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Chapter 1. EMF Tutorial

This example uses Eclipse EMF as the basis for code generation. One of the essential new features of 0AW4
is EMF support. While not all aspects of EMF as good and nice to use as one would wish, the large amount of
available 3rd party tools makes EMF agood basis. Specifically, better tools for building EMF metamodels are on
the horizon already. To get a deeper understanding of EMF, we recommend that you first read the EMF tutorial at

o http://www-128.ibm.com/devel operworks/library/os-ecemf1/

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

* http://www-128.ibm.com/devel operworks/library/os-ecemf 3/
Y ou can also run the tutorial without completely understanding EMF, but the tutorial might "feel" unnecessarily
complex.

1.1. Installing the pre-built tutorial

You need to have openArchitectureWare 4.2 installed. Please consider
http://www.eclipse.org/gmt/oaw/download for details.

You can also ingtall the code for the tutorial. It can be downloaded from the URL above, it is part of the the
EMF samples ZIP file. Installing the demos is easy: Just add the projects to your workspace. Note that in the
openArchitectureWare preferences (either globally for the workspace, or specific for the sample projects, you
have to select EMF metamodels for these examples to work.

1.2. Tutorial overview

The purpose of this tutorial is to illustrate code generation with openArchitectureWare from EMF models. The
process we're going to go through will start by defining a metamodel (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 Java Beans
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
Beans for implementation in Java. In areal setting, we might also want to generate persistence mappings, etc.
We will not to this for this simple introduction.

1.3. Defining an EMF metamodel

To illustrate the metamodel before we deal with the intricacies of EMF here is the metamodel in UML:
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DataModel |. 0.’ Entity |‘ 0.7 | Attribute

entity attribute
name: String name: String name: String
type: String

reference

EntityReference

name: String
toMany: boolean

Figure 1.1. Sample metamodel

1.3.1. Creating an EMF project

Create an EMF project as depicted below:

Select a wizard

_—
W

Create an empty Java project, setting up the classpath to use EMF |

Wizards:

& Class
i ﬁ’ Interface
l§ Java Project
- Java Praject from Existing Ant Buildfile
3% Plug-in Project
- (= General
(= Cannection Profiles
BB CYS
[=-[= Eclipse Modeling Framewark
B EMF Madel
%I EMF Project
(A Emnty EMF Project
#-[= EJB
#-[=- Example EMF Model Creation Wizards il

|}!

Figure 1.2. Create EMF project

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

oaw4. deno. enf . dat anodel .

1.3.2. Defining the (meta)model

Create a new source folder met anodel in that project. Create a new Ecore model in that source folder named
dat a. ecor e. Use EPackage as the model object.
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£ New =13

Select a wizard s

e

Create a new Ecore model

Wizards:

=)

(= Tws
(= Eclipse Modeling Framewark
(= EJB
[=l-[= Example EMF Model Creation Wizards
P Ej Daka Graph Model
Nl F core Model
b ﬁ} Ecore to Ecore Model
: ﬁ Ecore to XML Model
|87 %50 Madsl
¢S wsD o Ecore Model
(= I2EE
F-[= Java
(= Java Emitter Templates
-2 opendrchitectureiare st

Figure 1.3. Create new Ecore model

This opens the Ecore Editor. Y ou 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.openarchitectureware.org/oaw4.demo.emf.datamodel
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& Java - oaw4.demo.emf.datamodel/metamodel/data.ecore - Eclipse SDK

File Edit Mawvigake Search Project Run Sample Ecore Editor window  Help
- #-0-Q- E¥FGE- 5 @ L (e ~ H &0
@B
A data.score X = [
= @ platFarm: fresource/oawd.demo.emf.datamodelimetamodeldata. ecore
L
= Properties 2 | &= | 2 R O
Properky Value
EFactory Instance b data
MName 1= data
M= Prefiz 1= data
Ms LRI 1= http:f fwww.openarchitectureware. orgjoawd. demo.emf.datamaodel
b Selected Object: data

Figure 1.4. Adjust namespace settings
Create the following Ecore model®. Make sure you set the following properties exactly as described next:

Within the data package create these ECl ass elements with their attributes 2.

EClass name 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 childs of type ERef er ences asfol lows?.

To add children, right-click on the element to which you want to add 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.

2 Attributes are childs of typeEAttri but e. Fill 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 rue you will be able to
create childs of the referenced type, otherwise you can only reference them.
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EClass EReference name EReference attribute EReference attribute
name value
DataModel
entity
EType Entity
contai nment true
L owerbound 0
Upperbound -1
Entity
attribute
EType Attribute
contai nment true
L owerbound 1
Upperbound -1
Entity
reference
EType EntityReference
contai nment true
L owerbound 0
Upperbound -1
EntityReference
target
EType Entity
contai nment false
L owerbound 1
Upperbound 1
=m

= latFarm: jresource/oawd.demo.emf.datamodelimetamodeldata. ecore
=8 data
=+ H DataModel
= pame : EString
& entity ; Entity
= E Entity
= pame | ESkring
5t attribute : Attribute
: 3 reference | EntityReference
= attribute
= name | ESkring
= bype : EString
= B EntityReference
= name : ESkring
= taMany : EBoolean
Enll barget © Entity

Figure 1.5. Metamodd structure

EMF savesthe model we created abovein itsown dialect of XMI. To avoid any ambiguities, hereisthe complete

XMI source for the metamodel. It goesinto the file dat a. ecore:

