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Chapter 1. Getting Started

This example uses Eclipse EMF as the basis for code generation. A large amount of available third-party tools
makes EMF a good basis. Specifically, better tools for building EMF metamodels are available already (Xtext,
GMF, etc.). To get adeeper understanding of EMF we recommend that you first read the EMF tutorial at

* http://www-128.ibm.com/devel operworkd/library/os-ecemf1/
* http://www-128.ibm.com/devel operworks/library/os-ecemf2/
* http://www-128.ibm.com/devel operworks/library/os-ecemf3/

Y ou can also run thistutorial without acompl ete understanding of EMF, but the tutorial might seem unnecessarily
complex to you.

1. Xpand Setup

Beforeyou can go through thetutorial and execute the exampl es, you need to have X pand installed. Please consider
http://www.eclipse.org/modeling/m2t/downl oads/ ?project=xpand for details.

2. Tutorial overview

The purpose of this tutoria is to illustrate code generation with Xpand from EMF models. The process we are
going to go through, will start by defining ametamodel (using EMF tooling), coming up with some example data,
writing code generation templates, running the generator and finally adding some constraint checks.

The actual content of the example is rather trivial — we will generate Java classes following the JavaBean
conventions. The model will contain entities (such as Person or Vehicle) including some attributes and
relationships among them — arather typical data model. From these entities in the model, we want to generate the
Beansfor implementation in Java. In areal setting, we might also want to generate persistence mappings, etc. We
will not do this for this ssimple introduction.

3. Defining an EMF metamodel

Toillustrate the metamodel, before we deal with the intricacies of EMF, here is the metamodel in UML:

Figure 1. Sample metamodel

DataModel |‘ 0. Entity |‘ 0.7 | Attribute

entity attribute
name: String name: String name: String

x type: String

target /

0.* reference

EntityReference

name; String
toMany: boolean

3.1. Creating an EMF project
Create an EMF project as depicted below:



http://www-128.ibm.com/developerworks/library/os-ecemf1/
http://www-128.ibm.com/developerworks/library/os-ecemf2/
http://www-128.ibm.com/developerworks/library/os-ecemf3/
http://www.eclipse.org/modeling/m2t/downloads/?project=xpand
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Figure 2. Create EMF project

806

New

Select a wizard

Create an empty Java plug-in project with EMF dependencies

Wizards:

[ type filter text

& Class
& Interface

2% Java Project
» = General
b = CVS

#7 Ecore Model

1% EMF Project
17 Empty EMF Project

¥ = Eclipse Modeling Framework

% EMF Generator Model

e d

@ = Back

Finish

It is important that you create an EMF project, not just a simple or a Java project. Name it

xpand. deno. enf . dat anodel .

3.2. Defining the (meta)model

Create a new source folder net anodel in that project. Then, create a new Ecore model in that source folder
named dat a. ecor e. Use EPackage as the model object.
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Figure 3. Create new Ecore model

——ll

Yeke

MNew

Select a wizard

Create a new Ecore model

Wizards:

type filter text

& Class
& Interface
124 Java Project
b = General
b = CV5

¥ = Eclipse Modeling Framework

#" Ecore Model

% EMF Generator Model
1% EMF Project

[=% Empty EMF Project

Y

@

< Back

Finish

This opens the Ecore Editor. You will see aroot package with name nul | . Open the Properties View (context
menu). Set the following properties for the package:

» Name: data
* Nsprefix: data

* NsURI: http://www.xpand.org/xpand.demo.emf.datamodel

Figure 4. Adjust namespace settings

06 Java - xpand.demo.emf.datamodel/metamodel/data.ecore - Eclipse SDK (=
IFi- e -0 Qr |8 G | @2 [ L G0 Gy B & Java
[# Package Explorer 53 =08 =
=] <)==(> v platform: /resource /xpand.demo.emf.datamodel/metamodel/data.ecore
> :,_;‘J xpand.demo.emf.datamodel # data
[Zi Problems (@ Javadoc ﬂ@ Declaration ﬂfl Properties 52 BB ke~ =0
Property Value
Name = data
Ns Prefix | 1= data
Ns URI

= http:/ fwww.xpand.org/xpand.demo.emf.datamodel
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Create the following Ecore model IMake sure you set the following properties exactly as described next:
Within the data package, create these ECl ass elements with their attri butes:?

EClassname EAttribute name EAttribute EType
DataModel

name EString
Entity

name EString
Attribute

name EString

type EString
EntityReference

name EString

toMany EBoolean

Now, it istimeto create references between the model elements. Add children of type ERef er ences asfollows:

EClass EReference name EReference attribute EReference attribute
name value
DataModel
entity
EType Entity
containment true
Lowerbound 0
Upperbound -1
Entity
attribute
EType Attribute
containment true
Lowerbound 1
Upperbound -1
Entity
reference
EType EntityReference
containment true
Lowerbound 0
Upperbound -1
EntityReference
target
EType Entity
containment false

7o add children, right-click on the element to which you want to add these children and select the type of the child from the list. To configure
the properties, open the properties dialog by selecting Show Properties View at the bottom of any of the context menus. Note that thisis not
an EMF tutorial. For more details on how to build EMF (meta-)models, please refer to the EMF documentation.
2Attributes are children of type EAt t ri but e. Pleasefill in the Name and the EType properties.

3Note: there are a couple of -1's ... don't miss the minus! Also, the containment flag is essential. If containment ist r ue you will be able to
create children of the referenced type, otherwise you can only reference them.
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EClass EReference name EReference attribute EReference attribute
name value
L owerbound 1
Upperbound 1

Figure 5. Metamodel structure

rﬂj data.ecore A

¥ 4 platform:/resource/xpand.demo.emf.datamodel/metamodel/data.ecore

v # data
b E DataModel
B H Entity
B H Attribute
v B EntityReference

P = name : E5tring
P = toMany : EString
B 5 target : Entity

EMF saves the model we created above in its own dialect of XMI. To avoid any ambiguities, here isthe complete
XMI source for the metamodel. It goesinto thefiledat a. ecor e:

<?xm version="1.0" encodi ng="UTF-8"?>
<ecor e: EPackage xmi :version="2.0"
xm ns: xm ="http://ww. ong. org/ XM " xml ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xm ns: ecore="http://ww. eclipse.org/enf/2002/ Ecore" nanme="dat a"
nsURI =" htt p: / / ww. xpand. or g/ xpand. deno. enf . dat anbdel " nsPrefi x="data">
<eC assifiers xsi:type="ecore: ECl ass" nanme="Dat aMbdel ">
<eStructural Features xsi:type="ecore: EAttri bute" name="nane"
eType="ecor e: EDat aType http://ww. ecl i pse. org/ enf/ 2002/ Ecore#//EStri ng"/ >
<eStructural Features xsi:type="ecore: ERef erence" name="entity" upperBound="-1"
eType="#//Entity" containment="true"/>
</ed assifiers>
<eCl assifiers xsi:type="ecore: ECl ass" nanme="Entity">
<eStructural Features xsi:type="ecore: EAttri bute" nanme="nane"
eType="ecor e: EDat aType http://ww. ecl i pse. org/ enf/ 2002/ Ecore#//EStri ng"/ >
<eStructural Features xsi:type="ecore: ERef erence" name="attribute" | owerBound="1"
upper Bound="-1" eType="#//Attribute" contai nnent="true"/>
<eStructural Features xsi:type="ecore: ERef erence" nanme="ref erence" upperBound="-1"
eType="#//EntityReference" contai nment="true"/>
</ed assifiers>
<eCl assifiers xsi:type="ecore: ECl ass" name="Attribute">
<eStructural Features xsi:type="ecore: EAttri bute" nanme="nanme"
eType="ecor e: EDat aType http://ww. ecl i pse. org/ enf/ 2002/ Ecore#//EStri ng"/ >
<eStructural Features xsi:type="ecore: EAttri bute" name="type"
eType="ecor e: EDat aType http://ww. ecl i pse. org/ enf/ 2002/ Ecore#//EStri ng"/ >
</ed assifiers>
<eC assifiers xsi:type="ecore: ECl ass" name="EntityReference">
<eStructural Features xsi:type="ecore: EAttri bute" nanme="nane"
eType="ecor e: EDat aType http://ww. ecl i pse. org/ enf/ 2002/ Ecore#//EStri ng"/ >
<eStructural Features xsi:type="ecore: EAttri bute" nanme="t oMany"
eType="ecor e: EDat aType http://ww. ecl i pse. org/ enf/ 2002/ Ecor e#/ | EBool ean"/ >
<eStructural Features xsi:type="ecore: ERef erence" nane="target" | owerBound="1"
eType="#//Entity"/>
</ed assifiers>
</ ecor e: EPackage>

4. Generating the EMF tooling

In addition to providing the Ecore meta-metamodel, EMF also comes with support for building (more or less
usable) editors. These are generated automatically from the metamodel we just defined. In order to define example
models (which wewill do below) we have to generate these editors. Also, we have to generate the implementation
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classesfor our metamodel. To generate all these things, we have to define amarkup model that contains a number
of specificsto control the generation of the various artifacts. This markup model is called genmodel.

So we have to define the genmodel first. Select the dat a. ecor e model in the explorer and right mouse click

to New - Other - Eclipse Modelling Framework — EMF Generator Model. Follow the following five steps;
note that they are also illustrated in the next figure.

1. Select EMF Generator Model

2. Define the name

3. Select the folder

4. Select Ecore model as source

5. Pressthe Load button and then Finish

Figure 6. Creating the genmodel

806 New NS New EMF Generator Mode @ ©) © New EMF Generator Model
Select a wizard EMF Generator Model Select a Model Importer E._
Create an EMF generator model and, if needed Create the generator model Create the Ecore model based on other | 1
Ecore model Ecore ar EMOF models
Wizards: Model Importers:
Enter or select the parent folder: P
& xpand.demo.emf.datamodel/metamodel fi] Annotated Java
@ Class ﬁ Ecore model
& Interface = #] Ecore model (CDO Native) 3
Lj_"i;ja\.la Project ¥ == xpand.demo.emf.datamodel @ Rose class model =
# Java Project from Existing Ant Buildfile g ::;M INF &) uMLmodel
i - g
I Plug=in Project - 2 [8] XML Schema
. = metamodel ]
P = General 1 & model
mode
P = ATL - B src
3 gr
b = CVS
¥ = Eclipse Modeling Framework
#7 Ecore Model
> = — f =~ N a—
5" EMF Generator Model 8eNne New EMF Generator Model
18] EMF Project -
14 Empty EMF Project | Package Selection g
B (= Mapping File name:  data.genmodel Specify which packages to generate and which to reference from | E y
p & Ecore Tools other generatar models
—
ene New EMF Generator Model Root packages: 5' ( Select Al ) ( Deselect All )
Ecore Import Package File Name
Specify one or more '.ecore’ or .emof' URIs and try to load them E # data data.ecore
& ] Valn

Madel URIs: 4- ( Browse File System... ) C Browse Y Referenced generator models:

platform: fresource/xpand.demo.emf.datamodel/metamodel/data.ecore

@ ( < Back ) H ( Cancel ) @ Next > ( Cancel ) f—m.h—)

A

As a consequence, you will get the finished EMF genmodel. It is a kind of "wrapper" around the original

metamodel, thus, it has the same structure, but the model elements have different properties. As of now, you do
not have to change any of these.
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Figure7. Structure of the genmodel

i:j data.ecaore

v 2 Data
¥ ## Data

v B DataModel
= name : EString
&3 entity : Entity

v B Entity
= name : EString
55 attribute - Attribute
5 reference : EntityReference

v B Attribute
= name : EString
= type : EString

¥ B EntityReference
= name : EString
= toMany : EString
5* target : Entity

Y ou can now generate the other projects.

Figure 8. Generate editing projects

#] data.ecore

v B

v i Generate Model Code

Generate Edit Code
Generate Editor Code
Generate Test Code
Generate All

Open »
Open Foreign Models >
Open Ecore

Open GenModel

Undo ~Z
Redo i
of Cut

= Copy
Paste

& Delete

[Z/ propl  Reload...

— o Export Model...
Run As

Debug As
Validate

Team

Compare With
Replace With
WikiText

Prope
v All

vy

vyvYvwy

Refresh
Show Properties View

m . m. . m . = MM S m

v Edit 2 Remove from Context {3l

Y ou now have all the generated additional projects.
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Figure 9. Generated projects

-
% package Explorer &3

= & |

> ‘_?‘J xpand.demo.emf.datamodel

> IE‘J xpand.demo.emf.datamodel.edit
> IE‘J xpand.demo.emf.datamodel.editor
> IE‘J xpand.demo.emf.datamodel.tests

We will not look any deeper at these additional projects for now. However, there is one important thing to
point out: The generator also generated the implementation classes for the metamodel. If you take a look
into xpand. deno. enf . dat anodel / sr c folder, you can find classes (actually, interfaces at the top level)
that represent the concepts defined in your metamodel. These can be used to access the model. For some
more details on how to use the EMF model APIs as well as the reflective cousins, take a look at http://
voeterblog.blogspot.com/2005/12/codebl ogck-emf _10.html.

5. Setting up the generator project

In order to make it a hit less painless to work with Eclipse EMF (we would have to export the plugins, restart
Eclipse, etc. etc.), we start another Eclipse in the IDE. Thisinstance is called the Runtime Workbench. Therefore

selectthexpand. deno. enf . dat anpdel . edi t project and choosefrom the context menuRun As — Eclipse
Application.

Figure 10. Launch runtime platform

@ Edipse File Edit Source Refactor Navigate Search Project I Generator Window Help

006 Java - xpand.demo.emf.datamodel/metamodel/data.ge @, Run 1 38 F11 tkspaces/runtime-xpand_documentation
Ami: [E-320 B RAR: S c . X=0 20 FERE R C R R *, Debug #F1L
[£ Package Explorer &3 =0 |l3 data.ecare ( data.genmodel 2 Run History x4
=% | e 7| v Elbad ™ 1 Acceleo Application

¥ 12 xpand.demo.emf.datamadel v # Data Run Configurations... <3 2 Eclipse Application X E
» =2 xpand.demo.emf.datamodel.edit v [ pataModel ) Debug History > = 3 Java Applet WEXA
» (=2 xpand.demo.emf.datamodel.editor Z name : Estring Debug As > [T 4 Java Application X

J < entity : Entity . _
b = xpand.demo.emf.datamodel.tests v E E;;w Debug Configurations... 4 5 0SGi Framework T®EX O

If you are using a Mac or *nix you should now open the workspace preference page and change the default
encoding to 1SO-8859-1.% mport the xpand. deno. enf . dat anodel project from your original Workspace.5
Note that importing the project does not physically move the files,® so you can have the project be part of both
workspaces at the same time.

Create anew Xpand Project7 calledxpand. deno. enf . dat anpdel . gener at or . Do not choose the option
"Generate a smple example".

“Window — Preferences — General — Workspace - Text file encoding. Thisis necessary to have the guillemet brackets available.

SFile - Import — General — Existing Project into Workspace
5Unless you checked the option "Copy projects into workspace'

“File — New — Project — Xpand — Xpand Project
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Figure 11. Create new Xpand project

ﬁ Ne New Project

Select a wizard

_"\‘I.-"

Create a new Xpand Project

Wizards:

| type filter text

B = Ecore Tools
B = Graphical Modeling Framework
P = Java
B = JET Transformations
B = Model to Model Transformation
B = Model to Text Transformation
b = Plug-in Development
¥ = Xpand

%3 Xpand Project

@ < Back E—Hm—r% C Cancel :)

e

Y our Xpand project will already be configured for use of EMF models. Y ou can check thisin the project properties
dialog:
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Figure 12. Project properties

enNe

Xtend Project

This wizard creates a simple Xtend generator project including the references to
the required libraries.

Project name: xpand.demo.emf.datamodel.generator

Meta Models

() Use workspace defaults

f) Use project specific metamodels:

[ oAW-Classic Metamodel

— u

[ JavaBeans Metamodel
™ EMF Metamodels

[ UMLZ profiles
[ X5D Metamodels

() Generate a sample EMF based Xpand project

® Next = I( Cancel :'J f—ﬁn&h—) |

6. Defining an Example Data Model

Select the sr ¢ folder and then choose New — Other — Example EMF Model Creation Wizards — Data Model.
Create anew datamodel, call it exanpl e. dat a. Onthelast page of the wizard, select Model as model object.

10
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Figure 13. Create a sample data model

80N e New

Select a wizard >

Create a new Data model

r 1

Wizards:

g .
[ type filter text

b (= Ecore Tools »a
¥ [ Example EMF Model Creation Wizards

4] Constraints Model

4! Data Model

@ Datatypes Model

& Rdb Model

(& Simpleum| Model

&7 UML Model

& View Model
|57 XSD Model
b (= GMF-Xpand 'a
B [ Graphical Modeling Framework '_1;
@ [ < Back ] G—Henl-r—; C Cancel ) [ Finish
P

Next, populate this very model as following. Please note that in the case of attributes you have to define a type
aswell (i.e. String), not just a name.

11
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Figure 14. Sample data model

-

~ e |
4 example.data £3 m
|._[\;| Resource Set

v @ platform:fresource/xpand.demo.emf.datamodel.generator/srcfexample.data
¥ 4 Model
¥ < Entity Person
<= Attribute name
<+ Entity Reference cars
¥ < Entity Vehicle
<+ Attribute plate

€ B) 4l
Selection F'arent| List| Tree | Table | Tree with Cnlumn5|

=
=l Properties 23 [3_ Problems | & _lavadnr:\l @ Declaratinrq 'Ef| Error Lng\l

Property Value

Marne 1= cars

Target 4 Entity Vehicle
To Many 1= true

Again, to avoid any typos hereisthe XMI for exanpl e. dat a:

<?xm version="1.0" encodi ng="UTF-8"?>
<dat a: Dat aMbdel
Xm :version="2.0"
xm ns: xm ="http://ww. ong. org/ XM "
xm ns: dat a="http://ww. xpand. or g/ xpand. deno. enf . dat anodel " >
<entity nanme="Person">
<attribute name="name" type="String"/>
<reference nanme="cars" toMany="true" target="//@ntity.1"/>
</entity>
<entity nane="Vehicle">
<attribute name="plate" type="String"/>
</entity>
</ dat a: Dat aMbdel >

7. Using Dynamic EMF

Instead of generating editors and metaclasses, you can also use dynamic EMF. This works by selecting, in the
opened metamodel, the root class of the model you want to create (here: DataModel) and then selecting Create
Dynamic Instance from the context menu. This opens an editor that can dynamically edit the respective instance.
The created file by default hasan . xm  extension.

Note that Xpand can work completely with dynamic models, there is no reason to generate code. However, if you
want to programmatically work with the model, the generated metaclasses (not the editors!) are really helpful.
Please also keep in mind: in subsequent parts of the tutorial, you will specify the metaModel Package in various
component configurations in the workflow file, like this:

<met aModel id="mi
class="org. ecli pse. xtend. t ypesyst em enf . Enf Met aMbdel " >
<met aMbdel Package val ue="dat a. Dat aPackage"/ >

</ met aMbdel >

In case of dynamic EMF, there has no metamodel package been generated. So, you have to specify the metamodel
file instead, that is, the . ecor e file you just created. Note that the . ecor e file has to be in the classpath to
make this work.

<met aModel i d="m{

12
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class="org. eclipse. xtend. t ypesyst em enf . Enf Met aMbdel " >
<met aModel Fi | e val ue="dat a. ecore"/>
</ met aMbdel >

8. Generating code from the example model

8.1. The workflow definition

To run the Xpand generator, you have to define a workflow. It controls which steps (loading models, checking
them, generating code) the generator executes. For details on how workflow files work, please take alook at the
Modeling Workflow Engine Reference Documentation.

Create awor kf | ow. mve and awor kf | ow. properti es inthe src folder. The contents of these files is
shown below:

<wor kf | ow>
<property file="workflow properties"/>

<bean cl ass="org. eclipse. enf.me. utils. Standal oneSet up" >

<platformuri value=".."/>
<r egi st er Gener at edEPackage val ue="dat a. Dat aPackage"/ >
</ bean>

<conponent class="org.eclipse.enf.mwe.utils.Reader">
<uri value="${nodel File}" />
<nodel Sl ot val ue="nodel " />
</ conponent >
</ wor kf | ow>

wor kf | ow. properties:

nodel Fi | e=pl at f or m / resour ce/ xpand. deno. enf . dat anbdel . gener at or/ src/ exanpl e. dat a
srcGenPat h=sr c- gen
fil eEncodi ng=I SO 8859- 1

The workflow tries to load stuff from the classpath; so, for example, thedat a. Dat aPackage classisresolved
from the classpath, as is the model file specified in the properties (nmodel Fi | e=exanpl e. dat a)

This instantiates the example model and stores in a workflow slot named model. Note that in the
metamodel Package slot, you have to specify the EMF package abject (here: dat a. Dat aPackage), not the Java
package (which would be data here).

8.2. Running the workflow

Before you actualy run the workflow, make sure your metamodel can be found on the classpath.
In our case, this can be achieved by adding the xpand. deno. enf. dat anodel project to the
plug-in dependencies of xpand. deno. enf. dat anodel . generator. To do this, double click the
file xpand. deno. enf . dat anpdel . gener at or / META- | NF/ MANI FEST. MF. The manifest editor will
appear. Go to the Dependencies tab and click on Add... to add afew new dependencies.

» xpand. denvo. enf . dat anodel

e org.eclipse.enf.mwe.utils
» org.eclipse.enf.ecore.xm
» org.eclipse.jface.text

e org.antlr.runtine

e comibmicu

e org.eclipse.jdt.core

13
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Figure 15. Add metamodel dependency

% Dependencies

Required Plug-ins laz

Specify the list of plug-ins required far the operation of this
plug-in.

?qlr org.eclipsexpand

?qlr org.eclipsextend

?qlr org.eclipsextend.typesystem.emf

Remove

%3 xpand.demo.emf.datamodel (1.0.0)
?qlr org.eclipse.emf.mwe.utils (0.7.2) Up
?qlr org.eclipse.emf.ecore.xmi (2.5.0) :
?qlr org.eclipse. jface.text (3.5.2)
?qlr org.antlr.runtime (3.0.0) e
?qlr com.ibm.icu (4.0.1) -
?qlr org.eclipse jdt.core (3.5.2) el

Total: 10

Do not forget to save the manifest file!
Now, you can run the workflow from within Eclipse:
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Figure 16.

 pckagemplorer 3~
ES e~
> :;‘Jp xpand.demo.emf.datamodel

v ::;Dp xpand.demo.emf.datamodel.generat

v (& src
& example.data
(B workflow.m z
workflow.pl New >
[3 src-gen . Open B3
< EF“PFI‘EE"',“;m L'b: Open With >
> =i Plug-in Depend g o 1n NEW  »
¥ = META-INF
ok MANIFESTR 1= Copy s
= . 1 B=l
i build.properties E= Copy Qualified Name
[ Paste ®Y
¥ Delete =
= Remove from Context {3l
[| Mark as Landmark AR
Build Path >
Refactor ET >
fxg Import...
i Export...
«* Refresh F5

Assign Working Sets...

(@ Javadoc} @ Declarationw & Error Log}
3 1 MWE Workflow

Validate E

Debug As

Team
Camnare Wirh

External Tools Configurations...

The following should be the output:

I NFO EMF Modeling Workflow Engine 1.2.1, Build v201206110920
I NFO. (c) 2005-2009 openarchitectureware.org and contributors

I NFO running workflow ../xpand.deno. enf. datanodel . generator/src/workfl ow. nwe

14.04.2010 15:49:18 org.eclipse.enf.me.utils.Standal oneSetup setPl atfornri

I NFO Registering platformuri '..'

14. 04. 2010 15:49:18 org.eclipse.enf.mwe.utils. Standal oneSet up addRegi st er Gener at edEPackage

I NFO Addi ng generated EPackage ' dat a. Dat aPackage'

14.04. 2010 15:49:18 org. eclipse.enf.me. core. container. Conposi teConponent internallnvoke

I NFO Reader: Loading nmodel from platform/resource/xpand. denp. enf. dat anodel . gener at or/ src/ exanpl e. dat a
14.04. 2010 15:49:19 org. eclipse. enf.me. core. Wrkfl owRunner execut eWr kfl ow

I NFO workflow conpleted in 116ns!

8.3. Templates

No codeis generated yet. Thisisnot surprising, sincewe did not yet add any templates. Let us change this. Create
a package templatesin the sr cfolder and within the package afile called Root . xpt .

The Root . xpt looks as follows. By the way, if you need to type the guillemets (« and »), the editor provides
keyboard shortcuts with Ctrl+< and Ctrl+>.

«DEFI NE Root FOR dat a: : Dat aMbdel »
«EXPAND Entity FOREACH entity»
«ENDDEFI NE»
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«DEFINE Entity FOR data::Entity»
«FI LE name + ".java"»
public class «name» {
«FOREACH attribute AS a»
/1 bad practice
private «a.type» «a.nanme»;
«ENDFOREACH»

«ENDFI LE»
«ENDDEFI NE»

We have to extend thewor kf | ow. mae file, in order to use the template just written:

<wor kf | ow>
<property file="workfl ow properties"/>

<conponent class="org.eclipse.enf.mwe.utils.Reader">
<uri value="platform/resource/ ${nodel File}" />

</ wor kf | o>

First, we clean up the directory where we want to put the generated code.

<conponent class="org.eclipse.enf.mw.utils.DirectoryC eaner">
<directory val ue="${srcCGenPath}" />
</ conponent >

Then, we start the generator component. Its configuration is dightly involved.

<conponent class="org. eclipse.xpand2. Generator">

First of all, you have to define the metamodel. In our case, we use the Enf Met aModel since we want to work
with EMF models. Also, you have to specific the class name of the EMF package that represents that metamodel.
It has to be on the classpath.

<met aModel id="m{
cl ass="org. ecli pse. xtend. t ypesyst em enf. Enf Regi st r yMet aMbdel ">
</ met aMbdel >

Then, you have to define the entry statement for Xpand. Knowing that the model slot contains an instance of
dat a. Dat aWbdel (the XmiReader had put the first element of the model into that slot, and we know from the
data that it is a Dat aModel ), we can write the following statement. Again, notice that model refers to a slot
name here!

<expand val ue="tenpl ates: : Root: : Root FOR nodel "/ >

Wethen specify wherethe generator should put the generated code and that thisgenerated code should be processed
by a code beautifier:
<outl et path="${srcGenPath}/">
<post processor

cl ass="org. ecl i pse. xpand2. out put. JavaBeautifier"/>
</outlet>

Now, we are amost done.

</ conponent >
</ wor kf | ow>

Y ou a'so need to add the srcGenPath to thewor kf | ow. pr operti es file.

nmodel Fi | e=exanpl e. dat a
srcGenPat h=sr c- gen

8.4. Running the generator again

So, if you restart the generator now, you should get afile generated that looks like this:
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public class Person {

/1 bad practice

public String |astName;
}

9. Checking Constraints with the Check Language

An dternative to checking constraints with pure Java, is the declarative constraint checking language Check. For
details of thislanguage take alook at the Check language reference. We will provide a simple example here.

9.1. Defining the constraint

We start by defining the constraint itself. We create a new file called checks. chk in the sr ¢ folder of our
project. It isimportant that thisfile resides in the classpath! The file has the following content:

i nport dat a;

context Attribute ERROR
"Names nmust be nore than one char |ong" :
nane. |l ength > 1;

This constraint says that for the metaclass dat a: : Attri but e, we require that the name be more than one
characterslong. If this expression evaluates to false, the error message given before the colon will be reported. A
checks file can contain any number of such constraints. They will be evaluated for all instances of the respective
metaclass.

To show a somewhat more involved constraint example, this one ensures that the names of the attributes have
to be unique:

context Entity ERROR

"Names of Entity attributes nust be unique":
attribute.forAll (al| attribute.notExists(a2| al != a2 & al.nanme == a2.nanme ) );

9.2. Integration into the workflow file
The following piece of XML isthe workflow file we have already used above.

<wor kf | ow>
<property file="workflow properties"/>

<conponent class="org.eclipse.enf.mwe.utils.Reader">
<uri value="platform/resource/ ${nodel File}" />

</ conponent >
</ wor kf | ow>

After reading the model, we add an additional component, namely the CheckComponent.

<conponent
cl ass="org. ecl i pse. xt end. check. CheckConponent " >

Aswith the code generator, we haveto explain to the checker what meta-meta-model and which metamodel weuse.

<net aMobdel id="m

cl ass="org. ecli pse. xtend. typesyst em enf. Enf Regi st ryMet aMbdel ">
</ et aMbdel >

We then have to provide the checks file. The component tries to load the file by appending . chk to the name and
searching the classpath — that is why it hasto be located in the classpath.

<checkFil e val ue="checks"/>

Finally, we have to tell the engine on which model or part of the model the checks should work. In general, you
can use the <expr essi onval ue="..."/ > element to define an arbitrary expression on slot contents. For
our purpose, where we want to use the complete EMF data structure in the model dot, we can use the shortcut
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emfAllChildrenS ot property, which returns the complete subtree below the content element of a specific dlot,
including the slot content element itself.

<enf Al | Chi | drenSl ot val ue="nodel "/ >
</ conponent >

Running the workflow produces an error in case the length of the name is not greater than one. Again, it makes
senseto add theski pOnError ="t r ue" to those subsequent component invocations that need to be skipped in
case the constraint check found errors (typically code generators or transformers).

