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JAVR PROGRAMMING LANGUAGE

= Some buzzwords for Java
= “Write Once, Run Anywhere”

= Simple

= Object oriented

= Distributed

= Multithreaded

= Dynamic

= Architecture neutral
= Portable

= High performance

= Robust

= Secure



EXAMPLE: HELLO WORLD PROGRAM

public class HelloWorld {

public static void main(String[] args) {
System.out.println("Hello World!™);

}
}

= Everything is in a class
= One file, one public class

= In the runnable public class:

= public static void main(String [] args)



PRIMITIVE DATA TYPES

= Primitive Data Types: byte, short, int, long, float, double,
boolean, char
= Arrays are also a class
long [] a = new long[5];

= You can get the length by visiting the length field of array object a,
like this:a . 1length

= String class is very commonly used to represents character
strings, for example

String sl = “Hello ”, s2 = “Wolrd!”;
String s3 = sl + s2;



OPERATORS (SAME AS C/C++) [3]

= ++,-- Auto increment/decrement
= +,- Unary plus/minus

= *,/ Multiplication/division

= % Modulus

= +,- Addition/subtraction



DECLARING VARIABLES |[3]

String s “Hello”;

Long L = new Long(100000) ;

boolean done = false;

final double pi = 3.14159265358979323846;
Employee joe = new Employee() ;

char [] a = new char[3];

Vector v = new Vector();



COMPARED WITH C/C++ [3]

= Java has no:
= pointers

= typedef

" preprocessor

= struct

= unions

= multiple inheritance
= goto

= operator overloading
= malloc



DECLARING A CLASS

package ecel779.tutorial;

public class Person {
//fields (or 'data members' in C++)
package private String name;
private int age;
//constructor method
public Person(){
this.name="Unknown person”;

Class name

= Constructor this.age - 0;
¥

= Ple],ds //methods (or 'functions® in C++)
public String getName(){

= methods , return this.name;

public int getAge(){
return this.age;
¥
//Optional main method, which is a main execution entry point
public static void main(String args[]){
//creating a new object that is an instance of the class Person
Person p = new Person(); |
//calling the method of p instance
//in this case, name will be "Unknown person”
String name = p.getName();
//print name
System.out.println(name);






JAVR DEVELOPMENT PROCESS

Jjava => .class => JVM execution
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INSTALLING JAVA IN YOUR MACHINE (1)

= Downloading Java Development Kit (JDK) from

= Java Runtime Environment (JRE) is usually included in the JDK
installation file.
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http://www.oracle.com/technetwork/java/javase/downloads/index.html

INSTALLING JAVA IN YOUR MACHINE (2)

= Setting JAVA_ HOME (Windows):
= E.g., C:\Program Files\Java\jdkl1.7.0_45

= Setting path and classpath

System Properties L

System Properties &J

Computer Name | Hardware | Advanced |Sy5tem Protection I Remote|

Computer Name | Hardware | Advanced |System Protection | F{ernote|

Environment Variables

You must be logged on as an Administrator to make most of these changes.

Performance User variables for jz
Visual effects, processor scheduling, memory usage, and vitual memary
Variable Value
JAVA_HOME C:'Program Files\Java\jre7
TEMP %LUSERPROFILE%:\AppDataLocal (Temp

User Profiles
Desktop settings related to your logon

Edit System Variable [
Variable name: Path

Variable value: \bin;C:\Program Files\Java\jdk1. 7.0_45'bir|

Startup and Recovery
System startup, system failure, and debugging information [

OK ][ Cancel ]

L

PROCESSOR_A... AMDG4
Environment Variables... PROCESSOR_ID... Intel54 Family 6 Model 53 Stepping 9, G...

New.. |[ Edt. |[ Deete |

oK || Cancel |
- - [ OK ][ Cancel ]

—



COMPILE .JAVR FILE INTOQ A .CLASS FILE
(COMMBND LINE)

BN Ch\Windows'system32homd.exe

chroscft Windows [Version 6.1./7604]
Copyright (c) 2009 Microsoft Corporation. All rights reserved.

C:NUsers\jz?cd C:NUsersNjzsDocuments™~java_files
C: \Users\Jz\Dccumentskéava files>dir

Volume in drive C

VYolume Serial Number is ORPE-81F4

Directory of C:NUsersNjzsDocumentssjava_files

70120014 : 45 AM <DIR>
: 45 AM

: 426 HellolWorld.class
70126814 . : 115 Hellollorld. java

541 bytes
2 Dir(s) 13,493,460, 992 bytes free

C:NUserssjzsNDocumentsNjava_files>» javac Hellollorld. java
C:“Userssjz~NDocumentsNjava_files>set classpath=.

