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The Java Language

JavaJava
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Java - Introduction

 In this section the Java language will be presented.

 Not all the syntactical details of the language will be 

described, once again the focus will be on semantics.

 A step-by-step approach, from simple topics to more 

complex ones, will be used.

 The previous section on Principles is pre-requisite for 

understanding this section on Java. Some knowledge of C 

and C++ may be useful.



Fall 2007
Maurizio Martignano

Copyright © 2007
3

Java –Applets, Applications, Servlets

Java “programs” are divided into three categories:

–Java Applets - which run inside a Web browser 

(more precisely on the Web browser’s Java Virtual 

Machine [JVM]);

–Java Applications - which run “stand-alone” on a 

JVM (different from the one inside the Web browser);

–Java Servlets–which run inside a Web server and 

honour the CGI (Common Gateway Interface) protocol
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Java - Applets, Applications, Servlets    (cont)

 Applets’ classes are (mostly) loaded from the net and run inside 
a browser provided “sandbox”. The sandbox prevents applets 
from accessing files and selected system services, thus 
protecting the local system from possible applets’ 
misbehaviours.

 An applet must have a class, inherited from the Applet class, 
containing the following methods:

–public void init() {…}: initializes the  applet (e.g. loads images);

–public void start() {…} : starts the applet (e.g. plays an 
animation);

–public void stop() {…} : stop the applet (e.g. halts an animation);

–public void destroy() {…} : deletes the applet. 
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Java - Applets, Applications, Servlets    (cont)

 “init”, “start”, “stop” and “destroy” are methods called 

automatically by the browser’s JWM when their related 

event occurs:

–“init” and “start” are called when the HTML page containing the 

browser is opened ;

–“stop” and “destroy” are called when the HTML page containing 

the browser is closed.

 Applets can get parameters from the HTML page 

containing them via the PARAM tag.
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Java - Applets, Applications, Servlets    (cont)

 Applications’ classes are (mostly) loaded from the local 

storage and have the same capabilities of a normal native 

application.

 An application must have a class containing the method:

public static void main(String[] args) {...}

 “main” is the entry point of the application and is called 

automatically by the JVM.

 Applications can get their command lines parameters from 

the argument of the main method. 
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Java - Applets, Applications, Servlets    (cont)

 Servlets’s classes are (mostly) loaded from the local storage and run 
inside the Java web server’s virtual machine (or inside the Java virtual 
machine connected to the web server) . Servlets honour the CGI 
interface.

 A servlet must implement the Servlet interface, either directly or by 
extending a class that implements it (e.g. HttpServlet), so it must 
contain the following methods:

–public void init() {…}: initializes the  server (e.g. loads the 
required resources);

–protected void doGet(I,O,E) {…} : processes Get requests;

–protected void doPost(I,O,E) {…} : processes Post requests;

–protected void doPut(I,O,E){…} : processes Put requests;

–public void destroy() {…} : deletes the server.
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Java - Applets, Applications, Servlets    (cont)

 When a servlet accepts a call from a client, it receives two objects:

–A ServletRequest which encapsulates the communication from 

the client to the server.

–A ServletResponse, which encapsulates the communication from 

the servlet back to the client.

 The ServletRequest interface allows the servlet access to: 

– Information such as the names of the parameters passed in by the client, 

the protocol (scheme) being used by the client, and the names of the 

remote host that made the request and the server that received it.

– The input stream, ServletInputStram. Servlets use the input stream to 

get data from clients that use application protocols such as the HTTP 

POST and PUT methods. 
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Java - Applets, Applications, Servlets    (cont)

 The ServletResponse interface gives the servlet methods 
for replying to the client. It:

–Allows the servlet to set the content length and MIME type of the 
reply.

–Provides an output stream, ServletOutputStream, and a Writer
through which the servlet can send the reply data. 

 See the two examples HelloWorld and AHelloWorld. For 
Servlets have a look to the Tomcat documentation and 
samples.
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Java - Everything is an object

 In Java (almost) everything is an object, e.g. even the 

simple example HelloWorld has to be implemented as a 

method (main) of the HelloWorld class.

 Java is more of a “pure” object oriented language than 

C++ (primitive vrs. Reference types). In Java it is not 

possible to avoid object orientation.
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Java - Placement is everything

 In a “native” (e.g. C, C++, Ada, etc…) programming 

language, the final product of the “application generation 

process” is a “native application”, I.e. an executable image 

where all the bindings have been resolved, where all the 

required software has been put properly together.

 The same is not true for Java. A Java application (or a Java 

applet) consists of a set of class files (I.e. bytecode files) 

and the JVM needs to know how and from where it can 

get these files.
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Java - Placement is everything                (cont)

 When the standalone JVM is called, with a command line like:

java HelloWorld

 the JVM is told the following:

– look in the CLASSPATH for a file called HelloWorld.class;

– if found, load this class file;

– once started load the other class files if and when necessary.

 The CLASSPATH is an environment variable containing the list of 
directories (+ zip files, + jar files) where the JVM can look for a class.

 Note:

– the source file containing a given class must have the same name 
of the class (the compiler will generate a class file with the same 
name);

–the initial class file must contain the applicationôs entry point(I.e. 
“main”).
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Java - Placement is everything                (cont)

 When the Java enabled browser reads a page containing an 

APPLET tag like:

<applet

code=AHelloWorld.class

codebase=.

name=AHelloWorld

width=320

height=240 >

<param name=CMD_LINE value="Fred Joe">

</applet>
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Java - Placement is everything                (cont)

 the browser’s JVM is told the following:

– look in the location(an URL) pointed by “codebase” (e.g. “.”) for 

the class file defined in “code” (e.g. “HelloWorld”);

–if found, load this class file;

–once started load the other class files if and when necessary.

