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I. Getting Started

IBM offers two kits for developing Java programs on the AS/400.  The AS/400 Developer Kit for Java is essentially the Sun Microsystems developer kit with modifications for optimal use on the AS/400.  The AS/400 Toolbox for Java contains Java classes to support the client/server and internet model on the AS/400.

This guide introduces the AS/400 Developer Kit for Java.  It assumes you can code simple Java programs and understand basic AS/400 operations.

Before Starting

Before starting, it’s a good idea to know where you can find information on the AS/400 Developer Kit for Java.  

Step 1: Read IBM’s documentation on the AS/400 Developer Kit for Java. 

Documentation on the AS/400 Developer Kit for Java can be found at the AS/400 Information Center.  Point your browser to http://publib.boulder.ibm.com, select the AS/400 Information Center link, and choose V4R4.  Once inside, select the link to Java.  Then select the link to AS/400 Developer Kit for Java.

Step 2: See IBM’s homepage for Java development on the AS/400.

Point your browser to http://www.as400.ibm.com/developer/java/index.html to find more information about developing Java programs on the AS/400.

Say Hello to the AS/400 Developer Kit for Java

The AS/400 Developer Kit for Java is shipped with a “Hello World” program.  The program prints the message “Hello World.”  Let’s run the “Hello World” program to demonstrate that the AS/400 Developer Kit for Java is working properly.  

Step 1: Verify that the AS/400 Developer Kit for Java is properly installed on the AS/400.

A. Sign on.

B. Display the licensed programs. (GO LICPGM, option 10 from the menu).

C. Verify that program 5769JV1 *BASE AS/400 Developer Kit for Java is installed.  

D. Verify that at least one option is installed. Option 2 has been installed on the AS/400 

     at JWCC.  You should see 5769JV1 2 Java Developer Kit 1.1.7 in the list of installed 

     programs.  

E. Press F-11 to make sure both programs have an installed status of *COMPATIBLE.

Step 2: Enter the command to run the “Hello World” program.

A. Go to the Main Menu screen.

B. On the command line enter:  java com.ibm.as400.system.Hello

C. Press enter to run the program.

Step 3: Watch what happens.
A. Be patient.  This may take several seconds.

B. The Main Menu will disappear and the JAVA SHELL DISPLAY will replace it.

C. The message “Hello World” will appear. 

D. The message “Java program completed” will appear. 

E.  Press F3 or F12 to return to the Main Menu screen.

Congratulations!  You have just run your first Java program using the AS/400 Developer Kit for Java.  

II. Java Using the QShell Interpreter

The QShell Interpreter is a command interpreter for the AS/400 that allows you to work with files in the Integrated File System.  You can use the QShell Interpreter to compile, run, document and archive Java files.  See IBM's documentation on the AS/400 Developer Kit for Java for further details about the QShell Interpreter.

Run Your Own “Hello World” Program    

In this exercise you’ll learn how to create a Java program on a PC and then run it on an AS/400.  

Step 1: Code a source file called HelloWorld.java on a PC.

A. Use your favorite Integrated Development Environment (IDE) to write a program that 

     prints the message “Hello World.”  You can get a free IDE for PCs that use Windows 

     or Unix by pointing your browser to http://jde.sunsite.dk.

B. If you don’t have an IDE, you can use an ASCII text editor. Save the file in plain text

    format, but change the file extension from *.txt to *.java.  Windows NotePad works

    fine for coding Java programs.  

C. Remember to use Java naming conventions.  


Tip: Windows may hide the extensions of text files, so a file that appears to be HelloWorld.java may actually be HelloWorld.java.txt.  

Step 2: Save your HelloWorld.java file on a 3.5” floppy diskette.

Step 3: Create a directory on the AS/400 to store your HelloWorld.java file.

A. Sign on to the AS/400.

B. On a command line type CRTDIR DIR(‘/mydir’) where mydir is the name of the 

    directory that will store your HelloWorld.java file  Be sure to include the slash.  The

    name of the root directory in the AS/400 integrated file system is / .  You must also 

    include the quotes.

C. Press the Enter key to execute the command.  A message should appear stating that 

    the directory has been created.  Your directory is located within the root ( / ) directory.