0oAW Version 4.2



EMF Tutorial

<?xm version="1.0" encodi ng="UTF-8"?>
<ecor e: EPackage xm :version="2.0"
xm ns: xm ="http://ww. ong. org/ XM " xml ns: xsi ="http://ww. w3. org/ 2001/ XM_Schemna- i nst ance"
xm ns: ecore="http://ww. ecl i pse. org/ enf/ 2002/ Ecore" nane="dat a"
nsURI ="htt p: / / ww. openar chi t ect ur ewar e. or g/ oaw4. deno. enf . dat anodel " nsPrefi x="data" >
<eC assifiers xsi:type="ecore: EC ass" nanme="Dat aMbdel ">
<eStructural Features xsi:type="ecore: EAttri bute" nane="nane"
eType="ecor e: EDat aType http://ww. ecl i pse. org/ enf/ 2002/ Ecore#// EStri ng"/ >
<eStructural Features xsi:type="ecore: ERef erence" nane="entity" upperBound="-1"
eType="#//Entity" contai nment="true"/>
</ ed assifiers>
<eC assifiers xsi:type="ecore: ECl ass" name="Entity">
<eStructural Features xsi:type="ecore: EAttri bute" nane="nane"
eType="ecor e: EDat aType http://ww. ecl i pse. org/ enf/ 2002/ Ecore#// EStri ng"/ >
<eStructural Features xsi:type="ecore: ERef erence" nane="attribute" | owerBound="1"
upper Bound="-1" eType="#//Attribute" contai nment="true"/>
<eStructural Features xsi:type="ecore: ERef erence" nanme="reference" upperBound="-1"
eType="#//EntityReference" containnent="true"/>
</ eCd assifiers>
<eC assifiers xsi:type="ecore: EQ ass" nanme="Attribute">
<eStructural Features xsi:type="ecore: EAttri bute" name="nane"
eType="ecore: EDat aType http://ww. ecl i pse. org/ enf/ 2002/ Ecore#//EStri ng"/>
<eStructural Features xsi:type="ecore: EAttri bute" nane="type"
eType="ecor e: EDat aType http://ww. ecl i pse. or g/ enf/ 2002/ Ecore#// EStri ng"/ >
</ed assifiers>
<eC assifiers xsi:type="ecore: EC ass" nanme="EntityReference">
<eStructural Features xsi:type="ecore: EAttri bute" nanme="nane"
eType="ecore: EDat aType http://ww. ecl i pse. org/ enf/ 2002/ Ecore#//EStri ng"/>
<eStructural Features xsi:type="ecore: EAttri bute" nanme="toMany"
eType="ecor e: EDat aType http://wwmv. ecl i pse. or g/ enf/ 2002/ Ecor e#/ /| EBool ean"/ >
<eStructural Features xsi:type="ecore: ERef erence" nane="target" | ower Bound="1"
eType="#//Entity"/>
</ eC assifiers>
</ ecor e: EPackage>

1.4. Generating the EMF tooling

In addition to providing the Ecore meta meta model, EMF also comes with support for building (more or less
usable) editors. These are generated automatically from the metamodel wejust defined. In order to define example
models (which we'll do below) we have to generate these editors. Also, we have to generate the implementation
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 Model. Follow the following five steps; note that they
are asoillustrated in the next figure.

1. select EMF model

2. define the name

3. select the folder

4. select ecore model as source

5. pressthe Load button and then Finish

0AW Version 4.2 7



EMF Tutorial

| & New EMF Model

Select a wizard

e (= AR Al Select a Model Importer

Create the Ecore and generat Create the Ecore madel based on other Ecore or EMOF models |

EMF Model

Create the generatar
Wizards: Maodel Importers:

|ty|:|e filker bext

Enter or select the par @ AnHOtated Java
A& Class MBm-d_EIa # | Ecore model 3
‘¥ Interface [ D2 EEME-BN-03 | &) Rose dlass model
124 Java Project i (5] %ML Schema
?5: Java Project from Exid | = (22 qawst.demo.d
i ':g];.: Plug-in Project = bin
I'_'I = General [ META-INA
I—__I {22 Connection Profiles = metamod
(= TS @ model
=& Eclipse Maodeling Frarrs L= e lh Mot .J
[E EMF Madel —_ -
T[] EMF Project

“Te Empty EMF Proje

[j = EB File name: | data.genmode |
EI E&r Example EMF Model
Ad d >
Lo ‘:fj Data Graph Modefl = bl 2
¥ T o —
{ @7 Ecore Model 1 =
i &
ﬁ Ecore to Ecore M = New EMF Model |-"'— @
i } S} .
i »)( EcoretoXMLMod 8 Ecore Import \
~[ST %50 Madsl A 1 . bl . ET By
] (7 Specify one or mare '.ecore’ or .emof' URIs and try ko load themn
ff %50 to Ecore Mod| .
-_— __ S
1 Model URIs: [Browse File Swstem,.. ] [Brnwse Workspace. .. ]
(_':J:J <B | platfarm: fresourcefoaws, demo, emf . datamodel/metamodel/data. ecare | FLDad?J

4

[ < Back ][ ek = Firiish

&

Figure 1.6. Creating the genmodel

Asaconseguence you' |l get thefinished EMF genmodel. It isakind of "wrapper" around the original metamodel;
thus it has the same structure, but the model elements have different properties. As of now, you don't have to
change any of these.
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& HData

B H' patarodel

= name : EString
e 2 enkiby ¢ Enkiby

=5 Entity

s = pame : ESkring
s 5 attribute @ Attribute

- 3 reference : EntityReference
= H atkribuke

; = name : EString

: = bvpe 1 EString

= H EntityReference

= narnme : ESkring

+ = koMany : EBoolean

| karget 1 Entiby

Figure 1.7. Structur e of the genmodel

Y ou can now generate the other projects.

Generate Edit Code
Generate Editor Code

Jata
8- Generate Model Code
=

Generate Test Code

Generate All

Open Ecore

ven Genfodel
Cpen Genlodel s

< Undo

&y Redo

B o cur
[ Capy

[ Pasts

¥ Celete

Sek SD0 Defaults

Run As L4
Debug As L4
Profile As L4
Validate

Team L4
Compare With L4
Replace with L4
Refresh

Show Properties Yigw

Figure 1.8. Generate editing projects

Y ou now have all the generated additional projects.
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i Package Explorer X Hierarchy | i i

=130
=] 'Lp“l oaw4,demo.emf,datamodel
O s

= metarmnodel

T @ data.ecore

i data.genmodel

-2, JRE System Library [125E-1.5]

[#-E Plug-in Dependencies

-2 META-IMF

(2 model

[ build, properties

; plugin. properties
: ! plugin, xml
E-122 caws.dema.emf.datamodel edit
= '[E‘J oawd,demo.enmf.datamodel. editor
E-122 gaw.demo.emf . datamadel.tests

Figure 1.9. Generated projects

We won't 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 oaw4. deno. enf . dat anodel / src folder you can find classes (actualy, 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://voel terbl og.bl ogspot.com/2005/12/codeblogck-emf_10.html.

1.5. Setting up the generator project

To make working with Eclipse EMF a bit less painless (we'd have to export the plugins, restart Eclipse, etc.
etc.), we start another Eclipse in the IDE. This instance is called the Runtime Workbench. Therefore select the
oaw4. denp. enf . dat anodel . edi t 1 project and choose from the context menu Run As -> Eclipse Application.