10. Extensions

10.1.

It is often the case that you need additional properties in the templates; these properties should not be added to
the metaclasses directly, since they are often specific to the specific code generation target and thus should not
"pollute” the metamodel.

It is possible to define such extensions external to the metaclasses. For details see the Xtend Language
Documentation, we provide an simple example here.

Expression Extensions
Assume we wanted to change the Attributes part of the template as follows:

«FOREACH attribute AS a»
private «a.type» «a.nane»;

public void «a.setterName()»( «a.type» value ) {
thi s. «a. name» = val ue;

}

public «a.type» «a.getterNane()»() {
return this.«a.nanme»;

«ENDFOREACH»

To make this work, we need to define the set t er Name() and gett er Nanme() operations. We do this by
writing a so-called extension file; we call it j ava. ext . It must have the . ext suffix to be recognized by
Xpand; the Java name is because it contains Java-generation specific properties. We put thisfile directly into the
t enpl at es directory under sr c, i.e. directly next to the Root . xpt file. The extension file looks as follows:

First, we have to import the data metamodel; otherwise we would not be able to use the Attribute metaclass.
i nport dat a;

We can then define the two new operations set t er Nane and get t er Nane. Note that they take the type on
which they are called astheir first parameter, akind of "explicitly this". After the colon we use an expression that
returns the to-be-defined value.

String setterNane(Attribute ele) :
'set' +el e. nane. t oFi r st Upper () ;

String getterNane(Attribute ele) :
' get' +el e. nane. t oFi r st Upper () ;

To makethese extensionswork, we haveto add thefollowing lineto the beginning of theRoot . xpt templatefile:

«EXTENSI ON t enpl ates: :j ava»

10.2. Java Extensions

In case you cannot express the "businesslogic” for the expression with the expression language, you can fall back
to Java. Take alook at the following extension definition file. It iscalled uti | . ext and islocated in src/
dat anodel / generator/util:

String tinmestanp() :
JAVA dat anodel . generator.util. TenplateUtils.tinestanp();
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Here, we define an extension that is independent of a specific model element, since it does not have a formal
parameter! The implementation of the extension is delegated to a static operation of a Java class. Here is its
implementation:

public class TenplateUtils {
public static String tinestanp() {
return String.valueO( SystemcurrentTineMIlis() );
}

}

This element can be used independent of any model element — it is available globally.

Sometimes, it is necessary to access extensions not just from templates and other Xtend files but also from
Java code. The following example is of this kind: We want to define properties that derive the name of the
implementation class from the entity name itself. The best practice for this use case is to implement the derived
property as a Java method, as above. The following piece of code declares propertiesfor Ent i ty:

package dat anodel ;
import data.Entity;
public class EntityHel per {

public static String className( Entity e ) {
return e.getName()+"| npl enentation";

}

public static String classFileNane( Entity e ) {
return classNanme(e)+".java";

}
}

In addition, to access the properties from the template files, we define an extension that uses the helper methods.
Thehel per . ext fileislocated right next to the helper class shown above, i.e. in the datamodel package:

i nport dat a;

String className( Entity e ) :
JAVA dat anpdel . Enti t yHel per.cl assName(data. Entity);

String classFileName( Entity e ) :
JAVA dat anpdel . Enti t yHel per. cl assFi |l eNane(data. Entity);

In addition to these new properties being accessble from Java code by invoking
EntityHel per.cl assNanme(sonmeEntity), wecan now write the following template:

«EXTENSI ON tenpl at es: : j ava»
«EXTENSI ON dat anpdel : :generator::util::util»
«EXTENSI ON dat anpdel : : hel per »

«DEFI NE Root FOR dat a: : Dat aMbdel »
«EXPAND Entity FOREACH entity»
«ENDDEFI NE»

«DEFINE Entity FOR data::Entity»
«FI LE cl assFi | eNanme() »
/] generated at «timestanp()»
public abstract class «className()» {
«FOREACH attribute AS a»
private «a.type» «a.nanme»;
public void «a.setterName()»( «a.type» value ) {
this. «a. nane» = val ue;

}

public «a.type» «a.getterNanme()»() {
return this.«a.name»;

}
«ENDFOREACH»

}
«ENDFI LE»
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«ENDDEFI NE»

For completeness, the following illustration shows the resulting directory and file structure.

Figure 17. What has happened so far

P
f& Package Explorer &3 =0

| 3 :L?‘J xpand.demo.emf.datamodel
v :.L?':' xpand.demo.emf.datamodel.generator
¥ 2 src
¥ [ datamodel
| 3 m EntityHelper java
[E] helper.ext
¥ [ datamodel.generator.util
| 3 m TemplateUtils java
¥ {2 templates
@ java.ext
Root.xpt
checks.chk
@ example.data
[F] workflow.mwe
workflow.properties
¥ ¥ src-gen
¥ B (default package)
| 3 m Person.java
| 3 m WVehicle java
b =i JRE System Library (WM 150 (MacO
b =i Plug-in Dependencies
b 5= META-INF
@l build.properties
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Chapter 2. Xpand / Xtend / Check
Reference

1. Introduction

The Xpand generator framework provides textual languages, that are useful in different contexts in the MDSD
process (e.g. validation, metamodel extensions, code generation, model transformation). Each language (Check,
Xtend, and Xpand) is built upon a common expression language and type system. Therefore, they can operate on
the same models, metamodels and meta-metamodels and you do not need to learn the syntax again and again,
because it is always the same.

The expressions framework provides a uniform abstraction layer over different meta-meta-models (e.g. EMF
Ecore, Eclipse UML2, JavaBeans, XML Schema etc.). Additionally, it offers a powerful, statically typed
expressions language, which is used in the various textual languages.

2. Type System

The abstraction layer on API basis is caled a type system. It provides access to built-in types and different
registered metamodel implementations. These registered metamodel implementati ons offer accessto thetypesthey
provide. Thefirst part of this documentation describes the type system. The expression sub-language is described
afterwardsin the second part of this documentation. This differentiation is necessary because the type system and
the expression language are two different things. Thetype systemisakind of reflection layer, that can be extended
with metamodel implementations. The expression language defines a concrete syntax for executable expressions,
using the type system.

The Java API described here is located in the org.eclipse.xpand.type package and is a part of the subproject
COre.expressions.

2.1. Types

Every abject (e.g. model elements, values, etc.) has atype. A type contains properties and operations. In addition
it might inherit from other types (multiple inheritance is also possible, depending on the underlying meta-meta-
mode!).

2.1.1. Type Names

Types have asimple name (e.g. St r i ng) and an optional namespace used to distingish between two types with
the same name (e.g. ny: : met anodel ). The delimiter for name space fragmentsisadoublecolon™: : . A fully
qualified name looks like this:

ny::fully::qualified:: MetaType

The namespace and name used by a specific type is defined by the corresponding Met aMbdel implementation.
TheEnf Met aMbdel , for instance, mapsEPackages tonamespaceand ECl assi fi er s tonames. Therefore,
the name of the Ecore element ECl assi fi er iscaled:

ecore::EC assifier

If you do not want to use namespaces (for whatever reason), you can always implement your own metamodel and
map the names accordingly.

2.1.2. Collection Type Names

The built-in type system also contains the following collection types: Col | ecti on, Li st and Set . Because
the expressions language is statically type checked and we do not like casts and Cl assCast Except i ons, we
introduced the concept of parameterized types. The type system does not support full featured generics, because
we do not need them.

The syntax is:
Col | ection[ my:: Type]

Li st[ny:: Type]
Set[nmy: : Type]
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2.1.3. Features

Each type offers features. The type (resp. the metamodel) is responsible for mapping the features. There are three
different kinds of features:

» Properties

» Operations

 Static properties

Properties are straight forward: They have a name and a type. They can be invoked on instances of the
corresponding type. The same is true for Operations. But in contrast to properties, they can have parameters.

Satic properties are the equivalent to enums or constants. They must be invoked statically and they do not have
parameters.

2.2. Built-In Types

As mentioned before, the expressions framework has several built-in types that define operations and properties.
In the following, we will give arough overview of the types and their features. We will not document al of the
operations here, because the built-in typeswill evolve over time and we want to derive the documentation from the
implementation (model-driven, of course). For a complete reference, consult the generated API documentation.

2.2.1. Obj ect

hj ect definesacoupleof basic operations, likeequal s() . The property metaType provides accessto X pand's
type for that Object. Every type has to extend Obj ect .

2.2.2.Void

The Voi d type can be specified as the return type for operations, although it is not recommended, because
whenever possible expressions should be free of side effects whenever possible. The only possible valueisnul | .
Sometimes it might be useful to use Voi d as an parameter type, if you want to be able to call a function for
different argument types and also supply avalid implementation when the function isinvoked with nul | .

2.2.3. Simple types (Data types)

The type system doesn't have a concept data type. Data types are just types. Asin OCL, we support the following
types: St ri ng, Bool ean, | nt eger, Real .

e String: Arichand convenient St ri ng library is especially important for code generation. The type system
supportsthe'+' operator for concatenation, theusual j ava. | ang. St ri ng operations (I engt h() , etc.) and
some specia operations(liket oFi r st Upper () ,t oFi r st Lower (), regular expressions, etc. often needed
in code generation templates).

» Bool ean: Bool ean offersthe usual operators (Java syntax): & &, ||, !, etc.

* Integer and Real : I nteger and Real offer the usual compare operators (<,><=,>=) and simple
arithmetics (+,-,*,/). Notethat | nt eger extends Real !

2.2.4. Collection types

Thetype system hasthree different Collectiontypes. Col | ect i on isthebasetype, it provides several operations
known from j ava. util. Col | ecti on. The other two types (Li st, Set) correspond to their java.util
equivalents, too.

2.2.5. Type system types

The type system describes itself, hence, there are types for the different concepts. These types are needed for
reflective programming. To avoid confusion with metatypes with the same name (it is not unusual to have a
metatype called Oper at i on, for instance) we have prefixed all of the types with the namespace xpand2. We
have:

* Xxpand2:: Type

* Xxpand2:: Feature

* Xxpand2:: Property

e Xxpand2:: StaticProperty
* Xxpand2:: Operation
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You should be aware that if you name a type by name in an expression the object you get is in fact an
xpand2: : Type. A common use case is to prove that an object is of some type or its subtype, using the
i nstanceOf () operation or exactly of onetype.

I/l results to true, if the result of soneExpression is of type MyType or its subtypes
MyType. i sl nst ance( sonmeExpr essi on)

/] results to true, if the result of soneExpression is exactly of type MyType
soneExpr essi on. net aType == MyType

Note that this should be only used when realy required. The recommended way to handle alternative
implementations for atype hierarchy is using Multiple Dispatch.

2.3. Metamodel Implementations (also known as Meta-Metamodels)

By default, thetype system only knowsthe built-in types. In order to register your own metatypes(e.g. Enti ty or
St at e), you need to register a respective metamodel implementation with the type system. Within a metamodel
implementation the Xpand type system elements(Type, Pr operty, Operati on) aremappedtoanarbitrary
other type system (e.g. Javareflections, Ecore or XML Schema).

2.3.1. Example JavaMetaModel

For instance, if you want to have the following JavaBean act as a metatype (i.e. your model contains instances
of the type):

public class Attribute {
private String nane;
private String type;
public String getNane() {
return nane;

public void setNane(String nane) {
this. name = name;

public String get Type() {
return type;

public void setType(String type) {
this.type = type;
}

}
You need to use the JavaMet aMbdel implementation which uses the ordinary Java reflection layer in order

to map access to the model.
So, if you have the following expression in e.g. Xpand:

nyattr.nane.toFirst Upper ()

and nyat tr isthe name of alocal variable pointing to an instance of At t ri but e. The Xpand type system
asks the metamodel implementations, if they 'know' a type for the instance of Attribute. If you have the
JavaMet aMbdel registered it will return an xpand2: : Type which maps to the underlying Java class. When
the typeisasked if it knows a property 'nane’, it will inspect the Java class using the Java reflection API.

The JavaMetaModel implementation shipped with Xpand can be configured with a strategy [ GOF95-Pattern] in
order to control or change the mapping. For instance, the JavaBeans St r at egy maps getter and setter methods
to simple properties, so we would use this strategy for the example above.

2.3.2. Eclipse IDE MetaModelContributors

You should know that for each Met anodel implementation you use at runtime, you need to have a so
called Met anodel Cont ri but or extension for the plugins to work with. If you just use one of the standard
metamodel implementations (EMF, UML2 or Java) you don't have to worry about it, since Xpand is shipped with
respective Metamodel Contributors (see the corresponding docs for details). If you need to implement your own
Met amodel Cont ri but or you should have alook at the Eclipse plug-in reference doc.

2.3.3. Configuring Metamodel implementations with the workflow
Y ou need to configure your Xpand |anguage components with the respective metamodel implementations.
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A possible configuration of the Xpand?2 generator component looks like this:

<conponent cl ass="org. eclipse. xpand2. Generator">
<met aModel cl ass="org. eclipse.type. enf. Enf Met aMbdel ">
<met aMbdel Package val ue="ny. gener at ed. Met aMbdel 1Package"/ >
</ met aMbdel >
<met aMbdel cl ass="org. eclipse.type. enf. Enf Met aMbdel ">
<nmet aModel Fi |l e val ue="ny/j aval package/ net anodel 2. ecore"/ >
</ met aMbdel >

</ conponent >

Inthisexamplethe Enf Met aMbdel implementation isconfigured two times. This meansthat we want to usetwo
metamodels at the same time, both based on EMF. The metaM odel Package property is a property that is specific
to the Enf Met aMbdel (located intheor g. ecl i pse. xt end. t ypesyst em enf plugin). It points to the
generated EPackages interface. The second meta model is configured using the Ecore file. You do no need
to have a generated Ecore model for Xpand in order to work. The Enf Met aMbdel works with dynamic EMF
models just as it works with generated EMF models.

Note that is recommended to prefer the Enf Regi st r yMet aMbdel instead of the Enf Met aMbdel , athough
Enf Met aMbdel isderived from the Enf Regi st r yMet aModel . Further it is recommended to use platform
URIs (see API Doc URI) to refer to EMF resources.

The use of platform URIs in the workflow requires setting up EMF for standalone execution with the
St andal oneSet up class from the or g. ecl i pse. enf. mae. uti | s plugin. Further, StandaloneSetup is
used to register known EMF packages. An equivalent workflow configuration for the sample above would ook
likethis:

<bean cl ass="org. eclipse.enf. me. utils. Standal oneSet up">

<platformJi value=".."/>

<regi st er Gener at edEPackage val ue="ny. gener at ed. Met aMbdel 1Package"/ >

<regi sterEcoreFil e value="platform/resource/ ny/javal package/ net anodel 2. ecore"/ >
</ bean>

<conponent class="org. eclipse. xpand2. Generat or">
<met aModel cl ass="org. eclipse.type. enf. Enf Regi stryMetahbdel "/ >

</ conponent >

The St andal oneSet up isgiven the path to the platform. Thisis the path to which platform resource URIs are
resolved relativeto. It usually pointsto the workspace or check out location of the plugin project, which is usually
one directory above the working directory in which aworkflow is executed.

Metamodel instances are often shared between different components that make use of expressions (most notably
the Xpand Gener at or, Xt endConponent and CheckConponent). Normaly you don't want that a
Metamodel instance configured and instantiated for each workflow component. MWE lets you instantiate a class
using the <bean> tag and by giving the bean an id value, this same instance can be referred to using the idRef
attribute. Thiswould lead to this workflow:

<bean cl ass="org. eclipse.enf.nme. utils. Standal oneSet up">

<platformri value=".."/>

<regi st er Gener at edEPackage val ue="ny. gener at ed. Met aModel 1Package"/ >

<regi sterEcoreFil e val ue="pl atform/resourcel/ ny/javal package/ net anodel 2. ecore"/>
</ bean>
<bean id="nmenf" class="org.eclipse.type.enf.EnfRegi stryMetahbdel "/>

<conponent class="org. eclipse.xpand2. Generator">
<net aMbdel idRef="mmenf"/>

</ conponent >

2.4. Using different Metamodel implementations (also known as Meta-
Metamodels)

With Xpand you can work on different kinds of Model representations at the same time in a transparent manner.
One can work with EMF models, XML DOM models, and simple JavaBeans in the same Xpand template. You
just need to configure the respective MetaModel implementations.
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If you want to do so you need to know how the type lookup works. L et us assume that we have an EMF metamodel
and amodel based on some Java classes. Then the following would be a possible configuration:

<conponent class="org. eclipse.xpand2. Generator">
<met aModel class="org. eclipse.internal.xtend.type.inpl.java.JavaMetahodel"/>
<met aModel cl ass="org. eclipse. xtend.typesystem enf. Enf Regi stryMet ahMbdel ">
<met aModel Fi | e val ue="ny/j aval package/ met anodel . ecore"/>
</ met aMbdel >

</ conponent >

When the runtime needs to access a property of a given object, it asks the metamodels in the configured order.
L et us assume that our model element is an instance of the Javatypeor g. ecl i pse. enf . ecor e. EQbj ect
and it isadynamic instance of an EMF EClass My Ty pe.

We have three Metamodels:

1. Built-Ins (alwaysthefirst one)

2. JavaMetaM odel

3. EMFMetaModel - metamodel .ecore

Thefirst onewill returnthetype Gbj ect (notj ava. | ang. Obj ect but Obj ect of Xpand!). At this point the
type Obj ect best fitsthe request, so it will act as the desired type.

The second metamodel returns atype called or g: : ecl i pse: : enf:: ecore: : EObj ect The type system
will check if the returned type is a specialization of the current 'best-fit' type (Obj ect). It is, because
it extends Cbj ect (Every metatype has to extend Obj ect). At this time the type system assumes
org::eclipse::enf::ecore:: EOject tobethedesired type.

The third metamodel will return met anodel : : My Type which isthe desired type. But unfortunately it doesn't
extend or g: : ecl i pse: :enf::ecore:: EOQbj ect asit hasnothing to do with those Java types. Instead it
extendsent : : EQbj ect which extends Qbj ect .

We need to swap the configuration of the two metamodels to get the desired type.

<conponent cl ass="org. eclipse. xpand2. Generator">
<met aModel cl ass="org. eclipse. xtend. t ypesyst em enf . Enf Met aMbdel " >
<nmet aModel Fi | e val ue="ny/j aval package/ net anodel . ecore"/ >
</ met aMbdel >
<met aModel cl ass="org. eclipse.internal.xtend.type.inpl.java.JavaMetahbdel "/>

</ conponent >

The order of the metamodelsisimportant for the work within the X pand-editors. The metamodel sto work with can
be configured inside the Xtend/Xpand -properties dialog. The Activated metamodel contributorstableisaordered
list. The more specific metamodels have to be placed at the top of thelist.
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2.5. Metamodel Reference

In the following, each of the built-in metamodels that come with Xpand will be documented. Furthermore, there
will be some guidelines on how to implement your own metamodel.

2.5.1. EMF Metamodels

This section will describe the metamodel sthat can be used for EMF models. Please notethat you haveto execute
one of the setup utility classes, Set up or St andal oneSet up, in your workflow before you can use one

of the EMF metamodels.

2.5.1.1. The EMF Registry Metamodel

(org.eclipse.xtend.typesystem.emf.EmfRegistryMetaModel)

This metamodel looks for the referenced metamodels in the global EMF model registry. This means, when using
this metamodel, only models that are registered in this global EMF model registry will be accessible from within

the metamodel.

This metamodel provides the following configuration property:
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Table 1. Propertiesof Enf Regi st r yMet aModel

Name of property Description

useSi ngl ed obal Resour ceSet This boolean property determines the way resource
sets are used. If set to true, all model resources will
be stored in asingle global resource set. Otherwise,
a separate resource set will be used for each model
resource.

2.5.1.2. The EMF Metamodel (org.eclipse.xtend.typesystem.emf.EmfMetaModel)

This metamodel is a specialized version of the EMF registry metamodel. In addition to the features of the former,
it allowsto specify an unregistered model in different ways that will be added to the metamodel.

This metamodel provides the following configuration properties:

Table 2. Properties of Enf Met aMbdel

Name of property Description

useSi ngl ed obal Resour ceSet This boolean property determines the way resource
sets are used. If set to true, all model resources will
be stored in asingle global resource set. Otherwise,
a separate resource set will be used for each model

resource.

nmet ahWbdel Fil e Sets the path to the Ecore file that will be added to the
metamodel.

nmet aMbdel Descri pt or Adds amodel to the metamodel by specifying the
name of an EPackage descriptor class.

met aMbdel Package Adds amodel to the metamodel by specifying the

name of an EPackage.

2.5.2. UML Metamodels

Xpand also provides several metamodels that allow to use UML models in conjunction with this model-to-text
generation framework. Please note that you have to execute the setup utility class Set up in your workflow
before you can use one of the UML metamodels

2.5.2.1. The UML2 Metamodel (org.eclipse.xtend.typesystem.uml2.UML2MetaModel)
This metamodel is a specialized version of the EMF metamodel. It provides access to UML2 models, and it has
the following configuration properties:

Table 3. Properties of UML2Met aModel

Name of property Description

useSi ngl ed obal Resour ceSet This boolean property determines the way resource
sets are used. If set to true, all model resources will
be stored in asingle global resource set. Otherwise,
a separate resource set will be used for each model
resource.

nodel Fi |l e Sets the path to the UML 2 modd file that will be
added to the metamodel.

Thisimplementation will berarely used, since usually profiled UML modelswill be used and therefore the Profile
Metamodel is.

2.5.2.2. The UML2 Profile Metamodel
(org.eclipse.xtend.typesystem.uml2.profile.ProfileMetaModel)
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This metamode! allows to apply UML profiles to UML2 models, and extends the UML2 Metamodel. It has the

following configuration properties:

Table 4. Propertiesof Prof i | eMet aVbdel

Name of property

Description

useSi ngl ed obal Resour ceSet

This boolean property determines the way resource
sets are used. If set to true, all model resources will
be stored in asingle global resource set. Otherwise,
a separate resource set will be used for each model
resource.

nodel Fi |l e Sets the path to the UML2 modd file that will be
added to the metamodel. Use resource URIs for the
values.

profile Sets the path to the UML profile that will be applied to

the UML2 model. This property can be used multiple
times if more than one profile is used. Use resource
URIsfor the values.

2.5.2.3. The XMl reader

(org.eclipse.xtend.typesystem.uml2.profile.ProfilingExtensions.XmiReader)
The XMI reader component is important when working with UML models. It allows to read out a model stored

inan XMI file and put its contentsinto a model slot.

The XM Reader component provides the following configurable properties:

Tableb5. Properties of XM Reader

Name of property

Description

metaModelFile

Sets the path to the Ecore file that will be added to the
metamode!.

metaM odel Descriptor

Adds amode to the metamodel by specifying the
name of an EPackage descriptor class.

metaM odel Package Adds amodel to the metamodel by specifying the
name of an EPackage.
outputSlot Sets the name of the model slot where the read model

will be stored in.

firstElementOnly

This boolean property determines if only the first
model element of the XMI file will be used. If set to
true, only the first model element will be used, all
other elements will be ignored. Otherwise, all model
elementsin the XMI file will be used.

2.5.3. The Java Metamodel (org.eclipse.internal.xtend.type.impl.java.JavaMetaModel)

The Java metamodel allows normal Java classes as metatypes for your metamodel. The JavaMet aCl ass
uses the strategy pattern to define how the elements are exactly mapped to the metamodel elements. There
isaclasscalledor g. ecl i pse.internal . xtend.type.inpl.java. JavaBeansMet aWbdel thatis
preconfigured with a strategy that maps simple Java beans onto the metamodel el ements.

The Java metamodel has no configurable properties.

2.5.4. The XSD Metamodel (org.eclipse.xtend.typesystem.xsd.XSDMetaModel)
The XSD metamodel provides access to modelsimplemented in the XML Schema Definition language. It hasthe

following configuration properties:
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Table 6. Properties of XSDMVet aMbdel

Name of property

Description

id

Setsthe ID of the current model.

regi st er Packagesd obal | y

This boolean property determines if the model
packages will be registered globally. If set to true,
the model packages will be registered in the global
registry. Otherwise, packages will not be registered.

savePackagesPat h

Sets the path where model packages will be saved (in
XMI format).

2.5.5. Implementing Your Own Metamodel

The Xpand framework al so allows you to integrate new metamodel implementations. This section quickly outlines
the steps that have to be taken in order to implement a metamodel:

1. Create a class that implements the Met aModel interface.

2. In order to be able to integrate your metamodel into the Eclipse Ul, you aso have to provide a metamodel
contributor classfor your metamodel implementation that implements either the Met aMbdel Cont ri but or

or the Met aMbdel Cont ri but or 2 interface.

3. Findly, you have to extend the or g. ecli pse. xt end. shar ed. ui . net aMbdel Contri butors
extension point in order to register your metamodel contributor with the Eclipse Ul.

3. Expressions

The expression sub-language is a syntactical mixture of Java and OCL. This documentation provides a detailed
description of each available expression. Let us start with some simple examples.

Accessing a property:
nyMbdel El enent . name
Accessing an operation:
myModel El erent . doSt uf f ()
simple arithmetic:
1+1%*2
boolean expressions (just an example:-)):

I("text'.startsWth('t') & ! fal se)

3.1. Literals and special operators for built-in types

There are severa literals for built-in types:

3.1.1. vj ect

There are naturally no literals for object, but we have two operators:

equals:
obj 1 == obj2
not equals:
obj1l !'= obj2
3.1.2.Void

The only possible instance of Voi d isthenul | reference. Therefore, we have one literal:

nul |
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3.1.3. Type literals
Theliteral for typesisjust the name of the type (no'. cl ass’ suffix, etc.). Example:
String // the type string
ny::special::Type // evaluates to the type 'ny::special::Type
3.1.4. StaticProperty literals
The literal for static properties (aka enum literals) is correlative to type literals:

ny: : Col or:: RED

3.1.5.String
There are two different literal syntaxes (with the same semantics):

‘a String literal
"a String literal" // both are okay

For Strings the expression sub-language supports the plus operator that is overloaded with concatenation:

‘my element '+ ele.nane +' is really cool!

Note, that multi-line Strings are supported.

3.1.6. Bool ean
The boolean literals are:

true
fal se

Operators are:

true & false // AND
true || false // OR
I true /1 NOT

3.1.7. I nt eger and Real
The syntax for integer literalsis as expected:

Il integer literals
3

57278

/] real literals
3.0

0.75

Additionally, we have the common arithmetic operators:

+ /1 addition

/] subtraction

/1 multiplication
3/ 64 // divide

/1 Unary minus operator
- 42

- 47.11

*

N B~ W
(o) Né NN

Furthermore, the well known compare operators are defined:

5 // greater than
5 // smaller than
>= 23 // greater equals than
4 <= 12 /] smaller equals than

4 >
4 <
4

3.1.8. Collections
Thereisalitera for lists;
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{1,2,3,4} // a list with four integers

Thereisno other special concrete syntax for collections. If you need aset, you haveto call thet oSet () operation
on thelist literal:

{1,2,4,4}.toSet() // a set with 3(!) integers

3.2. Special Collection operations

Like OCL, the Xpand expression sub-language defines several specia operations on collections. However, those
operations are not members of the type system, therefore you cannot use them in a reflective manner.

3.2.1. sel ect

Sometimes, an expression yields alarge collection, but oneis only interested in a special subset of the collection.
The expression sub-language has specia constructs to specify a selection out of a specific collection. These are

thesel ect andr ej ect operations. The select specifies a subset of acollection. A sel ect isan operation on
acollection and is specified as follows:

col l ection.select(v | bool ean-expression-wth-v)

sel ect returns a sublist of the specified collection. The list contains all elements for which the evaluation of
bool ean- expressi on-wi t h- v resultsist r ue. Example:

{1,2,3,4}.select(i | i >=3) // returns {3, 4}

3.2.2. typeSel ect

A specia version of a select expression ist ypeSel ect . Rather than providing a boolean expression a class
name s here provided.

col l ection.typeSel ect (SonmeType)

t ypeSel ect returnsthat sublist of the specified collection, that contains only objects which are an instance of
the specified class (also inherited). It is equivalent to the expression

collection.select(e | SomeType.islnstance(e))

3.2.3.rej ect

Ther ej ect operationissimilartothesel ect operation, but withr ej ect weget the subset of all the elements

of the collection for which the expression evaluatesto f al se. Ther ej ect syntax isidentical to the sel ect
syntax:

collection.reject(v | bool ean-expression-wth-v)
Example:

{1,2,3,4}.reject(i | i >=3) // returns {1,2}

3.2.4.col | ect

As shown in the previous section, the sel ect and r ej ect operations always result in a sub-collection of the
original collection. Sometimes one wants to apply an operation on al elements of the collection and collect the
results of the evaluation in alist. In such cases, we can useacol | ect operation. Thecol | ect operation uses
the same syntax asthesel ect andr ej ect and iswritten like this:

collection.collect(v | expression-wth-v)

col | ect againiteratesover thetarget collection and eval uates the given expression on each element. In contrast

to sel ect, the evaluation result is collected in a list. When an iteration is finished the list with al results is
returned. Example:

nanedEl enents. col l ect(ne | ne.nane) // returns a |list of strings
nanedEl enents. col l ect(ne | ne.nane.length > 3) // returns a |ist of bool ean
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3.2.5. Shorthand for col | ect (and more than that)

As navigation through many objects is very common, there is a shorthand notation for collect that makes the
expressions more readable. Instead of

sel f. enpl oyee. collect(e | e.birthdate)
one can a'so write:

sel f. enpl oyee. birthdate

In general, when aproperty isapplied to acollection of Objects, it will automatically beinterpreted asacol | ect
over the members of the collection with the specified property.

