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Introduction

When companies first start out with an Internet presence or start rolling out applications on an internal intranet, they typically start out using CGI programs or scripts to handle any business logic on the server.  However, as the number of users or the application’s complexity increases, the CGI model becomes a bottleneck and companies look for alternatives. The route being taken more and more is that of using Web Application Servers.  

On Windows NT, many people go the route of Microsoft’s Active Server Pages and packaging the business logic up as COM objects, using MTS to handle transactions.  Other Web Application Servers are used on Windows NT, but given the dominance of Microsoft and the fact that Active Server Pages and MTS are provided with the operating system; Microsoft is the major player in this market.  Net Express has supported the Microsoft model since its inception.

If a user decides not to use the Microsoft model (which is especially true on UNIX), there are a number of Web Application Servers available from numerous vendors. Until recently, the interfaces and capabilities provided by these Web Application Servers have differed considerably.  One thing in common was that they only supported Java and/or C++, making it difficult, if not impossible, for COBOL applications to use them. Recently, with the release of the Enterprise Java Bean model, the Web Application Servers are converging on support for EJB.

So, interoperability between Java and COBOL is extremely important.  However, until recently it has not been easy.  There is a mechanism built into the Java platform that allows Java methods to call non-Java (or native) methods.  This mechanism is the Java Native Interface (JNI).  Although the JNI is powerful, it is not intuitive, especially for COBOL programmers, due to the need to perform low-level API functions.  It is possible to use the JNI today with Net Express (on Windows NT) and Server Express (on UNIX platforms) and examples have been provided, but the focus for Net Express 3.1 and later versions of Server Express has been on making interoperability between Java and COBOL easier.   This paper covers the new functionality added to Net Express 3.1 to achieve this. 

What can be achieved?

This paper will cover four areas of support, the steps required to implement each area are presented in some detail:

· Calling Procedural (Legacy) COBOL from Java

This provides a fast way to integrate existing COBOL code with a Java application.  Legacy procedural COBOL can be called from Java methods with little or no change.  

· Calling Java from COBOL

Java methods can be called from COBOL.  To do this, the verb INVOKE (supported in Micro Focus COBOL for many years) is used. 

· Calling COBOL classes from Java

The Class and Method wizards in Net Express 3.1 have been enhanced to simplify the creation of a Java wrapped COBOL class. 

· COBOL Enterprise JavaBeans

Using the Object COBOL Domain support, together with enhancements to the Net Express class and method wizards, enterprise developers can take advantage of proven COBOL business logic as discrete callable components (Java Bean or Enterprise Java Bean) while maintaining a interface to Application Servers such as  IBM WebSphere or BEA WebLogic.

When you look at the examples later in this document, you will see that, in some cases,  use is made of the new object oriented (OO) syntax that has been recently added to COBOL. Even if you are not already familiar with these new additions to the COBOL language, you’ll see that it is very easy to use this new functionality.

So, why do you have to use the OO syntax at all? The reason is that Java is an object oriented language. Each function is accessed using a combination of a reference to the class being used and the name of the method being accessed. This would not be possible using the standard COBOL CALL syntax.  Instead, the new COBOL verb invoke is used, together with the new datatype, object reference.

The key point is that, although we are using the new syntax, you can still use standard procedural programming techniques in most cases. 

Supported Environments

Net Express currently supports the following Java run-time systems on Windows: 

· The Sun Java SDK 1.2.2 (this is for development) 

· The Sun Java Runtime Environment 1.2.2 (this is a distributable run-time environment you can use for shipping applications) 

· IBM Java V1.1.8 

· Microsoft JVM 1.1.4 

Enterprise JavaBeans are currently tested with Borland Inprise Application Server 4 and BEA WebLogic 4.5.1 Application Servers and is under testing with IBM WebSphere.

Data Types

The Java language defines its own data types, which are different to the ones used in COBOL. COBOL/Java Interoperability is greatly eased by the COBOL run-time system which automatically converts between COBOL and Java types whenever you call Java from COBOL or COBOL from Java, as shown in the diagram below. 
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Numeric data types are converted in the same way whether the COBOL program is a procedural program, or Object COBOL. Objects and strings are converted differently though, depending on whether you are using procedural COBOL or Object COBOL.   Object COBOL handles Java objects as COBOL object references, but procedural COBOL handles them as pointers. 