 Note:

– the source file containing a given public class must have the 

same name of the class (the compiler will generate a class file 

with the same name);

–the initial class file must contain the appletôs entry points(I.e. 

“init”, “start”, “stop”, “destroy”).
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Java - Placement is everything                (cont)

 For Sevlets it is necessary to follow the “deployment 

rules” of the Servlets Engine. These rules, once different 

for each server, have been standardised in version 2.2 of 

the Servlets specification.

 See for example the Tomcat documentation.
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Java - Placement is everything - Packages

 A Java package is a a set of (logically) related classes. E.g.:

 In Main.java

package MyPackage;

class Main {...} 

 and in Foo.java

package MyPackage;

class Foo {...} 

 The “package”clause in the source code causes at compilation 
time the generation of a (sub)directory containing the class file. 
In the above example the files “Main.class” and “Foo.class” 
will be put in the (sub)directory “MyPackage”. 

 See example Package.
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Java - Placement is everything - Packages  (C)

 Using the dot notation it is possible to create hierarchies of 

packages (I.e. trees of directories of class files).

 In order to have unique class names (across the universe...) it is 

recommended to use the following convetion:

<reverse of the company domain name> .

<project name> .

<package>

Ex.

com.microsoft.office.word.TextEditor

int.esa.estec.tos.eme.NMIDetector
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Java - Placement is everything - Packages  (C)

 The “importclause” allows to refer to the classes of a 

package without having to use the package’s name as 

prefix. E.g.:

 After

import java.util.*;

 The statement

Random rn = new Random();

 is the same as

java.util.Random rn = java.util.Random();
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Java - Types

Java types

primitive types reference types

boolean numeric types

byte

8s

integral types floating point

short

16s

int

32s

long

64s

char

16u

float

IEEE-754 32

double

IEEE-754 64

class interface array

null
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Java - Expressions - Assignment

 Syntax

unary-expr  assignment-op  assignment-expr

 Remarks

–The assignment operators are:

=    *=     /=     %=    +=    - =

<<=  >>=    &=     ^=    |=

–The = operator is the only simple assignment operator, the others 

are compound assignment operators.

–NOTE: be aware of the difference between the assignment for 

primitive types and the assignment for reference types.
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Java - Expressions - Assignment            (cont)

–The expression

E1 op= E2 

–has the same effect as 

E1 = E1 op E2

–except the lvalue E1 is evaluated only once. For example, E1 += 

E2 is the same as E1 = E1 + E2.

–Note: Spaces separating compound operators (+<space>=) will 

generate errors.
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Java - Expressions - Arithmetic Operators 

(cont)

 Syntax

+ cast - expression

- cast - expression

add- expression + multiplicative - expression

add- expression - multiplicative - expression

multiplicative - expr * cast - expr

multiplicative - expr / cast - expr

multiplicative - expr %cast - expr

postfix - expression ++ (postincrement)

++ unary- expression         (preincrement)

postfix - expression -- (postdecrement)

-- unary- expression         (predecrement)
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Java - Expressions - Arithmetic Operators 

(cont)

 Description

–Use the arithmetic operators to perform mathematical 

computations. 

–The unary expressions of + and - assign a positive or negative 

value to the cast-expression.

–+ (addition), - (subtraction), * (multiplication), and / (division) 

perform their basic algebraic arithmetic on all data types, integer 

and floating point.

–% (modulus operator) returns the remainder of integer division 

and cannot be used with floating points.
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Java - Expressions - Arithmetic Operators 

(cont)

–++ (increment) adds one to the value of the expression. 

Postincrement adds one to the value of the expression after it 

evaluates; while preincrement adds one before it evaluates.

– -- (decrement) subtracts one from the value of the expression. 

Postdecrement subtracts one from the value of the expression after 

it evaluates; while predecrement subtracts one before it evaluates.
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Java - Expressions - Logical Operators   (cont)

 Syntax

–logical-AND-expr  && inclusive-OR-expression

–logical-OR-expr   || logical-AND-expression

–! cast-expression

 Remarks

–Operands in a logical expression must be of boolean type.

–&& logical AND; returns true only if both expressions evaluate to 
be nonzero, otherwise returns false. If the first expression 
evaluates to false, the second expression is not evaluated.

– || logical OR; returns true if either of the expressions evaluate to be 
nonzero, otherwise returns false. If the first expression evaluates to 
true, the second expression is not evaluated.
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Java - Expressions - Logical Operators   (cont)

– ! logical negation; returns true if the entire expression evaluates to 

be nonzero, otherwise returns false. The expression !E is 

equivalent to (0 = = E).
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Java - Expressions - Bitwise Operators   (cont)

 Syntax

–AND-expression & equality-expression

–exclusive-OR-expr ^ AND-expression

–inclusive-OR-expr | exclusive-OR-expression

–~cast-expression

–shift-expression << additive-expression

–shift-expression >> additive-expression

 Remarks

–Use the bitwise operators to modify the individual bits rather than 

the number.
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Java - Expressions - Bitwise Operators   (cont)

–& bitwise AND; compares two bits and generates a 1 result if both 

bits are 1, otherwise it returns 0.

– | bitwise inclusive OR; compares two bits and generates a 1 result 

if either or both bits are 1, otherwise it returns 0.

–^bitwise exclusive OR; compares two bits and generates a 1 result 

if the bits are complementary, otherwise it returns 0.

–~ bitwise complement; inverts each bit.

–>> bitwise shift right; moves the bits to the right, discards the far 

right bit and assigns the left most bit to 0.