The syntax isa shorthand for col | ect , if the feature does not return a collection itself. But sometimes we have
the following:

sel f.buildings.roons.windows // returns a list of w ndows

This syntax works, but one cannot expressit usingthecol | ect operation in an easy way.

3.26.for Al

Often a boolean expression has to be evaluated for al elementsin a collection. The f or Al | operation allows
specifying a Boolean expression, which must be t r ue for all objects in a collection in order for the f or Al |
operationtoreturnt r ue:

collection. forAll (v | bool ean-expression-wth-v)

Theresultof f or Al | istrue if bool ean-expressi on-w th-vistrue forall theelementscontainedin
acoallection. If bool ean- expr essi on-wi t h-v isf al se for one or more of the elementsin the collection,
thenthef or Al | expression evaluatestof al se.

Example:
{3,4,500}.forAll (i | i <10) // evaluates to false (500 < 10 is fal se)
3.2.7.exi sts

Often you will need to know whether there is at least one element in a collection for which aboolean ist r ue.
The exists operation allows you to specify a Boolean expression which must bet r ue for at least one abject in
acollection:

col l ection.exists(v | bool ean-expression-wth-v)

The result of the exists operation is t r ue if bool ean- expressi on-wi th-v istrue for at least one
element of collection. If the bool ean- expressi on-wi t h-v isfal se for al elementsin collection, then
the complete expression evaluatesto f al se.

Example:

{3,4,500}.exists(i | i <10) // evaluates to true (e.g. 3 < 10 is true)

3.2.8. sort By

If you want to sort a list of elements, you can use the higher order function sort By . The list you invoke the
sor t By operation on, is sorted by the results of the given expression.

Example:
nyListOFEntity.sortBy(entity | entity.name)

In the example the list of entities is sorted by the name of the entities. Note that there is no such Conpar abl e
type in Xpand. If the values returned from the expression are instances of j ava. uti | . Conpar abl e the
conpar eTo method is used, otherwiset oSt ri ng() isinvoked and the the result is used.
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All the following expressionsreturnt r ue:

{*Cc,'B,"A}.sortBy(e | e) =={"A,'B,'C}

{"AAA" |'BB','C}.sortBy(e | e.length) == {"C,'BB',' AAA'}
{5,3,1,2}.sortBy(e | e) == {1,2,3,5}

{5,3,1,2}.sortBy(e | e - 2 * e) == {5,3,2,1}

3.3.i f expression

There are two different forms of conditional expressions. Thefirst oneis the so-called if expression. Syntax:
condition ? thenExpression : el seExpression
Example:
nane != null ? nane : 'unknown
Alternatively, you also could write:
if nane != null then
namnme

el se
" unknown

3.4.swi t ch expression

The other oneis called switch expression. Syntax:

switch (expression) {
(case expression : thenExpression)*
default : catchAl | Expression

}

The default part is mandatory, because swi t ch is an expression, therefore it needs to evaluate to something in
any case.

Example:

switch (person. nane) {
case 'Hansen' : 'Du kanns platt schnacken
default : 'Du kanns m nech verstohn!

}
Thereis an abbreviation for Boolean expressions:
switch {

case bool eanExpression : thenExpression
default : catchAl | Expression

3.5. Chain expression

Expressions and functional languages should be free of side effects as far as possible. But sometimes there you
need invocationsthat do have side effects. In some cases expressions even do not have areturn type (i.e. thereturn
typeisVoi d). If you need to call such operations, you can use the chain expression.

Syntax:

ankExpr ->
anot her Expr ->
| ast Expr
Each expression is evaluated in sequence, but only the result of the last expression is returned.

Example:

person. set Nane('test') ->
per son
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This chain expression will set the nane of the person first, before it returns the person object itself.

3.6. newexpression
The new expression is used to instantiate new objects of a given type:

new TypeNane

Note that often create extensions are the better way to instantiate objects when used for model transformations.

3.7.'"GLOBALVAR' expression

Sometimes you don't want to pass everything down the call stack by parameter. Therefore, we have the
GLOBALVAR expression. There are two things you need to do, to use global variables.

3.7.1. Using GLOBALVARS to configure workflows

Each workflow component using the expression framework (Xpand, Check and Xtend) can be configured with
global variables. Hereisan example:

<wor kf | ow>
. stuff
<conponent cl ass="org. eclipse. xpand2. Generator">
. usual stuff (see ref doc)
<gl obal Var Def name="M/PSM' val ue="sl ot NameOf PSM'/ >
<gl obal Var Def nanme="I|npl G assSuffix" value=""Inpl"'"/>
</ conponent >
</ wor kf | ow>

Note that val ue contains an expression or slot name. If you want to pass a string value you will have to quote
the value, like the valuefor | npl Cl assSuf f i x inthe example.
If you have injected global variablesinto the respective component, you can call them using the following syntax:

GLOBALVAR | npl d assSuf fi x

Note, we don't have any static type information. Therefore Obj ect is assumed. So, you have to down cast the
global variable to the intended type:

((String) GLOBALVAR | npl d assSuffi x)

It is good practice to type it once, using an Extension and then always refer to that extension:

String inplCassSuffix() : GLOBALVAR | npl d assSuf fi x;
/'l usage of the typed gl obal var extension
I npl Nane(Cl ass c) :

name+i npl G assSuf fix();

3.8. Multi methods (multiple dispatch)

The expressions language supports multiple dispatching . This means that when there is a bunch of overloaded
operations, the decision which operation has to be resolved is based on the dynamic type of all parameters (the
implicit 't hi s'included).

In Java only the dynamic type of the 't hi s' element is considered, for parameters the static type is used (thisis
called single dispatch).

HereisaJavaexample:

class MyType {
bool ean equal s(Obj ect o) {
if (o instanceof Myd ass) {
return equal s((MC ass)o);
}

return super.equal s(0);

}
bool ean equal s(MyType nt) {

//inplenmentation...
}

}
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The method equal s( Obj ect 0) would not have to be overwritten, if Javawould support multiple dispatch.

3.9. Casting

The expression language is statically type checked. Although there are many concepts that help the programmer
to have really good static type information, sometimes. One knows more about the real type than the system. To
explicitly give the system such an information casts are available. Casts are 100% static, so you do not need them,
if you never statically typecheck your expressions!

The syntax for castsis very Javarlike:

((String)unTypedLi st.get(0)).toUpperCase()

3.10. Xpand keywords and metamodel properties

When the name of a metamodel property conflicts with an Xpand or Xtend keyword, the conflict is resolved in
favour of the keyword. To refer to the metamodel property in these cases, its name must be preceded by a "'
character.

Example:

private String foo(lnmport ~inmport) : “inport.nane;

4. Check

4.1. Description of the Check language

Xpand also provides a language to specify constraints that the model has to fulfill in order to be correct. This
language is very easy to understand and use. Basicaly, it is built around the expression syntax that has been
discussed in detail in the previous section. Constraints specified in the Check language have to be stored in files
with thefile extension . chk . Furthermore, these files have to be on the Java classpath, of course, in order to be
found. Let uslook at an example, in order to understand what these constraints look like and what they do:

i mport dat a;

context Attribute ERROR
"Nanes have to be nore than one character long." :
nane. length > 1;

Now, let uslook at the exampleline by line:
1. First, the metamodel hasto be imported.

2. Then, the context is specified for which the constraint applies. In other words, after thecont ext keyword, we
put the name of the metaclass that is going to be checked by the constraint. Then, there follows either ERROR
or WARNI NG, These keywords specify what kind of action will be taken in case the constraint fails:

Table 7. Types of action for Check constraints

WARNI NG | If theconstraint fails, the specified messageis printed, but theworkflow executionis not stopped.

ERROR If the constraint fails, the specified message is printed and all further processing is stopped.

3. Now, the message that is put in case that the constraint failsis specified asastring. It is possible to include the
value of attributes or the return value of functions into the message in order to make the message more clear.
For example, it would be possible to improve the above example by rewriting it like this:

i mport dat a;
context Attribute ERROR
"Nane of '" + nane + "too short. Nanes have to be nore than one character long." :

nane. l ength > 1;

4. Finaly, thereisthe condition itself, which is specified by an expression, which has been discussed in detail in
the previous section. If thisexpressionist r ue, the constraint is fulfilled.

Please always keep in mind that the message that is associated with the constraint is printed, if the
condition of the constraint isf al se! Thus, if the specified constraint condition ist r ue, nothing
will be printed out and the constraint will be fulfilled.
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4.1.1. Guard Conditions

The Check language of Xpand also provides so called . These conditions allow to apply a check constraint only to
model elements that meet certain criteria. Specifying such a guard condition is done by adding an if clause to the
check constraint. Theif clause has to be added after the context clause as demonstrated by the following example:

i mport dat a;

context Attribute if nane.length > 1 ERROR
"Attribute nanes have to start with an "a'"
nane. startsWth("a");

4.2. The workflow component CheckComponent

The workflow component or g. ecl i pse. xt end. check. CheckConponent alows to integrate model
validation constraints using the Check into a modeling workflow using MWE.

This component provides the following configuration properties:

Table 8. Properties

Name of property Description

checkFil e This property alows to add files containing constraints
written in the Check language to the validation
component.

enf Al |l Chi | drenSl ot Name of aworkflow dot that contains an EMF

object, which has to be validated including all child
elementsthat it contains. This property only worksin
conjunction with EMF based models.

expr essi on This property alows to set a check expression for the
validation component. This property only worksin
conjunction with non-EM F based models.

abort OnError This boolean property determines if the workflow will
be aborted or not if one of the validation constraints
fails.

war nl f Not hi ngChecked If this boolean property will be set to true, awarning

will be generated if there were no validation checks.
Otherwise, no warning will be issued.

5. Xtend

Like the expressions sublanguage that summarizes the syntax of expressions for al the other textual languages
delivered with the Xpand framework, there is another commonly used language called Xtend.

This language provides the possibility to define rich libraries of independent operations and non-invasive
metamodel extensions based on either Java methods or Xtend expressions. Those libraries can be referenced from
all other textual languages that are based on the expressions framework.

5.1. Xtend files

An Xtend file must reside in the Java class path of the used execution context. File extension must be *. ext .
Let us have alook at an Xend file.

i mport nmy::netanodel ; extensi on other:: ExtensionFile;

/**
* Docunentation
*/

anExpr essi onExt ensi on(String stringParam :
doi ngSt uf f (wi t h(stringParam)

| **

* java extensions are just nmappi ngs
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*/
String aJavaExtension(String param : JAVA
ny. JavaC ass. stati cMet hod(j ava. | ang. Stri ng)

The example shows the following statements:
1. import statements

2. extension import statements

3. expression or javaextensions

5.2. Comments
We have single- and multi-line comments. The syntax for single line commentsis:

/'l my comment
Multi line comments are written like this:

/* W multi line comrent */

5.3. Import Statements

Using the import statement one can import hame spaces of different types.(see expressions framework reference
documentation).

Syntax is:
i mport ny::inported:: nanespace;
Xtend does not support static imports or any similar concept. Therefore, the following is incorrect syntax:

inport ny::inported::nanespace::*; // WRONG inport ny::Type; // WRONG

5.4. Extension Import Statement
Y ou can import another Xtend file using the extension statement. The syntax is:

extension fully::qualified::ExtensionFil eNane;
Note, that no file extension (* . ext ) is specified.

5.4.1. Reexporting Extensions

If you want to export extensions from another extension file together with your local extensions, you can add the
keywordr eexport tothe end of the respective extension import statement.

extension fully::qualified::ExtensionFil eName reexport;

5.5. Extensions
The syntax of asimple expression extension is as follows:

Ret ur nType ext ensi onNarme( Par amlypel paramNanel, ParaniType2...): expression-using-parans;
Example:

String getterNanme(NanmedEl enment ele) : 'get' +ele.nane.firstUpper();

5.5.1. Extension Invocation
There are two different ways of how to invoke an extension. It can be invoked like afunction:

get t er Name( myNanmedEl enent )
The other way to invoke an extension is through the "member syntax":

nyNanedEl enent . gett er Name()
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For any invocation in member syntax, the target expression (the member) is mapped to the first parameter.
Therefore, both syntactical forms do the same thing.

It is important to understand that extensions are not members of the type system, hence, they are not accessible
through reflection and you cannot specialize or overwrite operations using them.

The expression evaluation engine first looks for an appropriate operation before looking for an extension, in other
words operations have higher precedence.

5.5.2. Type Inference

For most extensions, you do not need to specify the return type, because it can be derived from the specified
expression. The special thing is, that the static return type of such an extension depends on the context of use.

For instance, if you have the following extension
asList(oject o): {o};
the invocation of
asList('text')
hasthe static type Li st [ St ri ng] . Thismeans you can call
asList('text').get(0).toUpperCase()
The expression is statically type safe, because its return type is derived automatically.
Thereis always a return value, whether you specify it or not, even if you specify explicitly 'Voi d'.
See the following example.

nmodel Tar get . ownedEl ement s. addAl | Not Nul | ( model Sour ce. contents. duplicate())

Inthisexampledupl i cat e() dispatches polymorphically. Two of the extensions might look like:

Voi d duplicate(Realization realization):
realization. Specifier().duplicate()->
realization.Realizer().duplicate()

create target::C ass duplicate(source::C ass):

If a 'Realization'is contained in the 'cont ents' list of 'nodel Sour ce', the 'Real i zer"' of the
'Real i zat i on' will be added to the 'ownedEl enent s'list of the 'nodel Tar get . If you do not want to add
in the case that the contained element is a'Realization' you might change the extension to:

Voi d duplicate(Realization realization):
realization. Specifier().duplicate()->
realization.Realizer().duplicate() ->

{}

5.5.3. Recursion

There is only one exception: For recursive extensions the return type cannot be inferred, therefore you need to
specify it explicitly:

String fullyQualifiedNane(NanedEl ement n) : n.parent == null ? n.nane :
fullyQualifiedName(n. parent)+'::'+n.name

Recursive extensions are non-deterministic in a static context, therefore, it is necessary to specify areturn type.

5.5.4. Cached Extensions

If you call an extension without side effectsvery often, you would liketo cachetheresult for each set of parameters,
inorder improvethe performance. Y ou can just add the keyword ‘cached' to the extensionin order to achievethis:

cached String getterNanme(NanmedEl enment ele) :
' get' +el e. nane. first Upper ()
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Theget t er Nane will be computed only once for each NamedEl enent .

5.5.5. Private Extensions

By default al extensions are public, i.e. they are visible from outside the extension file. If you want to hide
extensions you can add the keyword 'pr i vat e'in front of them:

private internal Hel per (NanedEl enent ele) :
/1l inplenmentation....

5.6. Java Extensions

In some cases one does want to call a Java method from inside an expression. This can be done by providing a
Java extension:

Voi d nmyJavaExt ension(String param :
JAVA ny. Type. someMet hod(j ava. | ang. Stri ng)

The signature is the same as for any other extension. Its syntax is:

JAVA fully.qualified. Type. soneMet hod(ny. Paranfypel,
ny. Par anilype2,

Note that you cannot use any imported hamespaces. Y ou have to specify the type, its method and the parameter
typesin afully qualified way.

Example:
If you have defined the following Java extension:

String concat (String a, String b):
JAVA ny. Hel per. concat (java.lang. String, java.lang. String);

and you have the following Java class:
package ny;
public class Hel per {

public String concat(String a, String b){
return a + b;
}

}
the expressions

concat('Hello ', "world!'")
"Hello ".concat('world!")

both result are invoking the Javamethod voi d concat (String a, String b).

5.6.1. static vs non-static invocation

Theimplementation of aJavaextensionisredirected to apublic method in aJavaclass. If the method isnot declared
static it isrequired that the Javaclass has adefault constructor. Xtend will instantiate the class for each invocation.

5.6.2. IExecutionContextAware

It is possible with a Java Extension to gain access to the ExecutionContext, which enables to retrieve detailed
runtime information on invocation. To use the current ExecutionContext in a Java extension the class must
implement or g. ecl i pse. xt end. expr essi on. | Execut i onCont ext Awar e

public interface |ExecutionContextAware {
voi d set Executi onCont ext (ExecutionContext ctx);

}
The invoked method must not be static.
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5.7. Create Extensions (Model Transformation)

The Xtend language supports additional support for model transformations. The concept is called create extension
and itisexplained a bit more comprehensive as usual.

Elements contained in amodel are usually referenced multiple times. Consider the following model structure:

A package P contains two classes C1 and C2. C1 contains areference R of type C2 (P aso references C2).
We could write the following extensionsin order to transform an Ecore (EMF) model to our metamodel (Package,
Class, Reference).

Package toPackage( EPackage x) :
let p = new Package :
p. ownedMenber . addAl | (x. ed assifiers.tod ass()) ->
p;

Class toC ass(EC ass x) :
let ¢ = new O ass :
c.attributes.addAl | (x. eReferences.toReference()) ->
c;

Ref erence toRef erence( ERef erence x) :
let r = new Reference :
r.set Type(x. eType.toCl ass()) ->
r,

For an Ecore model with the above structure, the result would be:

P
/\
Cl 2

|
R- @

What happened? The C2 class has been created 2 times (one time for the package containment and another time
for the reference R that also refers to C2). We can solve the problem by adding the ‘cached' keyword to the
second extension:

cached toC ass(EC ass x) :
let ¢ = new O ass :
c.attributes.addAl | (c.eAttributes.toAttribute()) ->
c;
The process goes like this:
1. start create P
a. start create C1 (contained in P)
i. start create R(contained in C1)
A. start create C2 (referenced from R)
B. end (result C2 is cached)
ii. end R
b. end C1
c. start get cached C2 (contained in P)
2. endP

So thisworks very well. We will get the intended structure. But what about circular dependencies? For instance,
C2 could contain aRef er ence R2 of type C1 (bidirectional references):

The transformation would occur like this:
1. start create P
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a start create C1 (contained in P)
i. start create R (contained in C1)
A. start create C2 (referenced from R)
|. start create R2 (contained in C2)
1. start create C1 (referenced from R1)... OOPS!

Cl isaready in creation and will not complete until the stack isreduced. Deadlock! The problem isthat the cache
caches the return value, but C1 was not returned so far, because it is till in construction.

The solution: create extensions!
The syntax is as follows:

creat e Package toPackage(EPackage x) :
this.classifiers.addAl | (x.eC assifiers.toC ass());

create O ass tod ass(EC ass x) :
this.attributes.addAl | (x. eReferences.toReference());

create Reference toReference(EReference x) :
this. set Type(x. eType.toC ass());

Thisis not only a shorter syntax, but it also has the needed semantics: The created model element will be added
to the cache before evaluating the body. The return value is always the reference to the created and maybe not
completely initialized element.

5.8. Calling Extensions From Java

The previous section showed how to implement Extensions in Java. This section shows how to call Extensions
from Java.

/] setup
Xt endFacade f = XtendFacade.create("ny::path:: M/ExtensionFile");

/'l use
f.call ("sayHel | 0", new Cbject[]{"World"});

The called extension file looks like this:

sayHello(String s) :
"Hello " + s;

This example uses only features of the Buil ti nMet aMbdel , in this case the "+" feature from the
StringTypel npl .

Here is another example, that uses the JavaBeansMet aModel strategy. This strategy provides as additional
feature: the access to properties using the getter and setter methods.

For more information about type systems, see the Expressions reference documentation.

We have one JavaBean-like metamodel class:

package mnypackage;
public class MyBeanMet ad ass {
private String myProp;
public String get MProp() { return nyProp; }
public void setMyProp(String s) { nmyProp = s;}
}

in addition to the built-in metamodel type system, we register the JavaMet aMbdel with the
JavaBeansSt r at egy for our facade. Now, we can use also this strategy in our extension:

/1 setup facade
Xt endFacade f = XtendFacade. create("nmyext::JavaBeanExt ensi on");
/] setup additional type system

JavaMet aMbdel jmm =
new JavaMet aMbdel ("JavaMM', new JavaBeansStrategy());
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f.regi sterMetahdel (j m);

/'l use the facade

MyBeanMet aCl ass jb = MyBeanMet adl ass() ;
jb.set MyProp("test");

f.call ("readMyProp", new Qbject[]{jb}));

The called extension file looks like this:
i mport mypackage;

readMyProp( MyBeanMet aCl ass j b) :
j b. myProp

5.9. WorkflowComponent

With the additional support for model transformation, it makes sense to invoke Xtend within aworkflow. A typical
workflow configuration of the Xtend component looks like this:

<conponent class="org. eclipse. xtend. Xt endConponent ">
<met aModel cl ass="org. eclipse.xtend.typesystem enf. Enf Met aMbdel ">
<met aModel Fi | e val ue="net anodel 1. ecore"/ >
</ met anodel >
<met aModel class="org. eclipse.xtend.typesystem type. enf. Enf Met aModel ">
<met aModel Fi | e val ue="net anodel 2. ecore"/ >
</ met aMbdel >
<i nvoke val ue="ny::exanple:: Trafo::transforn(inputSlot)"/>
<out put Sl ot val ue="transf or mredvbdel "/ >
</ conponent >

Note that you can mix and use any kinds of metamodels (not only EMF metamodels).

5.10. Aspect-Oriented Programming in Xtend

Using the workflow engine, it is now possible to package (e.g. zip) awritten generator and deliver it asakind of
black box. If you want to use such a generator but need to change some things without modifying any code, you
can make use of around advices that are supported by Xtend.

Thefollowing adviceisweaved around every invocation of an extension whose name starts with ‘'my::generator::":

around ny::generator::*(*) :
log(' Invoking ' + ctx.nane) -> ctx.proceed()

Around advices let you change behaviour in an non-invasive way (you do not need to touch the packaged
extensions).

5.10.1. Join Point and Point Cut Syntax

Aspect orientaton is basically about weaving code into different pointsinside the call graph of a software module.
Such points are called join points. In Xtend the join points are the extension invocations (Note that Xpand offers
asimilar feature, see the Xpand documentation).

One specifieson which join points the contributed code should be executed by specifying something likea'query’
on al available join points. Such aquery is called a point cut.

around [ pointcut]
expressi on;

A point cut consists of afully qualified name and alist of parameter declarations.

5.10.1.1. Extensions Name

The extension name part of a point cut must match the fully qualified name of the definition of thejoin point. Such
expressions are case sensitive. The asterisk character is used to specify wildcards.

Some examples:

ny:: Extension::definition // extensions with the specified name
org::eclipse::xpand2::* //extensions prefixed with 'org::eclipse::xpand2::"
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*QOperation* // extensions containing the word 'Operation' init.
* [/ all extensions

Be careful when using wildcards, because you will get an endless recursion, in case you weave an
extension, which is caled inside the advice.

5.10.1.2. Parameter Types

The parameters of the extensions that we want to add our advice to, can also be specified in the point cut. Therule
is, that the type of the specified parameter must be the same or a supertype of the corresponding parameter type
(the dynamic type at runtime) of the definition to be called.

Additionally, one can set the wildcard at the end of the parameter list, to specify that there might be none or more
parameters of any kind.

Some examples:

ny:: Tenpl ::extension() // extension w thout paraneters
ny:: Tenpl ::extension(String s) // extension with exactly one paraneter of type String
ny:: Tenpl ::extension(String s,*) // tenpl def with one or nobre paraneters,
/1 where the first paraneter is of type String
ny:: Tenpl ::extension(*) // tenpl def with any nunber of paraneters

5.10.1.3. Proceeding

Inside an advice, you might want to call the underlying definition. Thiscan be doneusing theimplicit variablect x,
which is of the type xtend:: AdviceContext and provides an operation pr oceed() whichinvokesthe underlying
definition with theoriginal parameters (Notethat you might have changed any mutabl e object in the advice before).

If you want to control what parameters are to be passed to the definition, you can use the operation
proceed(Li st[ Object] parans).Youshould beaware, that in advices, no type checking is done.

Additionally, there are some inspection properties (like nanme, par anTypes, etc.) available.

5.10.2. Workflow configuration

To weave the defined advices into the different join points, you need to configure the Xt endConponent with
the qualified names of the Extension files containing the advices.

Example:

<conponent class="org. eclipse. xtend. Xt endConponent " >
<met aMbdel cl ass="org. eclipse. xtend. typesystem enf. Enf Met aMbdel ">
<met aModel Fi | e val ue="net anodel 1. ecore"/ >
</ met anodel >
<met aMbdel cl ass="org. eclipse. xtend. typesystem enf. Enf Met aMbdel ">
<met aModel Fi | e val ue="net anodel 2. ecore"/ >
</ met aMbdel >

<i nvoke val ue="ny::exanple::Trafo::transforn{inputSlot)"/>
<out put Sl ot val ue="transf or redvbdel "/ >
<advi ces val ue="ny: : Advi ces, ny: : Advi ces2"/ >
</ conponent >

5.10.3. Model-to-Model transformation with Xtend

This example uses Eclipse EMF as the basis for model-to-model transformations. It builds on the emfExample
documented el sewhere. Please read and install the emfExample first.

The idea in this example is to transform the data model introduced in the EMF example into itself. This might
seem boring, but the exampleisin fact quiteillustrative.

5.10.4. Workflow

By now, you should know theroleand structure of workflow files. Therefore, theinteresting aspect of theworkflow
file below isthe Xt endConponent .

<wor kf | ow>
<property file="workfl ow properties"/>

<conponent class="org. eclipse. xtend. Xt endConponent " >
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<met aMbdel cl ass="org. eclipse. xtend.typesystem enf. Enf Met aModel ">
<met aMbdel Package val ue="dat a. Dat aPackage"/ >
</ met aMbdel >
<i nvoke val ue="test:: Trafo::duplicate(rootEl ement)"/>
<out put Sl ot val ue="newhbdel "/ >
</ conponent >

</ wor kf | o>
Asusual, we have to define the metamodel that should be used, and since we want to transform a data model into
adatamodel, we need to specify only thedat a. Dat aPackage asthe metamodel.

We then specify which function to invoke for the transformation. The statement
test:: Trafo::duplicate(rootEl enent) meansto invoke:

« thedupl i cat e function taking the contents of ther oot El enent dot as a parameter
« thefunction can be found inthe Tr af 0. ext file
» andthat in turnisin the classpath, in the testpackage.

5.10.5. The transformation

The transformation, as mentioned above, can be found in the Tr af 0. ext fileinthet est packageinthesrc
folder. Let uswalk through the file.

So, first weimport the metamodel.

i nport dat a;

The next function is a so-called create extension. Create extensions, as a side effect when called, create an
instance of the type given after the cr eat e keyword. In our case, the dupl i cat e function creates an instance
of Dat aMbdel . This newly created object can be referred to in the transformation by t hi s (which is why
t hi s is specified behind the type). Since t hi s can be omitted, we do not have to mention it explicitly in the
transformation.

The function also takes an instance of Dat aMbdel as its only parameter. That object is referred to in the
transformation ass . So, thisfunction setsthe name of the newly created Dat aMbdel to bethenameof theoriginal
one, and then adds duplicates of all entities of the original one to the new one. To create the duplicates of the
entities, thedupl i cat e() operationiscaled for each Ent i t y. Thisisthe next function in the transformation.

create DataMddel this duplicate(DatalMdel s):
entity.addAll (s.entity.duplicate()) ->
set Nanme('s. nane) ;

The duplication function for entities is also a create extension. Thistime, it createsanew Ent i t y for each old
Ent ity passedin. Again, it copiesthe name and adds duplicates of the attributes and references to the new one.

create Entity this duplicate(Entity old):
attribute.addAll (ol d.attribute.duplicate()) ->
reference. addAl | (ol d.reference. duplicate()) ->
set Nanme( ol d. nane) ;

The function that copies the attribute is rather straight forward, but ...

create Attribute this duplicate(Attribute old):
set Nane( ol d. nane) ->
set Type(ol d. type);

... the one for the references is more interesting. Note that a reference, while being owned by some Enti ty,
also references another Entity as its target. So, how do you make sure you do not duplicate the target twice?
Xtend provides explicit support for this kind of situation. Create extensions are only executed once per tuple of
parameters! So if, for example, the Entity behind the target reference had already been duplicated by calling the
dupl i cat e function with the respective parameter, the next time it will be called the exact same object will be
returned. Thisisvery useful for graph transformations.

create EntityReference this duplicate(EntityReference old):

set Name( ol d.nane ) ->
set Target ( old.target.duplicate() );

For more information about the Xtend language please see the Xtend reference documentation.
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6. Xpand2

The Xpand languageisused in templatesto control the output generation. Thisdocumentation describesthe general
syntax and semantics of the Xpand language.

Typing the guillemets (« and ») used in the templates is supported by the Eclipse editor, which provides keyboard
shortcuts with Ctrl+< and Ctrl+>,

6.1. Template files and encoding

Templates are stored in files with the extension . xpt . Template files must reside on the Java classpath of the
generator process.

Almost all characters used in the standard syntax are part of ASCII and should therefore be available in any
encoding. The only limitation are the tag brackets (guillemets), for which the characters "«" (Unicode 00AB) and
"»" (Unicode 00BB) are used. So for reading templates, an encoding should be used that supports these characters
(e.g. 1 SO 8859- 1 or UTF- 8).