& Java - oaw4. demo.emf. datamodel/metamodel/data.genmodel - Eclipse SDK

File Edit Source Refactor Mawigate Search  Project BEEES Generator  Window  Help
L={J> o :;;3‘ = a = % = Tg EE; @ %Run Last Launched Chrl4+F11 ; = ”
[ % Debug Last Launched Fi1
i Package Explorer X Hierarchy
| Fun Hiskory 4
= "
S = T = 1 runon Ssrver  AlteShift+s, R
ol W 0204 demo-enth datamadel Orun... 3 2 Eclipse Application.  Al+Shift+, E
[EIRES=] 02t demo. emf . datamodel, edit : 3 Equi Ab+ShFERY, O
; : +5hift+
-2 nawe. demo.emf. datarmodel. editor Debug Hiskory H Auinox e
-T2 caws.demo.emf . datamadel.tests Debug As »| EG 4 Java Applet All+Shift-+, A
f_r;:Debug... [T 5 Java Application Ale+3Shift+x, 1

Figure 1.10. Launch runtime platform

If you are using a Mac or *nix you should now open the workspace preference page and change the default
encoding to | SO-8859-114.

4 Window -> Preferences -> General -> Workspace -> Text file encoding. Thisis necessary to have the guillemot brackets available.
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Import the oaw4. deno. enf . dat amodel project from your original workspaces. Note that importing the project

does not physically move the fi les®, so you can have the project be part of both workspaces at the same time.

Create a new openArchitecturéWare Project7 called oaw4. den. enf . dat anodel . gener at or . DO not choose the
option "Generate a simple example".

B=1E
Select a wizard . <
|
Wizards:
| |
[ &G 12EE A
= Java

(= Java Emitter Templates
== openarchitectureiare
| [€] checkFil
g;} openfrchitecture\Ware Project |
[B] warkflaw Fils
: ﬁ] xPand Template
[E] xTend File
: @ skext Projects
-2 Plug-in Development
-2 Server
(= S0L Development
(= Lser Assistance il

Figure 1.11. Create new o0AW project

Y our openArchitectureWare project will aready be configured for use of EMF models. You can check thisin

the project properties dialog:

SFile-> Import -> General -> Existing Project into Workspace
6Unlessyou checked the option "Copy projects into workspace"
7 File-> New -> Project -> openArchitectureWare -> openArchitectureWare Project
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& Properties for oaw4. demo.emf. datamodel.generator |;|@|Z|

openArchitectureWare

Resource

[JEnable project specific settings Configure Workspace Settings. ..
BeanInfo Path
Builders A ckivate
Jawa Build Path =
- Java Code Skyle i
- Java Compiler e,

[#- Java Editar
Jawadoc Location
opendrchitecture'ware

[#l- Plug-in Developrent
Profile Compliance and Y|
Project References

Server

Task Tags

Walidakion
. 5 [Restnre Defaults] [ Apply ]
@ | ok || cancel |

Figure 1.12. Project properties

1.6. 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. On the last page of the wizard, select Model as model object.
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- New B
Select a wizard —
Create a new Data model {
Wizards:

|ty|:|e filker bext |

[ Connection Profiles A
- Cvs

| 2= Eclipse Maodeling Framesork.

(= EJB

EllEb Example EMF Model Creation Wizards

-2 Data Graph Model

i? Ecore Model

= ﬁ Ecore to Ecore Madel

s ﬁ Ecore to XML Model
|8 %D Madel

. fﬁb %50 to Ecore Model

(= 12EE

(2 Java =

Figure 1.13. Create a sample data model

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.

wample.data X |
L5 Resource Set
(=] @ platform: fresource/oamd, demo, emf . datamodel generator fsrcfexample . data
= 4 Madel
L:J"} Entity Person
. o< Attribuke name
i e Entity Reference autos
= <= Entity Yehide
o pttribute plate
SelectinnJ Parent | Lisk | Tree | Table | Tree with Columns |
=l Properties 33 . | El}:o B Y =0
Property Yalue
Marne = aukos
Target < Entity Yehicle
To Marry 5% brue
< M ol

Figure 1.14. Sample data model

Again, to avoid any typos hereisthe XMl for exanpl e. dat a:
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<?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="ht t p: // ww. openar chi t ect ur ewar e. or g/ oaw4. deno. enf . dat anodel " >
<entity nane="Person">
<attribute nanme="nanme" type="String"/>
<ref erence nanme="aut os" toMany="true" target="//@ntity.1"/>
</entity>
<entity name="Vehicle">
<attribute name="plate" type="String"/>
</entity>
</ dat a: Dat aMbdel >

1.7. 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 from the
context menu. This opens an editor that can dynamically edit the respective instance. The created file bydefault
hasan . xmi extension.

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

<met aMbdel id="mft
cl ass="org. openarchi tect ureware. t ype. enf . Enf Met aMbdel ">
<nmet aMbdel Package val ue="dat a. Dat aPackage"/ >

</ met aMobdel >

In case of dynamic EMF, there has no metamodel package been generated. So, you have to specify the meta
model 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.

<nmet aMbdel id="mi
cl ass="org. openarchi tectureware. t ype. enf. Enf Met aMbdel ">
<met aMbdel Fi |l e val ue="dat a. ecore"/ >

</ met aModel >

1.8. Generating Code From the Example Model

1.8.1. The workflow definition

To run the openArchitectureWare 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 Workflow Reference Documentation.

Create awor kf | ow. oawand awor kf | ow. properti es inthesrc folder. The contents of these filesis shown bel ow:

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

<conponent i d="xm Parser"
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cl ass="org. openarchi t ect urewar e. enf . Xm Reader " >
<nodel Fi | e val ue="${nodel File}"/>
<met aMbdel Package val ue="dat a. Dat aPackage"/ >
<out put Sl ot val ue="nodel "/ >
<firstEl ementOnly val ue="true"/>
</ conponent >
</ wor kf | ow>

Theworkflow triesto load stuff from the classpath; so, for example, the dat a. Dat aPackage classisresolved from
the classpath, asisthe model file specified in the properties (model Fi | e=exanpl e. dat a)

This instantiates the example model and stores in in a workflow slot named model. Note that in the
metamodel Package slot, you have to specify the EMF package object (here: dat a. Dat aPackage), hot the Java
package (which would be data here).