–<< bitwise shift left; moves the bits to the left, it discards the far 

left bit and assigns the right most bit to 0.
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Java - Control Structures - if

 Syntax

if ( <condition> ) {

<statements1>

}

if ( <condition> )  {

<statements1>

} else {

<statements2>

}

 Description

–Use if to implement a conditional statement.
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Java - Control Structures - if                   (cont)

–The condition statement must convert to a boolean type. 

–When <condition> evaluates to “true”, <statements1> execute.

–If <condition> is “false”, <statements2> execute.

–The else keyword is optional, but no statements can come between 

an if statement and an else.
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Java - Control Structures - switch           (cont)

 Syntax
switch ( <switch variable> ) {

case <constant expression> : <statements>;

[break;]

...

default : <statements>;

}

 Description
–Use the switch statement to pass control to a case which matches the 

<switch variable>. At which point the statements following the matching 
case evaluate.

– If no case satisfies the condition the default case evaluates.

– To avoid evaluating any other cases and relinquish control from the 
switch, terminate each case with break.
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Java - Control Structures - for                 (cont)

 Syntax
for ( [<initialization>] ; [<condition>] ; [<increment>] ) {

<statements>

}

 Description
– The for statement implements an iterative loop.

– <statements> are executed repeatedly UNTIL the value of <condition> is 
false.

– Before the first iteration of the loop, <initialization> initializes variables 
for the loop.

–After each iteration of the loop, <increments> increments a loop counter. 
Consequently, j++ is functionally the same as ++j.

– All the expressions are optional. If <condition> is left out, it is assumed to 
be always true.
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Java - Control Structures - while             (cont)

 Syntax
while ( <condition> ) {

<statements>

}

 Description
–Use the while keyword to conditionally iterate a statement.

–<statements> execute repeatedly until the value of <condition> is 
false. If no condition is specified, the while clause is equivalent to 
while(true).

–The test takes place before <statements> execute. Thus, if 
<condition> evaluates to false on the first pass, the loop does not 
execute.

–See example BreakCont.
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Java - Control Structures - do                 (cont)

 Syntax

do {

<statements>

} while ( <condition> );

 Description

–The do statement executes until the condition becomes false.

–<statements> are executed repeatedly as long as the value of 

<condition> remains true.

–Since the condition tests after each the loop executes the 

<statement>, the loop will execute at least once.
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Java - The Concept of Class

 A class is a blueprint or prototype that defines the 
variables (data members in C++) and the methods
(member functions in C++) common to all objects of a 
certain kind. E.g.

class Line {

int x1, y1;

int y2, y2;

void display();

}

 A class declaration is similar to a type declaration, I.e. no 
memory allocation takes place. Memory is allocated at 
object instantiation.
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Java - The Concept of Class - Before OO - (C)                  

 The need for classes, I.e. object oriented mechanisms, 

derived from some previous experience in developing and 

maintaining very complex systems (e.g. emacs, X-11, 

etc.), some of these needs where:

–being able to hide/encapsulate the details of some portions of the 

code to the others;

–being able to develop generic pieces of code, capable of handling 

different objects, types without having to be modified;

–being able to modify at run time the semantics associated to a 

given syntactic construct (dynamic binding).
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Java - Access Control

 Each declaration of a member can be pre-fixed with the 

following clauses:

–public - the member(s) can be accessed by any method.

–protected - the member(s) can be accessed by methods of the 

class in which it was declared, and by classes derived from the 

declared class.

–private - member(s) can be accessed only by methods of the class 

in which it is declared.

 Members of classes are friendly (that is they are visible 

inside their package) by default.
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Java - Access Control                              (cont)

 NOTE: Somebody said that Java has no (C++) friends... 

This is not true: if a class belongs to a package, all the 

methods of all the other classes of the package are (C++) 

friends of that class -- in other words, they have full access 

to that class (see the example AccCnt).

 No access control can be achieved in Java without 

proper packaging of the classes to be put under 

control.

 The keyword “final” can be used to mark variables as read-

only (see example Package).
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Java - Static Members 

 In a class, variables and methods can be declared static. 

Only one copy of the static data exists for all objects of the 

class.

 Static methods can only call other static methods and only 

have access to static data. Such methods do not have a this 

reference (see example Static).
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Java - this

 Non static methods operate on the class type object they are 

called with. For example, if x is an object of class X and f() is a 

method of X, the method call x.f() operates on x. But how does 

f know which instance of X it is operating on? Java provides f 

with a reference to x called this. this is passed as a hidden 

argument in all calls to non static member functions.

 this is a local variable available in the body of any non static 

method function. this does not need to be declared and is rarely 

referred to explicitly in a function definition.
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Java - Constructors

 Constructors are distinguished from all other member functions 

by having the same name as the class they belong to. When an 

object of that class is created or is being copied, the appropriate 

constructor is called implicitly.

 Constructor declarations are not members. They are never 

inherited and therefore are not subject to hiding or 

overriding.

 Unlike all other methods, a constructor cannot be abstract, 

static, final, native, or synchronized. 
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Java - Constructors                                  (cont)

Example

Class Line {

int x;

int y;

Line(int x, int y) {

this.x = x;

this.y = y;

}

} 
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Java - clone()

 The clone method of class Object creates a new object of 

the same class as this object. It then initializes each of the 

new object's fields by assigning it the same value as the 

corresponding field in this object. No constructor is called.

 The clone method of class Object will only clone an object 

whose class indicates that it is willing for its instances to 

be cloned. A class indicates that its instances can be 

cloned by declaring that it implements the Cloneable 

interface.
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Java - clone()                                          (cont)

 Object can refuse to be cloned by implementing a clone 

method which throws the exception 

“CloneNotSupportedException” (see example 

CheckCloneable).

