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Programming LanguagesProgramming Languages

19571957 : : FortranFortran
19591959 : : Cobol,  LispCobol,  Lisp
19641964 : : BasicBasic
19711971 : : PascalPascal
19721972 : : C,  PrologC,  Prolog
19831983 : : CC++++
19951995 : : JavaJava
20012001 : : C#,  J#C#,  J#



SunSun’’s Green Projects Green Project

19901990 : : SunSun’’s Green projects Green project
–– ““The convergence of digitally controlled The convergence of digitally controlled 

consumer devices and computersconsumer devices and computers..””
19921992 : : StarSevenStarSeven (*(*77)  )  handheld handheld 
wireless PDA using Oak as wireless PDA using Oak as progprog. lang.. lang.
–– *7 went ch11*7 went ch11
1995 : Oak was renamed to Java at 1995 : Oak was renamed to Java at 
the time when Internet & WWW was the time when Internet & WWW was 
booming.booming.



Java TechnologyJava Technology

Java Programming LanguageJava Programming Language
Java PlatformJava Platform
–– Java Virtual MachineJava Virtual Machine
–– Java APIJava API



Java VMJava VM

SolarisSolaris
LinuxLinux
WindowsWindows
Mac OS XMac OS X
HPHP--UXUX
IBMIBM--AIX, OS/390AIX, OS/390

PDAPDA
JavaJava--enabled cell enabled cell 
phonesphones
GameBoyGameBoy AdvanceAdvance
......



Java APIJava API

versionversion ##packagespackages ##classesclasses
1.01.0 88 212212
1.11.1 2323 504504
1.21.2 5959 15201520
1.31.3 7676 ~1800~1800
1.41.4 135135 ~2800~2800
1.51.5 ?????? ????????
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Java PlatformsJava Platforms

Standard Edition Standard Edition ((J2SEJ2SE))
–– clientclient--side generalside general--purpose applicationspurpose applications

Enterprise Edition Enterprise Edition ((J2EEJ2EE))
–– multimulti--tier servertier server--centric applications centric applications 

Micro Edition Micro Edition ((J2MEJ2ME))
–– consumer and embedded devicesconsumer and embedded devices



Java TechnologyJava Technology

James Gosling :James Gosling :
–– “…“… software VLSI, endsoftware VLSI, end--toto--end, sideend, side--toto--

side, homogenous view of heterogeneity side, homogenous view of heterogeneity 
reality ...reality ...””



Java LogosJava Logos

20031995
-

2002



Sun's Stat.Sun's Stat.

500 million desktop PCs run Java applets500 million desktop PCs run Java applets
3 million3 million+ + professional Java developersprofessional Java developers
Of all Java developers Of all Java developers ((Evans Data, 2002Evans Data, 2002):):
–– 58% develop desktop applications58% develop desktop applications
–– 50% develop intranet applets50% develop intranet applets
–– 38% develop internet applets38% develop internet applets

>36 million Java runtime >36 million Java runtime envenv. downloads. downloads
JRE downloads surging, now about 3 million JRE downloads surging, now about 3 million 
per monthper month



Why Java ?Why Java ?



PopularityPopularity

3.7JavaScript10

3.8Delphi/Pascal/Kylix9

4.1C#8

6.1SQL7

9.5PHP6

15.2(Visual) Basic5

18.3Perl4

33.8C++3

36.7C2

47.4Java1

RatingsProgramming LanguagePosition



The Biggest Open Problem The Biggest Open Problem 
In Programming LanguagesIn Programming Languages

Increasing Programmer ProductivityIncreasing Programmer Productivity
–– Write programs correctlyWrite programs correctly
–– Write programs quicklyWrite programs quickly
–– Write programs easilyWrite programs easily

http://research.microsoft.com/~toddpro/papers/disruptive.ppt



Java Programming Lang.Java Programming Lang.

James Gosling : James Gosling : 
–– Life is too short, Java lets him do more Life is too short, Java lets him do more 

coding, less debuggingcoding, less debugging
–– Java beats C and C++ by a factor of 2 in Java beats C and C++ by a factor of 2 in 

developer productivity.developer productivity.



Java : Design GoalsJava : Design Goals

Java technology must enable the 
development of secure, high 
performance, and highly robust 
applications on multiple platforms in 
heterogeneous, distributed networks.



Java Programming Lang.Java Programming Lang.

