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1. Introduction
Java Emitter Templates (JET) is a generic template engine that can be used to generate SQL, XML, Java source code and other output from templates. In fact, any text-based output. 

Why use JET?

· Template-based code generation: ease of use; templates look like the real code; separation from underlying implementation mechanisms.

· Perfect complement to MDA/MDD approach: use of UML models to represent the business logic; implementation technologies encapsulated in the code generation templates.

2. A simple example: Java To Hibernate Mapping 
Let’s assume you are using Hibernate for your persistence layer. For each Java bean mapped to a database table, you need an XML file describing the mapping. For instance, for a Cd class/table, the mapping file might look something like: (the text in bold is the part that is specific to the Cd)
<?xml version="1.0"?>

<!DOCTYPE hibernate-mapping PUBLIC

   "-//Hibernate/Hibernate Mapping DTD//EN"

   "http://hibernate.sourceforge.net/hibernate-mapping.dtd">

<hibernate-mapping>


<class name="com.ibm.jps.cdshop.Cd" table="CD">



<id name="id" column="ID">




<generator class="assigned"></generator>



</id>



<property name="title" column="TITLE"/>



<property name="artist" column="ARTIST"/>



<property name="price" column="PRICE"/>



<property name="category" column="CATEGORY"/>


</class>

</hibernate-mapping>

The goal is to be able to generate this file directly from the UML class:
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Going back to the XML file, you will note that all the information in bold can be generated from the UML class:


<class name="com.ibm.jps.cdshop.Cd" table="CD">

com.ibm.jps.cdshop.Cd is the qualified name of the UML class. (Well almost. The truly qualified name of the class returned by the operation getQualifiedName() from org.eclipse.uml2.Class would be in our example CDShop::com.ibm.jps::cdshop::Cd. But we can easily derive the full Java name from the latter.)
For the sake of simplicity, we will assume that the table name is equal to the class name in uppercase.


<id name="id" column="ID">




<generator class="assigned"></generator>



</id>

In the UML class, you may have noticed that we used a stereotype <<pk>> to identify id as a primary key. UML stereotypes (and profiles) play an important part in the MDA/MDD approach. 
Still for the sake of simplicity, we will assume that we are only dealing with single keys. 



<property name="title" column="TITLE"/>



<property name="artist" column="ARTIST"/>



<property name="price" column="PRICE"/>



<property name="category" column="CATEGORY"/>

All the properties above are the other attributes of the UML class. (In the UML2 API, myClass.getAttributes() returns a list of properties. We can easily retrieve the name of the property using getName() from org.eclipse.uml2.Property.

3. The JET Template

The JET template for the example above might look like:
<%@ jet skeleton="skeletons/hibernate-table-map.skel"

class="HibernateTableMap" 

startTag="<$" 

endTag="$>"
%>
<$

Class cl = (Class) argument;

String className = cl.getQualifiedName();

className = className.substring(className.indexOf("::") + 2).replaceAll("::", ".");

String primaryKey = "";

List columns = new ArrayList();

for (Iterator i = cl.getAttributes().iterator(); i.hasNext(); ) {


Property att = (Property) i.next();


if (primaryKey.equals("") && att.getAppliedStereotype("DataModeling::pk") != null) {



primaryKey = att.getName();


} else {



columns.add(att.getName());


}

}


$>
<?xml version="1.0"?>
<!DOCTYPE hibernate-mapping PUBLIC
   "-//Hibernate/Hibernate Mapping DTD//EN"
   "http://hibernate.sourceforge.net/hibernate-mapping.dtd">
<hibernate-mapping>

<class name="<$= className$>" table="<$= className.toUpperCase()$>"><$

// Process the primary key

if (!primaryKey.equals("")) {$>


<id name="<$= primaryKey$>" column="<$= primaryKey.toUpperCase()$>">



<generator class="assigned"></generator>


</id><$

}

// Process the standard fields

for (Iterator i = columns.iterator(); i.hasNext(); ) {


String fieldName = (String) i.next();$>


<property name="<$= fieldName$>" column="<$= fieldName.toUpperCase()$>"/><$

}

$>

</class>
</hibernate-mapping>
There are actually 3 parts in this file:

· the file header (first 5 lines) that identifies the JET template,

· a Java only section that simply sets up some local variables (init sequence),

· the body of the template that looks like the initial XML file with special Java tags looking like “<$ … $>”.