 The default clone method implements a “shallow copy”, in 

composite objects the default clone method should be 

overridden to implement a “deep copy” (see example 

DeepCopy).
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Java - clone()                                          (cont)

 These are the rules for a proper handling of the clone 

operation:

1. Implement the Cloneable interface.

2. Override clone().

3. Call super.clone() inside your clone().

4. Capture exceptions inside your clone().
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Java - finalize()

 The finalize method is called by the garbage collector on 
an object when garbage collection determines that there 
are no more references to the object. A subclass overrides 
the finalize method in order to dispose of system resources 
or to perform other cleanup. 

 Any exception thrown by the finalize method causes the 
finalization of this object to be halted, but is otherwise 
ignored. 

 The finalize method in Object does nothing.

 The finalize method should be used only for handling 
native methods and/or tracking garbage collection. 
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Java - Inheritance

 A class may inherit from another its variables and 

methods. Because the class can in turn have its own 

variables and methods it is said that the derived class 

extends the base class. See example Geometry.

 The derived class, apart from inheriting variables and 

methods, can also override them (type inheritance vrs. 

Implementation inheritance).

 Java does not support multiple inheritance.
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Java - Inheritance - Final Classes            (cont)

 A class can be declared final if its definition is complete 

and no subclasses are desired or required. 

 A compile-time error occurs if the name of a final class 

appears in the extends clause of another class declaration; 

this implies that a final class cannot have any subclasses. 

 A compile-time error occurs if a class is declared both 

final and abstract, because the implementation of such a 

class could never be completed. 
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Java - Inheritance - Final Methods          (cont)

 A method can be declared final to prevent subclasses from 
overriding or hiding it. It is a compile-time error to attempt 
to override or hide a final method. 

 A private method and all methods declared in a final class 
are implicitly final, because it is impossible to override 
them. It is permitted but not required for the declarations 
of such methods to redundantly include the final keyword. 

 It is a compile-time error for a final method to be declared 
abstract.

 Ex. Use the clause final in the example Geometry.
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Java - Inheritance - Abstract Classes      (cont)

 An abstract class is a class that is incomplete, or to be 
considered incomplete. Only abstract classes may have 
abstract methods, that is, methods that are declared but not 
yet implemented. If a class that is not abstract contains an 
abstract method, then a compile-time error occurs. A class 
has abstract methods if any of the following is true: 

–It explicitly contains a declaration of an abstract method.

–It inherits an abstract method from its direct superclass. 

–A direct superinterface of the class declares or inherits a method 
(which is therefore necessarily abstract) and the class neither 
declares nor inherits a method that implements it. 
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Java - Inheritance - Abstract Methods    (cont)

 An abstract method declaration introduces the method as 

a member, providing its signature (name and number and 

type of parameters), return type, and throws clause (if 

any), but does not provide an implementation.

 The declaration of an abstract method m must appear 

within an abstract class (call it A); otherwise a compile-

time error results. Every subclass of A that is not abstract 

must provide an implementation for m, or a compile-time 

error occurs.

 Ex. Use the clause abstract in the example Geometry
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Java - Inheritance - A “recap” for C++ fans

Java C++

final

virtual

abstract pure virtual

single inher. mul. inher.
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Java - Interfaces

 An interface declaration introduces a new reference type whose 

members are constants and abstract methods. This type has no 

implementation, but otherwise unrelated classes can implement 

it by providing implementations for its abstract methods. 

 Java programs can use interfaces to make it unnecessary for 

related classes to share a common abstract superclass or to add 

methods to Object. 

 An interface may be declared to be an direct extension of one or 

more other interfaces, meaning that it implicitly specifies all the 

abstract methods and constants of the interfaces it extends, 

except for any constants that it may hide. 
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Java - Interfaces                                      (cont)

 A class may be declared to directly implement one or 

more interfaces, meaning that any instance of the class 

implements all the abstract methods specified by the 

interface or interfaces. A class necessarily implements all 

the interfaces that its direct superclasses and direct 

superinterfaces do. This (multiple) interface inheritance 

allows objects to support (multiple) common behaviors 

without sharing any implementation. See the example 

Adventure.
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Java - Interfaces                                      (cont)

 A variable whose declared type is an interface type may 

have as its value a reference to any object that is an 

instance of a class declared to implement the specified 

interface. It is not sufficient that the class happen to 

implement all the abstract methods of the interface; the 

class or one of its superclasses must actually be declared 

to implement the interface, or else the class is not 

considered to implement the interface.
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Java - Interfaces                                      (cont)

 Q: Why do we need to use interfaces?

A: To hide the implementation (see example MGCalc).

 Q: Why can’t we use abstract classes instead of interfaces?

A: Abstract classes don’t hide the inheritance 

relationships, so they expose the architectures.
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Java - Inner classes

 In Java 1.1 (and above) it is possible to place a class 

definition within another class definition. This is called an 

inner class.

 The inner class is a useful feature because it allows to 

group classes that logically belong together and to control 

the visibility of one within the other.

 An inner class is not the same as a class inserted into 

another via composition.
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Java - Object Containers

 Java does not have, as opposed to C++, the template 

feature, nor the Standard Template Library.

 Every object in Java anyhow is a descendent of the generic 

class “Object”.

 Java offers in  the API containers like Vector, Stack, etc… 

that use as element the generic type “Object”.  These 

features are going to be improved with Java 1.2. See the 

file VGeometry.java in the example Geometry.
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Java - RTTI

 Given two classes A and B, where B extends A, it is possible to 

invoke all A operations (methods) from B, but the contrary is not 

guarantee to be true, nor safe.