Simple, Familiar, ObjectSimple, Familiar, Object--OrientedOriented
Robust, SecureRobust, Secure
Architecture Neutral, PortableArchitecture Neutral, Portable
High PerformanceHigh Performance
Interpreted, Threaded, DynamicInterpreted, Threaded, Dynamic

Platform independence is the main reason for 
using Java (ComputerWorld’s survey)



Simple, Familiar, and OOSimple, Familiar, and OO

easily programeasily program
Bill Joys : Java = C++ Bill Joys : Java = C++ -- --
provide a clean & efficient objectprovide a clean & efficient object--based based 
development platformdevelopment platform



Robust and SecureRobust and Secure

RobustRobust
–– strict compile time checkingstrict compile time checking
–– strict runstrict run--time checkingtime checking
–– automatic garbage collectionautomatic garbage collection
–– support exception handling & assertionsupport exception handling & assertion

SecureSecure
–– no pointerno pointer
–– verify verify bytecodebytecode before class loading before class loading 
–– sandboxsandbox



Arch Neutral & PortableArch Neutral & Portable

Write Once Run Anywhere (WORA)Write Once Run Anywhere (WORA)
–– compiled to Java compiled to Java bytecodebytecode
–– run on Java VMrun on Java VM
–– fixed sizes, formats, and behaviors of all fixed sizes, formats, and behaviors of all 

primitive data typesprimitive data types
–– behave (almost) the same on multibehave (almost) the same on multi--

platformsplatforms
solve distribution & version problemssolve distribution & version problems
can be deployed into heterogeneous can be deployed into heterogeneous 
network environmentsnetwork environments



High PerformanceHigh Performance

Hotspot VM is highly tunableHotspot VM is highly tunable
the garbage collector runs as a lowthe garbage collector runs as a low--
priority threadpriority thread
support native codes for computesupport native codes for compute--
intensive operationsintensive operations
JVM performance keeps improvingJVM performance keeps improving



Interpreted, Thread, DynamicInterpreted, Thread, Dynamic

linking is lightweight and incrementallinking is lightweight and incremental
faster development cyclefaster development cycle
support multithreading at the support multithreading at the 
language level w/ sync. primitiveslanguage level w/ sync. primitives
language and runlanguage and run--time system are time system are 
dynamically linked on demanddynamically linked on demand



JavaJava’’s WORAs WORA

promote readabilitypromote readability
Java code will survive.Java code will survive.

Write today, use next year.Write today, use next year.
Easy to maintain at a fixed level of functionalityEasy to maintain at a fixed level of functionality

Java enables evolutionJava enables evolution
–– bad code diesbad code dies
–– good code lives on (modified, evolves, good code lives on (modified, evolves, 

becomes better)becomes better)

http://www.wgrosso.com/Articles/Presentations/PresentationonJavaasaProg.html



WORA == CommunityWORA == Community

Reuse lots of code from different placesReuse lots of code from different places
–– Very little need to worry about platform Very little need to worry about platform 

dependenciesdependencies
–– Widespread adoption of coding conventionsWidespread adoption of coding conventions
–– And largeAnd large--scale librariesscale libraries

New programming styleNew programming style
–– Write Half, Steal the RestWrite Half, Steal the Rest

http://www.wgrosso.com/Articles/Presentations/PresentationonJavaasaProg.html



Language FeaturesLanguage Features

1995 (1.0) : first public release1995 (1.0) : first public release
1997 (1.1) : nested classes1997 (1.1) : nested classes
2001 (1.4) : assert2001 (1.4) : assert
2003 (1.5) :2003 (1.5) :
–– generics, generics, enumenum, enhanced for, , enhanced for, 

autoboxing/unboxingautoboxing/unboxing, , varargsvarargs, static , static 
import, metadata.import, metadata.

increase expressiveness, increase safety



Features Removed from C++Features Removed from C++

No No typedeftypedef, define, preprocessor, define, preprocessor
No multiple inheritanceNo multiple inheritance
No operator overloadingNo operator overloading
No automatic coercionNo automatic coercion
No pointersNo pointers



Demo



Object Technology in JavaObject Technology in Java

EncapsulationEncapsulation
PolymorphismPolymorphism
Single InheritanceSingle Inheritance
Dynamic bindingDynamic binding





javadocjavadoc

ggeneratesenerates HTMLHTML pagespages ofof APIAPI
documentationdocumentation fromfrom JavaJava sourcesource filesfiles
automaticallyautomatically addsadds crosscross--referencereference linkslinks

producesproduces oneone completecomplete documentdocument eacheach
timetime itit isis runrun
reliesrelies onon thethe javajava compilercompiler toto dodo itsits jobjob



Commenting the SourceCommenting the Source

javadocjavadoc comment  /**      */comment  /**      */
comments are written in HTMLcomments are written in HTML
special tags embedded in commentsspecial tags embedded in comments
–– @author@author @deprecated@deprecated
–– @@paramparam @throws@throws
–– @return@return @since@since
–– @see@see ......