Names of properties, templates, namespaces etc. must only contain letters, numbers and underscores.

6.2. General structure of template files
Hereisafirst example of atemplate:

«| MPORT net a: : nodel »
«EXTENSI ON ny: : Ext ensi onFi | e»

«DEFI NE j avaCl ass FOR Entity»
«FI LE fil eName()»
package «j avaPackage() »;

public class «name» {
/1 inplenentation

}
«ENDFI LE»
«ENDDEFI NE»

A template file consists of any number of IMPORT statements, followed by any number of EXTENSION
statements, followed by one or more DEFINE blocks (called definitions).

6.3. Statements of the Xpand language

6.3.1. IMPORT

If you aretired of alwaystyping thefully qualified namesof your typesand definitions, you can import anamespace
using the IMPORT statement.

«| MPORT net a: : nodel »

This one imports the namespace net a: : nodel . If your template contains such a statement, you can use the
unqualified names of al types and template files contained in that namespace. This is similar to a Java import
statement i nport net a. nodel . *.

6.3.2. EXTENSION

Metamodels are typically described in a structural way (graphical, or hierarchical, etc.) . A shortcoming of this
isthat it is difficult to specify additional behaviour (query operations, derived properties, etc.). Also, it isagood
idea not to pollute the metamodel with target platform specific information (e.g. Javatype names, packages, getter
and setter names, etc.).

Extensions provide a flexible and convenient way of defining additional features of metaclasses. Y ou do this by
using the Xtend language.

An EXTENSI ONimport points to the Xtend file containing the required extensions:
«EXTENSI ON ny: : Ext ensi onFi | e»

Note that extension files have to reside on the Java classpath, too. Therefore, they use the same namespace
mechanism (and syntax) as types and template files.
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6.3.3. DEFINE

The central concept of Xpand is the DEFI NE block, also called atemplate. Thisis the smallest identifiable unit
in atemplate file. The tag consists of a name, an optional comma-separated parameter list, as well as the name of
the metamodel class for which the template is defined.

«DEFI NE t enpl at eNane( f or mal Par anet er Li st) FOR Met aCl ass»
a sequence of statements
«ENDDEFI NE»

To some extend, templates can be seen as special methods of the metaclass. There is always an implicit t hi s
parameter which can be used to addressthe "underlying" model element; in our example above, thismodel element
isof type"Met aCl ass".

Asin Java, aformal parameter list entry consists of the type followed by the name of that parameter.
The body of atemplate can contain a sequence of other statements including any text.

A full parametric polymorphism isavailable for templates. If there are two templates with the same name that are
defined for two metaclasses which inherit from the same superclass, Xpand will use the corresponding subclass
template, in case thetemplateis called for the superclass. Vice versa, the template of the superclasswould be used
in case asubclasstemplateis not available. Note that this not only worksfor the target type, but for all parameters.
Technically, the target type is handled as the first parameter.

S0, let us assume you have the following metamodel:

Figure 1. Sample metamodel

Assume further, you would have a model which contains a collection of A, B and C instances in the property
I i st OF As. Then, you can write the following template:

«DEFI NE soneQ her Defi ne FOR SoneMet adl ass»
«EXPAND i npl Cl ass FOREACH | i st Of As»
«ENDDEFI NE»

«DEFI NE i nmpl Ol ass FOR A»
/1 this is the code generated for the superclass A
«ENDDEFI NE»

«DEFI NE i nmpl Ol ass FOR B»
/1l this is the code generated for the subclass B
«ENDDEFI NE»

«DEFI NE i nmpl Ol ass FOR C»
I/l this is the code generated for the subclass C
«ENDDEFI NE»

So for each B in the list, the template defined for B is executed, for each Cin the collection the template defined
for Cisinvoked, and for all others (which are then instances of A) the default template is executed.

6.3.4. FILE
The FI LE statement redirects the output generated from its body statements to the specified target.

«FI LE expression [outl et Narme] »
a sequence of statenents
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«ENDFI LE»

The target is afile in the file system whose name is specified by the expression (relative to the specified target
directory for that generator run). The expression for the target specification can be a concatenation (using the
+ operator). Additionally, you can specify an identifier (alegal Javaidentifier) for the name of the outlet. (See
the configuration section for a description of outlets). To produce the target file into subdirectoriesuse "/" in the
expression result as separator for the directory structure.

The body of aFI LE statement can contain any other statements.
Example:

«FI LE InterfaceName + ".java"»
package «l nterfacePackageNane»;

/* generated class! Do not nodify! */
public interface «lInterfaceName» {
«EXPAND Operation::|Interfacel npl ementati on FOREACH Operation»

«ENDFI LE»
«FILE I npl Name + ".java" MY_OUTLET»

package «l npl PackageNane»;

public class «lnpl Name» extends «l npl BaseNane»

i mpl enents «lnterfaceName» {

[/ TODO inplenment it

}
«ENDFI LE»

6.3.5. EXPAND

The EXPAND statement "expands"' another DEFI NE block (in a separate variable context), insertsits output at the
current location and continues with the next statement. Thisis similar in concept to a subroutine call.

«EXPAND definitionName [ (paraneterlList)]
[ FOR expression | FOREACH expression [ SEPARATOR expression] ] [ ONFlI LECLCSE] »

The various alternative syntaxes are explained below.

6.3.5.1. Names

If the definitionName isasimple unqualified name, the corresponding DEFI NE block must bein the sametemplate
file.

If the called definition is not contained in the same template file, the name of the template file must be specified.
As usual, the double colon is used to delimit namespaces.

«EXPAND Tenpl at eFi | e: : defi ni ti onName FOR nyModel El ement »

Note that you would need to import the namespace of the templatefile (if thereisone). For instance, if thetemplate
fileresidesin the java packageny. t enpl at es, there are two alternatives. Y ou could either write

«| MPORT ny: :tenpl ates»

;<iE.XPAND Tenpl at eFi | e: : defi ni ti onNane FOR nyModel El enent »
or

«EXPAND ny: :tenpl ates:: Tenpl ateFi |l e: : defi ni ti onNane

FOR nyMbdel El ement »

6.3.5.2. Lazy evaluation

Appending the ONFI LECLOSE statement defers evaluation of the expanded definition until the current file is
closed with ENDFI LE. Thisis of use when the state required to create the text is collected during the evaluation
of the processed definition.

«FILE ...»
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«EXPAND LazyEval uat edDefiniti on FOREACH nyCol | ecti on ONFI LECLOSE»
«ENDFI LE» «REMbNow ' LazyEval uat edDefinition' is call ed<ENDFI LE»

A typical example for usage of the ONFI LECLOSE statement is when you want to create a list of importsin a
Java class, but the types that are used should be added when they are used in the templates later.

The state, usually a collection, that is used for the lazy expanded evaluation must be valid until the file is closed.
This can be achieved in two ways:

» Span aLET statement around the FI LE statement that bounds an empty collection

«LET (List[M/Type]) {} AS inportedTypes»
«FILE ...»

«EXPAND | npor t St at ement  FOREACH i nport edTypes ONFI LECLOSE»
«i nport edTypes. add(soneType) -> ""-»

«ENDFI LE»

«ENDLET»

» Useacreate extension which returns an empty collection and append elementstoit. Sinceit isacreate extension
the empty collection will be returned on first call and for each subsequent call areference to this collection will
be returned and not a new collection created.

Example:
sone/ pat h/ I nsertionPoints. ext:

create List[Type] inportedTypes (SoneType context) : (List[Type]) {};
In Xpand use this as follows:

«EXTENSI ON sone: : pat h: : I nserti onPoi nt s»
«FILE ...»

«EXPAND | nport St at ement FOREACH i nport edTypes() ONFI LECLOSE»
«i nportedTypes().add(someType) -> ""-»
«ENDFI LE»

«ENDLET»

6.3.6. FOR vs. FOREACH
If FOR or FOREACH is omitted the other templateis called FOR t hi s.

«EXPAND Tenpl at eFi | e: : defi ni ti onNane»

equals
«EXPAND Tenpl ateFil e:: definitionName FOR this»

If FORis specified, the definition is executed for the result of the target expression.
«EXPAND nyDef FOR entity»

If FOREACH is specified, the target expression must evaluate to a collection type. In this case, the specified
definition is executed for each element of that collection.

«EXPAND nyDef FOREACH entity.allAttributes»

AnEval uat i onExcept i on will bethrownif the specified target expression cannot be eval uated to an existing
element of the instantiated model or no suitable DEFI NE block can be found.

6.3.6.1. Specifying a Separator

If adefinition isto be expanded FOREACH element of the target expression it is possible to specify a SEPARATOR
expression:

49



Xpand / Xtend / Check Reference

«EXPAND par anifypeAndNanme FOREACH params SEPARATOR ', ' »

Theresult of the separator expression will be written to the output between each evaluation of the target definition.
Not after each one, but rather only in between two elements. This comes in handy for things such as comma-
separated parameter lists.

6.3.7. FOREACH
This statement expands the body of the FOREACH block for each element of the target collection that results from
the expression. The current element is bound to a variable with the specified name in the current context.

«FOREACH expression AS vari abl eName [| TERATOR iter Nane] [ SEPARATOR expression] »
a sequence of statenents using variabl eNane to access the
current element of the iteration

«ENDFOREACH»

Thebody of aFOREACH block can contain any other statements; specifically FOREACH statements may be nested.

If | TERATOR name is specified, an object of the type xpand2: : I terat or (see APl doc for details) is
accessible using the specified name.

The SEPARATOR expression works in the same way as the one for EXPAND.

Example:
«FOREACH {' A ,'B','C} AS c | TERATOR iter SEPARATOR ','»
«iter.counterl» : «C»
«ENDFOREACH»

The evaluation of the above statement results in the following text:

1: A
2: B
3: ¢

6.3.8. IF

The | F statement supports conditional expansion. Any number of ELSEI F statements is allowed. The ELSE
block is optional. Every | F statement must be closed with an ENDI F. The body of an | F block can contain any
other statement, specifically, | F statements may be nested.

«| F expression»

a sequence of statements
[ «ELSEI F expression» ]

a sequence of statements ]
[ «ELSE»

a sequence of statements ]
«ENDI F»

6.3.9. PROTECT

Protected Regions are used to mark sections in the generated code that shall not be overridden again by the
subsequent generator run. These sections typically contain manually written code.

«PROTECT CSTART expression CEND expression | D expression (DI SABLE) ?»
a sequence of statements
«ENDPROTECT»

Thevalues of CSTART and CEND expressions are used to enclose the protected regions marker in the output. They
should build valid comment beginning and comment end strings corresponding to the generated target language
(e.g."/*" and "*/" for Java).

Thefollowing is an example for Java:

«PROTECT CSTART "/*" CEND "*/" |D El ement sUni quel D»
here goes sone content
«ENDPROTECT»

TheID is set by the | D expression and must be globally unique (at least for one complete pass of the generator).
To assure thisthese IDs are usually concatenated. Some model types (e.g. UML2 models) contain identifiers that
could be used, which can be read using thexm | d() function from stdlib.
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Generated target code looks like this:

public class Person {

/ * PROTECTED REQ ON | D( Per son) ENABLED START*/
This protected region is enabled, therefore the contents will
al ways be preserved. |If you want to get the default contents
fromthe tenplate you nust renpve the ENABLED keyword (or even
renove the whole file :-))

/ * PROTECTED REQ ON END*/

}

Protected regions are generated in enabled state by default. Unless you manually disable them, by removing the
ENABLED keyword, they will always be preserved.

If you want the generator to generate disabled protected regions, you need to add the DI SABLE keyword inside
the declaration:

«PROTECT CSTART '/*' CEND '*/' ID this.name DI SABLE»

The produced target code won't contain the ENABLED flag then. In this case ENABLED has to be added to the
target region to activate the protected region. Disabling protected regions by default has the advantage that the
protected region default content in the template can be changed and all not yet activated regions would contain
the changed code after regeneration.

6.3.10. LET
LET letsyou specify local variables:

«LET expression AS vari abl eName»
a sequence of statements
«ENDLET»

During the expansion of the body of the LET block, the value of the expression is bound to the specified variable.
Note that the expression will only be evaluated once, independent from the number of usages of the variable within

the LET block.
Example:
«LET packageName + "." + classNanme AS fqgn»
the fully qualified name is: «fqgn»;
«ENDLET»

The variable value can not be reassigned within a LET block.

6.3.11. ERROR
The ERROR statement aborts the evaluation of the templates by throwing an XpandExcepti on with the
specified message.
«ERRCOR expr essi on»

Note that you should use this facility very sparingly, since it is better practice to check for invalid models using
constraints on the metamodel, and not in the templates!

6.3.12. Comments
Comments are only allowed outside of tags.

«REM»
text comment
«ENDREM»

Comments may not contain a REM tag, thisimplies that comments are not nestable. A comment may not have a
white space between the REMkeyword and its brackets.

Example:

«REM»«LET expressi on AS vari abl eNanme»«ENDREM»
a sequence of statenents

«REM»  «vari abl eName. st uf f »

«ENDLET»«ENDREM»
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6.3.13. Expression Statement

Expressions support processing of the information provided by the instantiated metamodel. Xpand provides
powerful expressionsfor selection, aggregation, and navigation. Xpand usesthe expressions sublanguage in almost
any statement that we have seen so far. The expression statement just eval uatesthe contained expression and writes
the result to the output (using thet oSt ri ng() method of j ava. | ang. Cbj ect ). Example:

public class «this.name» {

All expressions defined by the expressions sublanguage are also available in Xpand. You can invoke imported
extensions. (See the Expressions and Xtend language reference for more details).

6.3.14. Controlling generation of whitespace
If you want to omit the output of superfluous whitespace you can add aminus sign just before any closing bracket.
Example:

«FI LE I nterfaceNane + ".java"-»
«| F hasPackage- »

package «l nterfacePackageNane»;
«ENDI F- »

«ENDFI LE»
The generated filewould start with two new lines (one after the FI LE and one after the | F statement) if the minus
characters had not been set.

In general, this mechanism works as follows: If a statement (or comment) ends with such a minus all preceding
whitespace up to the newline character (excluded!) is removed. Additionally all following whitespace including
the first newline character (\ r \ n is handled as one character) is aso removed.

6.4. Aspect-Oriented Programming in Xpand

Using the workflow engine it is now possible to package (e.g. zip) awritten generator and deliver it as akind of
black box (this is often called a cartridge). If you want to use such a generator but need to change some small
generation stuff, you can make use of the AROUND aspects.

«AROUND qual i fi edDefi nitionNane(paraneterList)? FOR type»
a sequence of statements
«ENDAROUND»»

AROUND I etsyou add templ atesin an non-invasiveway (you do not need to touch the generator templates). Because
aspects are invasive, a template file containing AROUND aspects must be wrapped by configuration (see next
section).

6.4.1. Join Point and Point Cut Syntax

AOPisbasically about weaving code into different pointsinside the call graph of a software module. Such points
are called Join Points. In Xpand, thereis only onejoin point so far: acall to a definition.

Y ou specify on which join points the contributed code should be executed by specifying something like a 'query"
on al available join points. Such aquery is called a point cut.

«ARQUND [ poi ntcut] »
do stuff
«ENDAROUND»»

A point cut consists of afully qualified name, parameter types and the target type.

6.4.1.1. Definition Name

The definition name part of a point cut must match the fully qualified name of the join point definition. Such
expressions are case sensitive. The asterisk character is used to specify wildcards.

Some examples:

ny:: Tenpl ate::definition // definitions with the specified name
org::eclipse::xpand2::* // definitions prefixed with 'org::eclipse::xpand2::"'
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*Qperation* // definitions containing the word 'Operation' init.
* /1 all definitions

6.4.1.2. Parameter Types

The parameters of the definitions we want to add our advice to, can also be specified in the point cut. Theruleis
that the type of the specified parameter must be the same or a supertype of the corresponding parameter type (the
dynamic type at runtime!) of the definition to be called.

Additionally, one can set a wildcard at the end of the parameter list, to specify that there might be an arbitrary
number of parameters of any kind.

Some examples:

ny::Tenpl::def() // tenpl def without paraneters
ny::Tenpl::def(String s) // tenpl def with exactly one paraneter
/1 of type String
ny::Tenpl::def(String s,*) // tenpl def with one or nore paraneters
/] where the first paranmeter is of type String
ny:: Tenpl::def(*) // tenpl def with any nunber of paraneters

6.4.1.3. Target Type
Finally, we have to specify the target type. Thisis straightforward:

nmy:: Tenpl ::def() FOR oject// tenpl def for any target type
nmy:: Tenpl::def() FOR Entity// tenpl def objects of type Entity

6.4.2. Proceeding

Inside an advice, you might want to call the underlying definition. This can be done using the implicit variable
t ar get Def , whichisof the type xpand2::Definition and which provides an operation pr oceed( ) that invokes
the underlying definition with the original parameters (Note that you might have changed any mutable object in
the advice before).

If you want to control which parameters are to be passed to the definition, you can use the operation pr oceed
(Cbj ect target, Li st par ans). Please keep in mind that no type checking is donein this context.

Additionally, there are some inspection properties (like name, par anTypes, etc.) available.

6.5. Generator Workflow Component

This section describes the workflow component that is provided to perform the code generation, i.e. run the
templates. You should have a basic idea of how the workflow engine works. A simple generator component
configuration could look as follows:

<conponent class="org. eclipse.xpand2. Generator">
<fil eEncodi ng val ue="1S0O 8859-1"/>
<met aModel cl ass="org. eclipse. xtend. typesystem enf. Enf Met aMbodel ">
<met aModel Package val ue="org. ecl i pse. enf. ecore. Ecor ePackage"/ >
</ met aMbdel >
<expand val ue="sonenanespace: : exanpl e: : Java::al | FOR nyMdel "/ >

<l-- aop configuration -->
<advi ces val ue=' sonmenanespace: : exanpl e: : Advi cesl, exanpl e:: Advi ces2'/>

<l-- output configuration -->
<out | et path='rmain/src-gen' >

<post processor class="org. eclipse.xpand2. out put.JavaBeautifier"/>

<post processor class="org. eclipse.xtend.typesystem xsd. XM_Beautifier"/>
</ outl et>
<outl et nanme='TO SRC path='"main/src' overwite= false' >

<post processor class="org. eclipse. xpand2. out put.JavaBeautifier"/>

<post processor class="org. eclipse.xtend.typesystem xsd. XM_Beautifier"/>
</ outlet>

<l-- optional: protected regions configuration -->
<pr SrcPat hs val ue="mai n/src"/>

<pr Def aul t Excl udes val ue="fal se"/ >

<pr Excl udes val ue="*.xm "/ >
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</ conponent >

Now, let us go through the different properties one by one.

6.5.1. Main configuration

The first thing to note is that the qudified Java name of the component is
org. ecl i pse. xpand2. Gener at or.

6.5.2. Encoding

For Xpand it isimportant to have the file encoding in mind because of the guillemet characters « » used to delimit
keywords and property access. Thef i | eEncodi ng property specifies the file encoding to use for reading the
templates, reading the protected regions and writing the generated files. This property defaults to the default file
encoding of your JVM.

In ateam that uses different operating systems or locales it is a good idea to set the file encoding fixed for the
Xpand project and share the settings. Typical encodings used are UTF-8 or 1SO-8859-1, but any encoding having
guillemet bracketsis fine also.

An false encoding can result in an error message of the generator during runtime:

1108 ERROR Wor kf | owRunner - [ERROR]: no viable alternative at input 'A on line 1

In this case you have to configure the input encoding. A ResourceManager is used to set the input encoding.
Usethef i | eEncodi ng property of the Resour ceManager inside the generator component to configure the
encoding of templates and extensions.

Example for MWE:

<conponent class="org. eclipse.xpand2. Generator">
<met aModel idRef="mm.enf"/>
<expand
val ue="tenpl ate:: Tenpl ate: : mai n FOR nodel " />
<outl et path="${src-gen}" >
<post processor class="org. eclipse. xpand2. out put.JavaBeautifier" />
</ outl et>
<resour ceManager class ="org. eclipse. xtend. expressi on. Resour ceManager Def aul t | npl ">
<fil eEncodi ng val ue="1S0O 8859-1"/>
</ r esour ceManager >
</ conponent >

Example for MWE2:

conponent = org.eclipse.xpand2. Generator {
met aMbdel = org. eclipse. xtend. t ypesyst em enf . Enf Regi st ryMet aMbdel {}
expand = "tenpl ates:: Tenpl ate: : mai n FOREACH nodel "
outlet = {
path = targetDir
}

resour ceManager = org. eclipse. xt end. expr essi on. Resour ceManager Def aul t | npl {
fileEncoding = "1 SO 8859-1"
}
}

The section Output configuration describes how to configure the encoding of the generated files.

6.5.3. Metamodel

The property met avbdel isused to tell the generator engine on which metamodels the Xpand templates should
be evaluated. One can specify more than one metamodel here. Metamodel implementations are required by
the expression framework (see Expressions) used by Xpand2. In the example above we configured the Ecore
metamodel using the EMFMet aMbdel implementation shipped with the core part of the Xpand release.

A mandatory configuration isthe expand property. It expects a syntax similar to that of the EXPAND statement
(described above). The only difference is that we omit the EXPAND keyword. Instead, we specify the name of
the property.

'on Mac OSX the default encodi ng is MacRoman, which is not a good choice, since other operating systems are not aware of this encoding.
It is recommended to set the encoding to some more common encoding, e.g. UTF-8, maybe even for the whole workspace.
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Examples:
<expand val ue="sone: : nanespace: : Tenpl ate: : define FOR nySlot"/ >
or:
<expand val ue="sone: : nanespace: : Tenpl ate: : define(' foo') FOREACH {nySlot1, mySl ot2}"/>

The expressions are evaluated using the workflow context. Each slot is mapped to a variable. For the examples
above the workflow context needsto contain elementsinthedlots’ nySl ot',' nySl ot 1' and' nySl ot 2' . 1t
isalso possibleto specify some complex expressions here. If, for instance, the slot nyModel containsacollection
of model elements one could write:

<expand val ue="son®: : nanespace: : Tenpl at e: : def i ne FOREACH nyModel . typeSel ect (Entity)"/>

This selects all elements of type Entity contained in the collection stored in the my Mbdel slot.

6.5.4. Output configuration

The second mandatory configuration is the specification of so called outlets (a concept borrowed from
AndroMDA). Outlets are responsible for writing the generated files to disk.

Example MWE:
<conponent class="org. eclipse.xpand2. Generator">

<outl et path='"main/src-gen' />

<outl et nanme='TO SRC path="main/src' overwite=" false' >
<fil eEncodi ng val ue='1S0 8859-1'/>

</ outl et>

<fil eEncodi ng val ue='1S0O 8859-1'/>

</ c;).rrf)onent >
Example MWE2:

conponent = org. eclipse.xpand2. Generator {
met aMbdel = org. ecli pse. xtend. t ypesyst em enf . Enf Regi stryMet aMbdel {}

expand = "tenpl ates:: Tenpl ate: : mai n FOREACH nodel "
outlet = {path = "main/src-gen'}
outlet =

nanme=' TO_SRC

pat h=' mai n/ src'

overwite= fal se
fileEncoding = '1SO 8859-1"

}
fileEncoding = '|1SO 8859-1"

}

In the examples there are two outlets configured. The first one has no name and is therefore handled as the default
outlet. Default outlets are triggered by omitting an outlet name:

«FILE 'test/note.txt'»
# this goes to the default outlet
«ENDFI LE»

The configured base path is 'mai n/ sr c- gen', so the file from above would go to 'mai n/ src- gen/ t est/
note.txt"

The second outlet hasaname (‘'TO_SRC') specified. Additionally theflagoverw i t e issettof al se (defaults
tot r ue). Thefollowing Xpand fragment

«FILE "test/note.txt' TO_SRC»
# this goes to the TO SRC outl et
«ENDFI LE»

would cause the generator to write the contents to 'mai n/ src/ t est / not e. t xt " if the file does not already
exist (theover wri t e flag).

Another option called append (defaultstof al se) causesthe generator to append the generated text to an existing
file. If overw it eissettof al se thisflag has no effect.
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The encoding of the generated files can be configured at two different levels. A file encoding can be defined for
the complete generator component. Therefore the fileEncoding property inside the component definition has to
be used (see the examples above). Y ou can aso define afile encoding at outlet level. Therefore the fileEncoding
property inside the outlet definition has to be used.

6.5.5. PostProcessor

Beautifying the generated code is a good idea. It is very important that generated code looks good, because
developers should be able to understand it. On the other hand template files should look good, too. It is thus best
practice to write nice looking template files and not to care how the generated code looks - and then you run a
beautifier over the generated code to fix that problem. Of course, if a beautifier is not available, or if white space
has syntactical meaning (asin Python), you would have to write your templates with that in mind (using the minus
character before closing brackets as described in a preceding section).

The Xpand workflow component can be configured with multiple beautifiers:

<outlet ...>

<post processor class="org. eclipse.xpand2. out put.JavaBeautifier"/>

<post processor class="org. eclipse.xtend.typesystem xsd. XM_Beautifier"/>
</ outl et >

These are the two beautifiers delivered with Xpand. If you want to use your own beautifier, you would just need
to implement the Post Pr ocessor Javainterface:

package org. eclipse. xpand2. out put;
public interface PostProcessor {
public void beforeWiteAndd ose(Fil eHandl e handl e);

public void afterd ose(Fil eHandl e handl e);
}

Thebef oreWit eAndCl ose method is called for each ENDFI LE statement.
PostProcessors can also be used for othermeans than formatting, like line counting.

6.5.5.1. JavaBeautifier
The JavaBeautifier is based on the Eclipse Java formatter provides base beautifying for Javafiles.

6.5.5.2. XmIBeautifier
The XmlBeautifier isbased on domdj and providesasingleoptionf i | eExt ensi ons (defaultsto”. xm ,. xsl ,
.wsdd, . wsdl ") used to specify which files should be pretty-printed.

6.5.5.3. CppBeautifier
The CppBeautifier leverages CDT for formatting C/C++ sources. Thus CDT isrequired to use this code formatter.
To use this beautifier the plugin org.eclipse.xpand.support.cdt must be added to the plugin dependencies.

6.5.6. Protected Region Configuration
Finally, you need to configure the protected region resolver, if you want to use protected regions.

<pr SrcPat hs val ue="mai n/src"/>
<pr Def aul t Excl udes val ue="fal se"/ >
<pr Excl udes val ue="*.xm "/ >

The prScPathsproperty points to a comma-separated list of directories. The protected region resolver will scan
these directories for files containing activated protected regions.

There are several file names which are excluded by default:
RCS, SCCS, CVS, CVS.adm RCSLOG cvslog.*, tags, TAGS, .nmke.state, .nse_depinfo, *~, #*,
JHEELOT R % %8, *.old, *.bak, *.BAK, *.orig, *.rej, .del-*, *.a, *.olb, *.0, *.0bj,
*. so, *.exe, *.Z* .elc, *.In, core, .svn

If you do not want to exclude any of these, you must set pr Def aul t Excl udes to false.

<pr Def aul t Excl udes val ue="fal se"/>

If you want to add additional excludes, you should use the prExcludes property.
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<pr Excl udes val ue="*.xm , *. hbni'/ >

It isbad practice to mix generated and non-generated code in one artifact. Instead of using protected
regions, you should try to leverage the extension features of the used target language (inheritance,
inclusion, references, etc.) wherever possible. It is very rare that the use of protected regionsis an
appropriate solution.

6.5.7. VetoStrategy

The Xpand engine will generate code for each processed FILE statement. Thisimplies that files are written that
might not have changed to the previous generator run. Normally it does not matter that files are rewritten. There
are at least two good reasons when it is better to avoid rewriting of files:

1. The generated source code will be checked in. In general it is not the recommended way to go to check in
generated code, but sometimes you will have to. Especially with CV S there is the problem that rewritten files
are recognized as modified, even if they haven't changed. So the problem arises that identical files get checked
in again and again (or you revert it manually). When working in teams the problem even becomes worse, since
team members will have conflicts when checking in.

2. When it can be predicted that the generator won't produce different content before a file is even about to be
created by aFILE statement then this can boost performance. Of courseit isnot trivial to predict that a specific
filewon't result in different content before it is even created. This requires information from a prior generator
run and evaluation against the current model to process. Usually a diff model would be used as input for the
decision.

Case 1) will prevent file writing after aFILE statement has been eval uated, case 2) will prevent creating afileat all.

To achieve this it is possbhle to add Veto Strategies to the  generator,
which are implementations of interfface org. ecli pse. xpand2. out put. Vet oStrategy or
org. ecli pse. xpand2. out put . Vet oSt r at egy2. Use Vet oSt r at egy 2 if you implement your own.

Vet oSt r at egy 2 declares two methods:
* bool ean hasVet oBef oreOpen (Fil eHandl e)

Thismethod will be called before afileis being opened and generated. Return true to suppress thefile creation.
* bool ean hasVeto (Fil eHandl e)

This method will be called after a file has been produced and after all configured PostProcessors have been
invoked. Return true to suppress writing thefile.

Veto Strategies are configured per Ouitlet. It is possible to add multiple stratgy instances to each Outlet.