 The above observation is summarised by saying that “upcasting is 

safe whereas downcasting is not”.

 In order to perform proper downcasting it is necessary to obtain at run 

time some information about the types (I.e. some Run Time Type 

Information).

 This is achieved in Java via the “instanceof” operator.

 NOTE: instanceof introduces type dependencies in the code and 

should be avoided. See the file VGeometry.java in the example 

Geometry.
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Java - Exception Handling

 When the program encounters an abnormal situation for which 
it is not designed, you may transfer control to some other part of 
the program that is designed to deal with the problem. This is 
done by throwing an exception.

 The exception-handling mechanism requires the use of three 
keywords: try, catch, and throw. The try-block specified by 
try must be followed immediately by the handler specified by 
catch. If an exception is thrown in the try-block, program 
control is transferred to the appropriate exception handler. The 
program should attempt to catch any exception that is thrown by 
any function. Failure to do so could result in abnormal 
termination of program.
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Java - Exceptions - try                        (cont)

 A block of code in which an exception can occur must be prefixed by 

the keyword try. Following the try keyword is a block of code 

enclosed by braces. This indicates that the program is prepared to test 

for the existence of exceptions. If an exception occurs, the program 

flow is interrupted. The sequence of steps taken is as follows:

–The program searches for a matching handler

–When a handler is found, the stack is unwound to that point; 

program control is transferred to the handler.

NOTE: (for the C++ fans) in Java the question is not if a handler is 

found, but when the handler is found!
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Java - Exceptions - catch                         (cont)

 The exception handler is indicated by the catch keyword. The handler 
must be used immediately after the try-block. The keyword catch can 
also occur immediately after another catch

 Each handler will only evaluate an exception that matches, or can be 
converted to, the type specified in its argument list.

 Every exception thrown by the program must be caught and processed 
by the exception handler. 

 Exception handlers are evaluated in the order that they are 
encountered. An exception is caught when its type matches the type in 
the catch statement. Once a type match is made, program control is 
transferred to the handler. The stack will have been unwound upon 
entering the handler. The handler specifies what actions should be 
taken to deal with the program anomaly.
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Java - Exceptions - catch                         (cont)

 After the handler has executed, the program can continue 

at the point after the last handler for the current try-block. 

No other handlers are evaluated for the current exception.

 If there is a “finally” block, this block will always be 

executed, even when no exceptions are risen.



Fall 2007
Maurizio Martignano

Copyright © 2007
64

Java - Exceptions - throw                        (cont)

 The throw expression can be used to:

–generate a new exception;

–retro-propagate an exception which has been already caught. 

 A throw expression is also referred to as a throw-point.

 See example Except.
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Java - Exceptions - throws            (cont)

 A method (foo) that can throw exceptions must declare 

this fact in its signature via the “throws” clause.

 Callers of foo have either to call it inside a proper try-

catch block or have to declare in a throws clause that they 

can rise the same exceptions of foo.

 NOTE: (for the C++ fans) Java and C++ use the throws 

clause with different semantics.

 Ex. Remove the try-catch block from the main in the 

example Except and comment the results.
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Java - IO system

 The Java IO system is based on the “Decorator” design 

pattern.

 The decorator pattern attaches additional responsabilities 

to an object dynamically. It provides a flexible alternative 

to subclassing for extending functionalities.

 Although the decorator pattern offers flexibility, it requires 

a lot of writing. It is convenient to create an IO library 

containing all this additional code, see example IOUtils.
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Java - IO System 1.0 (ASCII)                 (cont)

File

FileInputStream

BufferedInputStream

DataInputStream

File

FileOutputStream

BufferedOutputStream

PrintStream

System.in

System.out

System.err
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Java - IO System 1.1 (Unicode)              (cont)

File

FileReader

BufferedReader

File

FileWriter

PrintWriter

System.in

via FileDescriptor.in

System.out

System.err
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Java - Threads

 A thread is a thread of executing in a program. The Java 

Virtual Machine allows an application to have multiple 

threads of executing concurrently. 

 Every thread has a priority. Threads with higher priority 

are executed in preference to threads with lower priority. 

Each thread may or may not be marked as a dæmon. 

When code running in some thread creates a new Thread 

object, the new thread has its priority initially set equal to 

the priority of the creating thread, and is a dæmon thread if 

and only if the creating thread is a dæmon. 
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Java - Threads                                         (cont)

 When a Java Virtual Machine starts, there is usually a 

single non-dæmon thread (which typically calls the 

method named main of some designated class). The Java 

Virtual Machine continues to execute threads until either 

of the following occurs: 

–The exit method of class Runtime has been called and the security 

manager has permitted the exit operation to take place.

–All threads that are not dæmon threads have died, either by 

returning from the call to the run method  or by performing the 

stop method . 
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Java - Threads                                         (cont)

 There are two ways to create a new thread of execution.

–One is to declare a class to be a subclass of Thread. This 

subclass should override the run method of class Thread. An 

instance of the subclass can then be allocated and started.

–The other way to create a thread is to is to declare a class 

which implements the Runnable interface. That class then 

implements the run method. An instance of the class can 

then be allocated, passed as an argument when creating 

Thread, and started.
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Java - Threads - Synchronized Methods (cont)

 In Java it is possible to avoid the collisions that can occur 

when  accessing variables of a class by using 

“synchronized” methods. 

 Only one thread at a time can call a syncronized method 

for a particular object.

 There are two type of locks:

–one at class level for static synchronized methods;

–one per object instance for non static syncrhonized methods.