/**
* Returns the trigonometric cosine of an angle. Special cases:
* <ul><li>If the argument is NaN or an infinity, then the
* result is NaN.</ul>
* <p>A result must be within 1 ulp of the correctly rounded
* result. Results must be semi-monotonic.
*
* @param a   an angle, in radians.
* @return the cosine of the argument.
*/
public static double cos(double a) {

return StrictMath.cos(a);
}

/**
* Returns the trigonometric cosine of an angle. Special cases:
* <ul><li>If the argument is NaN or an infinity, then the
* result is NaN.</ul>
* <p>A result must be within 1 ulp of the correctly rounded
* result. Results must be semi-monotonic.
*
* @param a   an angle, in radians.
* @return the cosine of the argument.
*/
public static double cos(double a) {

return StrictMath.cos(a);
}

javadocjavadoc : Comments: Comments



javadocjavadoc : HTML: HTML



javadocjavadoc

can can runrun onon ..javajava sourcesource filesfiles thatthat areare
purepure stubstub filesfiles withwith nono methodmethod bodiesbodies
can can generategenerate documentationdocumentation forfor
sourcesource filesfiles whosewhose codecode isis incompleteincomplete
cancan customizecustomize thethe contentcontent andand formatformat
ofof thethe JavadocJavadoc tooltool ''s s outputoutput byby usingusing
docletsdoclets (HTML, XML, MIF, RTF)(HTML, XML, MIF, RTF)
use 3use 3rdrd party party s/ws/w to produce other to produce other 
formats e.g., Windows HTMLHLPformats e.g., Windows HTMLHLP



Java Web StartJava Web Start



Java PlugJava Plug--inin

enables Java 2 applets to be run under enables Java 2 applets to be run under 
SunSun’’s JRE in Netscape Navigator and s JRE in Netscape Navigator and 
Internet Explorer.Internet Explorer.
supports cookiessupports cookies
allow applet persistence across sessionsallow applet persistence across sessions
applet cachingapplet caching
JavaJava--toto--JavaScript communicationJavaScript communication
Common DOM APICommon DOM API



User Interface APIUser Interface API

AWTAWT
SwingSwing
Accessibility APIAccessibility API
Java 2D APIJava 2D API
Input MethodsInput Methods
SoundSound



Abstract Window ToolkitAbstract Window Toolkit

rich set of UI componentsrich set of UI components
robust eventrobust event--handling modelhandling model
graphics and imaging classesgraphics and imaging classes
layout managerslayout managers
data transfer class (cutdata transfer class (cut--&&--paste paste 
through native clipboard)through native clipboard)



SwingSwing

Graphical User Interface (GUI) Graphical User Interface (GUI) 
component toolkit.component toolkit.
Complete set of userComplete set of user--interface interface 
elements written entirely in Java.elements written entirely in Java.
Integrated into the Java 2 platform Integrated into the Java 2 platform 
(1.2 or higher).(1.2 or higher).



Swing vs. AWTSwing vs. AWT

SwingSwing
–– LightweightLightweight
–– ComplexComplex
–– Pluggable L&FPluggable L&F
–– Pure JavaPure Java
–– Java 1.2, ...Java 1.2, ...

AWTAWT
–– HeavyweightHeavyweight
–– PrimitivePrimitive
–– Single L&FSingle L&F
–– Not Pure JavaNot Pure Java
–– Java 1.0, ...Java 1.0, ...



Swing vs. AWTSwing vs. AWT

JAppletJApplet
JFrameJFrame
JButtonJButton, , JCheckboxJCheckbox, , 
JRadioButtonJRadioButton, , 
JComboBoxJComboBox, , 
JDialogJDialog, , JLabelJLabel, , 
JListJList, , JSliderJSlider, , 
JTextComponentJTextComponent, , 
......

AppletApplet
FrameFrame
Button, Checkbox, Button, Checkbox, 
Choice, Dialog, Choice, Dialog, 
Label, List, Label, List, 
Scrollbar, Scrollbar, 
TextComponentTextComponent, ..., ...



Distributed Object App.Distributed Object App.

ServerServer
–– create some remote objectscreate some remote objects
–– make references to the objects accessiblemake references to the objects accessible
–– wait for client to invoke methods on wait for client to invoke methods on 

these objectsthese objects
ClientClient
–– get remote referencesget remote references
–– invoke methods on these referencesinvoke methods on these references



Remote Method InvocationRemote Method Invocation

RMI RMI allowsallows anan objectobject runningrunning inin oneone
JVMJVM toto invokeinvoke methodsmethods onon anan objectobject
runningrunning inin anotheranother JVMJVM



Distributed App. Distributed App. 