1.8.2. Running the workflow

Before you actually run the workflow, make sure you have alogdj configuration in the classpath; for example,
you can put the following | og4j . properti es file directly into your source folder:

# Set root |ogger level to DEBUG and its only appender to Al.
| 0g4j . root Logger =I NFO, Al

# Al is set to be a Consol eAppender .

| og4j . appender. Al=or g. apache. | og4j . Consol eAppender

| og4j . appender. Al. | ayout =or g. apache. | og4j . Patt er nLayout

| 0g4j . appender. Al. | ayout . Conver si onPattern=% 4r % 5p - %

Also, please make sure your metamodel can be found on the classpath. In our case, this can be achieved by adding
the oaw4. deno. enf . dat anodel project to the plug-in dependencies of oaw4. deno. enf . dat anodel . gener at or .
To do this, double click the file oaw4. deno. enf . dat anodel . gener at or/ META- | NF/ MANI FEST. MF. The manifest
editor will appear. Go to the Dependencies tab and click on Add... to add a new dependency. In the dialog
appearing, choose oaws. deno. enf . dat anodel :
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| [ example. data R

% Dependencies

Required Plug-ins
Specify the lisk of plug-ins required for the operation of this plug-in:

q-i;I:=org.openarchil:en:tureware.cu:nrna.u:heck add. ..
@ :
=J=0org.openarchitectureware, core emftools

% : e
&r-org.openarchitectureware, core, xpandz Remave

& Plug-in Selection

Select a Plug-in;

| *datamaod |

Soawd,demo.emf.datamodel (1.0.0)

< i | 2

@ L [u]'d ”_ Cancel ]

| Tokal: 3

Figure 1.15. Add metamodel dependency

Do not forget to save the manifest filel

Now, you can run the workflow from within Eclipse:

OoAW Version 4.2

16



EMF Tutorial
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Figure 1.16. Sample data model

The following should be the outpuit:

0 I NFO

171 I NFO openArchitectureWare 4.1.2, Build v20070314
171 INFO

171 |1 NFO

171 I NFO

171 INFO

750 | NFO

875 | NFO wor kf | ow conpl eted in 125ns!

(c) 2005-2007 openarchitectureware.org and contributors

runni ng workflow D:/oAWenftutorial/oaw4. denp. enf. dat anndel . gener at or/ src/ wor kf | ow. oaw

xm Parser: file 'exanple.data' => slot 'nodel’

1.8.3. Templates

No codeis generated yet. Thisis not surprising, since we did not yet add any templates. Let's change this. Create
a package templates in 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 guillemots (« and »), the editor provides
keyboard shortcuts with Ctrl+< and Ctrl+>.

«DEFI NE Root FOR dat a: : Dat avbdel »

«EXPAND Entity FOREACH entity»
«ENDDEFI NE>»
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«DEFINE Entity FOR data::Entity»
«FI LE name + ".java"»
public class «nanme» {
«FOREACH attribute AS a»
/1 bad practice
private «a.type» «a.nane»;
«ENDFOREACH»
}
«ENDFI LE»
«ENDDEFI NE»

We have to extend the wor kf | ow. oawfile, in order to use the template just written:

<?xm version="1.0" encodi ng="w ndows- 1252" ?>
<wor kf | ow>
<property file="workflow properties"/>

<conponent i d="xm Parser"
cl ass="org. openarchitectureware. enf. Xm Reader" >

</ conponent >

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

<conponent id="dird eaner"
cl ass="org. openar chi t ect ur ewar e. wor kf | ow. common. Di r ect oryCl eaner” >
<directories value="${srcGenPath}"/>

</ conponent >

Then we start the generator component. It's configuration is slightly involved.

<conponent id="generator"
cl ass="org. openar chi t ect ur ewar e. xpand2. Gener at or " >

First of all, you have to define the meta model. In our case we use the Enf Met aMbdel 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
must be on the classpath!

<net aMobdel id="mt
cl ass="org. openarchi tect ureware. type. enf. Enf Met aMbdel ">
<nmet aMbdel Package val ue="dat a. Dat aPackage"/ >

</ met aMbdel >

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

<expand val ue="t enpl at es: : Root : : Root FOR nodel "/ >

We then specify where the generator should put the generated code and that this generated code should be
processed by a code beautifier:

<outl et path="${srcGenPath}/">
<post processor
cl ass="org. openar chi t ect ur ewar e. xpand2. out put . JavaBeautifier"/>
</outl et>
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Now we are almost done.

</ conponent >
</ wor kf | ow>

Y ou also need to add the srcGenPath to the wor kf | ow. properti es file.

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

1.8.4. Running the generator again

So, if you restart the generator now, you should get afile generated that 1ooks like this:

public class Person {

/1 bad practice

public String |astNane;
}

1.9. Checking Constraints with the Checks Language

An dternative to checking constraints with pure Javais the declarative constraint checking language Check. For
details of thislanguage take alook at the Check Language Reference. We will provide a simple example here.

1.9.1. Defining the constraint

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

i nport data;

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

Thisconstraint saysthat for themetaclassdat a: : At t ri but e, werequire that the name be more than one characters
long. If this expression evaluatesto fal se, the error message given before the colon will be reported. A checksfile
can contain any number of such constraints. They will be evaluated for al 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
"Nanes of Entity attributes nust be uni que":
attribute.forAll (al| attribute.notExists(a2| al != a2 && al.nanme == a2.nanme ) );

1.9.2. Integration into the workflow file

The following piece of XML isthe workflow file we'd already used above.

<?xm version="1.0" encodi ng="w ndows- 1252" ?>
<wor kf | ow>
<property file="workfl ow. properties"/>
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<conponent id="xm Parser" class="org.openarchitectureware.enf.Xnm Reader">

</ conponent >

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

<conponent
cl ass="org. openar chi t ect ur ewar e. check. CheckConponent " >

As with the code generator, we have to explain to the checker what meta meta model and which meta model
we use.

<met aMbdel id="m' cl ass="org.openarchitectureware.type.enf.EnfMtalMdel ">
<nmet aMbdel Package val ue="dat a. Dat aPackage"/ >
</ met aMbdel >

We then have to provide the checksfile. The component triesto load the file by appending . chk to the name and
searching the classpath — that's why it has to be located in the classpath.

<checkFi | e val ue="checks"/ >

Finally, we haveto tell the engine on which (part of) the model the checks should work. In general, you can usethe
<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 slot, we can use the shortcut emfAll ChildrenSot
property, which returns the complete subtree below a specific slot's content element, including the slot content
element itself.

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

Running the workflow produces an error in case the length of the name is hot greater than one. Again, it makes
senseto add the ski ponError ="t rue" to those subsequent component invocations that need to be skipped in case
the constraint check found errors (typically code generators or transformers).

1.10. Extensions

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 Extend Language
Documentation, we provide an simple example here.

1.10.1. 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.setterNane()»( «a.type» value ) {
this. «a. nane» = val ue;
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}

public «a.type» «a.getterName()»() {
return this. «a. nane»;

}
«ENDFOREACH>

To make this work, we need to define the set t er Name() and get t er Name() operations. We do this by writing a
so-called extensionfile; wecall itj ava. ext . It must havethe. ext suffix to berecognized by oAW; thejava name
is because it contains Java-generation specific properties. We put thisfile directly into the t enpl at es directory
under src, i.e. directly next to the Root . xpt file. The extension filelooks as follows:

First we have to import the data metamodel ; otherwise we'd not be able to use the Attribute metaclass.

i mport 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're called astheir first parameter, akind of "explicitly this'. After the colon we use an expression that returns
the to-be-defined value.