 This feature corresponds to classic Monitor model.
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Java - Threads - States                            (cont)

 In Java a thread can be in any of four states:

–New: the thread object has been created but it hasn’t been started 

yet so it cannot run;

–Runnable: This means that a thread can be run when the time-

slicing mechanism has CPU cycles available (it might or might not 

be running);

–Dead: the thread has returned from its run() method; alternatively 

either  the stop() or destroy() method has been called;

–Blocked: the thread could be run but there’s something that 

prevents it.
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Java - Threads - Blocked Threads           (cont)

 A Java Thread becomes blocked if:

–it has been put to sleep by calling sleep(milliseconds);

–it has been suspended by calling suspend(); it will not 

become runnable till it receives a resume() message;

–it has been suspended by calling wait(); it will not become 

runnable till it receives a notify() or notifyAll() message;

–it is waiting for some IO to complete;

–it is trying to call a synchronized method on another object 

and that object’s lock is not available.
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Java - Threads - Deadlock

 “Because threads can become blocked and because can 

have synchronized methos that prevent threads from 

accessing that object until the synchronized lock is 

released, it’s possible for one thread to get stuck waiting 

for another thread, which in turn waits for another thread, 

etc., until the chain leads back to a thread waiting for the 

first one. Thus there’s a continuous loop of threads waiting 

for each other and no one can move. This is called 

deadlock.” [TiJ] 

 See example DeadLock.
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Java - Threads - suspend/resume vrs. 

wait/notify                                               (cont)

 Suspend() and resume() methods are inherently deadlock-
prone. When a thread is suspended, it stops executing but 
it still holds any locks that it has required up to that point. 
Any thread that wants to resume the target thread and also 
tries to use any of the locked resources produces a 
deadlock.

 The problem may be solved using flags together with 
wait() and notify() methods. The thread is told that it 
should suspend via a flag, so it releases all the locks and 
suspends via a wait. Execution will be resumed via the 
notify() method. See example Suspend.
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Java - Threads - Priorities                       (cont)

 “ The priority of a thread tells the scheduler how 

important this thread is. If there are a number of threads 

blocked waiting to be run, the scheduler will run the one 

with the highest priority first. However, this doen’t mean 

that threads with lower priority don’t get run (that is, you 

can’t get deadlocked because of priorities). Lower priority 

threads just tend to run less often.” [TiJ]
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Java - Threads - Thread Groups              (cont)

 Thread groups allow to handle in a single operation 

multiple threads.

 Thread groups can also belong to thread groups, leading to 

a hierarchical structure of threads.
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Java - JDK 1.2

 JDK 1.2 (Java platform) adds the following major features 

to JDK 1.1

–JFC - Java Foundation Classes (Swing, Java2D, Accessibility, 

Drag& Drop, Application Services)

–Collections - a unified framework for representing and 

manipulating collections (a.k.a. templates)

–Extension Framework - a mechanism to easily download and 

install extensions to the Java platform

– Input Method Framework - Unicode support in all text editing 

components

–Version Identification - package level version control
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Java - JDK 1.2 (cont)

–Reference Objects - a limited mechanism to interact with the 

JVM’s garbage collector

–JavaIDL - CORBA support for the Java platform, providing 

standards-based interoperability and connectivity (see JavaCorba 

example).

 JDK 1.2 introduces a set of enhancements (?) to 

JavaBeans, RMI, Serialization, Audio, JAR, JNI, 

Relection, JDBC, Floating Point and Performance.

 Also the tools (and the JVM’s tool support) have been 

extended/improved.
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Java - JDK 1.2 - Collections

 “A collections framework is a unified architecture for 

representing and manipulating collections. All collections 

frameworks contain three things:

– Interfaces: abstract data types representing collections. Interfaces 

allow collections to be manipulated independently of details of 

their representation.

– Implementations: concrete implementations of the collection 

interfaces. In essence, these are reusable data structures.

–Algorithms: methods that perform useful computation, like 

searching and sorting, on objects that implement collection 

interfaces. These algorithms are said to be polymorphic […]. In 

essence, algorithms are reusable functionality.” (Java Tutorial)  
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Java - JDK 1.2 - Collections                   (cont)

Collection

Set List

SortedSet

Map

SortedMap

Interfaces
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Java - JDK 1.2 - Collections                   (cont)

 The Collection interface is the root of the collection 

hierarchy.

 A Set is a collection that cannot contain duplicate 

elements.

 A List is an ordered collection (sometimes called a 

sequence).

 A Map is an object that maps keys to values.

 The last two collection interfaces (SortedSet and 

SortedMap) are merely sorted versions of Setand Map.
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Java - JDK 1.2 - Collections                   (cont)

 Implementations are divided into:

–General-purpose Implementations: I.e. public classes that 

provide the primary implementations of the core interfaces 

(See example Collections/FindDups)

–Wrapper Implementations: which are used in combination 

with other implementations to provided added functionality 

(they follow the “Decorator” design pattern).

–Convenience Implementations: “mini-implementations” 

that provide convenient, efficient alternatives to the general-

purpose implementations.
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Java - JDK 1.2 - Collections                   (cont)

 The polymorphich algorithms are pieces of reusable 

functionality provided by JDK.

 All of them come from the Collections class. All take the 

form of static methods whose first argument is the 

collection on which the operation is to be performed. 

 The great majority of such algorithms operate only on List

objects, but a couple of them (min and max) operate on 

arbitrary Collection objects. 