Let’s take a look at each part, starting with the file header:

<%@ jet skeleton="skeletons/hibernate-table-map.skel"

class="HibernateTableMap" 

startTag="<$" 

endTag="$>"
%>
When a template is saved, it is compiled by the JET compiler. The result of this compilation is a Java class, whose name is defined by the attribute class. Here HibernateTableMap. See 4.2 for a basic example of a generated class. The skeleton attribute (optional) is used to define the skeleton of the generated class. Here is our skeleton file:

package com.ibm.jps.jet;
/**
 * Note: This is a generated class.  Do not modify this source code directly.
 */
import java.util.Iterator;
import java.util.List;
import java.util.ArrayList;
import org.eclipse.uml2.Class;
import org.eclipse.uml2.Property;
public class SKELETON_CLASS {

/**

 * @return String

 */

public String generate (Object argument ){


return "";

}
}
The generated class will have one operation called generate() and this operation takes one argument. Note also that there are some imports that we will account for later on.
JET normally uses tags with the syntax <% … %>. However, when generating HTML and JSP files, these will cause conflict. So we use the option to redefine the default tag. Here <$ … $>. The body of those tags contains Java code as in the second part of our template, the init sequence:

<$

Class cl = (Class) argument;

String className = cl.getQualifiedName();

className = className.substring(className.indexOf("::") + 2)
                                                            .replaceAll("::", ".");

String primaryKey = "";

List columns = new ArrayList();

for (Iterator i = cl.getAttributes().iterator(); i.hasNext(); ) {


Property att = (Property) i.next();


if (primaryKey.equals("") && 
                      att.getAppliedStereotype("DataModeling::pk") != null) {



primaryKey = att.getName();


} else {



columns.add(att.getName());


}

}


$>
If you ignore the <$ … $>, you can see that we have standard Java code. The first line casts an argument into a class. This is critical. As mentioned earlier, the generated Java file will have one generate() operation. It takes one argument of type Object. This is this argument that we cast here into a Class, that is a org.eclipse.uml2.Class. Hence the need for the import statement in the skeleton! Calling this generate() operation while passing it a UML2 class as the Object argument will produce a String. This String IS the contents of the XML file we presented at the beginning of this article.  

The code is fairly trivial. We retrieve the qualified name of the class and we convert it to a Java-like name. Remember the first bold line of the XML file! Then we cycle through the class’s attributes: if an attribute has a <<pk>> stereotype, we store its name into primaryKey, otherwise we add the attribute’s name to a list called columns. We are now ready to move to the 3rd and last part of the template.

Note: There is no obligation to have a separate init sequence. You can combine the initialization code (above) with the next section (below). However, I have found that this helps reduce significantly the complexity of the latter. 

Now for the body of the template:

<?xml version="1.0"?>
<!DOCTYPE hibernate-mapping PUBLIC
   "-//Hibernate/Hibernate Mapping DTD//EN"
   "http://hibernate.sourceforge.net/hibernate-mapping.dtd">
<hibernate-mapping>

<class name="<$= className$>" table="<$= className.toUpperCase()$>"><$

// Process the primary key

if (!primaryKey.equals("")) {$>


<id name="<$= primaryKey$>" column="<$= primaryKey.toUpperCase()$>">



<generator class="assigned"></generator>


</id><$

}

// Process the standard fields

for (Iterator i = columns.iterator(); i.hasNext(); ) {


String fieldName = (String) i.next();$>


<property name="<$= fieldName$>" column="<$= fieldName.toUpperCase()$>"/><$

}

$>

</class>
</hibernate-mapping>
The text in bold corresponds to the JET tags. Actually there are 2 types of tags: those starting with <$= (shown in bold and italic), and the other ones (bold only). 
· The first type makes reference to Java expressions returning a String value. These expressions are evaluated at run-time and the result is inserted in the output String. For instance, if className is equal to Cd, “<class name="<$= className$>" table="<$= className.toUpperCase()$>">” will yield “<class name="Cd" table="CD">”. 
· The other tags (the ones not starting with <$=) represent control code that is included in the JET-generated class (HibernateTableMap.java in our example). The example above should be fairly easy to understand. Note in particular how we cycle through the elements of the list columns.
4. Putting it together

JET is located in the org.eclipse.emf.codegen plug-in as part of the EMF runtime download.

4.1. Adding JET Support to a Project

Step 1 - File > New > Other ...
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Step 2 - Right-click on project (in Package Explorer for instance) > Properties
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This last step allows you define the directory where the templates you should be located (templates is good). The Source Container is automatically defined.