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

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

To make these extensions work, we have to add the following line to the beginning of the Root . xpt templatefile:

«EXTENSI ON t enpl at es: :j ava»

1.10.2. Java Extensions

In case you cannot express the "business logic" for the expression with the expression language, you can fall
back to Java. Take a loot at the following extension definition file. It's called util.ext and is located in

src/ dat anodel / generator/ util:

String tinmestanp() :
JAVA dat anpdel . generator.util.TenplateUtils.timestanp();

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 it's
implementation:

public class TenplateUils {
public static String tinestanp() {
return String.valueO'( SystemcurrentTimeMIlis() );
}
}

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

Sometimes it's necessary to access extensions not just from templates (and Wombat scripts) but also from
Java code. The following example is of this kind: we want to define properties that derive the name of the
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implementation class from the entity name itself; we'll need that property in the next section, the one on recipes.
The best practice for this use case isto implement the derived property as a Java method, as above. The following
piece of code declares propertiesfor Entity:

package dat anodel ;

import data.Entity;

public class EntityHel per {

public static String classNanme( Entity e ) {
return e.get Name()+"| npl enent ati on";

}

public static String classFileNane( Entity e ) {

return cl assNanme(e)+".java";

}

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

i mport dat a;

String className( Entity e )
JAVA dat anpdel . Enti t yHel per. cl assNane(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 accessible from Java code by invoking
Enti t yHel per. cl assName(someEnti ty), we can now write the following template:

«EXTENSI ON t enpl at es: : j ava»
«EXTENSI ON dat anodel : : 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 | eName() »
/] generated at «tinestanp()»
public abstract class «classNane()» {
«FOREACH attribute AS a»

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

}

public «a.type» «a.getterNanme()»() {
return this.«a. name»;
}
«ENDFOREACH»
}
«ENDFI LE»
«ENDDEFI NE»

For compl eteness, the following illustration shows the resulting directory and file structure.
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Figure 1.17. What has happened so far

1.11. Integrating Recipes

L et's assume we wanted to allow devel opersto add their own business|ogic to the entites, maybe adding a couple
of derived properties. In that case, we have to integrate the generated code with manually written fragments. Let's
further assume that you — just like me — don't like protected regions because the end up in versioning chaos. In
such case you might want to let the generator create abase classthat contains all generated aspects and devel opers
have to inherit from this class to add their own logic. Let'sfirst change the generator accordingly.

1.11.1. Adjusting project settings

We will now use openArchitectureWare's Recipe framework to achieve our task. Since this framework is an
add-on we need to set up an additional dependency to it for our generator project. Otherwise the required classes
won't be found.

Open the projects Manifest file META-1INF/ MANI FEST. MF, g0 to the Dependencies page and add the

org. openar chi t ect ur ewar e. r eci pe. * plugins.

1.11.2. Adapting the existing generator

Let'sfirst look at the template. Here we have to change the name of the generated class, and we have to make
it abstract:

«DEFINE Entity FOR data::Entity»
«FI LE based assFi | eName() »
/] generated at «tinestanp()»
public abstract class «baseC assNane()» {
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«FOREACH attribute AS a»

«ENDFOREACH»
}
«ENDFI LE»
«ENDDEFI NE»

To make thiswork, our extensions must be adapted; we now need based assName and based assFi | eNane.

i mport dat a;

String based assNane( Entity e )
JAVA dat anodel . Enti t yHel per. baseC assNane(data. Entity);

String based assFil eName( Entity e )
JAVA dat anodel . Enti t yHel per. baseC assFi | eNane(data. Entity);

The implementation hel per class must be adapted, too:

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

public static String baseC assNane( Entity e ) {
return e.get Nane()+"| npl Base";
}

public static String based assFil eNane( Entity e ) {
return based assNane(e)+".java";

}

public static String inplenmentationC assNane( Entity e ) {
return e. get Nanme();

}

Note the additional property i npl enent at i ond assNane. This is the name of the class that developers have to
write manually. While we expect that the generated code goes into the sr c- gen directory, we want the manually

written code in man- sr c. Hereis the generated base class for the Per son entity:

/'l generated at 1138622360609
publ i c abstract class Personl npl Base {
private String nane;

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

}

public String getName() {
return this.nane;

}

The manually written subclass could look as follows:

public class Person extends Personlnpl Base {

}
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Now, here's the issue: how do you make sure that devel opers actually write this class, that it has the right name
and that it actually extends the generated base class? This is where the recipe framework comes into play. We
want to definerulesthat allow Eclipseto verfy that these " programming guidelines' have been met by developers.

1.11.3. Implementing the Recipes

As of now there is no specific language to implement those recipe checks, you have to write a bunch of Java
code. In summary, you have to implement a workflow component that produces the checks. Let's look at what
you need to do.

In order to simplify life, your recipe creation component should use the Reci peCr eat i onConponent base class.

public class Reci peCreator extends Reci peCreati onConponent {

Y ou then have to override the createRecipes operation.

protected Col |l ection createReci pes((bject nodel Sl ot Cont ent,
String appProject, String srcPath) {

We now create alist that we use to collect all the checks we want to pass back to the framework.

Li st checks = new ArrayList();

Since we need to implement such a check for each Entity in the model, we have to find al entities and iterate
over them.

Coll ection entities = EcoreUtil 2.findAl | ByType(

( ( Dat aMbdel ) nodel Sl ot Content) . eAl | Contents(),

Entity.class );

for (Iterator iter = entities.iterator(); iter.hasNext();) {
Entity e = (Entity) iter.next();

We then create a composite check whose purpose isto act as a container for the more specific checksthat follow.
It will show asthe root of atree in the Recipe Framework view.

El ement Conposi t eCheck ecc = new El enment Conposi t eCheck(e,
"manual inplementation of entity");

Then we add a check that verifies the exsitence of a certain class in a given project in a certain directory. The
name of the class it needs to check for can be obtained from our EntityHel per!

JavaCl assExi st enceCheck javad assExi st enceCheck =
new JavaC assExi st enceCheck(
"you have to provide an inplenentation class.",
appProj ect, srcPath,
EntityHel per.inpl ement ati onCl assNane(e)

)

We then define a second check that checks that the class whose existence has been verified with the check above
actually inherits from the generated base class. Again we usethe Ent i t yHel per to come up with the names. Note
that they will be consistent with the names used in the code generation templates because both use the same
Enti t yHel per implementation.