D. Either minimize the AS/400 screen or else sign off.

Step 4: Transfer your HelloWorld.java file to your AS/400 directory.

A. Put the 3.5 floppy diskette containing the HelloWorld.java file into the A:/ drive 

     of a workstation machine.

B. Open Windows Explorer from the Start menu.

C. Find the A:/ drive and copy your HelloWorld.java file.  The Copy command is 

     located in the Edit menu.  

D. Find the root directory of the AS/400.  Double-click on the Network Neighborhood

     icon.  Then double-click on the Entire Network icon.  Finally, double-click on the

     AS/400 icon.  It will not be called AS/400.  The AS/400 has a name.  The AS/400 at

     JWCC is called S10461m.  Be patient.  It may take several seconds for the AS/400   

     root ( / ) directory to appear.  

E. Find your directory within the root directory.  This is the directory you created in Step

     4 above.

F. Paste the HelloWorld.java file into your directory.  The Paste command is located in 

     the Edit menu.


G. Close Windows Explorer.  

Step 5: Set the CLASSPATH and the current directory.
A. Maximize the AS/400 screen or sign on again.

B. Enter STRQSH on the command line to start the Qshell Interpreter.        

C. When the QShell Interpreter command line appears enter: 




export -s CLASSPATH=/mydir
     where mydir is the name of the directory that holds your HelloWorld.class file.  This

     command tells the system where to find your Java class files.

D. Enter cd /mydir on the QShell command line to change directories.  Remember to 

     replace mydir with the name of  the directory that holds your HelloWorld.java file.

     Be sure to use lower-case letters for ‘cd’ and match the case of your directory name.

    This command makes the directory storing your “Hello World” program the current

    directory. 

Step 6: Compile your “Hello World” program.

A. On the QShell command line enter:  javac HelloWorld.java


B. Be patient. It will take a little bit for the program to compile.


C. A dollar sign ($) will appear if the compile was successful. 

Step 7: Run your “Hello World” program.

A. On the QShell command line enter: java HelloWorld

B. The message “Hello World” will appear.

C. The message “Java program completed” will appear.

D.  Press F3 or F12 to return to the Main Menu screen.

Whew!  Let’s review what just happened:


1. You coded a Java program on a PC.


2. You saved the Java program on a 3.5” floppy diskette.


3. You created a new directory on the AS/400.


4. You transferred the Java program to your AS/400 directory using Windows Explorer.

5. You started the QShell Interpreter, then set the CLASSPATH and the current directory.


6. You entered 'javac' on the QShell command line to compile the Java program.


7. You entered 'java' on the QShell command line to run the Java program. 

Now you know how to develop Java programs on a PC and run them on an AS/400. 


Tip: You don’t have to compile Java programs on the AS/400.  You can compile the programs on a PC and then transfer the *.class files to your directory on the AS/400.  You can then run the *.class files by entering 'java' on the QShell command line as in Step 7 above.  

Coding and compiling your Java programs on a PC has several advantages.  First, coding on a PC gives you a greater choice of IDEs.  Second, compiling on a PC allows you to test your programs before moving them into a production environment on the AS/400.  Third, coding and compiling on a home PC or laptop gives you greater flexibility in scheduling when and where you develop programs.

If you develop programs on a PC and transfer them to the AS/400, you need to be aware of problems that can arise from using different APIs.  The AS/400 at JWCC currently uses JDK 1.1.7.  If you code and test programs on a PC using JDK 1.2 or SDK 1.3, the programs may not run properly on the AS/400.  For example, JDK 1.2 and SDK 1.3 perform print jobs using a PrinterJob class that is not defined in JDK 1.1.7.  Programs that try to use the PrinterJob class on the AS/400 at JWCC will throw an error and terminate abnormally.  It’s a good idea to have the same APIs installed on both your PC and the AS/400.   

Those of you with an unbearable need to code your Java programs on the AS/400 can make use of Visual Age for Java, the Source Entry Utility (SEU) or the Operations Navigator.  Visual Age for Java is IBM’s licensed IDE for the AS/400.  You can find a good introduction to Visual Age for Java, complete with screen captures, by pointing your browser to http://www.cabrol.com/vaj.