<conponent id="generator" class="org.eclipse.xpand2. Generator" ski pOnErrors="true">
<met aModel cl ass="org. eclipse. xtend. typesystem um 2. UM.2Met aMbdel "/ >
<expand val ue="tenpl at es: : Root: : Root FOR nodel "/ >
<fil eEncodi ng val ue="1SO 8859-1"/>
<outl et path="src-gen">
<post processor class="org. eclipse. xpand2. out put.JavaBeautifier"/>
<vetoStrategy class="org. eclipse. xpand2. out put. NoChangesVet oStr at egy"/ >
</outlet>
</ conponent >

One Vet oSt r at egy is aready provided. The
org. ecl i pse. xpand2. out put . NoChangesVet oStr at egy is a simple implementation that will
compare the produced output, after it has been postprocessed, with the target file. If the content is identical the
strategy vetoes the file writing. This strategy is effective, but has two severe drawbacks:

1. The file has been created at least in memory before. This consumes time and memory. If applying code
formatting this usually implies that the file is temporarily written.

2. The existing file must be read into memory. This aso costs time and memory.

Much better would be to even prevent the creation of files by having a vaid implementation for the
hasVet oBef or eOpen() method. Providing animplementation that predictsthat files do not haveto be created
requires domain knowledge, thus a standard implementation is not available.

The number of skipped files will be reported by the Generator component like this:

2192 INFO - Generator(generator): generating <...>
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3792 INFO - Skipped witing of 2 files to outlet [default](src-gen)

6.6. Example for using Aspect-Oriented Programming in Xpand

This example shows how to use aspect-oriented programming techniques in Xpand templates. It is applicable to
EMF based and Classic systems. However, we explain the idea based on the emfExample. Hence you should read
that before.

6.7. The Problem

There are many circumstances when template-AOP is useful. Here are two examples:

Scenario 1: Assumeyou haveanice generator that generatescertain artifacts. The generator (or cartridge) might be
athird party product, delivered in asingle JAR file. Still you might want to adapt certain aspects of the generation
process without modifying the original generator.

Scenario 2: You are building a family of generators that can generate variations of the generate code, e.g.
Implementations for different embedded platforms. In such a scenario, you need to be able to express those
differences (variabilities) sensibly without creating a non-understandable chaos of if statements in the templates.

6.8. Example

To illustrate the idea of extending a generator without "touching” it, let us create a new project called
org. ecl i pse. deno. enf . dat anodel . gener at or - aop. The idea is that it will "extend" the original
org. ecli pse. deno. enf . dat anodel . gener at or project introduced in the emfExample. So this new
projects needs to have a project dependency to the former one.

6.8.1. Templates

An AOP system always needs to define a join point model; thisis, you have to define, at which locations of a
(template) program you can add additional (template) code. In Xpand, the join points are simply templates (i.e.
DEFINE .. ENDDEFINE) blocks. An "aspect template" can be declared AROUND previously existing templates.
If you take alook at theor g. ecl i pse. denp. enf . dat anpdel . gener at or source folder of the project,
you can find the Root . xpt template file. Inside, you can find a template called | npl that generates the
implementation of the JavaBean.

«DEFINE Entity FOR data::Entity»
«FI LE baseC assFil eNanme() »
/'l generated at «tinestanp()»
public abstract class «based assNanme()» {
«EXPAND | npl »

}
«ENDFI LE»
«ENDDEFI NE»

«DEFI NE | npl FOR data::Entity»
«EXPAND GettersAndSetters»
«ENDDEFI NE»

«DEFI NE | npl FOR data:: PersistentEntity»
«EXPAND GettersAndSetters»
public void save() {

}
«ENDDEFI NE»

What we now want to accomplish is this: Whenever the Impl template is executed, we want to run an additional
template that generates additional code (for example, some kind of metainformation for a given framework. The
specific code at this place is not important for the example here).

So, in our new project, we define the following template file:

«AROUND | npl FOR data::Entity»
«FOREACH attribute AS a»
public static final Attrinfo «a.name»Info = new Attrl nfo(
"«a. name»", «a.type».class );
«ENDFOREACH»
«t ar get Def . proceed() »
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«ENDAROUND»

So, this new template wraps around the existing template called | npl It first generates additional code and then
forwards the execution to the original template usingt ar get Def . pr oceed() . So, in effect, thisisa BEFORE
advice. Moving the pr oceed statement to the beginning makes it an AFTER advice, omitting it, makes it an
override.

6.8.2. Workflow File
Let ustake alook at the workflow file to run this generator:

<wor kf | ow>
<cartridge file="workflow mwe"/>
<conponent advi ceTarget ="generator"
i d="refl ectionAdvice"
cl ass="org. ecl i pse. xpand2. Gener at or Advi ce" >
<advi ces val ue="tenpl ates: : Advi ces"/ >
</ conponent >
</ wor kf | ow>

Mainly, what we do here, isto call the original workflow file. It has to be available from the classpath. After this
cartridge call, we define an additional workflow component, a so called advice component. It specifies generator
asits adviceTarget. That means, that al the properties we define inside this advice component will be added to
the component referenced by name in the adviceTarget instead. In our case, this is the generator. So, in effect,
weadd the<advi ces val ue="t enpl at es: : Advi ces" /> totheorigina generator component (without
invasively modifying its own definition). This contributes the advice templates to the generator.

6.8.3. Running the new generator
Running the generator produces the following code:

public abstract class Personl npl Base {
public static final Attrinfo
nanmel nfo = new Attrlnfo("nanme", String.class);
public static final Attrinfo
nanme2l nfo = new Attrlnfo("nanme2", String.class);
private String naneg;
private String nane2,

public void setNanme(String value) {
this. name = val ue;

}

public String getName() ({
return this.nane;

}

public void setNane2(String val ue) {
this. nanme2 = val ue;

}

public String getNane2() ({
return this.nanme2;

}
}

6.9. More Aspect Orientation

In general, the syntax for the AROUND construct is as follows:
«AROUND ful Il yQualifiedDefinitionNameWthW | dcards
(Paramist (*)?) FOR TypeNane»

do Stuff
«ENDAROUND»

Here are some examples:

«AROUND *(*) FOR nj ect»

matches all templates
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«AROUND *define(*) FOR bject»
matches all templates with define at the end of its name and any number of parameters
«AROUND org:: eclipse::xpand2::* FOR Entity»

matches all templates with namespace org::eclipse: :xpand2:: that do not have any parameters and whose type
is Entity or asubclass

«AROUND *(String s) FOR Object»

matches all templates that have exactly one St r i ng parameter
«AROUND *(String s,*) FOR bject»

matches all templates that have at least one St r i ng parameter
«AROUND ny: : Tenpl ate:: definition(String s) FOR Entity»

matches exactly this single definition

Inside an AROUND, there is the variable t ar get Def , which has the type xpand2: : Def i ni ti on. On this
variable, you can call pr oceed, and also query anumber of other things:

«AROUND ny: : Tenpl ate::definition(String s) FOR String»
I og('invoking '+«targetDef.name»+ with '+this)
«t ar get Def . proceed() »

«ENDAROUND»

7. Profiler

The ProfilerComponent alows you to measure the time each check, Xtend function or Xpand define needed to
be executed in your workflow. It does so by acting as a callback of the CheckComponent, XtendComponent and
XpandComponent where the time of each call will be stored in a profiling model. From this data the profiler
eventually derives execution times with and without children, callers/callees with the corresponding call counts
and finally a call graph with respect to recursive calls. A set of Xpand templates can transform the model to an
HTML report or atext filein the GNU GProf format.

Figure 2. Sample HTML output of the profiler

Profiling Results Call Graph

This profiler result is an adaption of the GNU gprof format and has been produced with the Xpandy/Xtend profiler. The following table represents the call graph table similar to GProf. The call graph shows how much time was spent in
Please note that the measured results depend on the runtime configuration the templates, checks, and/or expressions each function and its children. From this information, you can find functions that, while they themselves may not have
have been executed on used much time, called other functions that did use unusual amounts of time.

Flat Profile #  %tme seff  chidren called name

The following table shows the totals of different measured values. Use these numbers to get a first impression of the

- <spontaneous>
execution times.
[1] 880 001 090 XPD T FOR Model [1]
%time UM selfsec calls self ms/call total ms/call name
0.00| 000 1/ 3 XD entit
86.96 0.89 | 0.89 2 446.16  447.59  XPD template: Templat Class FOR Entity - )
e — - 089 0.00| 2|/ 2 XPDtemplate:Template:javaClass FOR Entity
10.83 1.00 | 0.11 CHK Entity "Duplicate entity ".+(name)
0.89| 0.00| 2|/ 2 XPDtemplate:Template::main FOR Model [1
114 102 | 0.01 CHK Model "No entities defined”
2] 872 o089 0.00 2 XPD T lass FOR Entity [2]
0.65 102 0.01 XPD template: Template::main FOR Model
0.00| 0.00 6|/ 6 XID template:: atorl eature)
016 102 000 6 0.27 0.27 | XTD template::GeneratorExtensions: setter Feature)
0.00| 0.00 6|/ 6 XID template:: ator] getter Feature
013 102 0.00 3 0.43 0.43 | XID E entit Model)
<spontaneous>
012 103 0.00 6 0.21 0.21 | XTD template::GeneratorExtensions::getter Feature)
31 109 011 0.00 CHK Entity "Duplicate entity ".+(name) [3
002 103 000 2 0.10 0.10 | XTD E Type)
000 000 2|2 XD Type)
Runtime Configuration 0.00| 000 2|/ 3 XD entit
The above results are measured against the system time and may vary per execution. Since the runtime configuration
and dimensions such as processor clock or heap size greatly influence the execution time you also might consider <SPORtANOUS>
improving the configuration to improve the results. This sections may give you some hints to do so. 14] 1.1 0.01 0.00 CHK Model "No entities defined" [4]
Unfortunately, this report will only provide the following values so far:
0.00| 0.00 6|/ 6 XPD template:Template:;javaClass FOR Entity [2
Used Memory 39 MB  Please note that this value has been measured at the time of generating this report.
51 02 000 000 6 XTD ator i ure) [51
Max Heapsize 254 MB
0.00| 0.00 2|/ 3 CHKEntity "Duplicate entity ".+(name) [3
0.00| 0.00| 1|/ 3 XPDtemplate:Template::main FOR Model [1
[6] 01 000 000 3 XTD i i ) [6]
0.00| 0.00 6|/ 6 XPDtemplate:Template:;javaClass FOR Entity [2
[71 01 000 000 6 XTD ator i ure) (71
0.00| 0.00 2|/ 2 CHKEntity "Duplicate entity ".+(name) [3
8] 00 000 000 2 XTD i Type) [81

Use the ProfilerComponent to wrap other components inside a workflow. Denote a resultSot where the profiler
stores the model in the end. Then, refer to this component viaidRef as a callback. As soon as the component-tag
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of the profiler closes, it stores the derived profiling model in the given dot. Y ou are free to transform this model
or you can re-use one of the templates that come with profiler.

<conponent id="profiler" class="org.eclipse.xtend.profiler.ProfilerConponent">
<resul tSl ot value="profilingResult" />

<conponent class="org. eclipse. xtend. check. CheckConponent ">
<vet oabl eCal | back i dRef="profiler" />

</ conponent >
<conponent class="org. eclipse. xtend. Xt endConponent ">
<vet oabl eCal | back i dRef="profiler" />

</ conponent >
<conponent class="org. eclipse.xpand2. Generator">
<vet oabl eCal | back i dRef="profiler" />

</ conponent >
</ conponent >

<conponent class="org. eclipse.xpand2. Generator" fileEncodi ng="1S0O 8859-1">

<met aModel i dRef="mi'/>

<expand val ue="org::eclipse::xtend::profiler::tenplates::Hm::Main FOR profilingResult"/>
<outlet overwite="true" path="profiling"/>

</ conponent >

Currently, there are two different templates available to render the profiling model

* org::eclipse::xtend::profiler::templates::Html::Main

* org::eclipse::xtend::profiler::templates::GProf::Main

The Xpand Wizard will produce aworkflow called wor kflonWithPr ofiler.mwe that demonstrates the capabilities
of the profiler. It puts the result in the folder profiling.

61



Chapter 3. Built-in types API
documentation

1. Qbj ect

Supertype: none

Table 1. Properties

Type Name Description

xpand2: : Type nmet aType returns this object's meta type.

Table 2. Operations

Return type Name Description

Bool ean == (nj ect)

Bool ean < (Obj ect)

String toString() returns the String representation
of this object. (Calling Java's
toString() method)

Bool ean <= (nj ect)

Bool ean I = ((bj ect)

Bool ean > (Obj ect)

I nt eger conpar eTo (Obj ect) Compares this object with the
specified object for order. Returns
anegative integer, zero, or a
positive integer asthis object is less
than, equal to, or greater than the
specified object.

Bool ean >= (hj ect)

2.String
Supertype: Obj ect
Table 3. Properties
Type Name Description
I nt eger [ ength the length of this string
Table 4. Operations

Return type Name Description

String t oLower Case () Converts al of the charactersin this
String to lower case using the rules
of the default locale (from Java)

String + (bj ect) concatenates two strings

Li st t oChar Li st () splitsthis String into a List[String]
containing Strings of length 1
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Return type Name Description

String t oFi r st Upper () Converts the first character in this
String to upper case using the rules
of the default locale (from Java)

String subString (I nt eger, Returns anew string that isa
I nt eger) substring of this string.
String trim( Returns a copy of the string, with

leading and trailing whitespace
omitted. (from Java 1.4)

String t oFi r st Lower () Convertsthe first character in this
String to lower case using the rules
of the default locale (from Java)

String t oUpper Case () Converts all of the charactersin this
String to upper case using the rules
of the default locale (from Java)

Li st split (String) Splits this string around matches of
the given regular expression (from
Java l.4)

Bool ean startsWth (String) Testsif this string starts with the
specified prefix.

Bool ean mat ches (Stri ng) Tells whether or not this string

matches the given regular
expression. (from Java 1.4)

I nt eger asl nt eger () Returns an Integer object holding
the value of the specified String
(from Java 1.5)
Bool ean contains (String) Testsif this string contains
substring.
Bool ean endsWth (String) Testsif this string ends with the
specified prefix.
String repl aceFirst (String, Replaces the first substring of
String) this string that matches the given
regular expression with the given
replacement.
String replaceAll (String, Replaces each substring of this
String) string that matches the given
regular expression with the given
replacement.
3.1 nt eger

Supertype: Real
This type does not define any properties.

Tableb5. Operations

Return type Name Description
Li st upTo (I nt eger) returns a List of Integers starting
with the value of the target

expression, up to the value of the
specified Integer, incremented by
one, e.q. 'L.upTo(5)' evaluatesto

{1,2,3,4,5}
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Return type Name Description

Bool ean >= (I nt eger)

Bool ean == (I nt eger)

Bool ean I'=(l nt eger)

Li st upTo (I nt eger, I nt eger) returns a List of Integers starting
with the value of the target
expression, up to the value of the
first paramter, incremented by the
second parameter, e.g. '1.upTo(10,
2)' evaluatesto { 1,3,5,7,9}

I nt eger - (Integer)

I nt eger + (I nt eger)

Bool ean <= (I nt eger)

Bool ean < (I nt eger)

I nt eger * (I nt eger)

| nt eger - ()

Bool ean > (I nt eger)

I nt eger / (I nt eger)

4. Bool ean

Supertype: Obj ect

This type does not define any properties.

Table 6. Operations

Return type Name Description
Bool ean ()
5. Real
Supertype: Obj ect
This type does not define any properties.
Table 7. Operations
Return type Name Description
Real * (Real )
Bool ean >= (hj ect)
Bool ean <= (Mnj ect)
Real -0
Bool ean == (hj ect)
Bool ean I = ((bj ect)
Bool ean < (Obj ect)
Real - (Real)
Real / (Real)
Bool ean > ((bj ect)
Real + (Real )
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6. Col | ecti on

Supertype: Obj ect

Table 8. Properties

Type Name Description

Bool ean i SEnpty returns true if this Collection is
empty

I nt eger si ze returns the size of this Collection

Table9. Operations

Return type Name Description

Bool ean cont ai ns (Cbj ect) returns true if this collection
contains the specified object.
otherwise false. returnsthis

Collection.
Li st toLi st () converts this collection to List
Set toSet () convertsthis collection to Set
Li st flatten() returns a flattened List.
Set i ntersect (Coll ection) returns a new Set, containing only

the elements contained in this and
the specified Collection

String toString (String) concatenates each contained
element (using toString()),
separated by the specified String.

Col I ecti on removeAl | (Col | ecti on) removes all elements contained in
the specified collection from this

Collection if contained (modifies

it!). returnsthis Collection.

Col l ection renove (Cbj ect) removes the specified element
from this Collection if contained
(modifiesit!). returns this
Collection.

Set wi t hout (Col | ecti on) returns a new Set, containing all
elements from this Collection
without the elements from specified
Collection

Col l ection addAl | (Col | ecti on) adds all elements to the Collection
(modifiesit!). returns this
Collection.

Col l ection add (Obj ect) adds an element to the Collection
(modifiesit!). returns this
Collection.

Set uni on (Col | ecti on) returns a new Set, containing all
elements from this and the specified
Collection

Bool ean contai nsAl'l (Col |l ection) [returnstrueif thiscollection
contains each element contained in
the specified collection. otherwise
false. returns this Collection.
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7. Li st

Supertype: Col | ecti on

This type does not define any properties.

Table 10. Operations

Return type Name Description
Li st Wi t hout Fi rst ()
bj ect I ast ()
I nt eger i ndexOF (Obj ect)
Li st wi t hout Last ()
Col | ecti on reverse ()
bj ect first ()
bj ect get (I nteger)

8. Set
Supertype: Col | ecti on
This type does not define any properties.
This type does not define any operations.

9. xpand2: : Type
Supertype: Obj ect
Table 11. Properties
Type Name Description
String nanme
Set all StaticProperties
String docunent ati on
Set super Types
Set al | Properties
Set al | Feat ures
Set al | Operations
Table 12. Operations
Return type Name Description

xpand2:: StaticProperty

get Stati cProperty
(String)

xpand2: : Feat ure

get Feature (String,List)

Bool ean

i sl nstance (Obj ect)

xpand2: : Property

get Property (String)

bj ect

newl nst ance ()

Bool ean

i sAssi gnabl eFrom
(xpand2: : Type)

xpand2: : Operati on

get Operation (String,
Li st)
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10. xpand2: : Feature

Supertype: Obj ect
Table 13. Properties

Type Name Description
String nane
xpand2: : Type returnType
String docurent ati on
xpand2: : Type owner
This type does not define any operations.
11. xpand2: : Property
Supertype: xpand2: : Feat ur e
This type does not define any properties.
Table 14. Operations
Return type Name Description
Voi d set (Obj ect, j ect)
bj ect get (Obj ect)
12. xpand2: : Qper ati on
Supertype: xpand2: : Feat ur e
This type does not define any properties.
Table 15. Operations
Return type Name Description
Li st get Par anet er Types ()
bj ect eval uat e (Obj ect, Li st)
13. xpand2: : Stati cProperty
Supertype: xpand2: : Feat ure
This type does not define any properties.
Table 16. Operations
Return type Name Description
bj ect get () returns the static value
14. Voi d

Supertype: Obj ect

This type does not define any properties.
This type does not define any operations.

15. xt end: ;: Advi ceCont ext

Supertype: Obj ect
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Table 17. Properties

Type Name Description
Li st par amlypes
String name
Li st par amNanes
Li st par anVal ues
Table 18. Operations
Return type Name Description
oj ect proceed (Li st)
oj ect proceed ()
16. xpand2: : Definition
Supertype: Obj ect
Table 19. Properties
Type Name Description
Li st par amlypes
String nane
Li st par anmNanes
xpand2: : Type t ar get Type
Table 20. Operations
Return type Name Description
Voi d proceed ()
String toString()
Voi d proceed (Obj ect, Li st)
17. xpand2: : 1terator
Supertype: Obj ect
Table 21. Properties
Type Name Description
Bool ean lastlteration
Bool ean firstlteration
I nt eger el enent s
I nt eger counterO
I nt eger counterl

This type does not define any operations.
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Chapter 4. Stdlib

1. Introduction

Xpand deliversaset of small useful utility extensions and componentsin the org.eclipse.xpand.util .stdlib package.
Y ou need to add a dependency to this plugin if you want to useit.

2. Stdlib extensions

This section describes the components and extensions provided by Stdlib. We use the shortcut xpand.util.stdlib...
for component classes in package org.eclipse.xtend.util .stdlib in workflow configurations for convenience.

Note that many functions of the Stdlib make use of static variables in their Java implementation, thus the values
are kept through a complete MWE workflow. Also, because of the static implementation, the features are not
threadsafe.

2.1. 10 extensions

This is an extremely useful library to print information to the logging facility. It is realy valuable through
transformation processes or for complex expressions to know what exactly expressions are eval uated to.

Extension: or g: : ecl i pse::xtend::util::stdlib::io

2.1.1. debug (Object 0)
Logs an object with DEBUG level to the logger.
Parameters:
* 0- The object to dump.
Returns: The object o

2.1.2. info (Object 0)
Logs an object with INFO level to the logger.
Parameters:
* 0- The object to dump.
Returns: The object o

2.1.3. error (Object 0)
Logs an object with ERROR level to the logger.
Parameters:
e 0- The object to dump.
Returns: The object o

2.1.4. syserr (Object 0)
Prints an object to System.err.
Parameters:
* 0- Theobject that should be printed. nul | isallowed.
Returns: The object o

2.1.5. syserr (Object o, String prefix)
Prints an object to System.err.
Parameters:
* 0- Theobject that should be printed. nul | isallowed.
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* prefix - A prefix string for the message.
Returns: The object o

2.1.6. syserr (Object 0)
Prints an object to System.err.
Parameters:
» 0- Theobject that should be printed. nul | isallowed.
Returns: The object o

2.1.7. throwError (Object 0)
Throws an |llegal StateM essage.
Parameters:
* 0- The exception message.
Returns: Nothing, since an exception is thrown.

2.1.8. String includeFile (String filePath, String encoding)
Reads the content of afile.
Parameters:
+ filePath - Path to thefile
encoding - File encoding to use for reading
Returns: File content.

2.1.9. String includeFile (String filePath)
Reads the content of afile.
Parameters:
« filePath - Path to thefile
Returns: File content.

2.1.10. Examples

i mport dat a;

extension org.eclipse.xtend. util.stdlib::io;

create DataMddel this duplicate(DataMwdel s):
entity.addAl |l ( s.entity.duplicate() ) ->
set Nanme(s. nane) ;

create Entity this duplicate(Entity old):
(ol d. name+" has "+ol d.reference. si ze+" references").info() ->
ol d.reference. nane.info() ->

This leads to the following output on the console:

922 |INFO - Person has 1 references
923 |INFO - [autos]

926 |INFO - Vehicle has 0 references
926 INFO - []

Of course | O extension functions can also be used within Xpand, but if used for logging purposes you have to deal
with one side effect: Since the functions return the passed object (the result of an expression, in the simplest case
just astring) and X pand prints out expression results to the opened file, the message will be shown on the console,
but also be in the result file. Thisyou might want to avoid, so you can use asmall trick for this: after calling alog
function use the chaining operator and | et the result of the expression be an empty string:

«EXTENSI ON org::eclipse::xtend::util::stdlib::io»
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«DEFI NE j avaCl ass FOR Entity»
«REM»The follow ng expression will dunp the feature names wi thout producing out put
as side effect «<kENDREM»
«features.nanme.info() -> ""»

Thiswill produce this output on the console:

1122 I NFO | OExt ensi ons - [name, age, address]
1740 I NFO | OExt ensions - [street, zip, city]

Each function returns the object on which they have been called, so you can build chain expressions. Or, in other
words, if you have some expression like

elenent.x.y.z.select(t|t.someProp).a

you can aways embed one of these io functions anywhere such asin

el ement. x.syserr().y.z.select(t|t.someProp.info()).a

2.1.11. Controlling the log level

Y ou may want to control the logging level for the messages which are printed via the logging facility. How this
is configured in detail depends on the underlying logging framework. Xpand uses the Apache Commons L ogging
library, which may dispatches to another logging framework, mostly Log4J.

To control the logging level exactly for the IO extensions you have to know the category to which the messages
arelogged to. It iscommon to use the class names of the classesthat use thelogger. In the case of the 1O extensions
thisclassisorg. ecl i pse. xtend. util.stdlib. | OExtensions.

The following example shows a Log4J configuration file which would disable log levels below warning. This
example would only work if the properties file is found at the beginning of the classpath. Make sure that
the file would be found before any other Log4J configurations on your classpath. The file must be named
| og4j . properties.

| 0g4j . appender. CONSOLE = org. apache. | og4j . Consol eAppender

| 0g4j . appender. CONSOLE. | ayout = org. apache. | og4j . PatternLayout

| 0g4j . appender . CONSCOLE. | ayout . ConversionPattern = % %{1} %n %

| og4j . root Logger = I NFO, CONSCLE

# suppress info messages from | CExt ensi ons

| og4j .1 ogger.org. eclipse.xtend. util.stdlib.|OExtensi ons=\WARN, CONSOLE
| og4j .additivity.org.eclipse.xtend.util.stdlib.|CExtensions=fal se

2.2. Counter extensions

Sometimesit is necessary to have counters within transformation code. The counter extensions enableto initialize,
mani pulate and retrieve counters.

Extension: or g: : ecl i pse: xtend:::util::stdlib::counter

2.2.1. int counterinc (Object 0)
Increments a counter.
Parameters:

* 0- A key for this counter. If thisfunction iscalled withanul | argument an anonymous counter is used. If no
counter was registered for the key anew counter instance will be created and initialized with O.

Returns: The incremented counter.

2.2.2.int counterDec (Object 0)
Decrements a counter.
Parameters:

» 0- A key for this counter. If thisfunction is called withanul | argument an anonymous counter is used. If no
counter was registered for the key a new counter instance will be created and initialized with O.

Returns: The decremented counter.
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2.2.3. int counterReset (Object 0)
Resets a counter.
Parameters:

* 0- A key for this counter. If thisfunction is called withanul | argument an anonymous counter is used. If no
counter was registered for the key a new counter instance will be created and initialized with O.

Returns: AllwaysO.

2.2.4. int counterGet (Object 0)
Retrieves the current state of a counter.
Parameters:
» 0- A key for this counter. If thisfunctionis called withanul | argument an anonymous counter is used.
Returns: Current counter value.

2.2.5. Example
«DEFI NE Count er Ext ensi onsDenp FOR Cbj ect »

«FI LE " Count er Ext ensi ons. t xt"»
First counter

get © «counterCet()»
inc : «counterlnc()»
inc : «counterlnc()»
inc : «counterlnc()»
dec : «count er Dec() »
Second (naned) counter
inc : «counterlnc("idx")»
inc : «counterlnc("idx")»
inc : «counterlnc("idx")»
reset © «count er Reset ("idx")»
inc : «counterlnc("idx")»
First counter
inc : «counterlnc()»
«ENDFI LE»
«ENDDEFI NE»

This example will create the following output:

First counter
get :
inc
inc
inc
dec :
Second (naned) counter
inc :
inc :
inc

reset
inc :
First counter
inc :

NWNE O

PO WNBE

w

2.3. Properties extensions

You might want to specify configuration values from properties files from your transformation code. The
Properties extensions can help you there. Before being able to access the properties through an extension
function the properties files must be read and its values stored. This is done through the workflow component
PropertiesReader, which is described below.

Extension: or g: : ecl i pse:: xtend: :util::stdlib::properties

2.3.1. String getProperty (String key)
Retrieves a configuration property.
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Parameters:
* 0 - Property key
Returns: Property value, if defined, else null.

2.3.2. Workflow component

The workflow component PropertiesReader is used to load properties files. It is possible to configure multiple
properties files by adding the propertiesFile tag multiple times.

Table 1. Workflow component or g.eclipse.xtend.util.stdlib.PropertiesReader

Property Type Mandatory Description
propertiesFile String yes The propertiesfile to read
2.3.3. Example

Workflow configuration:

<conponent class="org.eclipse.xtend.util.stdlib.PropertiesReader">
<propertiesFile value="src/configl.properties"/>
<propertiesFile value="src/config2. properties"/>

</ conponent >

configl. properties:
shapes = box, pol ygon, el | i pse, poi nt
Usage in an extension:
extension org::eclipse::xtend::util::stdlib::properties

cached List[String] SHAPES () : getProperty("shapes").split(",").trim);

2.4. Element properties extensions

This allows you to temporarily associate name-val ue pairs with any model element.
Extension: or g: : ecl i pse: : xtend: :util::stdlib::el enentprops

2.4.1. Void setProperty (Object element, String name, Object value)
Sets the property named nane to the value.
Parameters:
* el ement - Themodel element
* nane - Property name
» el ement - The property value
Returns: Nothing.

2.4.2. Object getProperty (Object element, String name)
Retrieves a dynamic property from an element.
Parameters:
* el ement - Themodel element
* nane - Property name
Returns: The property value.

2.5. Issues extensions

In template code there is no direct access to the Issues instance of the workflow's context possible. The Issues
extensions help to report warnings and errors to the I ssues instance during transformation.
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2.5.1.

2.5.2.

2.5.3.

2.5.4.

2.5.5.

2.5.6.

This should not encourage you to use constraint checking and generally raise errors directly from within the
transformations. However, sometimesiit is sensible and useful to be able to do that.

Extension: or g: : ecl i pse: : xtend: :util::stdlib::issues

String reportWarning (String message)
Reports a warning message to the workflow context.
Parameters:

* nmessage - A message

Returns. The message.

