.
– A cursor between two consecutive bytes of the file indicates where reading and 

writing can occur.
– The positioning of the file pointer with the method seek() is always done by 

specifying the correct number of bytes from the beginning of the file.

• To skip the five characters from the current position:

raf.skipBytes (10);
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• To append data at the end of a file, the file pointer must be set equal to the file length:

raf.seek (raf.length ()); 

• The class RandomAccessFile can also be used to read and write binary values.

• A RandomAccessFile stream must also be closed after use.
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Example: Using random access file (Program 19.6)
• The class CompanyUsingRandomAccess reads and writes an employee record in the 

position indicated by the file pointer. 

• All records have the same fixed length.
– This means that the same field in all records must have fixed length.
– For values of pre-defined data types, the number of bytes they occupy in the file is 

defined.
– In order for a field with a string value to have a fixed length, we can use the 

following solution:
• If the string is less than field length, pad the field with a specific character.
• If the string is greater than field length, the string is truncated to fit in the field.

  final static char PAD_CHAR             = '\u0000';
  final static int  FIRSTNAME_LENGTH     = 20; // Unicode character
  final static int  LASTNAME_LENGTH      = 30; // Unicode character
  final static int  HOURLYRATE_LENGTH    = 8;  // bytes
  final static int  GENDER_LENGTH        = 1;  // byte
  final static int  RECORD_LENGTH_BYTES  = 2*FIRSTNAME_LENGTH +
                                           2*LASTNAME_LENGTH +
                                             HOURLYRATE_LENGTH +
                                             GENDER_LENGTH; // bytes
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• The method writeFixedLengthString() in line (9) takes the string length into 
account and always ensures that the entire field is filled:
    int numOfPadChars = maxFieldLength - str.length();
    StringBuilder padding = new StringBuilder();
    for (int k = 0; k < numOfPadChars; k++) {
      padding.append(PAD_CHAR);
    }
    raf.writeChars(str + padding);

• The method readFixedLengthString() in line (12) ensures that a field containing a 
string is read correctly: 
    StringBuilder strBuffer = new StringBuilder();
    int i;
    for (i = 0; i < maxFieldLength; i++) {
      char character = raf.readChar();
      if (character == PAD_CHAR)
        break;
      else
        strBuffer.append(character);
    }
    // Skip any PAD_CHARs, each of size 2 bytes.
    raf.skipBytes(2*(maxFieldLength - i - 1));
    return strBuffer.toString();

• The method initRandomAccessFile() creates a RandomAccessFile object in a try-
block at line (7).
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• It resets the contents of the file first by setting the file length to zero. 

• The method appendFileWithEmployee() defined in line (8) expands the file with a 
new record:
raf.seek(raf.length());
writeEmployeeData(employee);

-- and updates the information about the number of records stored at the beginning of 
the file:
raf.seek(0);
int numOfEmployeesRegistered = raf.readInt();
raf.seek(0);
raf.writeInt(numOfEmployeesRegistered + 1);

• The method registerNewHourlyRateForEmployeeOnFile() in line (10) updates 
directly in the file the hourly wage of an employee who is designated by an 
employee-number:
raf.seek(4 + employeeNumber * RECORD_LENGTH_BYTES);

After the record is read into an Employee object, the hourly rate is adjusted.
Then the file pointer is moved back to overwrite the previous field values in the 
record:
long currentPosition = raf.getFilePointer();
raf.seek(currentPosition - RECORD_LENGTH_BYTES);
writeEmployeeData(employee);