CrossCross--language, crosslanguage, cross--vendor interoperability vendor interoperability 
is achieved via the IIOP (a transport protocol is achieved via the IIOP (a transport protocol 
for distributed app. written in either IDL or for distributed app. written in either IDL or 
Java RMI)Java RMI)
Java 1.1 :  RMIJava 1.1 :  RMI
–– a natural outgrowth of RPCa natural outgrowth of RPC

Java 1.2 :  Java IDLJava 1.2 :  Java IDL
–– API for interoperability and integration with CORBAAPI for interoperability and integration with CORBA

Java 1.3 :  RMI over IIOPJava 1.3 :  RMI over IIOP
–– enabledenabled remoteremote objectsobjects writtenwritten inin JavaJava toto bebe

accessibleaccessible fromfrom anyany languagelanguage viavia IIOPIIOP



Core APICore API

lang.lang.
util.util.
–– logginglogging
–– perferenceperference
–– collectioncollection
–– regexpregexp
–– jar, zipjar, zip

I/O & new I/O I/O & new I/O 
networkingnetworking
securitysecurity
localelocale
JavaBeanJavaBean
XMLXML
native interfacenative interface



Collection FrameworkCollection Framework

Java 1 : Vector, Java 1 : Vector, HashtableHashtable
Java 2 :Java 2 :

<<Collection>>

<<Set>> <<List>>

<<SortedSet>>

<<Map>>

<<SortedMap>>



ImplementationsImplementations

GeneralGeneral--purposepurpose
–– ArrayListArrayList, , LinkedListLinkedList
–– TreeSetTreeSet, , HashSetHashSet, , 

LinkedHashSetLinkedHashSet,,
–– TreeMapTreeMap, , HashMapHashMap, , 

LinkedHashMapLinkedHashMap

WrapperWrapper
–– synchronizedsynchronized
–– unmodifiableunmodifiable

ConvenienceConvenience
–– Array.asListArray.asList
–– ......

LegacyLegacy
–– Vector, Vector, HashtableHashtable

Special purposeSpecial purpose
–– WeakHashMapWeakHashMap, , 

IdentityHashMapIdentityHashMap

AlgorithmsAlgorithms
–– sort, search, fill, ...sort, search, fill, ...



JNI : Native InterfaceJNI : Native Interface

native method cannative method can
–– create, access, and update its own objects create, access, and update its own objects 

including objects passed to itincluding objects passed to it
–– call Java methodscall Java methods
–– load and get information about Java classesload and get information about Java classes



An ExampleAn Example

class HelloWorld {
public native void displayHelloWorld();

static {
System.loadLibrary("hello");

}

public static void main(String[] args) {
new HelloWorld().displayHelloWorld();

}
}

javac HelloWorld.java javah –jni HelloWorld

HelloWorld.java



An ExampleAn Example

#include <jni.h>
#include "HelloWorld.h"
#include <stdio.h>

JNIEXPORT void JNICALL 
Java_HelloWorld_displayHelloWorld(JNIEnv *env, 
jobject obj) 
{

printf("Hello world!\n");
return;

}

cl -Ic:\java\include -Ic:\java\include\win32
-LD HelloWorld.c -Fehello.dll

HelloWorld.c



Reflection APIReflection API

examine classesexamine classes
manipulate an instance of a classes manipulate an instance of a classes 
whose name is not known until runtimewhose name is not known until runtime
invoke a method whose name is not invoke a method whose name is not 
known until runtimeknown until runtime
usually used for writing development usually used for writing development 
tools e.g., debuggers, class browsers, ... tools e.g., debuggers, class browsers, ... 



An ExampleAn Example : Java: Java

public void init() {
Button btOK = new Button("OK");
btOK.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent e) {
System.out.println(“I’m OK”);

}
} );
add(btOK);
Button btCancel = new Button("CANCEL");
btCancel.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent e) {
System.out.println(“I was cancelled”);

}
} );
add(btCancel);

}



An Example : VBAn Example : VB

Private Sub OK_Click()
Debug.print "I'm OK"

End Sub

Private Sub CANCEL_Click()
Debug.print "I was cancelled"

End Sub

public void onButtonPushed_OK() {
System.out.println("I'm OK");

}
public void onButtonPushed_CANCEL() {
System.out.println("I'm Cancelled");

}



public void init() {
ActionListener btListener = new ActionListener() {

public void actionPerformed(ActionEvent e) {
methodInvoke("onButtonPushed_" + 

e.getActionCommand());
} };      

Button btOK = new Button("OK");
btOK.addActionListener(btListener);
add(btOK);
Button btCancel = new Button("CANCEL");
btCancel.addActionListener(btListener);
add(btCancel);

}

public void methodInvoke(String metName) {
try {

Class c = this.getClass();
Method met = c.getMethod(metName, new Class[0]);
met.invoke(this, new Object[0]);

} catch (Exception ex) { ex.printStackTrace(); }
}




