Extending BPMN 2.0

BPMN 2.0 was designed to fulfill a wide range of requirements in the BPM world.   However, it is clear that not all possible use cases could be pre-thought.
Therefore it was an important goal from the beginning to make the standard extensible. If you have read my former articles, you won’t be surprised that the two meta standards CMOF and XML schema played an important role. Again the OMG team defined the topic twice: Once for CMOF and once for XSD. 
In the following text I will focus on XSD, as it is relevant for the file interchange. However, you will see the touch points from time to time.
There are four areas where you can hook in extensions:
1. Attribute extensions.
2. Element extensions
3. Subclassing extensions.
4. External object that don’t belong to the BPMN standard itself and are covered by other standards. E.g. data type.
For all areas you can differentiate if the extension is declared using and external extension schema or not.
[bookmark: OLE_LINK13]Extension Attributes 
The simplest form to extend BPMN classes with custom data is the usage of XML attributes that belong to a “foreign” XML namespace, thus a namespace which is different from “http://www.omg.org/spec/BPMN/20100524/MODEL". In BPMN files you can do it wherever you like, e.g. 
<?xml version="1.0" encoding="UTF-8"?>
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK10][bookmark: OLE_LINK11]<definitions xmlns="http://www.omg.org/spec/BPMN/20100524/MODEL"  xmlns:myns="http://www.mycompany.com/myns" targetNamespace="http://www.mycompany.com/mytarget" >
[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK12][bookmark: OLE_LINK29]   <process id="p1" isClosed="false" isExecutable="false" processType="None" myns:myProcessType="technical">
   </process>
</definitions>

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]We have declared the extension namespace "http://www.mycompany.com/myns" with prefix “myns” and used it to introduce the extension attribute “myProcessType” with value “technical”. 
If you load this file into BPMN2, the extension attribute is available in the “getAnyAttribute” list, in form of a so-called feature map. Feature maps are frequently used in EMF models that have an XML representation. They map from a structural feature (e.g. class attribute) with name and type to a value.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]In our case you can retrieve the extension attribute as follows:
[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK5]Resource res = new ResourceSetImpl().getResource(URI.createFileURI("res/extensibility/SimpleAttributeExtension.bpmn2"), true);
DocumentRoot root = (DocumentRoot) res.getContents().get(0);
Definitions def = root.getDefinitions();
Process p = (Process) def.getRootElements().get(0);
FeatureMap extensionAttributes = p.getAnyAttribute();
assertEquals("technical", extensionAttributes.get(0).getValue());
assertEquals("myProcessType", extensionAttributes.get(0).getEStructuralFeature().getName());

Very similar is the way to create extension attributes programmatically:
Process p = Bpmn2Factory.eINSTANCE.createProcess();
p.setProcessType(ProcessType.NONE);
p.setIsExecutable(false);
ExtendedMetaData metadata = ExtendedMetaData.INSTANCE;
[bookmark: OLE_LINK23]EAttributeImpl extensionAttribute = (EAttributeImpl) metadata.demandFeature("http://www.mycompany.com/myns", "myProcessType", false, false);
SimpleFeatureMapEntry extensionEntry = new SimpleFeatureMapEntry(extensionAttribute, "technical");
p.getAnyAttribute().add(extensionEntry);