4.2. Compiling your first template

Simply create a simple file (File > New > File) whose extension ends with jet in the templates directory, for instance hibernate-map-table.xmljet. (You could also use .jet or .javajet or anything else as long as it ends with jet.)
When the file is created, the JET compiler kicks in and since there is nothing in the file, it generates an error (as shown below). This is normal!
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Once a valid target class has been defined (in the header of the JET file), it will be created by the JET compiler in the jetsrc directory. If there are errors in the generated .java file, the Java compiler will display these errors with the standard Eclipse markers.

Here is a very basic example of a JET template:
<%@ jet class="HelloWorld" 
%>
System.out.println("Hello, World!")
The JET compiler generates the file HelloWorld.java:
public class HelloWorld

{

  protected final String NL = System.getProperties().getProperty("line.separator");

  protected final String TEXT_1 = "System.out.println(\"Hello, World!\");";

  public String generate(Object argument)

  {

    StringBuffer stringBuffer = new StringBuffer();

    stringBuffer.append(TEXT_1);

    return stringBuffer.toString();

  }

}
You normally never need to look at the generated file, except to understand what the Java errors (if any) are: JET templates can become difficult to read!
4.3. Calling the generated file

In your code, simply call the generate() operation as in this example:

import org.eclipse.uml2.Class;

import com.ibm.jps.jet.HibernateTableMap;
...
Class cl = null;

// Init cl
...
HibernateTableMap mapBuilder = new HibernateTableMap();

String output = mapBuilder.generate(cl);

The only thing left to do is to create an output file in the right directory. Here is a utility you might want to use (the whole code can be found in appendix 1).

public static void writeToProjectFile(Writer writer, IProject project, String 
        folderName, String fileName, boolean overwrite) throws CoreException {
   InputStream istream = new ByteArrayInputStream(writer.toString().getBytes());

   IFolder folder = ensureFolderExists(project, folderName);

   IFile file = getFileFromProjectFolder(project, folderName, fileName);

   if (!file.exists()) {

       file.create(istream, true, new NullProgressMonitor());

   } else if (overwrite) {

       file.setContents(istream, true, true, new NullProgressMonitor());

   }

}
Here is the code to complete your sample:

Class cl = null;

// Init cl

cl = ...;

String filename = ...;

String path = ...;
HibernateTableMap mapBuilder = new HibernateTableMap();

String output = mapBuilder.generate(cl);
Writer writer = new StringWriter();

Writer.write(output);

ResourceUtil.writeToProjectFile(writer, project, "JavaSource" + 
                     File.separatorChar + path, filename, true);
A major improvement is to compile the template on-line. When used with RSA, this is very valuable when developing your transformations as you do not need to restart the run-time workbench every time!

5. Compiling Templates On-Line

Because of the flexibility it brings, I would recommend using this functionality whenever possible.

The way it works is fairly simple. Instead of calling the generate() operation of the compiled JET template, you build a “JET Emitter” for each template you are using and call the generate() operation of this emitter.
Here is what you need to know:

· When executing the transformation, JET will create a .JETEmitters project that will hold the Java files generated “on the fly” from the actual templates. The .JETEmitters project is filtered out by default in RSA.

· You will need to add the necessary libraries to this project. This is done by calling the addVariable() operation of the emitter. The operation below shows you how to build the emitter from the input template file name and add the necessary libraries:

    public static JETEmitter buildEmitter(String jetTemplate) throws JETException {

        String pluginId = "com.ibm.jps.uxtoweb";

        String base = Platform.getBundle(pluginId).getEntry("/").toString();

        String uri = base + jetTemplate;

        JETEmitter emitter = new JETEmitter(uri) {

        };

        emitter.addVariable("UXTOWEB_UML2", "org.eclipse.uml2");

        emitter.addVariable("UXTOWEB_EMF_COMMON", "org.eclipse.emf.common");

        emitter.addVariable("UXTOWEB_EMF_ECORE", "org.eclipse.emf.ecore");

        emitter.addVariable("JET_UXTOWEB", pluginId);

        return emitter;

    }
· The last library added to the project (statement emitter.addVariable("JET_UXTOWEB", pluginId);) is the library from the transformation being developed (or used). This library is needed if the code in your templates make reference to Java classes you have developed in your transformation plug-in. But adding the variable (the reference to the library) is not quite enough. You must also export the transformation plug-in library itself (if not already done):
File > Export… > JAR File
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· You’re almost there! I have created one additional utility to encapsulate the complete sequence to generate the output contents and file:
    public static void generate(Object argument, JETEmitter emitter, IProject 
            project, String folderName,