When you send COBOL data to Java, it is converted to an appropriate Java data type. Similarly, when a Java program sends Java data back to COBOL, it is converted to a COBOL data type. The table below defines the conversions, which happen when data is passed between Java and COBOL

PRIVATE
Java 
User defined 
Proc COBOL 
Object COBOL 
Description

byte 
jbyte 
pic s99 comp-5
pic s99 comp-5
Signed 1-byte integer

short 
jshort 
pic s9(4) comp-5
pic s9(4) comp-5
Signed 2-byte integer

int 
jint 
pic s9(9) comp-5
pic s9(9) comp-5
Signed 4-byte integer

long 
jlong 
pic s9(18) comp-5
pic s9(18) comp-5 by ref only
Signed 8-byte integer

boolean 
jboolean 
pic 99 comp-5
pic 99 comp-5
Zero value is false, non-zero is true

char 
jchar 
(Unicode) pic 9(4) comp-5

All characters in Java are represented by 2-byte Unicode characters

float 
jfloat 
comp-1
comp-1 (by ref only on Unix)
Floating-point number

double 
jdouble 
comp-2
comp-2 by ref only
Double-precision floating-point number

String
mf-jstring 
pointer 
pic x(n)
mf-jstring is a user-defined type giving the address, size and capacity of a string or buffer. For a String, the capacity is always zero. You should consider a string passed into a COBOL program as read-only, and not to be amended. For a StringBuffer, the capacity is the total size of the buffer, and the size the length of the string currently held in the buffer. 

StringBuffer





objects

Pointer
object reference
Any Java object. The pointer returned to procedural COBOL can be used with JNI calls 

object[]

Pointer
object reference to instance of class jarray
An array of Java objects. The pointer returned to procedural COBOL can be used with JNI calls jarray is an Object COBOL class for accessing the contents of Java arrays. 

Calling Procedural COBOL from Java

You can call legacy COBOL programs from Java. This provides a fast way to make existing COBOL subroutines available to Java programs and does not require any knowledge of Object COBOL. However, access to Java objects is only available through either the Java Native Interface (JNI), or by use of the Object COBOL Java domain. 

The support is provided through a Java class called mfcobol.runtime. This provides functions that enable you to load, call and cancel COBOL programs. It also enables you to pass parameters to a COBOL program using a Java array. The functions in mfcobol.runtime unpack the array and pass the data to your COBOL program in a form it can use. The diagram below shows how this works a Java program calling a COBOL program and passing it two parameters. 
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PRIVATE "TYPE=PICT;ALT=call from Java to COBOL "
Coding Your Java Program

A Java program calls a COBOL entry-point by using the functions in runtime.class, supplied in mfcobol.jar. This class contains a set of functions named cobcall_returntype(), where returntype is the data type returned by the COBOL program or entry-point you want to call. For example, use cobcall_int() to call a COBOL program which returns an integer. 

To make COBOL support available to your Java program, include the following statement at the start of your Java source file: 


import mfcobol.*; 

Multi-threading Considerations

Java run-time systems are multi-threaded, so any COBOL program you are going to use with Java must be linked with the COBOL multi-threaded run-time system whether or not the Java program calling it uses multi-threading. If your COBOL program is going to be called from a multi-threaded Java program, you need to take care that COBOL data accessed from one thread is not corrupted by another thread. 

There are several ways you can deal with this: 

· Compile your COBOL programs with the SERIAL directive. 

SERIAL causes the COBOL run-time system to serialize access to your COBOL code between different threads. Only one thread can access your program at a time. This is the safest option, although it has potentially the highest overhead for execution speed. It is suitable when the COBOL program is providing access to a shared resource (for example, a printer), or when the COBOL program called from Java is in turn calling other COBOL programs which have not been enabled for multi-threading.

· Compile your COBOL programs with the REENTRANT(2) directive. 

REENTRANT(2) causes the COBOL run-time system to allocate separate user data and FD file areas to each different thread. This prevents any conflicts or data corruption within the program. But REENTRANT(2) can't guarantee thread-safety if it calls other non-threaded programs, or accesses other shared resources - in these sorts of cases, SERIAL is a safer option. The REENTRANT(2) directive can provide better performance than SERIAL as one thread is not kept waiting for the next thread to finish. 