C:NUserssjzsNDocuments\java_files> java Hellollorld
Hello KHorld?

C:NUsersnjz~NDocuments\java_files>




RUNNING HELLOWORLD IN ECLIPSE IDE

Eclipse Download from :

& Java - HelloWorld/src/HelloWorld.java - Eclipse T o " 13 i - [ - y - - - - = e ]
File Edit Source Refactor Mavigate Search Project Run  Window Help
Fi~EH @ -0~ N H G~ 5™ - I = e Quick Access || et | (e
[# Package Explorer 32 =% Y = 0 *HelloWorld java 52 = 8 oF Outline &2 = 8
a = HelloWorld - 213 8 s e wt T
4 8 erc public class HelloWorld { 4 O, Helloworld
@ 5 main(String[]) : void

4 f (default package)
a [I] HelloWorld java
4 & HelloWorld
& main(String[]) : void
» =i JRE System Library [JavaSE-1.7]

public static wvoid main(String[] args) {
System.out.println("Hello World!"};

b

[Z: Problems @ Javadoc (&), Declaration [l Console 5%
<terminated> HelloWorld [Java Application] C:\Program Files\Java'jre\bin\javaw.exe (Jan 7, 2014, 12:05:08 PM)

relloiSatl


clipse.org/downloads/packages/eclipse-standard-431/keplersr1

JAVA PLATFORM

|' Java Program

| class HelloWorldapp (
| main(string [] args) (
.printin(”Hello World!”);

MyFrogram.java

. API Java i"l

latform .
Java Virtual Machine g \.:_.;vm

Hardware-Based Platform KV

Win32
UNIX

b




DEBUGGING JAVA IN ECLIPSE (1)

= Debugging means “run a program interactively while watching
the source code and the variables during the execution.” [5]

= Set breakpoints to stop the program at the middle of execution

= Eclipse has a Debug Mode



-

DEBUGGING JAVA IN ECLIPSE(2

= Debug - de.vogella. debug.firstfsrcfdefvogellafdebugffirst/Main. java - Eclipse

File Edit Refactor Run

Source Mawigate Search Project

Ed - 0- Q-
[l =

wyindow  Help

=

™|

v =R
=

W

1|§_§'§

F| e

- = q

:t? Debug &2
= 3] Main (1) [Java Application]
= de.wogella.debug. first.Main at localhost: 2035
=1-0f® Thread [main] {Suspended {breakpoint at line 9 in Main))
= Main.mairiString[T) line: 2
s CHProgram Files) Javaljresibinijavaw, exe (06.07. 2009 11:30:57)

3 T Bd= Wariables 22
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args
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public class Main

SEE
b
"

public static wvoid main(String([]

COUnter counter =
counter.count (] 2

args

args)]  {
new Counter (]

Svstem. cut.princln("We hswve counted " 4+ counter.getResulc () ) ;

El conscle 3 2| Tasks

Main (1) [Java Application] C:\Program Files)Javaljrecibinijavaw. exe (06.07.2002 11:30:57)

Writable Smark Inserk

L =T

D Breakpoints

3

walue
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5% outline £2 12 " s e w =
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Image courtesy:
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http://www.vogella.com/tutorials/EclipseDebugging/images/xdebugstart20.gif.pagespeed.ic.SqCELlNeCm.png

DEBUGGING JAVA IN ECLIPSE(3)

13 3 =

Fa& Stop F& F& FT

Table 1. Debugging key bindings / shortcuts

Key Description

F5 Executes the currently selected line and goes to the next line in your program. If the selected line is a
method call the debugger steps into the associated code.

F& F& steps over the call, i.e. it executes a method without stepping into it in the debugger.

F7 F7 steps out to the caller of the currently executed method. This finishes the execution of the current
method and returns to the caller of this method.

Fa Fa tells the Eclipse debugger to resume the execution of the program code until is reaches the next
breakpoint or watchpoint.