Visual Age for Java is not yet installed on the AS/400 at JWCC. However, you can use the SEU and Operations Navigator at JWCC.  See IBM's documentation on the AS/400 Developer Kit for information about coding Java programs with the SEU and Operations Navigator.

Tools Supported by the QShell Interpreter

The AS/400 Developer Kit for Java supports a number of Java tools that must be executed from the QShell Interpreter.  A few of these tools are discussed below.  You can find a more complete discussion of the tools supported by the QShell Interpreter in IBM’s documentation on the AS/400 Developer Kit for Java.

Although you can test each tool on your “Hello World” program, you may want to develop a new program to better appreciate what the tools do.  Code a Person class that has lastName as an attribute.  Include accessor methods to set and get the lastName.  Next code a Shopper class that extends the Person class.  Include a cartNumber attribute and accessor methods to set and get the cartNumber.  Finally, code a ShopperTest class that instantiates a shopper, sets the lastName and cartNumber, and prints the lastName and cartNumber to the screen.  Transfer the source files for your “Shopper Test” program to your directory on the AS/400.


javac

The javac tool compiles Java source code into bytecode.  You have already used the javac tool (see Run Your Own “Hello World” Program, Step 6).  Use the javac tool to compile your “Shopper Test” program.


java

The java tool runs Java programs.  The QShell Interpreter ignores several parameter options that can be used with the java tool on other platforms.  See IBM’s documentation of the AS/400 Developer Kit for Java for details.  You have already used the java tool (see Run Your Own “Hello World” Program, Step 7).  Use the java tool to run your “Shopper Test” program.


javap

The javap tool disassembles compiled Java programs and prints out a representation of the source code.  The javap tool does not return the complete source code.  Instead, it prints the line defining the class name, the names and types of each class attribute, and the names and parameters of each class method.  The results are printed to the QShell Interpreter screen.   

Use the javap tool to explore your Shopper class.

Step 1. On the QShell command line enter:

                                                        javap Shopper

            where Shopper is the name of your program file.

Step 2. Use the print screen procedure to obtain a printout of the results.

The javap tool may be helpful when original source code is no longer available on a system.  However, using the javap tool may violate the license agreements of some Java classes.  Consult the license agreements before using the javap tool.

javadoc

The javdoc tool generates API documentation of your Java programs.  The documents are generated in html format.  You will probably want to transfer the API to a PC to view them with a browser.     

Use the javadoc tool to create an API for your “Shopper Test” program.  

Step 1. Create a new directory on the AS/400 to store the API.

A. Go to the Main Menu screen. 

B. On the command line enter CRTDIR DIR(‘/myapi’) where myapi is the name 

     of the directory which will hold the API documents.

Step 2. Start the QShell Interpreter.

A. Enter STRQSH on the Main Menu command line.

B. When the QShell command line appears, enter cd /mydir where mydir is the 

     name of the directory that holds your “Shopper Test” program files.

Step 3: Enter the javadoc command on the QShell command line.

A. Enter:  javadoc –d /myapi Person.java Shopper.java ShopperTest.java

B. The –d option stands for “destination.”  If you omit this option, the tool saves

     the API in the current directory.  You will generally want to include the –d 

     option.

C.  /myapi is the name of the directory that will store the API documents.

D. You can include as many source files as you want in the command.  Separate 

      the source files with spaces (e.g., Person.java Shopper.java ShopperTest.java).

Step 4: Use Windows Explorer to transfer the API documents from the /myapi directory 

            on the AS/400 to a local directory on the workstation machine.

Step 5: Point your web browser to the file called ’tree' and view your API.
When you use the javadoc tool version 1.3 on a PC, the resulting API looks like the API that Sun Microsystems distributes with the J2 SDK and the JDK.  The API generated by the AS/400 may have a slightly different appearance.  However, it provides the same information.  There’s a Javadoc Tool Home Page at http://java.sun.com/j2se/javadoc/index.html where you can learn more about the javadoc tool and share your API with others.  

jar

The jar tool combines multiple files into a zipped Java Archive (JAR) file.  Let's demonstrate the functions of the jar tool using your “Shopper Test” program.

