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What is Java?What is Java?

• Compiled, OO languageCompiled, OO language
• High-level, easy to useHigh-level, easy to use
• Many prebuilt librariesMany prebuilt libraries
• UniversalUniversal
• Part of MatlabPart of Matlab

• http://java.sun.com/docs/books/tutorial/index.htmlhttp://java.sun.com/docs/books/tutorial/index.html



  

What is Java?What is Java?



  

What is Java?What is Java?

• Relative speedsRelative speeds
• C/C++: 1C/C++: 1
• Java: 1/1.5Java: 1/1.5
• Interpreted M-code: < 1/100Interpreted M-code: < 1/100
• JIT M-code: ~1/2 ?JIT M-code: ~1/2 ?



  

What is Java?What is Java?

• Explicit benefits:Explicit benefits:
• Compiled classes (and everything)Compiled classes (and everything)
• JNI, threading, system access etcJNI, threading, system access etc
• Web access/beans/etcWeb access/beans/etc
• UniversalUniversal
• Compressed/encrypted package deploymentCompressed/encrypted package deployment
• Pointers and OOPPointers and OOP
• GUI’sGUI’s



  

What is Java?What is Java?

• TerminologyTerminology
• Java: Language specification Java: Language specification (cf M-code)(cf M-code)
• JVM – Java Virtual Machine, runs compiled JVM – Java Virtual Machine, runs compiled 

Java objects Java objects (cf Matlab.exe)(cf Matlab.exe)
• JRE – Java Runtime Environment, is the actual JRE – Java Runtime Environment, is the actual 

code that creates and controls the JVM, and code that creates and controls the JVM, and 
specifies the running version of Java specifies the running version of Java (cf Matlab (cf Matlab 
version, environment, path, etc)version, environment, path, etc)



  

11stst thing to know about Java thing to know about Java

• Matlab runs with an internal JVMMatlab runs with an internal JVM
• This controls the desktop, figures, and some This controls the desktop, figures, and some 

built-in functions (ie timer)built-in functions (ie timer)

• You can turn it off:You can turn it off:
• ‘‘-nojvm’ start flag-nojvm’ start flag
• Right click on shortcut, add to end of ‘Target’Right click on shortcut, add to end of ‘Target’
• Matlab runs in console mode onlyMatlab runs in console mode only



  

11stst thing to know about Java thing to know about Java

• Resource ManagementResource Management
• Matlab won’t spend time on desktop, UIMatlab won’t spend time on desktop, UI
• Always use ‘-nojvm’ or ‘-nodesktop’ for time-Always use ‘-nojvm’ or ‘-nodesktop’ for time-

critical codecritical code

No JVM



  

11stst thing to know about Java thing to know about Java

• #1 reason for Matlab crashes prior to r7.2, #1 reason for Matlab crashes prior to r7.2, 
and 7.6+ (7.4 works much better)and 7.6+ (7.4 works much better)
• JVM heap overflowsJVM heap overflows
• Lots of red text in console -> JVM errorLots of red text in console -> JVM error

• This may be because Matlab DOES NOT use This may be because Matlab DOES NOT use 
the public JRE, but an internal versionthe public JRE, but an internal version



  

11stst thing to know about Java thing to know about Java

• You can update the JREYou can update the JRE
• Download the appropriate JRE (java.com)Download the appropriate JRE (java.com)
• Add environment variable “MATLAB_JAVA” Add environment variable “MATLAB_JAVA” 

which is the path to the JREwhich is the path to the JRE
• http://www.mathworks.com/support/solutions/data/1-1812J.htmlhttp://www.mathworks.com/support/solutions/data/1-1812J.html

• Recent Matlabs run Java 5/1.5, but current Java is 6/1.6!Recent Matlabs run Java 5/1.5, but current Java is 6/1.6!
• Changing version -> more stable, new Java featuresChanging version -> more stable, new Java features
• BUT: Parts of Matlab GUI may not work!!!BUT: Parts of Matlab GUI may not work!!!
• (NB: 7.6+ is Java 6, though still a private version)(NB: 7.6+ is Java 6, though still a private version)

http://www.mathworks.com/support/solutions/data/1-1812J.html


  

11stst thing to know about Java thing to know about Java

• Choose your JRE carefullyChoose your JRE carefully

• Especially with v. < r7.2, TURN OFF JVM Especially with v. < r7.2, TURN OFF JVM 
for critical applications/resource for critical applications/resource 
managementmanagement
• Unless, of course, you need JavaUnless, of course, you need Java



  

Why Java?Why Java?