JavaSupert ypeCheck javaSupercl assCheck =
new JavaSupert ypeCheck(
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"the inplenmentation class has to extend the "+
"generated base class", appProject,

EntityHel per.inpl enent ati onCl assNane(e),

Entit yHel per. baseC assNane(e)

)i

We then add the two specific checks to the composite check...

ecc. addChi | d( j avaC assExi st enceCheck );
ecc. addChi | d( j avaSupercl assCheck );

... add the composite check to the list of checks we return to the framework, ...

checks. add( ecc );

}

... and return all the created checks to the framework after we finish iteration over Enti ti es:

return checks;

}
}

1.11.4. Workflow Integration

Here's the modified workflow file. We integrate our new component as the last step in the workflow.

[<?xm version="1.0" encodi ng="w ndows- 1252" ?>
<wor kf | ow>
<property file="workflow properties"/>

<conponent id="xm Parser"
cl ass="or g. openar chi t ect ur ewar e. enf . Xm Reader " >
<nodel Fi | e val ue="${nodel File}"/>
<met aMbdel Package val ue="dat a. Dat aPackage" />
<out put Sl ot val ue="nodel "/ >
<firstEl ementOnly val ue="true"/>

</ conponent >

<I-- all the stuff frombefore -->

The parameters we pass should be self-explanatory. Ther eci peFi | e parameter is where the checks will written
to — it must have ther eci pes extension.

<conponent id="recipe"
cl ass="dat anodel . gener at or. Reci peCr eat or ">
<appProj ect val ue="oaw4. deno. enf. dat anodel . generator"/ >
<srcPat h val ue="man-src"/>
<nodel Sl ot val ue="nodel "/ >
<reci peFi |l e val ue="reci pes. reci pes"/ >
</ conponent >

</ wor kf | ow>

1.11.5. Running the Workflow and seeing the Effect

We can now run theworkflow. After running it, you should seear eci pes. r eci pes filein theroot of your project.
Right clicking on it reveals the button. Since the manual implementation of the vehi cl e Entity is missing, we
get the respective error.
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We can now implement the class manually, in the man- sr ¢ folder:

public class Vehicle extends Vehicl el npl Base {

}

After doing that, the remaining errors in the recipe view should go away automatically.

1.12. Transforming Models

It is often necessary to transform models before generating code from it. There are actualy two forms of
transformations:

1. Anactual model transformation generates a completely new model — usually based on a different metamodel
—from an input model. The transformation has no side effects wrt. to the input model.

2. A model modification completes/extends/finishes/modifies a model. No additional model is created.

Please take alook at the xTend Example tutorial to understand model transformations with the xTend language.

1.12.1. Model Modifications in Java

One way of doing modifications is to use Java. Take a look at the following piece of Java code. We extend
fromaclasscalled si npl eJavaTr ansf or mer Conponent . Instead of directly implementing the wr kf | owConponent
interface, we inherit from a more comfortable base class and implement the doMbdi fi cat i on operation.

public class Transformer extends SinpleJavawbdificati onConponent {

protected voi d doMdificati on(Wor kfl owCont ext ctx, Progresshonitor
nmoni tor, |ssues issues, Object nodel) {

We know that we have a Dat aMbdel object in the model slot (you can see in a moment where the model comes
from).

Dat aMbdel dm = (Dat aWbdel ) nodel ;

We then get us the factory to create new model elements (what this code does exactly you should learn from
the EMF docs).

Dat aFactory f = DataPackage. el NSTANCE. get Dat aFact ory();

We then iterate over al entities.

for (Iterator iter = dmgetEntity().iterator(); iter.hasNext();) {
Entity e = (Entity) iter.next();
handl eEntity(e, f);

}

}

ForeachEntity...

private void handl eEntity(Entity e, DataFactory f) {
for (lterator iter = EcoreUtil2.clone( e.getAttribute() ).iterator(); iter.hasNext();) {
Attribute a = (Attribute) iter.next();
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We create a new attribute with the same type, and a name with a"2" postfixed. We then add this new attribute
to the entity.

Attribute a2 = f.createAttribute()
a2. set Nane( a. get Name()+"2" )
a2.set Type( a.getType() );
e.getAttribute().add(a2)

To execute this component, we just have to add it to the workflow:

[ <conponent cl ass="dat anpdel . gener at or. Tr ansf or mer " >
<nodel Sl ot val ue="nodel "/ >
</ conponent >

We have to specify the model slot. The super class (Si npl eJavaTr ansf or mer Conponent ) provides the slot-setter
and passes the object from that slot to the doTr ansf or moperation.
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Chapter 2. Xtext Tutorial

Thistutorial shows how easy it isto define an external DSL .

2.1. Installing the pre-built tutorial

Thetutorial isbased on the Xtext framework asit iscontained in 0AAW 4.2. Make surethat you haveinstalled o)AW
4.2 into an Eclipse 3.3 workbench running on Java >=5. The easiest way to get a working IDE is to download
the Eclipse 3.3 distribution for RCP/Plug-in developers from ecl i pse. or g and the )AW all-in-one release from
0AW's website.

2.2. Tutorial overview

The purpose of thistutorial isto illustrate definition of external DSLs using Xtext. The process we're going to go
through will start by defining an Xtext grammar for our DSL, generate a parser, ametamodel and a corresponding
text editor out of it. Afterwards we will see how to refine the DSL and it's editor using provided facilities. In the
end we will see how one can generate code out of textual models.

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

2.3. Defining the DSL

WEell definea DSL for simple domain models following some concepts of Domain-Driven Design.

We don't want to define too much semantic for each of these concepts here because this tutorial is about how
to develope a DSL not why. In addition, most of the semantics of a DSL's concept is usually implemented in a
generator or an interpreter, which is not the focus of thisturorial.

We use this example because the concepts are well known (even if the meaning is not formally defined). So we
don't need to explain them or motivate the example but can focus on other things.

The following UML diagram shows the abstract syntax of the DSL we're going to define:
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Model

1-type

Fname : String

Datatype Entity

Feature

-name : String

Figure2.1. Meta model asUML diagram

2.3.1. Creating Xtext projects

To get started we need to create some projects. Therefore we use the provided Xtext wizard:

| ﬁ 08 New Project

Select a wizard s
W

Wizards:

| type filter text

@ja\ra Project T

& Java Project from Existing Ant Buildfile
1—{[;5 Plug-in Project
B (= General
[ =X A
b [= Eclipse Modeling Framework
> Java
¥ = openArchitectureWare
@ openArchitectureWare Project

@ Xtewt Projects -
b [= Plug-in Development M
b = Web v
7 < Back G—anrb—; ( Cancel ) Finish
A

Figure 2.2. Create Xtext projects
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806

Xtext projects wizard

This wizard creates a pair of projects for your Xtext D5L.