String reportWarning (Object object, String message)

Reports a warning message and the qualified name of a context object to the workflow context.
Parameters:

» obj ect - A context objectt

* message - A message

Returns; The message.

String reportError (String message)
Reports a error message to the workflow context.
Parameters:

* nessage - A message

Returns. The message.

String reportError (Object object, String message)

Reports a error message and the qualified name of a context object to the workflow context.
Parameters:

* obj ect - A context object

* message - A message

Returns. The message.

Workflow component

The I ssues extensions require that the workflow component
org.eclipse.xtend. util.stdlib.ExtlssueReport er isconfiguredintheworkflow beforecalling
the extensions. The purpose of this component is make the workflow's | ssuesinstance availablefor the extensions.

The Ext | ssueReport er component does not have any properties.

Example
Workflow configuration:

<?xm version="1.0"?>
<wor kf | ow>

<conponent class="xpand. util.stdlib.ExtlssueReporter"/>
Using from Xtend:

i mport met anodel ;
extension org::eclipse::xtend::util::stdlib::issues;

deno (Model this) :
i ssuesExt ensi onsDenp()
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i ssuesExt ensi onsDeno () :
reportWarni ng("Reporting a warn nessage from Xtend to the workflow');

Console output:

I NFO Wor kf I owRunner runni ng wor kf I ow. wor kf | ow gener at or . nwe

I NFO Conposi t eConponent Ext|ssueReporter: setting up issue logging from
within .ext and .xpt files

I NFO Wor kf I owRunner wor kf | ow conpleted in 1101ns!

WARN Wor kf | owRunner Reporting a warn nessage from Xtend to the workfl ow

2.6. Naming extensions

The Naming extensions are only usable with EMF models. This one helps with names, qualified hames and
namespaces. A qualified name is defined as the seugence of primitive names of the containment hierarchy of an
element, seperated by a dot (e.g. java.lang.String). In order for thisto work, model elements are expected to have
aname attribute of type EString.

Extension: or g: : ecl i pse: : xtend: :util::stdlib::nam ng

2.6.1. String namespace (Object this)
Returns the namespace, i.e. the qualified name minus the name of the element itself.
Parameters:
* thi s - A model element
Returns. The qualified namespace name of the element.

2.6.2. String qualifiedName (Object this)
Returns the qualified name (dot separated) of an element by evaluating its containment hierarchy.
Parameters:
* t hi s - A model element
Returns: The qualified name of the element.

2.6.3. String loc (Object this)
Triesto build a useful description of an element in the model; very useful for error reporting.
Parameters:
* thi s - A model element
Returns: Location information about the element.

2.6.4. Object findByName (Collection candidates, String name)
Searches the candidates for an element with a specific name.
Parameters:
» candi dat es - A collection of model elements
* name - The searched element name
Returns: The searched element or null if no element with that name is contained in the candidates collection.

2.7. Globalvar extensions

Sometimes you might want to share information within a transformation process. One aternative is the use of
GLOBALVAR expressions, but this needs that the variables are configured in the workflow. The Globalvar
extensions help to store and retrieve objects within a transformation process.

Extension: org::eclipse::xtend::util::stdlib::globalvar

Y1t isintended that the uml 2ecore utility can add such a name attribute to every meta class automatically.
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2.7.1. Example

Usage in Xtend:
i mport met anodel ;
extension org::eclipse::xtend::util::stdlib::io;
extension org::eclipse::xtend::util::stdlib::globalvar;

deno (Model this) :
gl obal var Ext ensi onsDemp1() ->
gl obal var Ext ensi onsDenp2()

gl obal var Ext ensi onsDenol () :
"Storing global var...".info() ->
stored obal Var ("nmsg", "Xpand is cool stuff!");

gl obal var Ext ensi onsDenp2 () :
("Getting nessage from gl obal var: "+getd obal Var("nsg")).info();

Console output:

I NFO | CExt ensions Storing global var...
I NFO | OExt ensions CGetting nessage from global var: Xpand is cool stuff!

This a simple example storing a string, but of course you can store the result of any expression this way.

2.8. Cloning extensions

The cloning utilities help you to clone a model element and all its children. The cl one( Cbj ect) function
clones a single object and its children, whereas the cl one( Li st) clones alist of elements. The semantics of
cloningisasfollows:

» the object passed in as a parameter is duplicated
« al objects referenced via containment references are also duplicated, recursively
* the values of the attributes are duplicated

» non-containing references to other objects are copied while the target is not cloned (a reference to the origina
is created in the new object)

Extension: or g: : ecl i pse:: xtend::util::stdlib::cloning

2.8.1. Object clone (Object original)
Clones an object.
Parameters:
» origi nal - Theaobject that should be cloned.
Returns: The cloned object.

2.8.2. List clone (List I)
Clones alist of objects.
Parameters:
* | - Sourcelist.
Returns: The list of cloned objects.

2.9. Cross references extensions

Sometimes there is the need to find objects that reference a specific object. This extension helps to solve this
recurring task. This extension can only be used for EMF based models.

Extension: or g: : ecl i pse:: xtend::util::stdlib::crossref

2.9.1. List[EObject] getReferencingObjects(EODbject target)
Retrieves objects that reference a given object.

76



Stdlib

Parameters:
» target - Thetarget object.
Returns: A list of objects referencing the target.

2.9.2. Example

2.10.

Usagein Xtend:

extension org::eclipse::xtend::util::stdlib::crossref;
crossRef Denp (Model this) :
eAl | Contents. typeSel ect (Dat at ype) . dunpCr ossRef erences() ;

dumpCr ossRef erences (Datatype this) :
(" Nunber of cross references to datatype "+name+":"
+ get Ref erenci ngObj ects(). si ze)
.info()

Console outpuit:

I NFO | OExt ensi ons Nunmber of cross references to datatype Integer:1
I NFO | OExt ensi ons Nunber of cross references to datatype String: 4

UID extensions

Often it is required to create and retrieve unique identifiers for objects through the transformation process. The
UID extensions provide asimple mechanism for thistask. Uniqueidentifiersare calculated from the current system
time plus an internal counter. The extensions therefore only guarantee that the identifier staysthe same within one
workflow execution, but will change through different runs. If you need to have unique identifiers that stay the
same over every generation run (e.g. for Protected Regions Ids) then you need another mechanism.

If you are loading the model that assigns IDsto ECbj ect (only for EMF based models) thexmi 1 d() function
will be useful. Especially when using UM L 2 model s thisfunction will return a unique and non-changing identifier
for objects.

Extension: or g: : ecl i pse: :xtend::util::stdlib::uid

2.10.1. cached String uid( Object 0)

Retrieves an unique identifier for an object. Creates a new one on first access.
Parameters:

* 0 - A model element or other object.

Returns: The UID for this object

2.10.2. String createUID( Object 0)

Creates a unique identifier for an object.
Parameters:

* 0 - A model element or other object.
Returns: A newly created UID for this object.

2.10.3. String xmlid (ecore::EObject 0)

2.11.

Retrieves an object's identifier. The object must be read from a XML Resource.
Parameters:

* 0-Anobject.

Returns: The object'sid. Returns null if the object was not load from a XML Resource.

Mixin extensions

These utilities help with mixin models. Mixin models are typically simple models that provide additional
information about model elements in a source model of atransformation. They can be seen as annotations.
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These utilities expect that the mixin models have a very specific structure: A root element, and then any subtree,
where the elements have a name attribute. Here's an example:

Figure 1. Mixin model example

platform: fresourcef/smarthome, osgi.trafo, FromChd)src/cbdZosgiMixin. ecore
- # cbdZosgiMixin
=-H Cbd20sgiMixin
: 53 controlingServiceRefSpecs : ControllingServiceRefSpec
; &2 bundleSpecs : BundleSpec
= H ControlingServiceRefSpec
5 name ; EString
: & controlingServiceRefMame : EString
= BundleSpec
5 name : EString
5 rootPackage : EString

The mixin elements are Cont r ol | i ngSer vi ceRef Spec and Bundl eSpec. They are owned by the root
element, Cbd2CGsgi M xi n. The name is expected to contain the qualified name of the element the annotation
refers to. Once the model is set up like this, and made available to a transformation using the workflow's
GLOBALVAR fecilities, you can then use the extension functions.

Extension: org::eclipse::xtend::util::stdlib::mixin

2.11.1. Object getMandatoryMixin( Object mixinModel, Object ctx, xpand2::Type t)

Returns the corresponding mixin element for the context object; the mixin must be of typet and its name attribute
must correspond to the qualified name of the context. If none is found, a workflow ERROR is raised and a null
object isreturned (so you can call additional operations on it without getting a null evaluation error).

Parameters:

* m xi nMbdel - Theroot element of the mixin model.
» ct x - The context object.

» t - Thetype of the mixin model element.

Returns: The mixin model element corresponding to ctx.

2.11.2. Object getOptionalMixin( Object mixinModel, Object ctx, xpand2::Type t)
Same as getMandatoryMixin(), but does not raise an error in case nothing is found.

2.12. Tracing extensions

The tracing extensions allow to create trace paths during your model transformations. This is done by creating
a trace model which holds references from source to target elements. Traces must be added explicitly to the
transformation code.

Extension: or g: : ecl i pse: :xtend: :util::stdlib::tracing
2.12.1. Void createTrace( Object from, Object to, String kind, String backKind )

Creates a trace between two elements.
Parameters:
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» f r om- Source element.

» t 0 - Target el ement.

» ki nd - Name for the trace from source to target.

» backki nd - Name for the trace from target back to source.
Returns: Nothing.

2.12.2. Void createTrace( Object from, Object to, String kind)

Creates a trace between two elements.

Parameters:

» f r om- Source element.

e t 0 - Target element.

e ki nd - Name for the trace from source to target.
Returns: Nothing.

2.12.3. Void clearTrace()

Clearsall traces.
Parameters. none
Returns: Nothing.

2.12.4. Object getSingleTraceTarget( Object from, String kind )

Finds the target of atrace. This function will report an error if no trace for the source element to the target of the
specified kind can be found.

Parameters:

» from- Source element.

ki nd - Trace kind name.

Returns: The target element of that trace.

2.12.5. Boolean hasTrace( Object from, String kind )

Provesif atrace of a specific kind exists for some element.
Parameters:

» from- Source element.

ki nd - Tracekind name.

Returns: true, if atrace of that kind exists for the element.

3. Stdlib workflow components

Besides the extensions described in the previous section Xpand's Stdlib provides some workflow components.

3.1. SystemCommand

This component executes a system command.

Table 2. Workflow component or g.eclipse.xtend.util.stdlib.SystemCommand

Property Type Mandatory Description
command String yes The command to execute.
directory String no Execution directory.
arg String no (multiple) command arguments
env String no (multiple) additional environment entries. Format:
[key],[value]
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Example:

<conponent class="org.eclipse.xtend.util.stdlib.SystenmConmand">
<directory val ue="src-gen"/>
<conmmand val ue="sh"/>
<arg val ue="processdot.sh"/>

</ conponent >

Console output:
1639 INFO - Running command '[sh, processdot.sh]' in directory [absol utepath]
1667 INFO - processing shape_box.dot ...
2597 INFO - processing shape_pol ygon. dot ...

3564 | NFO - Execution of command was successful.

Windows tip:

When executing a command on windows this is typically done with the cmd as command value. It is important
that the command terminates, therefore the argument /c must be appended as arg val ue?

3.2. SlotCopier

This component copies an element from one slot to another. The slot content is not cloned.

Table 3. Workflow component or g.eclipse.xtend.util.stdlib.SlotCopier

Property Type Mandatory Description
fromSlot String yes Source slot name.
toSlot String yes Destination dot name.
removeT opL evel Ll lsbolean no If true the source slot must contain a list and the top

level list is removed (i.e. the first element from the list
is copied to the destination slot), otherwise it is not
removed.

Example:

<conponent class="org. eclipse.xtend.util.stdlib.Sl otCopier">
<fronsl ot val ue="nodel "/ >
<toSl ot value="target"/>

</ conponent >

Console output:
I NFO Sl ot Copi er copying org. eclipse.enf.ecore.inpl.Dynan ceEObject | npl @fdbef
(eC ass: org.eclipse.enf.ecore.inpl.Ed asslnpl @c5b01

(name: Model) (instanceC assNane: null) (abstract: false, interface: false))
[org. eclipse.enf.ecore.inpl.Dynan cECbject! npl]

3.3. SlotListAdder
This component copies an element from one slot to alist contained in another slot.

Table 4. Workflow component or g.eclipse.xtend.util.stdlib.SlotListAdder

Property Type Mandatory Description
model Slot String yes Source slot name.
listSlot String yes Target slot name. Thisdlot contains alist of elements.
uniqueNames boolean no If true, names haveto be unique, otherwisenot. Requires
that model Slot contains an EObject.

Example:

’See http://www.ss64.com/nt/cmd.html, http://www.java-forum.org/de/viewtopic.php?p=469059
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This example adds the content of ot '‘model’ to the ot 'targetList’. The slot 'targetList’ does not contain anything
at the time of execution.

<conponent class="org.eclipse.xtend.util.stdlib. SlotListAdder">
<nodel Sl ot val ue="nodel "/ >
<listSlot value="targetList"/>

</ conponent >

Console output:

I NFO Conposi t eConponent Sl ot Li st Adder: adding contents of slot 'nodel' to the list of
stuff in 'targetlList’

I NFO Wor kf I owRunner wor kf I ow conpl eted in 1503ns!
WARN Wor kf | owRunner 'targetList' is enpty, creating a new list.
[org.eclipse.xtend.util.stdlib.SlotListAdder @536e7]

Note that the warn messages will appear after the workflow finished, since they are reported as a workflow warn
issue.

3.4. SlotPrinter

This component prints a workflow context slot content to the log. This can be useful for debugging purposes.

Table 5. Workflow component org.eclipse.xtend.util.stdlib.SlotPrinter

Property Type Mandatory Description
slotName String yes The name of a slot whose content should be dumped.
message String no An optional message that will be prefixed to the log
output.
level String no Thelog level for the message. Valid valuesare TRACE,
DEBUG, INFO, WARN.

Example:

<conponent class="org.eclipse.xtend.util.stdlib.SlotPrinter">
<sl ot Nanme val ue="nodel "/ >
<message val ue="DUWP"/>
<l evel val ue="INFQO'/>

</ conponent >

Console output:
INFO SlotPrinter DUMP: (slot: nodel)org.eclipse.enf.ecore.inpl.Dynani ceCbject! npl @22ddb

(eC ass: org.eclipse.enf.ecore.inpl.Ed asslnpl @eOce9 (nane: Mddel) (instanced assNane: null)
(abstract: false, interface: false))
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Chapter 5. Xpand Eclipse Integration

1. Introduction

This document describes the various functionalities that the X pand plugins contribute to the Eclipse installation.

It isintended as user instruction for the work with Eclipse. Y ou need to read other documentation to understand
the Xpand framework itself.

2. Installation

It is assumed that you aready have installed the Xpand core and the Xpand Ul feature from the update site as
described in the Installation documentation.

3. Overview

The Xpand Ul plugins provide editors for the different languages and a launch shortcut to start workflow files.
Let usfirst have alook at the different X pand specific files.

4. File decorations

When you open Eclipse and import a project into the workspace you can see several file decorating images.

There are specific images for: #FE Package Explorer 52
» Workflow files (. mve extension) 0 .
i = ¥pand.generator.project
« Xpand2 templates (. xpt extension) & src
E metamodel
|C] Checks.chk
|E| Extensions.ext
#| metamodel.ecore
E template
|E| GeneratorExtensions.ext
|T] Template.xpt
B workflow

|[¥] generator.mwe

« Extensionfiles (. ext extension)
» Check congtraints (. chk extension)

5. Editors

When you doubl e-click on one of the above mentioned file types, special editorswill open that provide appropriate
syntax coloring.

5.1. Syntax coloring

Here are examples for the Xpand editor:

ﬁj Rook, xpk ﬁﬂ Component,xpt 23

«TMPORT scim: tran: @ cormps

«IMPORT Scm: imm: :exs

«DEFIHE Foot FOR sSci: :rmn: : SCHTop:

«EXPAHD ComponentPoijo: :Root FOREACH A11Elements0fModel.typeele

<EXPAND Exception::FRoot FOBREACH ALllElements0OfModel.typelelect (3
«EHDDEF IHE

for the Extensions editor:
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Ii] Roook, xpk

import scm: imm: thase;
extension scm::templates:thelper: NamingHelper:
J.Hnr
% Package nsimes
L
implEasePackagelame (SCHComponent o)
c.PackageName + '.impl':

and for Check editor:

|i] Root,=pt o -
hmpnrt sCcm: inn: thase;
import =scm:imm: ibo;

context SCMOperation ERROR "you can only use exceptions
Exception.fordll( e | 3CHibstractException.isInstanc

context SCHOperation ERROR "class must be specified!™ @
this.hasClass;

5.2. Code completion

The Editors provide extensive code completion support by pressing Ctrl + Space similar to what is known from
the Java editor. Available types, properties, and operation, as well as extensions from . ext fileswill be found.
The Xpand editor provides additionally support for the Xpand language statements.

«TMPORT scin: ton: @ comps
«IMPORT =cin: imn: @ eXs

«DEFIHE Foot FOR scm: :mm: :3CHTops
«EX

@ exists(String) Boolean - CustomMaodelElement:
ExPAMND
EXTEMSION

5.3. Xpand tag delimiter creation support

In the Xpand editor there is an additional keystroke available to create the opening and closing tag brackets, the
guillemets ("«" and "»").

Ctrl +< creates " «"
Ctrl +> creates"»"

6. Preference pages

6.1. Metamodel contributors
Xpand supports severa types of meta-metamodels.

From older versions, the classic UML metamodels may be known. Currently also JavaBeans metamodels and
EMF based metamodels are supported out of the box.

Additional metamodel contributors can be registered through an extension point.
The editors need to know with what kind of metamodels you are working. Therefore, one can configure the

metamodel contributors on workspace and on project level.
6.2. Global preferences

If you work always with the same type of metamodels, you can specify the metamodel contributorsin the global
preference page. It is available under Windows --> Preferences in the Xtend/Xpand section.
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6.3. Preferences per project

In the project property page there is aso an Xtend/Xpand section available.

Therein you can enable the Xtend/Xpand nature (see below) and set project specific metamodel contributor
settings.

" type filter text | Xtend/Xpand =
REFUW[E W Enable project specific settings Configure Workspace
Builders
Java Build Path Activated metamodel contributors:

*Java Code Style L JavaBeans Metamodel —
*Java Compiler

E EMF Metamodels —
*Java Editor

[l oAW-Classic Metamodel
Javadoc Location

[T UML2 profiles
FPlug-in Development 1 ¥SD Metamodels
Project References -

Run/Debug Settings
Xtend [Xpand

( Restore Defaults ) ( A

@ C Cancel ) H

7. Xpand Nature and Xpand Builder

Y ou have seen in the last screenshot that you can switch the Xpand nature on. If you do so, you enable analyzer
support for all Xpand specific file typesin that project.

7.1. Problem markers

During the build process, al found problems are marked in the editors as well as listed in the Problems view.
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[

I«IMPI]RT SCI D I D oompe
«IMPORT =cin: imm: @ exs

«DEFIHE Foot FOR scm: :mm: :3CHTops

o «EXPAND ComponentPodjo: iRoot FOREACH Al1ElewentsOfModel,:
«EXPAND Exception::Foot FOREACH AllElewentsOfModel.type:
«ENDDEF ITHE =

1

[3_._ Problems &3 Jawadoc | Declaration | Console | Progress |

ZZ errors, 68 warnings, 0 infos

d | Description | Resource | In Faolder
@ Couldn't find definition ComponentPojo::Root for ... Component,xpt oawd, demo, cla:
@ Couldn't find operation 'decoratorProxyFilenamel...  ComponentProxy,xpk oawd, dema. cla:
@ Error parsing extensions : Unable to load extensi...  ComponentProsy,xpk oawd, demo, cla:
@ sString expected! CamponentProsxey, xpk oawd, dema. cla:

In the current implementation analyzes take place when Eclipse runs an incremental or full build. That means,
problem markersare actualized when afileis saved, for instance. If you arein doubt about the actuality of problem
markers, you should clean your project and let it rebuild again.

Note that if you change signatures of e.g. extensions the referencing artifacts (Xpand templates, etc.) are not
analyzed automatically.

8. Running a workflow

Y ou can start aworkflow by right clicking on aworkflow file (* . mmve) and selecting Run As - MWE workflow.
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s~

S )%-0- Q- |G- ®@ P00

. XD Dy e

[Tl Template.xpt &3

«IMPORT metamodels

«EXTENSION template::GeneratorExtensions:

«DEFINE main FOR Models
«EXPAND jovaClaoss FOREACH entities()»
«ENDDEFINE»

«DEFINE jovaClass FOR Entitys

(1 package Explorer £ 5§~ -0
¥ = xpand.generator.project
v & src
¥ £ metamodel
[€] Checks.chk
[E] Extensions.ext
#] metamodel.ecore
¥ i template
[E] GeneratorExtensions.ext
[T} Templatexpt
¥ 2 workflow
[F] generator.mwe |
[¥] generatorwithf  New >
& Model.xmi
2 src-gen Open F3
b = JRE System Library vt OP€N With g
b = Plug-in Dependencies Show In AW 4
b = META-INF =
% build.properties = Copv %C
EZ Copy Qualified Name
[ Paste xv
# Delete =
Build Path [ ]
Refactor NHET >
ta3 Import...
& Export...
" Refresh F5

Assign Working Sets...

Debug As
Team

P e m = VATEale

>
>
>

«FILE name+".java"s»
public class «namex {
«FOREACH features AS f»
private «f.type.names «f

public void «f.setter()w»
this.«f . namen = wf.m

}

public «f.type.names «f .4
return «f . nomes;

}
«ENDFOREACH»

}
«ENDFILE»
DDEFINEx»

r

lems &2 @ ja\radnq [, Dec Iaratinn}

=
tion

3 1 MWE Workflow

External Tools Configurations...

Becauseitisanormal launch configuration, you could run or even debug it using the normal Eclipse functionality.
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As projects become larger, so typicaly do their models. However, the larger the models are, the longer the code
generation process takes. In a mature project, a developer typicaly changes only a small part of alarge model.
Performing a full code generation process for the whole model slows down the development cycle considerably
dueto various factors:

» The whole model must be traversed, and each statement in the Xpand templates must be executed. The larger
the model is and the more X pand templates you have, the higher the negative impact is.

 All generated files are written to disk. The 1/O operation itself is one major contributor to the overall elapsed
time. What'smore, files are typically post-processed by beautifiers, which is another time consuming operation.
If you are working with protected regions, the impact is even more dramatic.

» Since every file has a new timestamp after code generation, typically a compiler will pick up these new files
and start compilation, which adds more CPU and 1/O cycles to the process.

Considering that for a small change in the model only a fraction of the generated files actually do change their
contents, performing afull generation is obviously awaste of time.

Beginning with the Helios release train (Eclipse 3.6, X pand 0.8), Xpand now shipswith an incremental generation
facility. This works very similar to the incremental Java compiler in Eclipse. It detects which parts of a model
have changed since the last generation process. It then determines which files need to be generated due to that
change and which are unaffected by it. Only the former are the regenerated, while the latter remain untouched.

The following sections explain how thisincremental generation feature works and how you can useit.

1. Technical Background

The key to incremental generation lies in knowing which element in a model was used to generate which file.
This information can easily be computed during generation, by tracking which parts of the model are accessed
in the context of any given «FI LE» statement. A callback for the Xpand generator does this job and builds up
aso-called trace model on-the-fly.

The second important information is the actual change that has occurred in amodel. There are basically two ways
to compute this. One is to attach a change listener when editing the model and capture the change as it happens.
The other way is to keep a backup copy of the model and compare the old version with the current version to
compute the change. See Section 3.2, “Performance Considerations’ for pros and cons of each of the two ways.
In either case, the result is a so-called diff model.

When we know which parts of a model have changed, and we also know which files have been produced based
upon these parts of the model, we can then skip the generation of all other files, thus performing incremental
generation.

2. Using Incremental Generation

2.1. The Incremental Generation Facade

The easiest way to benefit from incremental generation is to use the Incremental GenerationFacade workflow
component:

<wor kf | ow>
<conponent id="increnmental"
cl ass="org. ecli pse. xpand2. i ncrenental . | ncrenment al Gener at i onFacade" >

<newMbdel Fi | e val ue="pat h/to/ your/nodel .file" />
<ol dMbdel Fi | e val ue="pat h/t o/ backup/ nodel . file" />
<traceModel Fil e val ue="path/to/store/trace/ nodel .trace" />
<outl et path="path/to/your/outlet/" overwite="true"/>

</ conponent >

<conponent id="generator" class="org.eclipse.xpand2. Generator">
<expand val ue="your::tenpl ate:: Root FOR nodel" />
<outl et path="tenp/" overwite="true"/>
<met aModel cl ass="org. eclipse. xtend. typesystem enf. Enf Regi stryMetahMbdel " />
<vet oabl eCal | back i dRef ="i ncrenmental " />
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</ conponent >
</ wor kf | ow>

The Incremental Gener ationFacade takes four parameters:

» The newModelFile is the file path where the model to generate is stored. This file is stored in a model slot
named model

» The oldModelFile is the file path where a copy of the previous state of the model is stored. The model is
automatically copied to this location after the generation process and kept between generator invocations.

» ThetraceModelFileisthefile path where the trace model of the generation processis stored between generator
invocations.

» A regular outlet list that must match the one given for the regular generator invocation.

The Incremental GenerationFacade component must then be passed as a vetoableCallback parameter to the
invocation of the X pand Generator.

With the simple workflow given above, you should be able to observe that for any given change in the model,
only the files affected by that change are regenerated, while all others remain untouched. Even deleting elements
will result in specific (previously generated) files being deleted from the hard disk.

Note that you have to use file paths for all models because they are physically copied on the hard disk. Passing
locations that can only be resolved from the classpath is not possible.

2.2. The Incremental Generation Callback

While the Incremental GenerationFacade is easy to use, it is rather restricted in its capabilities and fixed in the
operationsit performs. Using the Incremental GenerationCallback gives you more control over the stepsinvolved.
A typical workflow for incremental generation needs to perform the following tasks:

1. Read the (current) model into aslot.

2. Read the previous state of the model into another slot. This may, of course, not exist, e.g. for the very first
invocation. Full generation must be performed in this case.

3. Compute the changes between the two versions of the model (if possible) and put that diff model into aslot.

4. Read the trace model computed during the previous generator invocation and put it into aslot. Aswith the old
state of the model, this may not exist, which also leads to full generation.

5. Initialize the Incremental Gener ationCallback with the diff model and the trace model.
6. Run the Xpand Generator component with the Incremental Gener ationCallback.

7. Clean obsolete files, i.e. files that need to be deleted because the corresponding elements in the model have
been deleted.

8. Writethe new trace model computed during code generation to the hard disk so that it is available for the next
generation process.

9. Make abackup copy of the model so that it can be compared with the next version upon subsequent generator
invocation.

Thisisasample workflow that performs al these steps:

<wor kf | ow>
<!-- read new nodel -->
<conponent id="nodel reader" class="org.eclipse.enf.mwe.utils.Reader"
uri ="nodel / ny. nodel "
firstEl enentOnl y="true"
nodel Sl ot =" nodel "
/>
<l-- read old nodel, copied fromprevious run. may not exist, so ignore mssing nodel -->
<conponent id="ol dnodel reader" class="org.eclipse.enf.mwe.utils.Reader"
uri ="tenp/ ol d. nodel "
firstEl enentOnl y="true"
i gnor eM ssi nghbdel ="t r ue"
nodel Sl ot =" ol dnodel "
/>

<l-- conmpute diff. -->
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<conponent id="conpare" class="org.eclipse.xpand2.increnental.conpare. Enf Conpare"
ol dvbdel Sl ot =" ol dnodel "
newMbdel S| ot =" nodel "
di f f Model Sl ot ="di ff"

/>

<l-- read trace nodel, produced by previous run. nmay not exist, so ignore mssing nodel -->
<conponent id="tracenodel reader" class="org.eclipse.enf.me.utils.Reader"
uri="tenp/trace.trace"
firstEl enentOnl y="true"
i gnor eM ssi nghbdel ="t rue"
nodel Sl ot =" ol dt r ace"
/>

<l-- this is the actual increnmental generation callback -->
<conponent id="increnmental"
cl ass="org. ecli pse. xpand2. i ncrenmental . | ncrenment al Gener ati onCal | back"
di f f Model Sl ot ="di ff"
ol dTr aceModel Sl ot =" ol dt race"
newTr aceMbdel Sl ot ="trace"
/>

<l-- generate code -->
<conponent id="generator" class="org.eclipse.xpand2. Generator">
<expand val ue="resources::tenpl ates:: Test:: Test FOR nodel" />
<outl et path="sonewhere/" overwite="true"/>
<met aMbdel cl ass="org. eclipse. xtend.typesystem enf. Enf Regi stryMetahbdel " />
<vet oabl eCal | back i dRef ="i ncremental " />
</ conponent >

<l-- clean obsolete files -->

<conponent id="cleaner" class="org.eclipse.xpand2.increnental.FileC eaner">
<ol dTraceMbdel Sl ot val ue="ol dtrace" />
<newTr aceMbdel Sl ot val ue="trace" />
<outl et path="sonewhere/" overwite="true"/>

</ conponent >

<l-- wite trace nodel -->

<conponent id="tracenodelwiter" class="org.eclipse.enf.me.utils.Witer"
nodel Sl ot ="trace"
uri="tenp/trace.trace"

/>

<I'-- make backup copy of nodel -->
<conponent id="copier" class="org.eclipse.enf.mwe.utils.FileCopy"
sour ceFi | e="nodel / my. nodel "
targetFil e="tenp/ ol d. nodel "
/>
</ wor kf | ow>

3. Additional Notes

3.1. Limitations

The incremental generation process can only be used with EMF-based models. That's because all intermediate
artifacts (diff model and trace model) which reference the original models are also stored as EMF models. It is
therefore not possible to refer to other model formats. Moreover, you should make sure that your model has stable
IDsfor the individual model elements so that the model comparison doesn't run into any ambiguities.