(See example Collections/Sort)
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Java - JDK 1.3

 Java 2 Platform

– Java Naming and Directory 
InterfaceTM (JNDI)

– Remote Method Invocation (RMI)

– RMI/IIOP

– Drag and Drop Enhancements

– Java Sound

– Applet Deployment Enhancements

– Java 2DTM Enhancements

– Swing Enhancements

– AWT Enhancements

– Security Enhancements

– Networking Enhancements

– Reflection Enhancements

– Object Serialization 
Enhancements

– Accessibility Enhancements

– Input Method Framework

– Collections Framework 
Enhancements

– Enhancements to java.math

– Enhancements in java.lang and 
java.util.*

– Enhancements to the Extension 
Mechanism and Jar Files

 Performance

– Performance

 Tool Support

– Java Platform Debugger 
Architecture (JPDA)

 Tools

– Tools and Utilities

[Full description at 
http://java.sun.com/products/jdk/1.3/docs/rel
notes/features.html]
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Java - JDK 1.4

 Java 2 Platform
– XML Processing 

– New I/O API

– Security 

– Java 2DTM technology 

– Image I/O Framework 

– Java Print Service

– AWT 

– Swing 

– Drag and Drop 

– Logging API 

– JavaTM Web Start Product 

– Long-term Persistence of JavaBeansTM

Components 

– JDBCTM 3.0 API 

– Assertion Facility 

– Preferences API

– Chained Exception Facility

– Java Virtual Machines

– Performance

– Networking Support, Including IPv6 

– RMI 

– Serialization 

– Java Naming and Directory InterfaceTM

(JNDI) 

– CORBA, Java IDL, and RMI-IIOP 

– JavaTM Platform Debugger Architecture 
Product

– Internationalization

– JavaTM Plug-in Product

– Collections Framework

– Accessibility

– Regular Expressions

– Math

– Reflection

– Java Native Interface

 Tools
– Tools and Utilities
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Java - JDK 1.5

 Generics

 Enhanced for Loop 

 Autoboxing/Unboxing 

 Typesafe Enums 

 Varargs

 Static Import

 Metadata (Annotations) 
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Java - JDK 1.6

 Improved Multitasking…
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Java - Real-Time Specification

 Real Time Java Requirements

–Recognizing Java's potential in the real-time space, a group of 
real-time and Java experts convened in a series of workshops 
sponsored by the National Institute of Standards and Technology 
(NIST) beginning in June 1998 to develop requirements for real-
time Java. 

–The requirements are documented in "Requirements for Real-Time 
Extensions for the Java Platform," edited by Lisa Carnahan and 
Marcus Ruark (NIST, September 1999; http://www.nist.gov/rt-
java/).

[This section derives from a paper published in Dr. Dobbs Journal 
of Feb. 2000 and written by David Hardin]
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Java - Real - Time Specification (cont)

 Development of the Real-Time Specification for Java

– Prior to the real-time specification, Java specifications were jointly 
developed by Sun Microsystems and its Java source-code licensees.

– Sun instituted the Java Community Process in December 1998 (http:// 
java.sun.com/aboutJava/communityprocess/ 
java_community_process.html).

– Under the terms of the Java Community Process, anyone can institute a 
Java Specification Request (JSR).

– If a specification request in a particular field is accepted by Sun, then a 
Call for Experts (CAFE) in that field is issued. Sun then selects a 
specification lead from amongst the CAFE nominees; the specification 
lead is responsible for convening an expert group to author the 
specification, as well as developing a reference implementation and 
conformance tests.
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Java - Real - Time Specification (cont)

–The RTSJ effort was launched with the first Java Specification 

Request, JSR-000001. The Real Time for Java Expert Group 

(RTJEG) convened in March 1999. It consisted of representatives 

from 21 organizations in industry, academia, and government, 

working under the leadership of IBM's Greg Bollella.

–The draft RTSJ was made available for participant review, as well 

as public view, on September 27, 1999 (public review followed 

the participant review period, beginning in December 1999 and 

ending in February 2000 [the 14th] )

–IBM is currently working on a reference implementation and a test 

suite to accompany the specification
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Java - Real - Time Specification (cont)

 Guiding Principles (from the NIST requirements)

–Applicability to particular Java environments. The RTSJ shall 
not include specifications that restrict its use to particular Java 
environments. 

–Backward compatibility. The RTSJ shall not prevent existing, 
properly written, nonreal-time Java programs from executing on 
implementations of the RTSJ. 

–Write once, run anywhere (WORA). The RTSJ should recognize 
the importance of WORA, but must also recognize the difficulty 
of achieving WORA for real-time programs.

–Current practice versus advanced features. The RTSJ should 
address current real-time system practice as well as allow for the 
incorporation of more advanced features in the future. 
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Java - Real - Time Specification (cont)

–Predictable execution. The RTSJ shall hold predictable execution 

as first priority in all tradeoffs; this may sometimes be at the 

expense of typical general-purpose computing performance 

measures. 

–No syntactic extension. To facilitate the job of tool developers, 

and thus to increase the likelihood of timely implementations, the 

RTSJ shall not introduce new keywords or make other syntactic 

extensions to the Java language. 
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Java - Real - Time Specification (cont)

 The Design of javax.realtime

–The real-time specification provides modifications to the Java 

Language Specification and the JVM Specification, as well as new 

APIs to enable the creation, verification, analysis, execution, and 

management of real-time Java threads.

–The new APIs reside in a new standard extension package, 

javax.realtime.
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Java - Real - Time Specification (cont)

 Class Architecture

–A fundamental design decision facing the RTJEG was whether 

classes in javax.realtime should inherit from standard Java classes 

(for example, whether a real-time thread should be a subclass of 

java.lang.Thread or a new class that parallels java.lang.Thread

in the class hierarchy).

–The RTJEG decided on a more integrated approach and took on 

the detailed design of the RTSJ as a series of modifications of the 

standard Java environment.