“ExtendedMetadata” is the EMF class that controls all XML aspects; “demandFeature” will dynamically create a structural feature descriptor for the XML extension attribute. Then we simply need to create and fill a FeatureMap entry.
Extension Elements
Extension Attributes are simple, however, they can be only be used for simple type, e.g. strings and numbers. For more complex data structure, BPMN allows to add XML elements to almost any BPMN core element. The inner structure of such an extension element can be freely decided by the extension author. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]The basic model is similar to Extension Attributes. However, you can’t simply merge in your extension elements into BPMN standard elements. Instead they must go into a sub element “extensionElements”. 
<?xml version="1.0" encoding="UTF-8"?>
<definitions xmlns="http://www.omg.org/spec/BPMN/20100524/MODEL"
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]	xmlns:myns="http://www.mycompany.com/myns" targetNamespace="http://www.mycompany.com/mytarget">
	<process id="p1" isClosed="false" isExecutable="false"
		processType="None">
		<extensionElements>
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK24][bookmark: OLE_LINK30]		 <myns:process_authors>
[bookmark: OLE_LINK22][bookmark: OLE_LINK25][bookmark: OLE_LINK26]		   <myns:author name="rhille" date="20110508"/>
		 </myns:process_authors>
		</extensionElements>
	</process>
</definitions>

If you load this file, you find the extension is the BPMN object’s “getExtensionValues” method. Don’t be confused by the class “ExtensionAttributeValue” and the fact that you can expect to have exactly one instance of it (we call “get(0)”). The API looks a bit odd as we have tried to consider the CMOF extension model as well.
ExtensionAttributeValue extensionAttributeValue = p.getExtensionValues().get(0);
FeatureMap extensionElements = extensionAttributeValue.getValue();
assertEquals("process_authors", extensionElements.get(0).getEStructuralFeature().getName());
AnyType authorsElement = (AnyType) extensionElements.get(0).getValue();
FeatureMap nested = authorsElement.getAny();
for (FeatureMap.Entry nested_entry : nested) {
    if (nested_entry.getEStructuralFeature().getName().equals("author")) {
        AnyType authorElement = (AnyType) nested_entry.getValue();
        FeatureMap authorAttributes = authorElement.getAnyAttribute();
        assertEquals("name", authorAttributes.get(0).getEStructuralFeature().getName());
        assertEquals("rhille", authorAttributes.get(0).getValue());
        assertEquals("date", authorAttributes.get(1).getEStructuralFeature().getName());
        assertEquals("20110508", authorAttributes.get(1).getValue());
    }
}

The code is really not nice: You have to deal with several nested FeatureMaps and get all the different kinds of elements and attributes out of it. The programming model is a little bit like traversing an XML DOM.
Creating Extension Elements programmatically is straight forward, but again a lot of typing work.
Process p = Bpmn2Factory.eINSTANCE.createProcess();
p.setProcessType(ProcessType.NONE);
p.setIsExecutable(false);
ExtendedMetaData metadata = ExtendedMetaData.INSTANCE;

EAttributeImpl authorsElementFeature = (EAttributeImpl) metadata.demandFeature(
        "http://www.mycompany.com/myns", "process_authors", true, false);
AnyType authors = XMLTypeFactory.eINSTANCE.createAnyType();

EAttributeImpl authorElementFeature = (EAttributeImpl) metadata.demandFeature(
        "http://www.mycompany.com/myns", "author", true, false);
AnyType author = XMLTypeFactory.eINSTANCE.createAnyType();

EAttributeImpl authorNameAttributeFeature = (EAttributeImpl) metadata.demandFeature(
        "http://www.mycompany.com/myns", "name", false, false);

EAttributeImpl authorDateAttributeFeature = (EAttributeImpl) metadata.demandFeature(
        "http://www.mycompany.com/myns", "date", false, false);

SimpleFeatureMapEntry nameEntry = new SimpleFeatureMapEntry(authorNameAttributeFeature,
        "rhille");
author.getAnyAttribute().add(nameEntry);

SimpleFeatureMapEntry dateEntry = new SimpleFeatureMapEntry(authorDateAttributeFeature,
        "20110508");
author.getAnyAttribute().add(dateEntry);

SimpleFeatureMapEntry authorEntry = new SimpleFeatureMapEntry(authorElementFeature, author);

authors.getMixed().add(authorEntry);

SimpleFeatureMapEntry authorsEntry = new SimpleFeatureMapEntry(authorsElementFeature,
        authors);