Also note that at the moment, X pand cannot track accessto model elementsfrom JAVA extensions. This can lead
to cases where a change in a specific model element should trigger a specific (set of) file(s) to be regenerated, but
it actually doesn't. That's because Xpand didn't know about the model element being accessed during the original
file generation, so it has no indication that aregeneration isrequired. For that reason you should try to access your
model as much as possible from Xpand or Xtend, and only resort to JAVA code when it is unavoidable.

3.2. Performance Considerations

The main performance benefits of incremental generation come from not doing things that are not necessary.
Given the workflow from Section 2.2, “The Incremental Generation Callback”, it may seem counterproductive
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to first perform a costly model comparison operation before it can even be determined whether a file has to be
generated or not.

Whileit is true that model comparison is a very expensive operation, it turns out that it still outweighs the costs
of unnecessarily generating files, even if no postprocessing or subsequent compiler invocation isinvolved.

That said, it isdefinitely preferrableto do without amodel comparison and rather capture the changesto the model
on-the-fly. So whenever you are working in a controlled environment, you may want to consider a customized
integration of the generator invocation with the model editors.
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Chapter 7. Improve performance using
the backend

Another approach to improve generation and model transformation performance, isto use the M2T Backend. The
M2T Backend is a new execution engine for model to text (M2T) and model to model (M2M) transformations
that provides:

» compilation of M2T and M2M languages supported on the backend by providing a middleend that translates
the respective language into a Backend abstract syntax tree. ThisAST isin turn compiled to Java. The compiler
is till experimental.

» Backeend interpreted execution of M2T and M2M languages supported on the backend.
« performance improvement employing lazy string concatenation and aggressive caching
* language interoperability, e.g. mix Xpand with Xtend2

The M2T Backend provides a compiler that compiles resources written in Xpand / Xtend / Check and other
languages supported on the backend to Java. The backend is used as a common platform just like the VM
is a common platform for multiple languages. Languages supported on the backend are interoperable in same
way as languages supported on the VM are interoperable. This enables you to import templates, extensions and
transformations written in other languages than X pand/Xtend/Check and call functions declared therein, e.g. call
an QVT transformation from Xpand. As soon as a middleend for Xtend2 is available, interoperability with old
fashioned X pand/Xtend/Check will be supported.

Beginning with the Eclipse Helios rel ease (Eclipse 3.6) the M2T Backend is part of M2T Xpand. As of the Eclipse
Indigo release the Backend Compiler has been added.

1. Technical background

The basic idea behind the M2T Backend is to not build a compiler for every language but use an intermediary
"language”, i.e. the backend abstract syntax tree, that is compiled into executable Java code. Xpand, Xtend and
Check are trandlated into a backend AST by so called middleends. Middleends are specific for each language.
Hence, there exists a language specific middleend for each supported language. If a middieend for a certain
language is available, it is compilable into Java code and finally to bytecode using a plain Java Compiler or
automatically during the build Eclipse JDT Compiler. In contrast to the backend language, Xpand, Xtend and
Check are called frontend languages.

The M2T Backend supports functional and aspect oriented programming. Amongst others it supports language
features such as:

* closures
* higher order functions - use any expression as parameters, even function calls
« currying of functions

» multi dispatch - call afunction based on the runtime parameter types asin Xpand / Xtend / Check instead of
the statically assigned parameter types asin Java

 guards on functions - constrain the execution of a function to certain conditions defined in the guard

« deferred evaluation of expressions - use the function call as a placeholder and evaluate the expression later
« AOP

* declare functions in Java using several annotations

 Support for multiple typesystems a.k.a metamodels. Currently JavaBeans, EMF, Eclipse UML2 and XSD are
supported.

1.1. How it works in interpreted mode

In interpreted mode the following steps are executed:
» Read aresource, e.g. an Xpand template.

 Find the responsible middleend, that is capable to convert the frontend language AST (e.g. Xpand) into the
backend AST. Whether a middleend can handle the transformation of a certain frontend language AST into
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the backend AST, is determined based on the file ending of the resource, e.g " .xpt" and by trying to parse the
resource with the middleends frontend parser.

 Finally, execute the backend AST using the backend.

2. Using the backend

2.1. A quickstart
Before you can start, you need to install the following features:
» Xtend Backend
» Xtend Backend UML2Types
» Xtend Backend XSDTypes
» Xtend Backend Compiler

» Xtend Backend Ul (only required by the compiler)

» Xpand Middleend

» Xpand Middleend Ul (only required by the compiler)

» Xtend Middleend

» Xtend Middleend Ul (only required by the compiler)

Altenatively you may install theXtend Backend SDK and Xpand Middleend SDK

Asaquickstart you may use the Xpand Project wizard and select "Generate a sample EMF based X pand project”.
After completion of the wizard you will find the workflow file "generatorWithBackend.mwe" in the "workflow"-
folder. The workflow is ready to use the backend for generation.

2.2. Compiling sources to Java

The compiler can be activated as a builder by adding M2T Backend Compiler nature to the project. Thisis done
selecting "Configure” >"Add M2T Backend Compiler” from the context menu of the Xpand project. All Xpand/
Xtend/Check resources will then be compiler to Java source files into the "backend-gen” folder of the project.
When selecting "Clean..." from the project menu the Backend Compiler will do a full build, while changing a
Xpand/Xtend/Check resource will compile this resource incrementally.

The compiler is still experimental.

2.3. Executing workflows using the backend

The backend can execute functions and templates that have been compiled to Java or other resources that can be
handled by one of the available middleends. It automatically recognizes compiled resources if available on the
build path and prefers them over native X pand/Xtend/Check resources.

The best way to execute compiled functions/templates is to use the X pandComponent or XtendComponent. The
name of the function to be called is the same fully qualified name as defined in X pand/Xtend/Check.

2.3.1. Setting up the backend languages

Before you can use a language like Xpand with the backend, the responsible middleend must be
registered at the backend. This is done with the or g. ecl i pse. xt end. m ddl eend. LanguageSet up.
Middleends ae being «cdled a |anguageContri butor here.  You can register
any language specific middleend. Language specific middleend implement the interface
org. ecli pse. xt end. m ddl eend. pl ugi ns. LanguageSpeci fi cM ddl eEnd . To register the
Xpand, Xtend and Check middleends, do the following in the workflow before invoking the middleend component
of any of the respective languages:

<conponent

cl ass="org. ecli pse. xt end. m ddl eend. LanguageSet up" >

<l anguageCont ri but or

val ue="org. ecl i pse. xt end. m ddl eend. xt end. pl ugi n. O dXt endRegi stryFactory"/>
<l anguageCont ri but or

val ue="org. ecl i pse. xt end. m ddl eend. xt end. pl ugi n. O dCheckRegi stryFactory"/>
<l anguageCont ri but or

val ue="org. ecl i pse. xt end. m ddl eend. xpand. pl ugi n. O dXpandRegi stryFactory"/>
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</ conponent >

Now that the middleends are registered, you can use the respective middleend workflow components to use the
backend in interpreted mode.

2.3.2. Calling Xpand templates - the generator

The Xpand middleend introduces a new component to be used instead of
org. ecl i pse. xpand2. Gener at or to call Xpand templates from aworkflow. The component has the same
parameters as the Xpand Gener at or component. Hence, the following workflow fragment calls the template
tenpl ate: : Tenpl ate: : mai n:

<conponent class="org. eclipse. xtend. m ddl eend. xpand. XpandConponent " >
<met aModel i dRef="mm enf"/>
<expand val ue="tenpl ate:: Tenpl ate: : main FOR nodel " />
<outl et path="${src-gen}" >
<post processor class="org. eclipse.xpand2. out put.JavaBeautifier" />
</ outl et>
</ conponent >

The component supports all properties of Generator, except coll ectProfil eSummary and
ver boseProfi |l eFi | enane

2.3.3. Executing Check on the backend

Just as the Xpand middleend, the Check middieend also provides a new component to execute checks on
the backend. The component or g. ecl i pse. xt end. check. CheckConponent has to be replaced with
org. eclipse. xtend. m ddl eend. xt end. CheckConponent . The new component uses the same
properties as or g. ecl i pse. xt end. check. CheckConponent . Hence calling checks using the backend
would look like this:

<conponent class="org. eclipse. xtend. m ddl eend. xt end. CheckConponent " >
<met aModel i dRef="mm.enf"/>
<checkFi | e val ue="net anodel : : Checks" />
<enf Al |l Chil drenSl ot val ue="nodel "/ >

</ conponent >

2.3.4. Executing Xtend extensions on the backend

To invoke Xtend extensions from the workflow, the Xtend middleend introduces the new
component or g. ecl i pse. xt end. m ddl eend. xt end. Xt endConponent . The new component
provides the same configuration properties as the old one. Hence, you may invoke the extension
ext ensi ons: : nodi fi cati on: : nodi fy using the following workflow fragment:

>conponent cl ass="org. eclipse. xtend. m ddl eend. xt end. Xt endConponent " >
<met aModel idRef="mmenf"/>
<i nvoke val ue="ext ensi ons: : nodi fi cati on:: nodi f y(nodel )"/ >

</ conponent >

2.4. Implementing functions in Java - the Java Annotations Middleend

Functions may also be contributed by the Java Annotations Middleend to the M2T Backend. The middleend is
implemented by
org. ecli pse. xt end. m ddl eend. j avaannot ati ons. JavaFuncti onC assContri but or
Registration of Java classesis done by calling the method cl assAsResour ce with aclass.

Functions have qualified names in the backend represented by
org. ecl i pse. xt end. backend. conmon. Qual i fi edNane consisting of a namespace and a
simple name. E.g. the Xpand definition tenpl ate:: Tenplate::main has the namespace
t enpl at e: : Tenpl at e and the ssimple name nai n. The String representation of the QualifiedName would be
tenpl at e: : Tenpl at e: : mai n. When registering Java Defined Functions, normally only the simple name of
afunction will be defined asit's name. The simple name is method name. To set the qualified name of afunction
use the annotation @Rt Qual i f i edNanme. The namespace will be derived from the fully qualified class name.

Per default, all public methods will be registered as functions. To prevent the registration of a method, annotate it
with @2t NoFunct i on. You may aso use one of the following annotations:
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* @Rt Cached - use caching
e @®t Privat eFuncti on - mark the function as private
e @2t AroundAdvi ce( poi nt cut) - usethe method as around advice. The pointcut has the parameters:

« nanePat t er n - apattern for function names asin Xpand par anTTypeNanes - an array with patterns of
parameter type names hasVar Ar gs - true, if the matching functions have any number of parameters after
par anifypeNanes the specified in the pointcut

Functions defined by methods of a Java class can be directly called on the facade
org. ecli pse. xt end. m ddl eend. j avaannot at i ons. JavaAnnot at i onBackendFacade .Call
the method invoke to invoke functions defined in Java:

i nvokeFunction(String cl assName, BackendTypesystem
ts, QualifiedNanme functionNanme, List<?> parans)

3. Call functions registered at the backend from Java

To cdl functionsregistered at the backend usetheor g. ecl i pse. xt end. backend. BackendFacade. To
invoke a function on the backend call the method

i nvoke (ExecutionContext ctx, QualifiedName
functi onNarme, List<? extends Object> parans)
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Chapter 8. UML2 Adapter

1. Introduction

It is based upon the UML2 2.0 framework of Eclipse and provides a type mapping from the UML 2.1 metamodel
implementation to the X pand type system. Hence one can access the whole UML 2 metamodel from Check, Xtend,
and Xpand. Additionally, and moreimportant, the adapter dynamically maps stereotypes applied to model elements
to Xpand types and tagged values to Xpand properties. You do not have to implement additional Java classes
anymore. Just export your models and applied profiles. That's al!

2. Installation

First you need to install the UML2 feature from eclipse.org:

http://downl oad.eclipse.org/modeling/mdt/updates/rel eases/

The Xpand uml 2adapter is available from the X pand update site:

http://downl oad.eclipse.org/modeling/m2t/updates/rel eases/

(Go to the home page of the project and find the current location if either of the sites do not work)
Restart your Eclipse workbench when Eclipse asks you to do so.

3. Setting up Eclipse

Y ou need to configure your project (or the whole workspace) to use the UML 2Adapter.

Right-click on the project and choose 'properties’ from the pop-up menu. Therein open the "Xtend/Xpand' tab,
activate the checkboxes Enable project specific settings and add the UML2 profiles metamodel contributor. Use
the Up-button to push the UML2 profiles contributor to the first position.

3.1. Profiles in Eclipse

If you want Eclipse to register your specific profile in order to provide static type checking and code completion
in the editors, the profiles (*.profile.uml or *.profile.uml2) need to be on the classpath of the project (e.g. are
contained inasr c folder)

4. Runtime Configuration

Atruntime, you just needtheor g. ecl i pse. xt end. t ypesystem um 2-1. 0. 0. j ar (or later). You can
use the dependency mechanism of Eclipse from the PDE, or copy or reference the respective JAR file directly. It
does not matter, you just have to take care that it is on the classpath.

4.1. Workflow

If you have written some Check, Xtend or Xpand files and now want to execute them, you have to provide the
right configuration.

Y ou heed to configure the UM L 2 metamodel and a profile metamodel for each profile you used directly. A typical
configuration looks like this:

<wor kf | ow>
<bean cl ass="org. eclipse. xtend. typesystem um 2. Set up" standar dUM.2Set up="true" />
<conponent class="org. eclipse. xtend. typesystem enf. Xm Reader" >

</ conponent >
<conponent cl ass="org. eclipse. xpand2. Generator">
<met aModel cl ass="org. eclipse. xtend. typesystem um 2. UM.2Met aMbdel "/ >
<met aModel cl ass="org. eclipse. xtend.typesystemuml 2. profile. Profil eMet aModel ">
<profile value="nyProfile.profile.um?2"/>
</ met aMbdel >

</ conponent >
<wor kf | ow>
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Note the bean configuration in the second line. It statically configures the XmiReader to use the right factories
for *.uml and *.uml2 files. Thisis very important.

If you areinvoking several Xpand components, you should usethei d /i dRef mechanism:

<wor kf | ow>
<bean cl ass="org. eclipse. xtend. typesystem unl 2. Set up" standardUM.2Set up="true" />
<conponent class="org. eclipse. xtend. typesystem enf. Xn Reader" >

</ conponent >

<conponent class="org. eclipse. xpand2. Generat or">

<met aModel id="um"
cl ass="org. ecli pse. xtend. typesyst em unm 2. UM_2Met aMbdel "/ >

<met aModel id="profile"
cl ass="org. eclipse. xtend. typesystem umn 2. profile. Profil eMet aMbdel ">
<profile value="nyProfile.profile.um?2"/>

</ met aMbdel >

</ conponent >
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Chapter 9. XSD Adapter

The XSD Adapter allows Xpand to read/write XML files as models and to use XML Schemas (XSDs) as meta
models. This reference provides in-depth details, for a quick and pragmatic introduction see Chapter 11, XSD
Tutorial .

1. Prerequisites
Please take alook at Section 1, “ Setup”.

2. Overview

The XSD Adapter performs two major tasks:

1. Itconverts XML Schemas (X SDs) to Ecore modelsin atransparent manner, so that the Ecore modelsare hidden
from the user. This is done in the workflow as well asin the IDE (to allow X SD-aware code completion for
Xtend/X pand/Check). For details about the mapping see Section 4, “Behind the scenes: Transforming XSD to
Ecore” . For details about the workflow integration see Section 3, “Workflow Components’

2. It extends the EmfMetaModel with concepts that are needed for XSDs. Theses are, for example, support for
feature maps (needed to handle comments, nested text, CDATA and processing instructions), QNames, EMaps
and composed Simpl etypes.

3. Workflow Components

The XSD Adapter provides the following workflow components:

3.1. XSDivet aMbdel

The XSDMetaM odel loads the specified XSD, transforms them to Ecore model s and makes them available for the
other MWE components. If XSDsinclude/import other XSDsor if XML filesreference X SDsviaschemal ocation,
theses XSDs are also |oaded (details: Section 5, “How to declare XML Schemas’ ). The most common scenario
isto declare the XSDMet aMbdel within an XMLReader :

<conponent class="org. eclipse.xtend.typesystem xsd. XM_Reader ">
<nodel Sl ot val ue="nodel " />
<uri val ue="nodel.xm" />
<met aModel id="m{ cl ass="org. eclipse.xtend.typesystem xsd. XSDwvet aMbdel ">
<schemaFi | e val ue="net anodel . xsd" />
<regi st er Packagesd obal | y val ue="true" />
</ met aMbdel >
</ conponent >

Another option isto specify an XSDMet aMbdel independently of other components as a bean:

<bean id="nynetanodel " cl ass="org. ecli pse. xtend. t ypesyst em xsd. XSD\vet aMbdel " >
<schemaFi | e val ue="net anodel . xsd" />
</ bean>
<conponent class="org. eclipse. xtend. typesystem xsd. XM_.Reader " >
<nodel Sl ot val ue="nodel " />
<uri value="nodel.xm" />
<nmet aModel i dRef ="nynetanodel " />
</ conponent >

Attention: It can lead to errors when X SDs are loaded multiple times, which can only happen when using multiple
XSDMet aModel s within oneworkflow. The safeway to goisto declarejust one XSDMVet aMbdel per workflow
and reference it from all components that need it.

Properties:
» schemaFile: optional, allowed multiple times: Specifies an XSD file which is being loaded. The path can be a
complete URI, or relative to the project root or classpath.

* registerPackagesGlobally: optional, default "false": If true, generated EPackages are registered to
org. eclipse. enf. ecore. EPackage. Regi stry. | NSTANCE, EMF's global package registry.
Warning: when running workflows from your own java code, make sure to remove the generated packagesfrom
the registry before the next run!
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3.2. XM_LReader

The XM_LReader readsone XML filewhichisvalid according to the X SDs|oaded by the XSDMVet aModel . The
XML fileisloaded as amodel and stored in the specified slot. Example:

<conponent class="org. eclipse.xtend.typesystem xsd. XM_Reader ">
<nmodel Sl ot val ue="nodel " />
<uri value="nmodel .xm" />
<met aModel i dRef="nynetanodel " />

</ conponent >

Properties:

» dot: required: The name of the slot which in which the loaded mode is stored. Other workflow components
can access the model viareferring to this slot.

« uri: required: The file name of the XML file which should be read. Absolute URIs, and pathnames relative to
the project root or to the classpath are valid.

» metaModel: optional: Specifies the XSDMet aMbdel (see Section 3.1, “ XSDMet avbdel ") for the
XM_Reader . In case no XSDMet aMbdel is specified, an XSDMet aModel with default configuration is
instantiated implicitly. It is important to pay attention that al needed XSDs can be found while the loading
process. Section 5, “How to declare XML Schemas”.

» useDocumentRoot: optional, default "false": Dealing with XML files as models, most people think of the
XML's root element as the model's root object. This is the default used by the XM_Reader . But the XML's
root element actually has a parent, the so-called DocumentRoot. Additionally the DocumentRoot contains
comments/processing instructions and CDATA section which appears before or after the XML's root element,
and, most notably, the DocumentRoot contains information about the used namespaces. |f useDocumentRoot
isset to true, the XMLReader stores the DocumentRoot-Object instead the XML 's root element's object to the
specified dlot.

» option: optional, can be specified multiple times. Option specifies a key-value-pair, which is handed
on to the EMF's XMLResource in the loading process. Valid options are documented via JavaDoc in
interface org. ecli pse. enf. ecore. xni . XM_LResour ce . Additionaly, the XM_Reader supports
these options:

* DEFAULT_NAMESPACE: Specifies a default namespace, in case the XML file does not declare one:

<option key="DEFAULT_NAMESPACE" val ="http://ww. dl ese. org/ Met adat a/ opm " />
* NAMESPACE_MAP: Specifies amapping for namespaces, which is applied when loading XML files.

<option key="NAMESPACE MAP">
<val class="org.eclipse.xtend.typesystem xsd.|ib. MapBean">
<mappi ng from="http://ww. eclipse. org/ nodel i ng/ xpand/ exanpl e/ nodel / w ong"
to="http://ww:. eclipse. org/ nodel i ng/ xpand/ exanpl e/ nodel /| oadcurve" />
</val >
</ opti on>

3.3. XMW iter

The XMLW i t er writes the model stored in a slot to an XML file. If the ot contains a collection of models,
each one iswritten to a separate file. The model (s) must have been instantiated using an X SD-based meta model.
Example:

<conponent class="org. eclipse.xtend.typesystem xsd. XM Witer">
<met aModel i dRef="svgmi' />
<nodel Sl ot val ue="svgnodel " />
<uri val ue="src-gen/ mycurve.svg" />

</ conponent >

Properties:

« dlot: required: The name of the slot which holds the model or the collection of models which shall be serialized
to XML.

» metaModel: required: The instance of XSDMVet aMbdel , which holds the XSD that the supplied models are
based on. Also see Section 3.1, “ XSDMvet aMbdel ”

98


http://help.eclipse.org/ganymede/topic/org.eclipse.emf.doc/references/javadoc/org/eclipse/emf/ecore/xmi/XMLResource.html

XSD Adapter

* uri: required if no uriExpression is specified: The file name of the XML file which should be written. Absolute
URIsarevalid. Use relative path names on your own risk.

* uriExpression: required if no uri is specified: In the scenario where multiple XML filesarewritten, this provides
amechanism to determine the file name for each of them. The Xtend-expression specified in expr essi on is
evaluated for each file and has to return a file name. The model that is going to be written is accessible in the
expression viaavariable that has the name specified in var Nane. Example:

<uri Expressi on var Nanme="docroot" expressi on="'src-gen/' +ecore2xsd:: getFi | eName(docroot)" />

 option: optional, can be specified multiple times: Option specifies a key-value-pair, which is handed on to
the EMF's XMLResource in the writing process. Valid options are documented via JavaDoc in interface
org. eclipse. enf.ecore. xm . XM_Resource .

3.4. XM_Beauti fier

The XM_Beaut i fi er usesEMF to load the XML file, formats the mixed content (elements and text contained
by the same element) and writes the file back to disk applying a nice indentation for the elements. The
XM.Beaut i fi er is not intended to be used in combination with the XMLW i t er, since the XMLW i t er
cares about indentation by itself. Instead, use it for "manually” constructed XML files using Xpand. Since the
frameworks for loading/storing XML always load the whole file into a complex data structure in memory, this
approach does not scale well for huge XML files. Example:

<conponent class="org. eclipse.xpand2. Generator">
<met aModel idRef="mi" />
<expand val ue="${src-pkg}:: ${file}:: Root FOR '${out}'" />
<outl et path="${src-gen-dir}" />
<beautifier class="org.eclipse.xtend.typesystem xsd. XM.Beautifier">
<maxLi neW dth val ue="60" />
<f ormat Comment s val ue="true" />
<fil eExtensions value=".xm, .htm" />
</ beautifier>
</ conponent >

Properties:
» maxLineWidth: optional: Specifies the number of character after which alinewrap should be performed.
» formatComments: optional, default true: Specifiesif formatting should aso be applied to comments.

* fileExtensions: optional, default ".xml, .xsl, .xsd, .wsdd, .wsdl": Specifies a filter for which files formatting
should be applied. Only files that match one of the specified file extensions are processed.

* loadOption: optional, can be specified multiple times: Option specifies a key-value-pair, which is handed on
to the EMF's XMLResource in the loading process. Valid options are documented via JavaDoc in interface
org. eclipse. enf.ecore. xm . XM_Resource .

 saveOption: optional, can be specified multiple times: Same as loadOption, except for the difference that these
options are applied while the writing process. Example:

<saveOption key="XM__VERSI ON' val ="1.1" />
<saveOpti on key="ENCODI NG' val ="ASCI | " />

4. Behind the scenes: Transforming XSD to Ecore

In the code generation process an XML Schema is transformed to an EMF Ecore model, which is then
used as a meta model by EMF. XSD complex data types are mapped to EClasses, XSD simple data types
are mapped to EMF data types defined in  or g. ecl i pse. enf. ecore. xnm .type. XM_.TypePackage
and org. eclipse.xtend.typesystem xsd. XSDMvet aMbdel maps them to Xpand data types. The
document XML Schema to Ecore Mapping explains the mapping's details. http://www.eclipse.org/modeling/emf/
docs/overviews/X ML SchemaT oEcoreM apping. pdf

5. How to declare XML Schemas

Therearethreedifferent waysto declareyour X SDs. It does not matter which way you choose, or how you combine
them, aslong as the XSD Adapter can find al needed schemas.
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1. Within the Workflow: org. ecl i pse. xt end. t ypesyst em xsd. XSDMVet aMbdel  can have any
amount of schenaFi | e elements.

<conponent class="org. eclipse.xtend.typesystem xsd. XM_Reader ">
<nodel Sl ot val ue="nodel " />
<uri value="${file}" />
<met aModel id="mmt'" cl ass="org. eclipse. xtend.typesystem xsd. XSDwvet aMbdel ">
<schemaFi | e val ue="nodel /| oadcurve. xsd" />
<schemaFi | e val ue="nodel / devi ce. xsd" />
</ met aMobdel >
</ conponent >

2. Within the XML file: XML files can contain schenmalLocat i on attributes which associate the schema's
namespace with the schema's filename. If the schema s created using WTP like described in Section 5, “ Step
3: CreateaModel using XML" , theschemalLocat i on attribute is created automatically.

<?xm version="1.0" encodi ng="UTF-8"?>
<devi ce: Devi ce
xm ns: devi ce="http://ww. ecl i pse. or g/ nodel i ng/ xpand/ exanpl e/ nodel / devi ce"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : schenmaLocati on="http://ww. ecl i pse. or g/ nodel i ng/ xpand/ exanpl e/ nodel / devi ce devi ce. xsd">
<devi ce: Nane>MyLapt op</ devi ce: Nanme>
</ devi ce: Devi ce>

3. Withinan XSD: If one schemaimportsanother, thei nport element canhaveaschenalLocat i on attribute,
too.

<?xm version="1.0" encodi ng="UTF-8"?>
<schemm
t ar get Nanespace="http://ww. ecl i pse. or g/ nodel i ng/ xpand/ exanpl e/ nodel / devi ce"
el enent For nDef aul t =" qual i fi ed" xm ns="http://ww. w3. or g/ 2001/ XM_Schena"
xm ns:tns="http://ww. eclipse. org/ nodel i ng/ xpand/ exanpl e/ nodel / devi ce"
xm ns: | c="http://ww. ecl i pse. or g/ nodel i ng/ xpand/ exanpl e/ nodel /| oadcur ve"
xm ns: ecore="http://ww. eclipse. org/enf/ 2002/ Ecore">

<i nport
namespace="http://ww. ecl i pse. or g/ nodel i ng/ xpand/ exanpl e/ nodel / | oadcur ve"
schemaLocati on="1 oadcurve. xsd" >

</inport>

<conpl exType nane="Device">
<sequence>
<el ement name="Name" type="string" />
<el ement name="LoadCurve" type="|c: LoadCurve" />
</ sequence>
</ conpl exType>

<el enment name="Devi ce" type="tns: Device"></el ement >
</ schema>
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Chapter 10. UML2 Example
1. Setting up Eclipse

Before you can use Xpand with Eclipse UMLZ2, you first have to install the UML2 plugins into your Eclipse
installation. (Y ou need at least the 'UML 2 End-User' Features. Downloadable from the Eclipse-Update site. Work
with: Helios update site, and then browse to Modeling and select at least the UML2 Extender SDK)

2. Setting up the project

Create a new Xpand plugin project named xpand.uml2.generator. To tell the Xpand Eclipse plugins that this
project isa UML2 specific one, you need to configure the Meta Model contributors. Y ou need to add the UML2
profiles and the EMF Metamodels metamodel contributor. The order of profilesisimportant! The UML2 profiles
entry must be first in the list.

Figure 1. Configure UML 2 profiles metamodel

800

Xtend Project

This wizard creates a simple Xtend generator project including the
references to the required libraries.

Project name: | xpand.uml2.generator

Meta Models
O Use workspace defaults

(*) Use project specific metamodels:

E EMF Metamodels - -
[] oAW-Classic Metamodel
[] XSD Metamodels

[] JavaBeans Metamode!

() Generate a sample EMF based Xpand project

@ (-_ < Back ) Next > ( Cancel ) E Finish 3

Y ou have to add the following dependencies to the manifest file:

e org.eclipse.xtend.typesystemum 2

3. Creating a UML2 Model

You start by defining a UML2 modd, i.e. an instance of the UML2 metamodel. Inside the project, in the source
folder, you create a UML2 model that you should call exanpl e. unl (after pressig Next>).
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Figure 2. Creating a new UML 2 model

Select a wizard

Create a new UML model

Wizards:

v

I uml

| ¥ (= Example EMF Model Creation Wizards

® (< Back E—Neﬂ-9—3 C Cancel ) { Finish

4
On the last page of the wizard you have to select the model object. Make sure itsaModel, not a Profile.

Figure 3. Selecting the M odel object

UML Model .'\'ﬁ
Select a model object to create !.