–Real-Time Java applications would need a special JVM on which 

to execute, but could use many of the features of the standard Java 

programming model.
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Java - Real - Time Specification (cont)

 Detailed Design

 The RTJEG identified seven areas of the standard Java 
environment for modification.

–Thread scheduling and dispatching.

» The RTSJ allows the programmatic assignment of parameters 
appropriate for the underlying scheduling mechanism in use in a 
given real-time system, as well as providing methods for the creation, 
management, admittance, and termination of real-time Java threads. 

» Real-time Java threads are constructed as instances of class 
javax.realtime.RealtimeThread, which extends java.lang.Thread.

» The RTSJ base scheduling mechanism is preemptive priority-
based, FIFO within priority, with at least 28 unique priority 
levels. 
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Java - Real - Time Specification (cont)

–Memory management.

» To accommodate a diverse set of preemptible GC algorithms, the 

RTSJ defines a memory allocation and reclamation specification that 

is independent of any particular GC algorithm and lets the program 

precisely characterize the GC algorithm's effect on the execution 

time, preemption, and dispatching of real-time Java threads.

» To this end, the RTSJ defines new types of memory areas, 

ImmortalMemory (static?) and ScopedMemory (automatic?), that 

allow the creation of Java objects but do not cause the threads that 

employ them to incur delays because of the execution of the GC 

algorithm. [My Gosh.....]
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Java - Real - Time Specification (cont)

–Synchronization and resource sharing.

» The RTJEG determined that the least intrusive specification for 
allowing real-time safe synchronization is to require that 
implementations of the current Java keyword "synchronized" 
include one or more algorithms that either prevent or bound 
execution eligibility inversion among real-time Java threads that 
share the serialized resource. Priority inheritance is provided by 
default, with optional priority ceiling emulation. 

–Asynchronous event handling.

» The RTSJ generalizes the Java language's notion of asynchronous 
event handling. An AsyncEvent is an object that is programmatically 
bound to an AsyncEventHandler. The AsyncEventHandler class 
implements Runnable, and the overridden run() method is executed 
when the AsyncEvent is triggered. Handlers execute with the 
semantics of a real-time thread 
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Java - Real - Time Specification (cont)

–Asynchronous transfer of control.

» The RTSJ specifies that methods that have a "throws" clause 

including AsynchronouslyInterruptedException (AIE) in their 

signature will have that exception raised by the JVM when the 

interrupt() method for their thread is called. This mechanism 

extends the current semantics of the interrupt() method from only 

certain blocking calls to straight-line code. The Timed class extends 

AsynchronouslyInterruptedException and, when constructed with 

a time parameter, will cause an AIE to be posted to the thread at the 

expiration time. If the thread is executing in a method that throws 

AIE, the exception will be thrown immediately. If not, the exception 

is said to be pending and will be thrown when the thread next reaches 

a method that throws AIE. 



Fall 2007
Maurizio Martignano

Copyright © 2007
101

Java - Real - Time Specification (cont)

– Thread termination.

» Although the RTSJ does not define a general, arbitrarily invokable thread 
termination mechanism, the programmer can effectively terminate a thread by 
using the asynchronous event handling and asynchronous transfer of control 
mechanisms. A happening external to the JVM can be bound to an 
AsyncEvent that, when triggered, executes the associated 
AsyncEventHandler. The handler can then execute Thread.interrupt()for 
the target thread and, given adherence to a programming style, the target 
thread will unwind and complete its run() method. 

– Physical memory access.

» Although not directly a real-time issue, physical memory access is desirable 
for many of the applications that could productively make use of an 
implementation of the RTSJ. The RTSJ thus defines a class that allows 
programmers byte-level access to physical memory as well as a class that 
allows the construction of Java objects at particular address locations in 
physical memory. 

[See examples in the RTSJ directory]
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Java - Summary

 Applets vrs. Applications

 Everything is an object

 Placement is everything

 Types

 Expressions

 Control Structures

 The Concept of Class

 Access Control

 Static Members

 this

 Constructors

 clone()

 finalize()

 Inheritance

 Interfaces

 Inner classes

 Object Containers

 RTTI

 Exception Handling

 IO System

 Threads

 Java JDK 1.2

 Java JDK 1.3

 Java JDK 1.4

 Java JDK 1.5

 Java JDK 1.6

 Real Time java
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Java - Exercises

 1. Modify the example AccCnt by removing the package clauses, check and 

comments the results.

 2. Write an application which converts temperature from F to C and viceversa.

 3. Add a new Shape (I.e. a Circle) to the geometry example.

 4. Add a new calculator implementation to the example Geometry.

 5. Explain the difference between references assignment, shallow copy and 

deep copy.

 6. Explain the difference between an application and an applet.

 7. Explain what is a deadlock.

 8. Add a new resource (I.e. ResourceC) to the DeadLock example. Does the 

behaviour change?
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Java - Further Readings

 The Javasoft’s Java tutorial at: 

http://java.sun.com/books/docs/tutorial/.

 [TiJ] Bruce Eckel, “Thinking in Java”, Prentice Hall PTR, 1998, 

ISBN: 0-13-659723, also available at: http://www.BruceEckel.com

 Roger Sessions,  “COM and DCOM, Microsoft’s Vision for 

Distributed Objects”, Wiley Computer Publishing, 98, ISBN: 0-471-

19381-X

 Requirements for Real-Time Extensions for the Java Platform," edited 

by Lisa Carnahan and Marcus Ruark (NIST, September 1999; 

http://www.nist.gov/rt-java/).

 Real-Time Specification for Java, http://www.rtj.org