• Why use Java instead of Matlab?Why use Java instead of Matlab?
• Everything is compiledEverything is compiled

• Cf non-JIT compliant M-code, will run fasterCf non-JIT compliant M-code, will run faster
• Ie critical loops over objects, pointers, 4-D+ matricesIe critical loops over objects, pointers, 4-D+ matrices

• More general programming languageMore general programming language
• Syntax is much cleaner and more powerful, in generalSyntax is much cleaner and more powerful, in general
• Threading!Threading!

• Extensive prebuilt librariesExtensive prebuilt libraries
• Good for things other than plotting and matrices!Good for things other than plotting and matrices!



  

Why Java?Why Java?

• Why use Java instead of C?Why use Java instead of C?
• Higher level (easier)Higher level (easier)
• Native Matlab interfaceNative Matlab interface

• No need to write interface functions and compile No need to write interface functions and compile 
explicitly for Matlab in a .mex fileexplicitly for Matlab in a .mex file

• Can use native Java syntax directly in MatlabCan use native Java syntax directly in Matlab

• Java objects -> Matlab variablesJava objects -> Matlab variables

• Universal (compile once, run anywhere)Universal (compile once, run anywhere)
• Jython?Jython?



  

Using JavaUsing Java

• EVERYTHING is an objectEVERYTHING is an object

• There are no functions, just class methodsThere are no functions, just class methods

• So, we create objects and invoke methods So, we create objects and invoke methods 
on themon them
• Exactly like in Java, but without Exactly like in Java, but without newnew  or type or type 

specificationspecification



  

Using JavaUsing Java

• Java path different from Matlab pathJava path different from Matlab path
• Can be dynamically used (ie for development)Can be dynamically used (ie for development)

• javaaddpath, javarmpath, javaclasspathjavaaddpath, javarmpath, javaclasspath

• Static use (faster load times) requires restartStatic use (faster load times) requires restart
• >> edit classpath.txt>> edit classpath.txt

• Either point path to compiled ‘classes’ folder or Either point path to compiled ‘classes’ folder or 
directly to *.jar filedirectly to *.jar file

• Default Java already on static path; only 3Default Java already on static path; only 3rdrd party  party 
classes must be addedclasses must be added



  

Using JavaUsing Java

• Packages – collections of objects (like Packages – collections of objects (like 
folders)folders)
• We reference an object through its packageWe reference an object through its package

• Eg Eg java.lang.java.lang.System.nanoTime()System.nanoTime()  

• Or we can Or we can importimport a package/object/method for  a package/object/method for 
quick reference, just like in Javaquick reference, just like in Java
• >> import >> import java.lang.*java.lang.*;;
• >> System.nanoTime();>> System.nanoTime();



  

Using JavaUsing Java

• Example: Read URL (modified from help)Example: Read URL (modified from help)



  

Using JavaUsing Java

• Example: Read URL (modified from help)Example: Read URL (modified from help)



  

Using JavaUsing Java

• staticstatic methods can be called without  methods can be called without 
creating an objectcreating an object
• Can just invoke directly in MatlabCan just invoke directly in Matlab
• Eg Eg >> java.lang.System.nanoTime()>> java.lang.System.nanoTime()

class Systempackage java.lang static long nanoTime()
(returns a long integer, ie 64 bit)

http://java.sun.com/j2se/1.5.0/docs/api/java/lang/System.html

Don't forget methods('java.lang.System'), methodsview(...), etc!

http://java.sun.com/j2se/1.5.0/docs/api/java/lang/System.html


  

Using JavaUsing Java

• For usage and help, see For usage and help, see 

• http://java.sun.com/j2se/1.5.0/docs/api/http://java.sun.com/j2se/1.5.0/docs/api/
• http://java.sun.com/javase/6/docs/api/http://java.sun.com/javase/6/docs/api/

http://java.sun.com/javase/6/docs/api/


  