            String fileName, boolean overwrite) throws IOException, CoreException {

        Writer writer = new StringWriter();

        String output = emitter.generate(new NullProgressMonitor(), new Object[] 
                                                                     {argument});

        writer.write(output);

        System.out.println("    Building " + folderName + File.separatorChar + 
                                                                     fileName);

        writeToProjectFile(writer, project, folderName, fileName, overwrite);

    }

· Here is the last bit: (code from paragraph 4.3 revisited)
Class cl = null;

// Init cl

cl = ...;

String filename = ...;

String path = ...;
HibernateTableMap mapBuilder = new HibernateTableMap();

String output = mapBuilder.generate(cl);

Writer writer = new StringWriter();

Writer.write(output);

ResourceUtil.writeToProjectFile(writer, project, "JavaSource" + 

                     File.separatorChar + path, filename, true);

JETEmitter hMapBuilder = ResourceUtil.buildEmitter(
                      "templates/hibernate/hibernate-table-map.javajet");
ResourceUtil.generate(cl, hMapBuilder, project, "JavaSource" + 
                     File.separatorChar + path, filename, true);

6. JET and MDD: Where To Go From Here
*** To be completed ***
JET templates can get inextricably difficult to read. JET templates should be kept as simple as possible in terms of the control logic. All the information required for the template should be easily accessible from the Object argument. Ideally, the JET Template developer has expertise in the target technology – for instance, JSP and HTML to create JSP files, but not necessarily with the UML2 API or the business logic in the UML models.

Even our simple example may be at the limit of what I would consider as acceptable. In this example, I partially solved the problem by creating the “init sequence” in the JET template :

<$

Class cl = (Class) argument;

String className = cl.getQualifiedName();

className = className.substring(className.indexOf("::") + 2)

                                                            .replaceAll("::", ".");

String primaryKey = "";

List columns = new ArrayList();

for (Iterator i = cl.getAttributes().iterator(); i.hasNext(); ) {


Property att = (Property) i.next();


if (primaryKey.equals("") && 

                      att.getAppliedStereotype("DataModeling::pk") != null) {



primaryKey = att.getName();


} else {



columns.add(att.getName());


}

}


$>
Coding this relatively simple code means you know about the UML2 API (for instance cl.getAttributes() and att.getAppliedStereotype()) and about the profiles and conventions being used (for instance, I decided to stereotype a class attribute as <<pk>> for identifying the primary key). Again this is a simple example, but it can – and it does – get ugly rapidly if given a chance.
The alternative would be to create what I call a meta-model. In our case, we could for instance a Java class DatabaseTable with the following attributes: String name, String primaryKey and List columns, and the corresponding getters and setters. This is the only thing the JET Template developer needs to know. The init sequence can be safely removed (as shown below). Of course this also means that the object of type DatabaseTable passed as an argument must have been created prior to calling our generate() operation. In an RSA transformation, I recommend defining two transformation rules (or two sets of rules):
· The extraction rule is executed first. It scans the input UML model and creates the objects of type DatabaseTable.

· The generation rule is executed last. It calls the generate() operation of the appropriate JET emitters.

<%@ jet skeleton="skeletons/hibernate-table-map.skel"

class="HibernateTableMap" 

startTag="<$" 

endTag="$>"
%>
<$

DatabaseTable t = (DatabaseTable) argument;

String className = cl.getQualifiedName();

className = className.substring(className.indexOf("::") + 2).
replaceAll("::", ".");


String primaryKey = "";

List columns = new ArrayList();

for (Iterator i = cl.getAttributes().iterator(); i.hasNext(); ) {


Property att = (Property) i.next();


if (primaryKey.equals("") && 
att.getAppliedStereotype("DataModeling::pk") != null) {



primaryKey = att.getName();


} else {



columns.add(att.getName());


}

}


$>
<?xml version="1.0"?>
<!DOCTYPE hibernate-mapping PUBLIC
   "-//Hibernate/Hibernate Mapping DTD//EN"
   "http://hibernate.sourceforge.net/hibernate-mapping.dtd">
<hibernate-mapping>