Table courtesy: http://www.vogella.com/tutorials/EclipseDebugging/article.html §@>


http://www.vogella.com/tutorials/EclipseDebugging/article.html




INHERITANCE IN JAVA

= Java classes can be derived from other

classes, thereby inheriting fields and
ackage inheritance;
methods ™

public class Animal{
private int age;
public void move(){
System.out.print("The Animal is moving");
¥s
¥

class Cat extends Animal{
J/a method in the sub-class
public void meow(){
System.out.print("The Cat is meowing");
¥
¥

class Dog extends Animal{
//a method in the sub-class
public void bark(){
System.out.print("The Dog is barking.");
¥
¥



COMMON ROOT: OBJECT
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A |




INTE

RFACE

package inheritance2;

public interface Animal {
public void move();
public void eat();

¥

class Dog implements Animal

{

¥

public void move() {

¥

System.out.println("The

public void eat() {

¥

System.out.println("The

class Cat implements Animal

{

public void move() {

¥

System.out.println("The

public void eat() {

h

System.out.println("The

Dog

Dog

Dog

Dog

is

is

is

is

moving.");

eating.");

moving.");

eating.");



“MULTIPLE INHERITANCE”

package inheritance2;

public interface Bird {
public void fly();

¥

interface MythologicalCreature{
//Mythological Creatures can speak human languages
public void speak();

}
|

class Horse {
public void run(){
System.out.println("The Horse is running");

¥
¥

class Pegasus extends Horse implements Bird, MythologicalCreature{
public void fly(){

System.out.println("The Pegasus is running"”);
}

public void speak(){
System.out.println("The Pegasus is speaking human languages™);

¥



A REAL WORLD EXAMPLE: ARRAYLIST

€ - C [} docs.oracle.ccom/javase/7/docs/api/java/util/ArrayList.html

Overview Package |[Class | Use Tree Deprecated Index Help

Prev Class MNextClass Frames Mo Frames All Classes

Summary: Nested | Field | Constr | Method Detail: Field | Constr | Method

java.util

Class ArrayList<E>

java.lang.Cbject
java.util AbstractCollection=E=
java.util AbstractList=E=
java.util. ArrayList=E=

All Implemented Interfaces:
Serializable, Cloneable, lterable=E=, Collection=E=, List=E=, RandomaAccess
Direct Known Subclasses:

Attributelist, RoleLlist, RolelnresolvedList

puklic class ArraylList<E>
extends Abstractlist<E>
implements List<E>», Randomficcess, Cloneakble, Serializable

&
@ http://docs.oracle.com/javase/7/docs/api/java/util/ArrayList.html



http://docs.oracle.com/javase/7/docs/api/java/util/ArrayList.html




JAVR THREADING

= A thread is a thread of execution in a program [6]

= JVM allows an applicatiorﬁmm ?nJﬁTlﬁﬂﬁﬁlds

running concurrently. |

|
|
|
jthread_wapper_start_proc() |
|
hythread_set_to_group() :

= Apache Harmony exampl

! !
JANITI Thread Start Evert

S4BT Thread End Event

6 ______________
hythread_detach_ex() |



http://harmony.apache.org/subcomponents/drlvm/TM.html

TW0 WAYS T0 DO TP“”“’““

class PrimeThread extends Thread |

Class :- thisz.minPrime = minPrime;

public wvoid rumn{)
'/ compute primes larger than minPrime

PrimeThread p = new PrimeThread(143):
p.startc () :

clas=s PrimeRun implements Runnable
long minPrime:;
PrimeBRun (long minFrime)
thizs.minPrime = minPrime:;

2. Implements
1{111111611)163 p:b;%? void run) _ .
. // compute primes larger than minPrime
interface

PrimeRun p = new PrimeRun(143);
new Thread(p).startl():;



http://docs.oracle.com/javase/7/docs/api/java/lang/Thread.html

THREAD LIFECYCLE

® = new

program starts
thread

runnable

await
sleep
interval
expires

waiting timed waiting terminated



HOW TO STOP A THREAD

package threading;
| ]
USlng Ilpul'.tlif.: class StopThread extends Thread {
String name;
StopThread(String name) {
this.name = name;

}
public void run() {

int count = 9;
while(!Thread.currentThread().isInterrupted()) {

System.out.println("The current count is" + (count++));
¥

System.out.println("Exiting Thread: "+name);
}
public static void main(String[] args) {
//starting the thread
StopThread st = new StopThread("My thread");
st.start();
//put the main thread to sleep for 3 seconds
try {
Thread.sleep(3000);
1 catch (InterruptedException e) {
e.printStackTrace();
¥

//stopping the thread by calling its interrupt() method
st.interrupt();

©

http://stackoverflow.com/questions/7786305/stopping-a-specific-java-thread



http://stackoverflow.com/questions/7786305/stopping-a-specific-java-thread

JAVE SYNCHRON




THREAD INTERFERENCE (1)

= Increment operation is translated
to multiple steps by the virtual

package sync;

machine :
. public class Counter {
1. Retrieve the current value private int c = 0;
Of C. public void increment() {
2. Increment the retrieved y
value I)Sr 1. public void decrement() {
c--;
3. Store the incremented value }
back in c public int value() {

return c;

¥
¥

Example from:


http://docs.oracle.com/javase/tutorial/essential/concurrency/interfere.html

THREAD INTERFERENCE (2)

= Assume we have 2 threads, A and B.