Main project name: my.dsl

Language name: mydsl

DSL-File extension: dsl

nsURI: http: / fwww.example.org/my/dsl
Base package: org.example.dsl

Create generator project: E

(i3] { <Back ) Mext = { cancel ) E-—Fhvhh—-}
< N

y,
Figure 2.3. Xtext wizard dialog

The wizard diaog lets you specify a number of properties used for different things. See the Xtext reference
documentation for detailed information about what the different properties mean. For the moment just ensure that
everything looks like shown in the screenshot above (i.e. stay with the defaults) and click "Finish".

The wizard generates three projects. The first one (ny. dsl ) is the language project. Therein we'll define the
grammar and Xtext's generator will place the meta model and the parser init.

The second one is hamed ny. ds! . edi t or and contains the Eclipse text editor for our DSL. For now it is empty
because, we haven't defined a DSL and started the generator so far.

Thethird project (ny. dsl - gener at or ) is called the generator project. Actualy thisis not directly related to Xtext
but to )AW in general. That meansthat the Xtext generator doesn't generateasinglefileinto thisproject. However,
the wizard has placed a workflow file using the DSL parser (which we will generate in a second) as well as a
default Xpand template. So we don't need to do any configuration manually.

Y our navigator should look similar to the onein this screenshot:
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Main.xpt
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B = Plug-in Dependencies
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4] MANIFEST.MF
@ build.properties

— R

Figure 2.4. Package explorer

2.3.2. Defining the grammar

The wizard created and automatically opened an Xtext grammar file (nydsl! . xt xt ). Therein we have to specify
the grammar for our textual DSL. Using Xtext's grammar language one defines the abstract syntax (i.e. the meta
model) and the conrete syntax of the the language. This allows for very short turn-arounds when refactoring and

/ or improving the DSL.

myds|xtxt 23

~Model :
(types+=Typel*;

Type : Datatype | Entity;

= Datatype :
"datotype" nome=ID;

—Entity :
= "entity" naome=ID "{"
= ({features+=Feature)*

ll]ll;

~Feature :
type=[TypelID] name=ID;

Figure 2.5. Create new Ecore model

EE Outline 33\

© Model
G Type
G Datatype
@ Entity
G Feature
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The root element of all expressions made in our new DSL is called a Mbdel . The is the name of the parser rule
which isinvoked for each textual model to be parsed.

The parser rule Mdel creates and returns an instance of the corresponding meta model element (also called
'‘Model "). A Model just consistsof alist of t ypes (rule Type). Inthe model thelist of types can be accessed through
the reference t ypes. When it comes to code generation one can evaluate expressions such as 'nyMdel . t ypes'
to get the types of amodel.

A Type correspondsto an abstract metatype, becauseit just refers to two other rules (without assigning the result
to aproperty like Model does). So the list of Types consists of Dat at ypes and/or Enti ti es.

A Dat at ype startswith keyword " dat at ype" followed by anidentifier (1 D). The value of theidentifier isassigned
to the Dat at ype's property nare. | Dis abuilt-in rule and is similar to a Java identifier (i.e. aword starting with
aletter followed by alphanumerical characters and/or underscores).

AnEntity starts with keyword "enti t y* followed by an identifier (1 D) which is assigned to the property nane
as well. In addition an entity contains declarations of owned features. The list of declarationsis assigned to the
reference called 'f eat ur es' and it is surrounded by curly brackets (“*{" and"}").

Last but not least a Feat ure consists of an Identifier (1 D) which refers to a Type and another identifier which
specifies the name of the Feat ur e.

Make sure to read the reference documentation in order understand how a metamodel is derived from a grammar
and how the linking for cross references actually works.

2.3.3. Starting the generator
Now that we have defined an Xtext grammar for our simple DSL we can start Xtext's generator by right clicking

the workflow file (gener at e. oaw). It will create the meta model and the parser as well as fill the editor project
with the needed artifacts.
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'Eg Hierarchy| — O myds|xtxt 23

1 e . ~Model :
] - | = =:>| ° (types+=Typel*;
¥ = my.dsl
v s Type : Datatype | Entity;
(£ genef ey : >
gene -
myds  Open F3 ame=1D;
(% sre-gen | Open With >
p = JRE Systen Show In CIEW p =10 "{"
» = Plug-in D s+=Feature)*®
¥ = META-INE  [Z Copy #C
_ 451 MAN Copy Qualified Name
. @deilz.pro :Ta Paste apy/ p] name-10;
¥ = my.dsl.editor
8 orc ¥ Delete =
sre-gen | pyild Path >
M lcons Refactor T 3
&% defau
> !‘%JRESysten g |ITI|JOIT...
» =i Plug-in Ds o Export...
¥ = META-INF
A mANL & Refresh FS
54 build.pro Assign Working Sets...
v 170 my.dsl.general -
v & src Validate
v i orge gﬂ Mark as Landmark ONET vadoc} @ Declaratlon}
¥ [ & Remove from Context T E (Filter matched 0 of 5 items)
> A JRES > + 1 Run on Server 4NXR
YT Debug As >
p =i Plug-in D Proﬁleg As " 3 2 oAW Workflow
Y B META-N]  ram > 2 Open Run Dialoag...

Figure 2.6. Starting the Xtext generator

2.3.4. Starting a runtime workbench

We now can start a so called runtime workbench in order to see our newly defined DSL and it's editor in action.
To do so click the "Debug..."-Action in the toolbar like it is shown in the next screenshot. Select the entry called
"Open Debug Dialog...".

Java - my.asljsrc) myasl. xo

] E Oy |2 B @ (@S

[] 1 generate.oaw

Debug As p idel

Figure 2.7. Starting a runtime wor kbench
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8enNnn

Debug

Create, manage, and run configurations

Create a configuration to launch an Eclipse application in debug mode.

CRX|E3-
Mame: Mew_configuration
type filter text
E| Main . (= Arguments] =& PIug—ins] ConFigurationj Tracing] E Environmenq B Common}
¥ & Eclipse Application ork =
i orkspace Data
i & New_configuration =
| 9 Eclipse Data Tools Location:  ${workspace_locl/../runtime-New_configuration
E HTTP Preview
] Java Applet () Clear: (=) workspace () log only ( Workspace... ) (_ File System... ) ( Vvariables... )
3 Java Application
L ) 5 V' Ask for confirmation before clearing
i Ju Junit ——
i Jij JUnit Plug-in Test ProgamtoRen
v l:‘ oAW Workflow
] 3 .eclipse.sdk.i =
D generate.oaw 8 Run a product: org.eclipse.sdk.ide v]
H . : —
2 OSGi Framework () Run an application:  org.eclipse.ui.ide.workbench A
i ', Remnote Java Application o
| bﬁ Run an Server Java Runtime Environment
§ jﬁ Task Context Plug-in Tes Java Executable: 8 default C java
i Juy Task Context Test
| Juy Task Context Test Runtime JRE: J¥M 1.5.0 {MacOS X Default) | :] [ Installed JREs... )
| Bootstrap Entries:
H
H
|
¥
| > ApPly Revert
b | Filter matched 16 of 16 items
]
] @ ( Close :)
| ¥ E Debug ')

Figure 2.8. Run/debug configurations dialog

4

When the dialog opens select "Eclipse Application" on the left and create a new configuration by clicking the
"new" icon (the upper left icon). Leave everything asit'sinitially configured and press "Debug”.