Step 1: Create a new directory on the AS/400 to hold your jar files.

A. Go to the Main Menu screen. 

B. On the command line enter CRTDIR DIR(‘/myjar’) where myjar is the name 

    of the directory which will store the JAR file.

Step 2. Start the QShell Interpreter.

A. Enter STRQSH on the Main Menu command line.

B. When the QShell command line appears, enter cd /mydir where mydir is the 

     name of the directory that holds your “Shopper Test” source code.

Step 3: Enter the jar command on the QShell command line.

A. Enter:  jar cf myjarfile *.class

B. The cf options stand for “create file.”  Include these options when creating a  

     new JAR file. 

C. myjarfile is the name of the new JAR file being created.  

D. If you enter *.class, all class files from the /mydir directory will be stored in a

     single JAR file.  If you only want some class files included in a JAR file, list 

     them by name (e.g., Shopper.class Person.class ShopperTest.class).

Step 4: Use Windows Explorer to move the jar file from the current directory (/mydir) to 

             the directory you created to store JAR files (/myjar).

A. Minimize the AS/400 screen or else sign off.

B. Open Windows Explorer and find the AS/400 root directory.  

C. Find the JAR file in the directory that holds your "Shopper Test" program 

     (/mydir). Remove the JAR file using the Cut command in the Edit menu.

D. Find the new directory that you created to store your JAR files (/myjar).

E. Put the JAR file into the new directory using the Paste command in the Edit 

     menu.

F. Close Windows Explorer and return to the AS/400 QShell Interpreter.

Step 5. Look at the contents of your JAR file.

A. On the QShell command line enter cd /myjar  where myjar is the name of the

     directory that now holds your JAR file.

B. Next enter:  jar tf myjarfile

C. The options tf stand for "table of contents for file."  A list of the files contained 

     in your JAR file will appear.  

Step 6. Extract the class files from your JAR file.
A. On the QShell command line enter:  jar xf myjarfile
B. The options xf stand for "extract the file."  This will extract the files from the 

     JAR file and place them in your /myjar directory.

C. You can see if the extraction was successful by running a program.  Test your

     "Shopper Test" program using the java tool.  You can also see if the extraction

     was successful using Windows Explorer.


Tip: You can also examine and extract the contents of a JAR file using some zip

        utilities, such as PK-ZIP.

The javac, java, javap, javadoc and jar tools will get you started with Java development on the AS/400.  Read IBM's documentation on the AS/400 Developer Kit for Java to learn about other tools supported by the QShell Interpreter.  

III. Java Using CL Commands

Why do you need CL commands when you can compile and run Java programs from the QShell Interpreter?  The answer is simple.  Performance.

Optimization and Performance

Sun Microsystems released Java in 1995.  During its first years of existence, developers raised legitimate complaints about the performance of Java programs.  Java programs were frustratingly slow.   

Three types of technology have emerged to improve the performance of Java programs.  One type of technology is the Java coprocessor.  The Java coprocessor implements the JVM in silicon and integrates it with the system’s existing processors.  Use of the Java co-processor has so far been limited to smaller information appliances.  Don’t expect to see the Java coprocessor in PCs or in the AS/400 anytime soon.

A second type of technology is the just-in-time (JIT) compiler.  IBM has released a JIT compiler for the AS/400.  When a program is optimized using the JIT compiler, the bytecode is pre-verified and a Java program object (*PGM) is created to store the pre-verified form of the program.  The first time a method is called at runtime, the AS/400 translates the bytecode into machine instructions and saves the machine instructions for future use.  The JIT compiler thus translates bytecode to machine instructions only at runtime and only for the methods called by the program.  The AS/400 at JWCC does not yet have a JIT compiler.

A third type of technology is the native code translator.  A native code translator performs static compiles that transform bytecode into machine instructions.  The entire program is translated and saved for later execution.  

The AS/400 has a native code translator accessed through CL commands.  The CL command CRTJVAPGM translates bytecode into machine instructions and stores the translation in a Java program object (*PGM).  The RUNJAVA and JAVA commands execute Java program objects. The DSPJVAPGM command allows you to view basic information about Java program objects; the CHGJVAPGM command allows you to change the attributes of Java program objects; and the DLTJVAPGM command allows you to delete Java program objects. 