Using JavaUsing Java

• Again, know your JREAgain, know your JRE

• >> version >> version –java–java
ans =ans =

Java 1.5.0_07 with Sun Microsystems Inc. Java Java 1.5.0_07 with Sun Microsystems Inc. Java 
HotSpot(TM) Client VM mixed modeHotSpot(TM) Client VM mixed mode



  

Writing JavaWriting Java

• http://java.sun.com/javase/downloads/http://java.sun.com/javase/downloads/
• Get SDK for Java SEGet SDK for Java SE

• Can use notepad to write, but better is:Can use notepad to write, but better is:
• NetbeansNetbeans

• www.netbeans.orgwww.netbeans.org

• EclipseEclipse
• www.eclipse.orgwww.eclipse.org

• EtcEtc

http://java.sun.com/javase/downloads/


  

Writing JavaWriting Java

• Make sure to compile for the right version!Make sure to compile for the right version!
• Remember, Matlab prior to 7.6 runs Java 5Remember, Matlab prior to 7.6 runs Java 5

• JRE's are backwards compatible (5 code runs in JRE's are backwards compatible (5 code runs in 
6 JRE) but not forwards compatible6 JRE) but not forwards compatible



  

Writing JavaWriting Java

• Again, for details, please followAgain, for details, please follow
• http://java.sun.com/docs/books/tutorial/index.htmlhttp://java.sun.com/docs/books/tutorial/index.html

• We’ll write a very simple HelloWorld appWe’ll write a very simple HelloWorld app

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


  

Writing JavaWriting Java

• HelloWorld.javaHelloWorld.java
• Take note:Take note:

• PackagePackage
• DeclarationDeclaration
• thisthis

• Private doublePrivate double
• ConstructorConstructor
• Static void speakStatic void speak
• Void loopVoid loop



  

Writing JavaWriting Java

• To use/test our new class…To use/test our new class…

~= 250, due to overhead of switching to Java.
Takes min ~100us to call Java method, more to
pass arguments

If dynamic path classes have changed, cf clear classesclear classes



  

Writing JavaWriting Java

• To use/test our new class…To use/test our new class…

Note that sum(1:N(i)) is not viable 
here due to large vector size!  It 
will be much slower since it has to 
create the entire array, instead of 
looping over single numbers in a 
JIT loop



  

Writing JavaWriting Java

• To use/test our new class…To use/test our new class…
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Writing JavaWriting Java

• Optimized with 32-bit ints (cf 64-bit doubles)Optimized with 32-bit ints (cf 64-bit doubles)
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Java Example - RMIJava Example - RMI

• Remote Method InvocationRemote Method Invocation
• Java protocol for inter-process communication Java protocol for inter-process communication 

over TCP/IP (ie, your ethernet card)over TCP/IP (ie, your ethernet card)

• Allows sharing an object between two JVM'sAllows sharing an object between two JVM's

• Not the fastest protocol, but a good balance of Not the fastest protocol, but a good balance of 
speed/power/ease of writingspeed/power/ease of writing



  

RMIRMI

• We will write a protocol for one Matlab We will write a protocol for one Matlab 
session to invoke commands on another session to invoke commands on another 
over Java RMIover Java RMI

• MatlabDispatch package onlineMatlabDispatch package online



  

RMIRMI

• RMI creates a ‘remote object’ which lives in one RMI creates a ‘remote object’ which lives in one 
JVM but its methods can be invoked by anotherJVM but its methods can be invoked by another

• We will thus write a remote object which can We will thus write a remote object which can 
control a server Matlab’s JVMcontrol a server Matlab’s JVM

• http://java.sun.com/docs/books/tutorial/rmi/index.htmlhttp://java.sun.com/docs/books/tutorial/rmi/index.html



  

MatlabDispatch.MatlabControlMatlabDispatch.MatlabControl
• Uses undocumented com.mathworks.jmi Uses undocumented com.mathworks.jmi 

packagepackage

• Creates Matlab object which is handle to Creates Matlab object which is handle to 
Matlab running the JVM (or creates a new Matlab running the JVM (or creates a new 
Matlab session)Matlab session)

• Has methods to invoke ‘eval’ and ‘feval’ Has methods to invoke ‘eval’ and ‘feval’ 
in Matlab sessionin Matlab session



  

MatlabDispatch.DispatchMatlabDispatch.Dispatch

• Interface with remote methods:Interface with remote methods:
• eval, feval, blockingFevaleval, feval, blockingFeval