= A increments ¢, and B decrements c.

= Thread A and B runs together.

= One possible order of the low-level steps:

1.

S

Thread A: Retrieve c.
Thread B: Retrieve c.
Thread A:Increment retrieved value; result is 1.

Thread B: Decrement retrieved value; result is -1.

Thread A: Store result in c; c is now 1.
Thread B: Store result in ¢; c is now -1.

= s the result correct?

= What if the thread A and B are bank transactions?



PROBLEM ROOT CAUSE

= Threads are visiting one field (resource) at the same time.
= Multiple steps of an operation

= No enforced “happen-before” relationship



SOLUTION: SYNCHRONIZED METHOD

package sync;

public class SynchronizedCounter {
private int c = @;

public synchronized void increment() {

C+t;
h
public synchronized void decrement() {
c--;
h
public synchronized int value() {
return c;
h
h
Example:


http://docs.oracle.com/javase/tutorial/essential/concurrency/syncmeth.html

SYNCH

[RONIZED METHOD

= Enforce the ‘happen-before’ relationship in the method level.

= Either one of the below instance will happen. But result is always O,

which is correct.

1. Thread A: Retrieve c.

2 Thread A:Increment retrieved value;
resultis 1.

3. Thread A: Store result in c; c isnow 1.

4, Thread B: Retrieve c. OR

5. Thread B: Decrement retrieved value;
result is O.

6. Thread B: Store result in c; ¢ is now 0.

et

o1

Thread B: Retrieve c.

Thread B: Decrement retrieved value;
resultis -1.

Thread B: Store result in c; c is now -
1.

Thread A: Retrieve c.

Thread A:Increment retrieved value;
result is O.

Thread A: Store resultin c;c is n@.



SYNCHRONIZED STATEMENTS (1)

= Every object has an intrinsic lock associated with it
= Primitive types (e.g., int, char) do not have intrinsic locks.

= We can combine object intrinsic locks and synchronized
keyword to create fine-grained synchronization control.



SYNCHRONIZED STATEMENTS (2)

package sync;

public class MsLunch {
private long cl = @,
private long c2 = 8;

//each object has its own intrinsic lock
private Object lockl = new Object();
private Object lock2 = new Object();

public void incl() {
//combine object intrinsic locks and synchronized keyword
synchronized(lockl) {
cl++;

¥
¥

public void inc2() {
synchronized(lock2) {
C2++;

¥


http://docs.oracle.com/javase/tutorial/essential/concurrency/locksync.html

SYNCHRONIZED STATEMENT HAZARDS

(1) private final Boolean initialized = Boolean.FALSE;

public void doSomething() {
synchronized (initialized) {

lllll

= Boolean has only two instances of Boolean

= [f another thread also synchronizes on the same Boolean
instance, like this:

= private final Boolean someLock = Boolean.FALSE;
= The lock will be reused.
= The system might be deadlock or unresponsive.
= It is hard to detect this type of bugs!

#  More examples:

()


https://www.securecoding.cert.org/confluence/display/java/LCK01-J.+Do+not+synchronize+on+objects+that+may+be+reused

SYNCHRONIZED STATEMENT HAZARDS

§ I’Z))ther example of the wrong way of using locks:

int lock = 8;
private final Integer Lock = lock; // Boxed primitive Lock is shared

public void doSomething() {
synchronized (Lock) {

§ o
. P

¥
)

What will happen another thread also synchronizes on an integer
instance with the 0 integer value?

©


https://www.securecoding.cert.org/confluence/display/java/LCK01-J.+Do+not+synchronize+on+objects+that+may+be+reused

SYNCHRONIZED STATEMENT HAZARDS

(3)

= Correct way of using locks: using new to instantiate an object

int lock = &;
private final Integer Lock = new Integer(lock);

public void doSomething() {
synchronized (Lock) {

IIIII

)


https://www.securecoding.cert.org/confluence/display/java/LCK01-J.+Do+not+synchronize+on+objects+that+may+be+reused
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