Before using these CL commands, you need to understand levels of performance.  The CL commands for Java program objects have a parameter called OPTIMIZE.  Possible values of the OPTIMIZE parameter are *INTERPRET, 10, 20, 30, and 40.  These values represent levels of optimization.  Each level is summarized below:

*INTERPRET – The Java program objects are not optimized.  When the program is run, the JVM in the AS/400 interprets the class file bytecode.  This level allows you to display and change variables while debugging.

Level 10 – The Java program object contains a translated version of the class file bytecode but performs only minimal compiler optimization.  You can still display and change variables while debugging.

Level 20 – The Java program object contains a translated version of the class file bytecode and performs more compiler optimization than level 10.  You can display, but not change, variables while debugging.

Level 30 – The Java program object contains a translated version of the class file bytecode and performs more compiler optimization than level 20.  You can display, but not change, variables while debugging.  The values presented for variables may not be the current values for the variables. The ability to stop at precise points in the program and display variables is limited.

Level 40 – The Java program object contains a translated version of the class file bytecode and performs more compiler optimization than level 30.  This level of optimization disables call and instruction tracing.  It also includes cross-class optimizations that make debugging very difficult.  

Generally speaking, you will want to use low levels of optimization (*INTERPRET or 10) early in program development, then increase to higher levels of optimization as the program nears release in a production environment.  Attempts to optimize a Java program at level 40 may occasionally fail.  If a program fails to optimize at level 40, optimize and run the program at level 30.

Setting CLASSPATH and CURDIR

Before exploring CL commands for Java programs, you'll need to set the CLASSPATH variable and the CURDIR.

Step 1. Sign on to the AS/400 if you haven’t already.

Step 2. Enter CHGCURDIR DIR('/mydir') on the command line, where mydir is the 

            directory that holds your Java program files.  

Step 3. Enter WRKENVVAR on the command line.  Check to see if a CLASSPATH                 

            variable exists.  If no CLASSPATH variable exists, select option 1=Add.  Type 

            CLASSPATH as the variable and ‘.’ (without the quotes) as the value.  The ‘.’ 

            sets the CLASSPATH to the current directory.  Press Enter to create the variable.

That’s all there is to it.

Using the CL Commands

Let’s explore the CL commands for optimizing Java programs.  Your “Hello World” program and “Shopper Test” program are too small to appreciate the effects of optimization.  The point of the following exercises is to learn how to use the CL commands.  These exercises assume you have already set CLASSPATH and CURLIB.


Tip: The CL commands for Java program objects are case sensitive.  For example, if a program file is named ShopperTest.class, the command RUNJVA SHOPPERTEST and the command RUNJVA shoppertest will result in errors.  The appropriate command is RUNJVA ShopperTest. 

CRTJVAPGM

The CRTJVAPGM command creates Java program objects.  Use the CRTJVAPGM command to optimize your “Shopper Test” program.

Step 1. On the command line enter: CRTJVAPGM and press F4 to prompt.

A. Enter ShopperTest.class for the class file parameter.

B. Enter 30 for the optimization parameter.


or
Step 1. On the command line enter: CRTJVAPGM CLSF(ShopperTest.class) OPTIMIZE(30)

You’ve just created a Java program object at optimization level 30.  You can now run the program using the RUNJVA or the JAVA commands.

RUNJVA

The RUNJVA command runs Java programs. Use the RUNJVA command to run your optimized “Shopper Test” program. 

Step 1. On a command line enter RUNJVA and press F4 to prompt an entry screen.

Step 2. Enter the class file name (e.g., ShopperTest.class).

Step 3. Set the OPTIMIZE parameter value to level 30.

Step 4. Press F10 to see more options.  Notice the garbage collection parameters. These 

            parameters can have a significant impact on the performance of your program.  

           Keep the default values.  See IBM’s documentation on the AS/400 Developer Kit 

           for Java to learn more about setting the garbage collection parameters.

Step 5. Press Enter to run the program.