  

MatlabDispatch.MatlabServerMatlabDispatch.MatlabServer

• Create in Server MatlabCreate in Server Matlab

• Creates an RMI registryCreates an RMI registry

• Creates a Dispatch object Creates a Dispatch object 
‘d’ and shares it through ‘d’ and shares it through 
RMI registryRMI registry



  

MatlabDispatch.MatlabClientMatlabDispatch.MatlabClient
• Grabs the remote Dispatch objectGrabs the remote Dispatch object

• Executes remote methods Executes remote methods 
on a on a separate threadseparate thread

(could do some optimization(could do some optimization
here)here)



  

• Function createRMIServerFunction createRMIServer

• Creates an Automation Server, and a Creates an Automation Server, and a 
MatlabServer object inside, then a MatlabClient MatlabServer object inside, then a MatlabClient 
objectobject

Using MatlabDispatchUsing MatlabDispatch



  

Using MatlabDispatchUsing MatlabDispatch

• Much faster than COM (can even do better)Much faster than COM (can even do better)



  

Using MatlabDispatchUsing MatlabDispatch

• Benefits of RMIBenefits of RMI
• Fast Java communication protocolFast Java communication protocol
• Can also work over networkCan also work over network

• Can control other Java objects as wellCan control other Java objects as well

• Remote JRE doesn’t have to match Matlab’s!Remote JRE doesn’t have to match Matlab’s!

• http://java.sun.com/docs/books/tutorial/rmi/index.htmlhttp://java.sun.com/docs/books/tutorial/rmi/index.html



  

Broadcast InfoBroadcast Info

• Datagrams/UDP: Fast internet broadcast Datagrams/UDP: Fast internet broadcast 
protocolprotocol
• This drives streaming audio/video downloadsThis drives streaming audio/video downloads
• Faster than RMI but not marshaled (prone to Faster than RMI but not marshaled (prone to 

errors)errors)
• One-way communicationOne-way communication



  

UDPUDP
• DatagramSockets (snippets of useful code)DatagramSockets (snippets of useful code)



  

UDPUDP
• Listeners (can be more than one computer)Listeners (can be more than one computer)



  

UDPUDP

• Now we are streaming Matlab data over the Now we are streaming Matlab data over the 
web!web!

• I watch my subjects on my laptop while I watch my subjects on my laptop while 
they work in another roomthey work in another room



  

 Servers (RMI or COM)

  Listeners (UDP)

Schematic RMI/UDPSchematic RMI/UDP

Matlab

JVM

Matlab

JVM

Matlab

JVMMatlab

JVMMatlab

JVM

Matlab

JVM



  

More Java extensionsMore Java extensions

• SwingSwing
• Full-blown GUI applicationFull-blown GUI application

• Threading/threadlocksThreading/threadlocks
• Webservice providers, AJAX, XML...Webservice providers, AJAX, XML...
• Dynamic class construction (can return to Dynamic class construction (can return to 

Matlab!)Matlab!)
• Static memory optimizationsStatic memory optimizations
• 3d graphics/OpenGL/Video rendering3d graphics/OpenGL/Video rendering
• HDTV?HDTV?



  

More Advanced MatlabMore Advanced Matlab
• GUI programmingGUI programming

• (though better in Java!)(though better in Java!)

• MEX extensions in CMEX extensions in C
• Handle callback functions/notificationsHandle callback functions/notifications
• Figure rendering tricks/realtime drawingFigure rendering tricks/realtime drawing
• Compiling for MCR/building for JavaCompiling for MCR/building for Java
• RegexRegex
• CUDA/GPU programmingCUDA/GPU programming

• Jacket: http://www.accelereyes.com/Jacket: http://www.accelereyes.com/

• Your favorite toolbox...Your favorite toolbox...



  

That's all!That's all!

• Give yourselves a hand...Give yourselves a hand...

• Please complete exit survey online:Please complete exit survey online:
• http://www.surveymonkey.com/s.aspx?sm=gP74Ux2ZvrHqpCuR72lNow_3d_3d

• Link posted on Stellar pageLink posted on Stellar page

http://www.surveymonkey.com/s.aspx?sm=gP74Ux2ZvrHqpCuR72lNow_3d_3d
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