· Use Thread-Local-Storage in your COBOL programs instead of Working-Storage 

Thread-Local-Storage is allocated per thread, so there is no possibility of one thread corrupting the data used by another thread. This is fairly efficient, but might not be always be an option with legacy code. 

· Multi-thread your COBOL program using COBOL multi-threading syntax or run-time system calls. 

This can be very efficient as you control which data is thread-local and which data is shared between threads. You could use this option with legacy COBOL code if you are ready to write COBOL driver programs to sit between the Java run-time environment and your legacy programs. Your driver program would be responsible for controlling access to the legacy programs, and would have to use semaphores or some similar mechanism to prevent two threads from accessing the same code at the same time

Loading a COBOL Program or Library

If your COBOL programs are linked into a .dll file, or if you want to expose entry-points inside a COBOL program, you need to load the .dll file or programs before making any calls. You can do this using the cobload() function in runtime.class. For example, to load the programs inside mycbl.dll:

{

   if (cobload("mycbl", null) != 0)

       System.out.println("Could not load library\n") ;

   else

       System.out.println("Library loaded successfully\n") ;

}

However, if any programs within mycbl.dll have entry-points which you wish to expose for use within Java, you need to load each of those programs in turn. For example, if mycbl.dll contained two COBOL programs, calcint and calctax, each of which had entry-points you wanted to call from Java, you would need to code the following: 

{

   if (cobload("mycbl", "calcint") != 0)

       System.out.println("Could not load calcint\n"} ;

   else

   {

       if (cobload("mycbl", "calctax") != 0) 

           System.out.println("Could not load calctax\n"} ;

   } 

}

Using the cobcall() functions

Once you have loaded the libraries or programs required by your Java application (see the previous section for details) you can make calls to COBOL using the cobcall_ functions, The cobcall_ functions are all static functions of runtime.class, so you do not have to instantiate runtime.class before starting. Each cobcall_ function takes two parameters: 

· A string naming the COBOL program 

· A Java object array containing any parameters you want passed to the COBOL program, in the order they appear in the USING clause of the COBOL program's Procedure Division header. 

Parameters are converted between Java and COBOL data.   There are different cobcall_ functions, each named according to the Java equivalent of the data type returned by the COBOL program or entry being called. For example, a COBOL program that returns a signed integer (such as a pic s9(9) comp-5) is returning the Java data type int. So you would call the COBOL program using the cobcall_int function. The copyfile javatypes.cpy also provides a set of COBOL type definitions for Java data types.

Example of Calling COBOL from Java

This section shows you a short example of calling a COBOL program from Java. This is a simple COBOL subroutine, named legacy.cbl: 

 working-storage section.

 01 wsResult                 pic s9(9) comp-5.

 linkage section.

 01 wsOperand1               pic s9(9) comp-5.

 01 wsOperand2               pic s9(9) comp-5.

 01 wsOperation              pic x.

 procedure division using wsOperand1 wsOperand2 wsOperation.

      evaluate wsOperation

      when "a"

           add wsOperand1 to wsOperand2 giving wsResult

      when "s"

           subtract wsOperand1 from wsOperand2 giving wsResult

      end-evaluate

      exit program returning wsResult.

Below is a Java program which calls this subroutine: 

import mfcobol.* ;

class SimpleCall

{

   public static void main(String argv[]) throws Exception

   {

       Object theParams[] = {new Integer (4),

                             new Integer(7),

                             new Byte((byte)'a')} ;

       int i = runtime.cobcall_int("legacy", theParams) ;

       System.out.println(i) ;

       theParams[2] = new Character ('s') ;

       i = runtime.cobcall_int("legacy", theParams) ;

       System.out.println(i) ;

   }

}

Calling Java from COBOL

This section shows you how to code a COBOL program to call Java functions using the Java domain support. Your program needs to have a Class-Control section, and uses the INVOKE verb each time you want to call a Java function.  The Java domain support works by creating a COBOL proxy object for each Java object, as shown in the diagram below. The class itself that you declare is a proxy for the static methods of the Java class. 

PRIVATE "TYPE=PICT;ALT=a message from COBOL to Java via a proxy"

 

The COBOL run-time system converts parameters sent with messages from COBOL data types to Java data types. If a method returns a parameter, it is converted from a Java data type to a COBOL data type. 