The results of your program should appear in the JAVA SHELL DISPLAY.  Press F3 or F12 to exit the JAVA SHELL DISPLAY. 


Tip: If you don’t need to change any parameters, simply enter RUNJVA ShopperTest on the command line to execute your “Shopper Test” program.

The RUNJVA command has an OPTIMIZE parameter.  If you have already set the OPTIMIZE parameter using the CRTJVAPGM command, then the OPTIMIZE parameter of the RUNJVA program is ignored.  The one exception is when the OPTIMIZE parameter of the RUNJVA command is set to *INTERPRET.  If the OPTIMIZE parameter of the RUNJVA command is set to *INTERPRET, then the program will run at the *INTERPRET level of optimization regardless of what level you set using the CRTJVAPGM command.

If you don’t use the CRTJVAPGM command before using the RUNJVA command, the RUNJVA command will automatically optimize the program before running it.  The level of optimization is determined by the OPTIMIZE parameter.   Optimizing programs can be a slow process.  It is generally better to use the CRTJVAPGM command before using the RUNJVAPGM command.

Using the RUNJVA command to change the level of optimization may not have the desired effect.  If you want to change the level of optimization, use the CRTJVAPGM command or the CHGJVAPGM command.  


JAVA

The JAVA command functions identically to the RUNJVA command.  You can use the JAVA command interchangeably with the RUNJVA command.


DSPJVAPGM

The DSPJVAPGM command displays basic information about your Java program.  Use the DSPJVAPGM command to look at your “Shopper Test” program.

Step 1a. Enter DSPJVAPGM and press F4 to prompt an entry screen.

                    or

Step 1b. Enter DSPJVAPGM ShopperTest on the command line, where ShopperTest 

              is the name of the Java program file to be displayed.

You can display information about each file in your Java program using the DSPJVAPGM.


CHGJVAPGM

The CHGJVAPGM command changes the attributes of a Java program object.  Use the CHGJVAPGM command to change the optimization level of your “ShopperTest” program.

Step 1a. Enter CHGVAPGM and press F4 to prompt an entry screen.


Step 2. Change the OPTIMIZE parameter to level 40.
You can verify the new optimization level using the DSPJVAPGM command.


DLTJVAPGM

The DLTJVAPGM command deletes Java program objects.  Use the DLTJVAPGM to delete your optimized “Shopper Test” program.

Step 1a. Enter DLTJVAPGM and press F4 to prompt an entry screen.

                    or

Step 1b. Enter DLTJVAPGM ShopperTest on the command line, where ShopperTest 

              is the name of the Java program object to be deleted.

The DLTJVAPGM command deletes the Java program object (*PGM) and not the associated class bytecode file.  If you now enter DSPJVAPGM ShopperTest.class on the command line, you will get an error message stating that no Java program object was found.  Yet, you can verify that your ShopperTest.class file remains in your directory using Windows Explorer.  

IV. Where next?

Hopefully this guide has helped you start developing Java programs for the AS/400.  But it is only a start.  There is still much to learn about Java and the AS/400. 

Fine Tuning Java Programs

The performance of your Java programs should always be a concern.  IBM’s documentation of the AS/400 Developer Kit for Java dedicates a whole section to improving the performance of Java programs.   You can also find articles on the Internet that offer tips on how to improve the performance of Java programs (e.g., point your browser to http://www.as400network.com).  

The AS/400 Developer Kit JDBC Driver

If you develop Java applications on the AS/400, it won’t be long before you’ll want to connect your program to a DB2 database.  The AS/400 Developer Kit for Java has a JDBC driver that connects your program to a DB2 database and allows it to make SQL queries.  You can learn more about the JDBC driver from IBM’s documentation on the AS/400 Developer Kit for Java.  

The AS/400 Toolbox for Java

The AS/400 Toolbox for Java contains many useful tools.  You should eventually learn about all the tools available to you.  You can learn about the AS/400 Toolbox for Java by reading IBM’s documentation.  Point your browser to http://publib.boulder.ibm.com, select the AS/400 Information Center link, and choose V4R4.  Once inside, select the link to Java.  Then select the link to AS/400 Toolbox for Java. 

Happy coding!