Model Object
| Model H

XML Encoding

\UTF-8 =

@ C < Back ):/ Next = ] [: Cancel ) { Finish

3.1. Modelling the content
Y ou should then build a model that looks somewhat like this:

Figure 4. Example model

¥ = platform:/resource/xpand.uml2.generator/src/example.uml
¥ &= <Model >
¥ B3 <Package> cars
E «Class> Car
E] <Class> PersonCar

By the way, if you rename the. umi fileto. ecor e, you can edit the model using the ecore editors. To inspect
the model, they provide a somewhat better view, so you might try!
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4. Code generation

4.1. Defining the templates

Inside the source folder of our project, createat enpl at es package. Insidethat packagefolder, create atemplate
file Root . xpt that has the following content. First, we define the entry template that is called Root . Since we
expect aUML model element to be the top element to the model, we defineit for uni : : Model . Note the use of
the um Namespace prefix, as defined in the UML2 metamodel. Inside that template, we iterate over all owned
elements of typeunl : : Package inthe model and expand atemplate for the packages defined in it.

«DEFI NE Root FOR uml :: Model »
«EXPAND PackageRoot FOREACH al | OmedEl enent s() . t ypeSel ect (uml : : Package) »
«ENDDEFI NE»

Inthe packagetemplate, we again iterate over all owned elementsand call atemplatethat handles classes. Although
we only have classes in that package we could not rely on thisin general. The package may contain any other
packageable element, so we need to filter classesusingt ypeSel ect () .

«DEFI NE PackageRoot FOR uml :: Package»
«EXPAND Cl assRoot FOREACH ownedType.typeSel ect (unl :: C ass)»
«ENDDEFI NE»

This template handles classes. It opens afile that has the same name as the class, suffixed by . j ava. Into that
file, we generate an empty class body.
«DEFI NE Cl assRoot FOR uml :: C ass»
«FI LE name+".java"»
public class «name» {}

«ENDFI LE»
«ENDDEFI NE»

4.2. Defining the workflow

In order to generate code, we need a workflow definition. Here is the workflow file; you should put it into the
source folder. The file should be generally understandable if you read the Getting Started chapter.

<?xm version="1.0" encodi ng="1SO 8859-1"?>
<wor kf | ow>

Y ou need to setup the UML2 stuff (registering URI maps, Factories, etc.). This can be done declaring abean in
before of the Xni Reader component:

<bean cl ass="org. eclipse.enf.nmwe. utils. Standal oneSet up" >

<platformri value=".."/>
</ bean>
<l-- load nodel and store it in slot 'nodel' -->

<conponent class="org.eclipse.enf.mwe. utils. Reader">
<uri value="platform/resource/xpand. um 2. generator/src/exanple.um" />
<nmodel Sl ot val ue="nodel " />

</ conponent >

The Xm Reader reads the model and stores the content (a list containing the model element) in a slot named
'model . Asusual, you might want to clean the target directory.

<conponent id="dirC eaner"
class="org.eclipse.enf.mwe.utils.Drectoryd eaner"
directory="src-gen"/>

and in the generator we also configure the UML2 metamodel.

<conponent id="generator" class="org.eclipse.xpand2. Generator" ski pOnErrors="true">
<met aModel cl ass="org. eclipse. xtend.typesystem unm 2. UM.2Met aMbdel "/ >
<expand val ue="tenpl ates: : Root:: Root FOR nodel "/ >
<fil eEncodi ng val ue="1S0O 8859-1"/>
<outl et path="src-gen">
<post processor class="org. eclipse. xpand2. out put.JavaBeautifier"/>
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</outlet>
</ conponent >
</ wor kf | ow>

If you run the workflow (by right clicking on the. mae file and select Run As - MWE workflow) the two Java
classes should be generated.

5. Profile Support

Xpand is shipped with aspecial UML2 profiles metamodel implementation. The implementation maps Stereotypes
to Types and Tagged Values to simple properties. It also supports Enumerations defined in the profile and
Stereotype hierarchies.

5.1. Defining a Profile

To define a profile, you can use a variety of UML 2-based modelling tools. Assuming they do actually correctly
create profile definitions (which is not always the case, as we had to learn painfully), creating a profile and
exporting it correctly is straight forward.

In this section, we explain the "manual way", which is good for explaining what happens, but completely useless
for practical use. You do not want to build models of realistic sizes using the mechanisms explained below.

Y ou start be creating a new UML2 file (as shown above). In the example we will call itt est . profile. um .
The root element, however, will be aProfile, not a Package. Don't forget to actually assign a name to the profile!
It should bet est , too.

The created Profile we call t est . In our case, we want to make the stereotype be applicable to UML classes —
they are defined as part of the UML2 metamodel. So we have to import that metamodel first. So what you do is
to select your profile object, and then go to the UML2 Editor menu (in the Eclipse menu bar) and select Profile
-> Reference Metaclass. Select uml : : O ass. Then, add a stereotype to your profile (right mouse click on the
profile-> New Child -> Owned Sereotype -> Sereotype). Now you can define your stereotype: select Sereotype -
> Create Extension from the UML2 Editor menu. Select um : : O ass. Thisshould lead to the following model.
Saveit and you are done with the profile definition.

Figure5. Modelling a Profile

@ example.um|

¥ 5| platform: fresource/xpand.uml2.generator/sre/test.profile.um|

<Profile> test
',:-;;, <Element Import> Class

v <Stereotype> test
(=] =Property> base_Class : Class

¥ A <Extension> Class_test
—»| <Extension End> extension_test : test [0..1]

¥ = pathmap://UML_METAMODELS/UML. metamodel.uml

P 5| pathmap://UML_PROFILES/Ecore.profile.uml

P =] pathmap://UML_PROFILES /Standard.profile.uml

5.2. Applying the Profile

To make any use of the profile, we haveto apply it to some kind of model. To do that, we copy theexanpl e. uni
model to aexanpl e- profi |l ed. um . We then open that file and load a resource, namely the profile we just
defined. This then looks somewhat like this:
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Figure 6. Loading the Profile

N cxample-profiled.uml

(=1 iplatForm: fresourcefoawd,dema.emf.umlZ2, generatar fsrcfexample-profiled uml
BB «Model-
B3 <Package> cars
Q <(lass > PersonCar
Q <Class> Car
EI@ platFarm: fresourcefoawd.demo.emf.umlz.generatarsrcjtest . profile, uml
E-EE <Profiles
i <Element Import= Class
<5tereotype= best
F- & <Extension: Class_test
-8 pathmap:/{UML_METAMODELS{UML metamadel, uml
@ pathriap: fIUML_PROFILES|Ecore, profile, urml
@ pathmap: HOML_PROFILES Standard. profile, uml

Now, to makethefollowing stuff work, you first haveto sel ect the profile and select the Profile-> Define operation
from the UML2 Editor menu. This creates all kinds of additional model elements, about which you should not
care for the moment.

Now, finally, you can select your car s package (the one from the example model) and select Package -> Apply
Profile from the UML2 Editor menu. Select your test profile to be applied.

For the purpose of this example, you should now apply the test stereotype to the Per sonCar class. Select the
class, and the select Element -> Apply Stereotype from the UML 2 Editor menu. This should result in the following
model:

Figure 7. Defining the Profile

¥ B platform:/resource/xpand.uml2.generator/src/example_profiled.uml
¥ E <Model >
¥ B3 <Package> cars
E <Class> Car
E < <test>> <Class> PersonCar
¥4, <Profile Application> test
= UML
¥ 5| platform:/resource/xpand.uml2.generator/src/test.profile.uml
¥ [ <Profile> test
¥ = UML
¥ i test
¥ H test
= UML
¥ hase_Class : Class
(:) Class
%7, <Element Import> Class
¥ = <Stereotype> test
= <Property> base_Class : Class
¥ A <Extension> Class_test
-+ <Extension End> extension_test : test [0..1]
k5 pathmap://UML_METAMODELS fUML.metamodel.uml
k5 pathmap:/ /UML_PROFILES/Ecore.profile.uml
¥ = pathmap:/ /UML_PROFILES /Standard.profile.uml

5.3. Generating Code

Note that all the stuff above was not in any way related to Xpand, it was just the "bare bones' means of creating
and applying a profile to a UML2 model. Having an UML2 tool capable of storing models as EMF UML2 XMI
would make the creation of the model far more easier. Since we cannot assume which UML 2 tool you are using
this tutorial shows you thisway, which would always work without further tooling installed.
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Therearetwo thingswe haveto change: Theworkflow (specifically, the configuration of the generator component)
needs to know about the profile, and the template needs to generate different code if a class has the test stereotype
applied. Let uslook at the second aspect first. Here is the modified template (in Root Wt hProfi | e. xpt):

«DEFI NE Root FOR uml :: Model »
«EXPAND PackageRoot FOREACH al | OmedEl enent s() . t ypeSel ect (uml : : Package) »
«ENDDEFI NE»

«DEFI NE PackageRoot FOR unl :: Package»
«EXPAND Cl assRoot FOREACH ownedType. typeSel ect (um :: d ass) »
«ENDDEF| NE»

«DEFI NE C assRoot FOR um :: d ass»
«FI LE nanme+".java"»
public class «name» {}
«ENDFI LE»
«ENDDEFI NE»

«DEFI NE Cl assRoot FOR test::test»
«FI LE name+".java"»
public class «name» {} // stereotyped
«ENDFI LE»
«ENDDEF| NE»

Asyou can see, the stereotype actsjust like a type, and even the polymorphic dispatch between the base type
(um : : d ass) and the stereotype works!

Adapting the workflow file is also straight forward (wor kf | owW t hPr of i | e. mne). Here is the modified
model component with the new model exanpl e- profi | ed. un and aextended setup:

<?xm version="1.0"?>
<wor kf | ow>

<I-- set up EMF for standal one execution -->
<bean cl ass="org. eclipse.enf.nme. utils. Standal oneSetup" platformJri=".." />
<I-- prepare for performng um -->

<bean cl ass="org. eclipse. xtend.typesystem unl 2. Set up" standardUM.2Set up="true" />

<!--UM.2 Profile - Metanodell-->

<bean id="nmprofile" class="org.eclipse.xtend.typesystemum 2. profile.ProfileMtaMdel">
<profile val ue="platform/resource/ xpand.um 2. generator/src/test.profile.um"/>

</ bean>

<!-- load nodel and store it in slot 'nodel' -->

<conponent class="org.eclipse.enf.mwe. utils.Reader">
<uri value="platform/resource/ xpand. um 2. gener at or/src/ exanpl e-profiled.um" />
<nodel Sl ot val ue="nodel " />

</ conponent >

And hereisthe modified generator component:

<conponent id="generator" class="org.eclipse.xpand2. Generator" ski pOnErrors="true">
<met aModel i dRef="mm profile"/>
<expand val ue="tenpl ates:: Root:: Root FOR nodel "/ >
<fil eEncodi ng val ue="1S0O 8859-1"/>
<outl et path="src-gen">
<post processor class="org. eclipse. xpand2. out put.JavaBeautifier"/>
</ outl et>
</ conponent >
</ wor kf | ow>

The only thing, we have to do is to add a new metamodel that references the profile we just created.
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Chapter 11. XSD Tutorial

Thistutoria showshow XML and XML Schemas Definitions (X SD) can be used to generate software. Itillustrates
how XML files are treated as models, X SDs as meta models and how this integrates with X pand. This tutoria is
an introduction, for in-depth details see Chapter 9, XSD Adapter.

1. Setup

XSD support for Xpand comes with Xpand 0.7.2 or later. Make sure the following plugins are installed as well:
» XSD - XML Schema Definition Runtime ( http://www.eclipse.org/xsd/, available via Ganymede Update Site)

» Web Tools Platform (WTP) (WTP is not required to use Xpand XSD support, but helpful, as its provides a
nice XML Schema editor and a schema-aware XML editor. (http://www.eclipse.org/webtools , available via
Ganymede Update Site)

2. Overview

Thistutorial explains how you can do code generation with Xtend and Xpand, using XML Schema Definitions as
meta models and XML files as models. To keep things easy, the introduced exampleisaminimalistic one. A text
fileis generated from contents specified in XML. The general concept of models, meta models and why and when
code generation is useful, is not explained. At the end, a deeper view under the hood is taken to understand how
XML Schemas are transformed to EMF Ecore models, and which flexibilities/restrictions this approach provides.

All source files listed within this tutorial are also available as an example project wich can
be imported into the Eclipse workspace by running "File" / "New" / "Example.." [/ "Xpand/
Xtend Examples using an XSD Meta Model" / "M2T custom XML to Text via Xpand (minimal
Example)". This will create the project org. eclipse. xpand. exanpl es. xsd. n2t . i ni nal
project in your workspace. This minimal example is based on "M2T custom XML to
Java via Xpand" (org. ecli pse. xpand. exanpl es. xsd. n2t . xm 2j avawi zar d) which is more
comprehensive and recommended for further reading.

To generate code from XML fileswith Xpand, at least files of the following four types are needed:
» MetaModel (et anodel . xsd)

* Mode (rodel . xm )

e Xpand Template (t enpl at e. xpt )

* MWE Workflow (wor kf | ow. mae )

Figure 1. Minimalistic Xpand XSD Project

[% Package Explorer 53 =g
= IEEN
"Fi;_—?-nrg.eclipse.xpand.examples.xsd.m2t.minima|
v [ Esrc

¥ {2 xsd.m2t.minimal
|5] metamodel.xsd
minimal.mwe
¥ madel.xml
|T{ template.xpt
P =4 RE System Library [J25E-1.5]
P =i\ Plug-in Dependencies
[ src-gen
b = META-INF
g build.properties

3. Step 1: Create a Project

To create a Project, create an ordinary Xtend/Xpand-Project. This is done in Eclipse by changing to the Xtend/
Xpand perspective and clicking on "File" / "New" / " Xtend/Xpand Project". After entering a name for the project
itiscreated.
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After the project is created, support for XSD meta models needs to be activated. Click with your right mouse
button on the project and open the propertieswindow. Then go to the" X pand/Xtend" page, "enable project specific
settings' and activate the "XSD Metamodels' checkbox. There is no need to leave support for any other meta
models activated, except you are sure that you want to use one of them, too. Figure 2, “ Activate XSD Meta M odel
Support for Project” shows how the configuration is supposed to look like.

Figure 2. Activate XSD Meta M odel Support for Project

800

[ type filter text ) Xtend /Xpand [e=1" v w
Resource
Builders ™ Enable project specific settings Configure Workspace Setiings...
Java Build Path - )

» Java Code Style Activated metamodel contributors:

X5D Metamodels

oAW-Classic Metamodel

JavaBeans Metamaodel

EMF Metamodels

UML2 profiles

P Java Compiler

P Java Editor
Javadoc Location

P Plug-in Development
Project References
Refactoring History
Run/Debug Settings
Server
Task Tags

- Validation

Xrend /Xpand

O000®E

( Restore Defaults :I I: Apply )

@ I: Cancel ) f—ﬂl(—a

el
R ——

Then, or g. ecl i pse. xt end. t ypesyst em xsd needs to be added to the project's dependencies. To do
so open the file META- | NF/ MANI FEST. MF from your project and navigate to the "Dependencies'-tab.
org. ecli pse. xtend. t ypesyst em xsd needsto be added to thelist of "Required Plug-ins', asit isshown
in Figure 3, “Required Dependencies for Project” .
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Figure 3. Required Dependenciesfor Project

™ O O Plug-in Development - org.eclipse.xpand.examples.xsd.m2t.minimal/META-INF/MANIFEST.MF - Eclipse SDK - /Users/meys... ()
il B0 | B HE- & B [0= &
- - o
[% Packa 5% . Plug-i | = O |[ly! org.eclipse.xpand les.xsd.m2t.minimal 52 =R
org.eclipse.xpand.examples.xsd. = . R —
£ Dependencies OFLe
cCorRBES
¥ [ src Required Plug-ins laz Imported Packages
¥ {2 xsd.m2t.minimal Specify the list of plug-ins required for the operation of Specify packages on which this plug-in depends without
[S] metamodel.xsd this plug-in. explicitly identifying their originating plug-in.
|= minimal.mwe 5
¥ model.xml == org.eclipse.emf.mwe.core Add... Add...
b . )
== org.eclipse.emf.mwe.utils
3 templa.te.xpt . % org.eclipse.emf.ecore.xmi S S
» =i, JRE System Library [J25E-1.5] : g-eclipse.emi. :
P =i, Plug-in Dependencies ;I::org.eclupse.xpand Up Properties...
» (#src-gen =J=org.eclipse.xtend.typesystem.xsd
¥ (= META-INF % org.eclipse.xtend Down
b )
7L MANIFEST.MF #J=org.antlr.runtime e
|iih build.properties
€ <> .
- - ) | Total: 7 Total: 0
b Automated Management of Dependencies laz Dl o T o
Overview | Dependencies | Runti Ex ions | E» ion Points | Build | MANIFEST.MF | build.properties
& o= s g EEEa]| |0
= P

4. Step 2: Define a Meta Model using XML Schema

In caseyou are not going to use an existing XML Schema Definition, you can create anew anew onelike described
below. These steps make use of the Eclipse Web Tools Platform (WTP) to have fancy editors.

InEclipse, clickon"File", "New", "Other..." and choose" XML Schema'" from category "XML". Select the project's
"src” folder and specify afilename. Clicking on "finish" creates an empty XSD file. It isimportant that the XSD
file islocated somewhere within the project's classpath.

This XML Schema consists of two complex data types, which contain some elements and attributes. "complex"
in the XSD terminology means that as opposed to simple data types that they can actually have sub-elements and/
or attributes. This exampleistoo minimalistic to do anything useful.

The complex Type W zar d containsthe elementsst ar t page , name , wel conet ext , and choi cepage .
Except for choi cepage al elements have to contain strings, whereasthe string of st ar t page must beavalid
id of any Choi cePage . The complex type Choi cePage just containsani d and anamne . For Xpand it does
not make any difference if something is modeled as an XML-attribute or XML-element. Just the datafield's type
defines how Xpand treats the value.

To get an overview how schemas can be used by the X pand XSD Adapter, see Section 5, “How to declare XML
Schemas’

Internally, the Xpand XSD Adapter transforms the XSD model to an Ecore model which Xpand can use like any
other Ecore model. For more information about that, see Section 4, “Behind the scenes: Transforming XSD to
Ecore’
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Figure4. WTP Schema Editor

|S| metamodel.xsd &3 =4d
=
[=[=
Wizard ChoicePage
[e] startpage IDREF id 1]
18| name string saal | €] title string

18| welcometext string

|&| choicepage ChoicePage

Design | Source

<?xm version="1.0" encodi ng="UTF-8"?>

<schema xnml ns="http://ww. w3. or g/ 2001/ XM_Schema"
t ar get Nanespace="htt p:// ww. exanpl e. or g/ wi zard"
xm ns:tns="http://ww. exanpl e. org/w zard"
el enent For nDef aul t =" qual i fi ed">

<conpl exType nane="W zard" >
<sequence>
<el ement name="startpage" type="I|DREF" />
<el ement name="name" type="string" />
<el ement name="wel conetext" type="string" />
<el enment name="choi cepage" type="tns: Choi cePage" />
</ sequence>
</ conpl exType>

<conpl exType nane="Choi cePage" >
<sequence>
<el enent name="title" type="string" />
</ sequence>
<attribute name="id" type="ID" />
</ conpl exType>

<el enent name="wi zard" type="tns: Wzard" />
</ schema>

5. Step 3: Create a Model using XML

As the title says, data in XML-Format will be the model. And as a model has to be valid according to a meta
model, the XML files must be valid according to the XSD.

In case you are not going to use an existing XML file, you can create anew one like described bel ow. These steps
require the Eclipse Web Tools Platform (WTP) to beinstalled.

InEclipse, click on"File", "New", "Other..." and choose"XML" from category "XML". After specifying afilename
within folder "src” choose "create XML file from an XML Schema" and select you XML Schema Definition file.
Telling Eclipse which schemato use has three advantages: Eclipse validates XML files, thereis metamodel aware
code completion while editing and Eclipse creates a xsi:schemal_ocation-attribute which tells anyone who reads
the XML file where the schema file is located. This tutorial does not use the xsi:schemalocation-attribute and
introduces the schema file in the MWE workflow instead. For all possible ways see Section 5, “How to declare
XML Schemas’ . It isimportant that the XML fileislocated somewhere within the project's classpath.

<?xm version="1.0" encodi ng="UTF-8"?>
<wi zard xm ns="http://ww. exanpl e. org/w zard">
<start page>start</startpage>
<nanme>My Exanpl e Set up</nane>
<wel conet ext >Wel come to this little denp application. </ wel conet ext>
<choi cepage id="start">
<title>Wzard Page One</title>
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</ choi cepage>
</ wi zar d>

6. Step 4. Create a Template using Xpand

Create an ordinary Xpand Template file: Being in the Xpand/Xtend perspective, go to "File", "New", "xPand
template”. The Xpand language itself is explained by several other Xpand documents. Having XSD meta model
support activated like described in Section 3, “ Step 1: Create aProject” , Xpand scans and watches all it's projects
for suitable metamodels. Based on what is found, the X pand editor provides meta model aware code completion.

This example imports "met anodel " at the beginning, which refers to a file caled met anodel . xsd that
you have created within the project's classpath in Section 4, “Step 2. Define a Meta Model using XML
Schema” . The define-block can be understood as a function named "Root " which takes one object of type
nmet anodel : : W zar d as aparameter. Thisis the meta model's type for the XML's root object. The file-block
creates afile named wi zar d. t xt and writes the text that is surrounded by the file-block into the file. nane
, Wel conet ext and choi cepage. titl e are elements or attributes defined in the XSD meta model. Their
values are stored within the XML file and this templates inserts them into the generated (Wi zar d. t xt ) file.

«| MPORT et anodel »

«DEFI NE Root FOR net anodel : : W zar d»
«FILE "wi zard. t xt"»

Nanme: «nanme»

Wel comet ext: «wel conet ext »

First Page Title: «choicepage.title»
«ENDFI LE»

«ENDDEFI NE»

7. Step 5: Create a Workflow

The workflow ties together model, meta model and templates and defines the process of how to generate code.

To create a new workflow file, switch to the Xpand/Xtend perspective, click on "File", "New" and "Workflow
file". After specifying afolder and a filename an empty workflow is created.

The minimalistic approach consists of two steps:

1. Read the Model: This is done by org. eclipse. xtend. t ypesyst em xsd. XM_Reader
It needs exactly one uri element which defines the XML file. A further nested element of type
org. eclipse. xtend. t ypesyst em xsd. XSDVet aModel tellsthe XM_Reader which metamodel
to use. XSDMet aMbdel can contain multiple schemaFi | e elements. How the schemas are used for the
XML fileis determined based on the declared namespaces. model Sl ot definesalocation wherethe model is
stored internally, thisis like a variable name which becomes important if you want to handle multiple models
within the same workflow.

2. Generate Code: This part just does the regular code generation using Xpand and is not specific to the Xpand
XSD Adapter at all. The generator or g. ecl i pse. xpand2. Gener at or  needs to know which meta
model to use. Thisexample referencesthe previously declared one. The expand element tells the generator to
call the definition named Root within filet enpl at e. xpt using the contents of slot nodel as parameter.
Element out | et defines where to store the generates files.

<wor kf | ow>
<conponent cl ass="org. eclipse. xtend. typesystem xsd. XM_.Reader " >
<nodel Sl ot val ue="nodel " />
<uri value="nodel.xm" />
<nmet aMbdel id="mt
cl ass="org. ecli pse. xtend. t ypesyst em xsd. XSD\vet aMbdel " >
<schemaFi | e val ue="net anodel . xsd" />
</ met aMbdel >
</ conponent >
<conponent cl ass="org. eclipse. xpand2. Generator">
<nmet aMbdel idRef="mt" />
<expand val ue="tenpl ate: : Root FOR nodel " />
<outl et path="src-gen" />
</ conponent >
</ wor kf | ow>
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8. Step 6: Execute Workflow aka Generate Code

Before you actually execute the workflow, or in case of errors, you can use Figure 5, “Files of this Tutorid” to
double check your files.

Figure5. Files of this Tutorial

ES |- 0-%- | BE e &P ] &
v B o a5 ae Dy

Ic
| ¢

% Packa &2 $P\ugfi] = 0|/ [5] metamodel.xsd 52

[T} template.xpt &3 =8
org.eclipse.xpand.examples.xsd. = <?xml version="1.8" encoding="UTF-8"7> «IMPORT metamodels
<schema xmlns="http://www.w3.org/2081/XMLSchema”
L=y @ | = <§> targetNamespace="http: Ywww.example.org/wizard"” «DEFINE Root FOR metamodel::Wizards
¥ [HEBsrc xmins: tns="http: fwww. example. org/wizard" «FILE "wizard.txt"s
YE&xsd‘mzt.meal elementFormDefoult="gualified Mome: anamew

@ metamodel.xsd ) Startpage: «startpages

= <complexType name="Wizard"s Welcometext: «welcometexts

= minimal.mwe <sequences> First Page Title: wchoicepage.titles

[X] model.xml celement name="“startpage” type="IDREF® /= «ENDEILE»

ﬁlemplau!.xm <element name="name" type="string"” /> «ENDDEFINE»
» =, JRE System Library [J25E-1.5]

<element nome="welcometext” type="string” />

» =i Plug-in Dependencies <element name="choicepage” type="tns:ChoicePage
b B src-gen </sequence>
» (= META-INF </complexType>

Ia build.properties <complexType nome="ChoicePage ">
<sequence>

Design | Source
[%] model.xml 5§

<?xml wversion="1.8" encoding="UTF-8"7>
<wizard xmlns="http://www.example. org/wizard"> <component class="org.eclipse.xtend.typesystem.xsd.XMLR:
«<startpagesstart</startpag «modelSlot value="model" /=
<name=My Example Setup</names= <uri value="xsd/m2t/minimal/model.xml" />
<welcometext=Welcome to this little demo application.</ <metaModel id="mm"
<choicepage id="stort"s

i

Yol

<workflow

class="org.eclipse.xtend.typesystem.xsd.X50Metal
<title=Wizard Page One</titles= <schemaFile value="xsd/m2t/minimal/metamodel . xs:
</choicepage> </metaModels
</wizard> </ components

<component class="org.eclipse.xpand?.Generator”s
<metoModel idRef="mm" />

<expand value="xsd::m2t::minimal::template::Root FOI
<outlet path="src-gen" />
</ component=
</workflows

3

Design | Source
e @aEB | o | ‘ Writable | Insert ‘ 14:17

A
s ——

el

- ———————————3

V!

To execute the workflow, click with your right mouse button on the workflow file and choose "Run As', "MWE
Workflow", asit is shown in Section 8, “ Step 6: Execute Workflow aka Generate Code”
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Figure 6. Execute Workflow
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When executing the workflow, this output is supposed to appear in Eclipse's Console View. If that View does not

pop up automatically, you can reach it via"Window", " Show View", "Consol€".

May 25, 2009 3:09:35 PMorg. eclipse. enf.me. core. Wrkfl owRunner prepare

I NFO running workflow /Users/neyshol dt/Eclipse/ workspace-3.5- M/ org. eclipse. xpand. exanpl es. xsd. n2t. mi ni ma

May 25, 2009 3:09:35 PMorg. eclipse.enf.me. core. Wr kfl owRunner prepare
I NFO

May 25, 2009 3:09:36 PMorg. eclipse.xtend.typesystem xsd. XSDMVet aMbdel addSchemaFi | e

I NFO Loadi ng XSDSchenma from ' xsd/ nR2t/ m ni mal / net anodel . xsd'

May 25, 2009 3:09:37 PMorg. eclipse.xtend.typesystem xsd. bui | der. CawXSDEcor eBui | der i ni t EPackage
I NFO Creating EPackage 'netanodel' from XSDSchema 'file:/.../bin/xsd/ nR2t/m nimal/nmetanodel.xsd" (http://wn
May 25, 2009 3:09:37 PMorg. eclipse.enf.me. core. container.ConpositeConponent internallnvoke

I NFO XM_Reader: Loading XM file xsd/nRt/m ninal/nodel.xnl

May 25, 2009 3:09:37 PMorg. eclipse.enf.me. core. container. ConpositeConponent internallnvoke

I NFO Generator: generating 'xsd::nRt::mninal::tenplate::Root FOR nodel"
May 25, 2009 3:09:38 PM org. eclipse. xpand2. Generat or invokel nternal 2
INFO Witten 1 files to outlet [default](src-gen)

=> src-gen

May 25, 2009 3:09:38 PMorg. eclipse. enf.me. core. Wrkfl owRunner execut eWor kf |l ow

I NFO wor kfl ow conpl eted in 657ns!
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After code generation, thereisafile called wi zar d. t xt within the sr c- gen folder. Its contents is supposed
to look like shown below. Y ou should be able to recognize the structure you've defined within the template file
and the contents from your XML model.

Narme: My Exanpl e Setup
Wel cometext: Welcome to this little demo application.
First Page Title: Wzard Page One
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