Declaring Java classes

Each Java class you want to use in a COBOL program must be declared in the Class-Control section, prefixed by “$JAVA$”. You need to provide the full name of the package the class is in. For example: 

 class-control. 

     jRectangle is class "$java$java.awt.Rectangle" 

     .

This declares jRectangle as a COBOL proxy object for the Rectangle class in the java.awt package. The package must be available on your Java CLASSPATH environment variable or your program will fail at run-time.  

Instantiating Java objects

Each Java class has one or more constructor functions to instantiated objects. In Java, constructor functions have the same name as the class. When you invoke these functions from COBOL, they are mapped to the "new" method name on the proxy. The different constructors on a Java class take different numbers and combinations of parameters to initialize the instance you are creating. 

For example, the Java Rectangle class can be instantiated in several different ways, including the two shown below in Java code: 

 Rectangle r1 = new Rectangle () 

 Rectangle r2 = new Rectangle(4, 5, 10, 20) 

The equivalent COBOL code is shown below: 

 working-storage section. 

 01 r1                  object reference. 

 01 r2                  object reference. 

 ...

 procedure division. 

 ...

     invoke jRectangle "new" returning r1 

     invoke jRectangle "new" using 4, 5, 10, 20 

                        returning r2 

The COBOL run-time system uses the number and type of parameters to call the appropriate constructor on the Java class. 

Calling Java Functions

You can call any of the functions on a Java object by sending it a message with the same name as the function. Java allows function overloading - where one function name has different implementations according to the number and type of parameters passed. COBOL handles this transparently for you, so that the correct Java function is always called. 

For example, the Rectangle class has three different add() functions, which take different parameters. The Java code below shows three different ways you can call the add() function on a rectangle. 

 Rectangle r1 = new Rectangle(0,0,0,0) ;

 Point pt = new Point(6,6) ; 

 Rectangle r2 = new Rectangle(3,4,9,9) ;  

 r1.add(4,5) ; 

 r1.add(pt) ;  

 r1.add(r2) ;  

The equivalent code in COBOL looks like this: 

 class-control.

     jRectangle is class "$java$java.awt.Rectangle"

     jPoint is class "$java$java.awt.Point"

     .

 working-storage section. 

 01 r1                 object reference. 

 01 r2                 object reference. 

 01 pt                 object reference. 

 procedure division. 

     invoke jRectangle "new" returning r1

     invoke jPoint "new" using 4 5 returning pt

     invoke jRectangle "new" using 3 4 9 9 returning r2

     invoke r1 "add" using 4 5  

     invoke r1 "add" using pt 

     invoke r1 "add" using r2 

Although r2 and pt are both data items of type object reference, the COBOL run-time system determines the type of Java object represented and calls the correct Java function. 

Handling Java Exceptions

An exception thrown by Java is passed back to COBOL as an exception raised against the javexpt class. The default exception behavior is for the COBOL run-time system to display a message warning of the exception, and then terminate. You can trap the exception yourself though, and handle it with your own error processing code. 

Calling COBOL Classes from Java

You can write classes in COBOL which can be called from Java programs as though they were Java classes. You do this by providing a Java wrapper class, which provides a function for each method in the COBOL class. The Net Express class and method wizards make this easy for you, by generating the Java code at the same time as the COBOL code. 

The functions in the Java wrapper class put all the parameters for the method into a Java array, and then call one of the member functions of Java class mfcobol.runtime to invoke the method in the COBOL class and return the result. This is shown in the diagram below: 
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Writing a Native Java Class in COBOL

To write a class in Object COBOL that can be called from Java, you need to do the following: 

1. Set the following directive in your program: 

$set ooctrl(+p-f)

2. The COBOL class must inherit from javabase. 

3. Create a Java wrapper class for the COBOL class. The wrapper class must have the same class name as the filename of the COBOL class. 

4. Each method you create in your COBOL class must have a corresponding method in the Java wrapper class. 

5. You must package the class inside a .dll file when deploying it on Windows platforms. 

If you use the Net Express class wizard to create a Java class in COBOL, it creates the COBOL class with the correct inheritance and directives. It also creates the Java wrapper class. 