ExtensionAttributeValue extension = Bpmn2Factory.eINSTANCE.createExtensionAttributeValue();

p.getExtensionValues().add(extension);
extension.getValue().add(authorsEntry);

model.getRootElements().add(p);

TBD: Check why this currently does not create the correct content
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Typed Extensions
So far you had to deal with a fairly complicated generic API to create and read FeatureMaps and so forth. Wouldn’t it be nice if you could somehow declare your extension and use this declaration to validate files and have a nice typed access API? 
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]And indeed such a solution exists and is even quite easy. You start with an XML schema file (XSD).  Set the “targetNamespace” to your extension namespace. Then add your Extension Attributes as global attributes and Extension Elements as global elements:
<?xml version="1.0" encoding="UTF-8"?>
<schema targetNamespace="http://www.mycompany.com/myns"
	elementFormDefault="qualified" xmlns="http://www.w3.org/2001/XMLSchema"
	xmlns:myns="http://www.mycompany.com/myns">
	<attribute name="myProcessType">
		<simpleType>
			<restriction base="string">
				<enumeration value="technical"></enumeration>
				<enumeration value="business"></enumeration>
			</restriction>
		</simpleType>
	</attribute>

	<element name="process_authors">
		<complexType>
			<sequence>
				<element name="author" minOccurs="0" maxOccurs="unbounded">
					<complexType>
						<attribute name="name" type="string"></attribute>
						<attribute name="date" type="date"></attribute>
					</complexType>
				</element>
			</sequence>
		</complexType>
	</element>
</schema>
Global attributes and global elements might be uncommon for you, but here they are key of the extension model. Everything that is globally visible can be used in a BPMN model.
Now generate an ECore Model from the XSD and let EMF generate a model plugin.
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]If you now load the sample from before, you will see that instead of the generic AnyType objects, you find nice typed objects:
MynsPackageImpl.init();
ResourceSetImpl().getResource(URI.createFileURI("res/extensibility/SimpleAttributeExtension.bpmn2"), true);
DocumentRoot root = (DocumentRoot) res.getContents().get(0);
Definitions def = root.getDefinitions();
assertTrue(def.getRootElements().get(0) instanceof Process);
Process p = (Process) def.getRootElements().get(0);
FeatureMap extensionAttributes = p.getAnyAttribute();
MyProcessTypeType myProcType = (MyProcessTypeType) extensionAttributes.get(
        MynsPackage.Literals.DOCUMENT_ROOT__MY_PROCESS_TYPE, true);
assertEquals(MyProcessTypeType.TECHNICAL, myProcType);
ExtensionAttributeValue extensionAttributeValue = p.getExtensionValues().get(0);
FeatureMap extensionElements = extensionAttributeValue.getValue();
List<ProcessAuthorsType> fittingExtensions = (List<ProcessAuthorsType>) extensionElements
        .get(MynsPackage.Literals.DOCUMENT_ROOT__PROCESS_AUTHORS, true);
ProcessAuthorsType process_authors = fittingExtensions.get(0);
assertEquals("rhille", process_authors.getAuthor().get(0).getName());
assertEquals("20110508", process_authors.getAuthor().get(0).getDate());

The code is not only much simpler, but also much safer:
· Extensions are requested from the model using a feature descriptor, and not by index search. We use the “DOCUMENT_ROOT_...” literals, which describe the global elements of a schema.
· EMF has converted the restriction in the schema to a nice enumeration value that we can use for comparison.
· At the beginning we call <ExtesionPackage>.init(). This ensures that the extension namespace is registered and will be considered during load. In fact this is only needed if EMF is used outside of Eclipse (e.g. in a JUnit test). Inside of Eclipse all XML namespaces will be automatically registered and available as extension.
TBD: Writing typed extensions.
Declaring Extension in the BPMN File

TBD XSI:SchemaLocation, BPMN import

Subclassing Extensions