<class name="<$= t.getName()$>" table="<$=t.getName().toUpperCase()$>"><$

// Process the primary key

if (!t.getPrimaryKey().equals("")) {$>


<id name="<$= t.getPrimaryKey()$>" column="<$= 
t.getPrimaryKey().toUpperCase()$>">



<generator class="assigned"></generator>


</id><$

}

// Process the standard fields

for (Iterator i = t.getColumns().iterator(); i.hasNext(); ) {


String fieldName = (String) i.next();$>


<property name="<$= fieldName$>" column="<$= fieldName.toUpperCase()$>"/><$

}

$>

</class>
</hibernate-mapping>
Appendix 1 – Java Utilities

    public static void writeToProjectFile(Writer writer, IProject project, String 
folderName, String fileName, boolean overwrite) throws CoreException {

        InputStream istream = new 
ByteArrayInputStream(writer.toString().getBytes());

        IFolder folder = ensureFolderExists(project, folderName);

        IFile file = getFileFromProjectFolder(project, folderName, fileName);

        if (!file.exists()) {

            file.create(istream, true, new NullProgressMonitor());

        } else if (overwrite) {

            file.setContents(istream, true, true, new NullProgressMonitor());

        }

    }

    private static IFolder ensureFolderExists(IProject project, String folderName) 
throws CoreException {

        IFolder folder = project.getFolder(folderName);

        if (!folder.exists()) {

            // make sure each subfolder exists as well as the full folder name

            // ensure that the folderName uses the File.separator

            folderName = folderName.replace('/', File.separator.charAt(0));

            folderName = folderName.replace('\\', File.separator.charAt(0));

            StringTokenizer strTok = new StringTokenizer(folderName, 
File.separator);

            String subFolderName = "";

            while (strTok.hasMoreTokens()) {

                subFolderName = subFolderName + strTok.nextToken();

                IFolder subFolder = project.getFolder(subFolderName);

                if (!subFolder.exists()) {

                    subFolder.create(true, true, new NullProgressMonitor());

                }

                subFolderName += java.io.File.separator;

            }

            folder = project.getFolder(folderName);

            if (!folder.exists()) {

                // user must not have used the File.separator as subdir separator.

                // Ensure that the folderName uses the File.separator

                folderName = folderName.replace('/', File.separator.charAt(0));

                folderName = folderName.replace('\\', File.separator.charAt(0));

                strTok = new StringTokenizer(folderName, File.separator);

                subFolderName = "";

                while (strTok.hasMoreTokens()) {

                    subFolderName = subFolderName + strTok.nextToken();

                    IFolder subFolder = project.getFolder(subFolderName);

                    if (!subFolder.exists()) {

                        subFolder.create(true, true, new NullProgressMonitor());

                    }

                    subFolderName += java.io.File.separator;

                }

                folder = project.getFolder(folderName);

            }

        }

        return folder;

    }

    public static IFile getFileFromProjectFolder(IProject project, String 
folderName, String fileName) throws CoreException {

        IFolder folder = project.getFolder(folderName);

        if (!folder.exists()) {

            folder.create(true, true, new NullProgressMonitor());

        }

        IFile file = ResourcesPlugin.getWorkspace().getRoot().getFileForLocation(

                new Path(folder.getLocation() + "/" + fileName));//$NON-NLS-1$

        return file;

    }

    public static void generate(Object argument, JETEmitter emitter, IProject 
project, String folderName, String fileName, boolean overwrite) 
throws IOException, CoreException {

        Writer writer = new StringWriter();

        String output = emitter.generate(new NullProgressMonitor(), new Object[] 
{argument});

        writer.write(output);

        System.out.println("    Building " + folderName + File.separatorChar + 
fileName);

        writeToProjectFile(writer, project, folderName, fileName, overwrite);

    }

    public static JETEmitter buildEmitter(String jetTemplate) throws JETException {

        String pluginId = "com.ibm.jps.uxtoweb";

        String base = Platform.getBundle(pluginId).getEntry("/").toString();

        String uri = base + jetTemplate;

        JETEmitter emitter = new JETEmitter(uri) {

        };

        emitter.addVariable("UXTOWEB_UML2", "org.eclipse.uml2");

        emitter.addVariable("UXTOWEB_EMF_COMMON", "org.eclipse.emf.common");

        emitter.addVariable("UXTOWEB_EMF_ECORE", "org.eclipse.emf.ecore");

        emitter.addVariable("JET_UXTOWEB", pluginId);

        return emitter;

    }
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