The Wrapper Class

The Java wrapper class must extend mfcobol.runtime. The wrapper class needs to be initialized with the library and filename of the COBOL class it is wrapping. You do this by including the following code inside the Java wrapper class: 

 static

 {

    cobloadclass("libname", "filename", "fullJavaClassName") ; 

 }

where: 

PRIVATE
libname
The name of the .dll file which contains the COBOL class. You can leave this parameter as null if the class is not packaged inside a .dll file - for example, if it is running as .int or .gnt code. 

filename
The filename of the COBOL class. 

FullJavaClassName
The Java classname corresponding to the COBOL class. 

Adding and Removing Methods 

Every method you add to the COBOL class must have a corresponding function in the Java wrapper class. The Net Express method wizard adds methods to the Java wrapper class automatically if you use it to add methods to a COBOL Java class. However, if you subsequently delete a method from the COBOL class, you must delete it manually from the Java wrapper class. 

The rest of this section describes how you code a Java function in the wrapper class by hand, without the use of the method wizard. 

The Java function must do the following: 

1. Declare the exceptions which can be thrown from an invoke of a COBOL method. 

By default, these are Exception, COBOLException and RemoteException 

2. Construct a Java array containing the parameters to be passed from Java to the COBOL method. 

Parameters are passed from Java to the COBOL run-time system in a Java array. 

3. Call one of the cobinvoke_ functions provided by the class runtime.java. 

There is a cobinvoke_ function corresponding to each possible return type from a Java function (for example, cobinvoke_int returns an int). 

COBOL class methods are mapped onto static functions in the Java wrapper. 

The two code samples below show a COBOL instance method, and the corresponding function in the Java wrapper. 

 method-id. "myMethod".

     local-storage Section.

*>---USER-CODE. Add any local storage items needed below.

     linkage Section.

     01 myParameter            pic x(4) comp-5.

     01 myReturnValue          pic x(4) comp-5.

    procedure division using by reference myParameter

                          returning myReturnValue.

*>---USER-CODE. Add method implementation below.

     exit method.

 end method "myMethod".

public  int myMethod (Integer myParameter) throws Exception, 







  COBOLException, 






          RemoteException

 {

    // Parameters are passed to COBOL in an array

    Object[] params = {myParameter};

    return ((int) cobinvoke_int ("myMethod", params));

 }

COBOL Enterprise JavaBeans

The Net Express class wizard enables you to create a COBOL classes for use as an Enterprise JavaBean (EJB). Enterprise JavaBeans are software components which run on application servers. The application server is responsible for all the services required by the bean, such as security, transaction integrity and persistence, so that EJBs only need to implement business logic.

When you check Enable for Enterprise JavaBeans on the Java Details page of the Net Express class wizard, it creates the following files: 

· classname.cbl 

The COBOL file for your class. You have the option of having a filename different to the classname. 

· classname.java 

The Java wrapper class. 

· classnameHome.java 

The home interface to your Java wrapper. 

· classnameRemote.java 

The remote interface to your Java wrapper. 

When you generate an Enterprise JavaBean, the wizard also adds five methods to your class: 

· EJBCreate

· EJBRemove 

· EJBActivate 

· EJBPassivate 

· SetSessionContext 

These methods are part of the SessionBean interface, which is implemented by all Enterprise JavaBeans. You need to add code to the first three of these methods; the wizard adds default code to SetSessionContext to store a Java context object as part of the instance data of your COBOL class. 

Each method you add to the COBOL class must be added to the Java wrapper class, and also to the remote interface class. If you use the Net Express method wizard, it updates the wrapper and remote interface automatically for you. 

Combination ActiveX/Java Classes

You can also create Object COBOL classes that can be used either by Java as Java classes or through OLE automation as ActiveX classes. The support that enables you to create combination ActiveX/Java classes is provided through an Object COBOL class called componentbase. ActiveX servers usually inherit from a class called olebase, and Java classes inherit from a class called javabase. 

If you change the inheritance of one of these classes to componentbase it can be used within either the Java or OLE automation domains. The domain to which your class is available depends on how it was first loaded within a process. The simplest way to create your class is to use the class wizard to create your class for OLE automation, and create the Java wrapper class and methods manually.

This technology also enables you to create an Object COBOL class that can be used as a Microsoft Transaction Server (MTS) Object or as an Enterprise Java Bean (EJB). 
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