2.4. Refining the DSL

The generated editor aready providesalot of default funtionality which has only been derived from the grammar.

Some of them are code completion, "Got To Declaration™, "Find References’, outline view, error marker support
and folding as shown in the following screenshots:

0oAW Version 4.2

35



Xtext Tutorid

[&] *model.dsl 52 = O[5z Outline 52 =ojlr
datat Stri e =
atatype String = £ L
—entity Person { @ String
String name @ Person
String lostName @ Address

Address address

}

—entity Address [
String street
String zip
String city

1 @ Address
@ Person
@ S5tring
10} r

[27 Proble 2l Declaration} e~ Eq
. ]

Figure 2.9. Code Completion

_C|[FEouie =N P
|

datatype Strim = gy <

<% Undo Typing ¥Z L |
—entity Personﬁ Revert File
String na -y
String la i
, A%ressed showin XEW >
Open Declaration 3
—entity Address
String str Cut £
String zip  Copy #C
String cit Paste apy/
}
Shift Right
Shift Left
Toggle Comment ®7
= | = L

References i G

= Add to Snippets...

Figure 2.10. Find References (Action)
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[Z] model.dsl 52 =08

datatype String

—entity Person {
String name
String lastName
Address address

s

}

—entity Address {
String street
String zip
String city

B

8= Outline &2

@ String
v @ Person
© name
@ lastName
@ address
v © Address
@ street
@ Zip
@ city

|Reference - String

O R% IV e

ﬂL Problems (@ Javadoc ﬂ% Declaration w

@ String - /mydsiproject/src/model.dsl (line: 4)

String - /mydslproject/src/model.dsl {line: 5)

@
@
@
@
Figure 2.11. Find References (result)

datatype String
@entity Person { [J

@entity Address {[]

Figure 2.12. Folding

s

String - /mydslproject/src/model.dsl (line: 10)

String - /mydslproject/src/model.dsl (line: 11}
String - /mydsiproject/src/model.dsl (line: 12)

(2] datatxgeslString

—entity Person {
String name
String lastName
Address address

}

—entity Address {
String street
String zip
String city

E_-, Problems &3 (@ javadoq @ Declaration
1 error, 0 warnings, 0 infos
| Description A
w E: Errors (1 item)

@ mismatched input 'datatypes' expecting

Figure 2.13. Errorsaccording to the grammar (i.e. syntax errors)
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2.4.1. Validation with Check

The most important thing every DSL designer should do in addition to defining the grammar isto specify so called
checks. A check (also called invariant) is expressed in oAW's Check language and is a declarative constraint for
all model elements of a certain type. There are some built-in checks Xtext derives from the grammar such as
verifying that a referenced element (in our example the reference from Feature.type to Type) could found. We
can't and don't want to add all the checks to the grammar because it would get too complex. Instead the Xtext
generator has created an empty check file for us where we are supposed to add our semantic constraints.

Let's ensure that each Type has a unique name and within an Entity each Feature has a unique name as well:

|C| Checks.chk &3 |E| Extensions.ext 1|ﬂ CenExtensions.ext 1 =0
import mydsl;

extension org::example::dsl::Extensions;

context Type ERROR "Duplicote type "+nome :
allElements().typeSelect(Type).select(ele.name==name).size==1;

context Feature ERROR "Duplicate feature "+name :
entity(). features.select(ele.name==name).size==1;

Figure 2.14. Validating the model with Check

The first thing you usually do in a check file is to import the used meta models (i mport nydsl ). The next
line (ext ensi on org: : exanpl e: : dsl : : Ext ensi ons) imports an extension file. Extension files contain so called
extensions, which are essentially functions.

The syntax of a check starts with the keyword "cont ext " followed by the metatype (e.g. Type) we want to apply
the constraint to. Then one has to specify whether the severity is ERROR or WARNING using the appropriate
keyword. A message for the user follows. Note that you can use the model element which is actually checked
through theimlied 'this' variable. This means we could have written " Dupl i cate type "+t hi s. nane instead.

The condition which should hold (i.e. evaluate to true) for al instances of the given typeis separated by a colon.
The expressions used here (and in the message) are 0AW expressions. See the reference documentation of the
core languages (Check is one of them) for detalils.

We use two extensions here. Thefirst oneiscalled al | El enent s() and has been generated by Xtext. It returns a
list of all model elements containd in the model. t ypeSel ect ( Type) selectsal elements which are of type Type.
From that list we select al elements which have the same name as the actually checked model element. The
constraints ensure that the size of the reulted list is equal to 1 (i.e. the resulted list only containes the currently
checked modd element).

The second extension is used in the check for features. Basically the condition is very similar to the one we
discussed before. The only differenceisthat we don't want to check whether the name is unique within the whole
model but within all features of the current feature's entity. To access the feature's entity we have defined an
extension 'entity()"inthefileor g/ exanpl e/ dsl / Ext ensi on. ext like so:
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Checks.chk Extensions.ext &4 CenExtensions.ext 1 =0

import mydsl;

extension org::example::dsl::GenExtensions reexport;

Entity entity(Feature this) :
eContainer;

Figure 2.15. Defining extensions

Note that we reexport all extenions from GenExt ensi ons here. That's why we can refer to 'al | El ement s() ' from
within the check file. We can now start the runtime workbench again without starting Xtext's generator once more
because we didn't change the grammar file. Try to break one of the constraints:

©| *model.dsl 52 = (% Outline 22\ =0

datatype String L - =

entity Person { @ 5tring

(%] String name p @ Person
LX)

Str'fmg name p @ Address
String lastName

Address address

on

}

entity Address {
@ Foo street| =
String zip
String city

[ Problems 32 @ Javadoc}@ Declaration] J'Search} }=>| & - -0
3 errors, 0 warnings, 0 infos

| Description A | Resource Path

v - Errors (3 items)
@ Couldn't resolve reference to 'Foo' model.dsl mydslprojes
@ Duplicate feature name model.dsl mydslprojer
@ Duplicate feature name model.dsl mydslprojes

Figure 2.16. Breaking constraints

The constraints are not only checked within the editor but are checked when invoking the parser from cAW's
workflow engine as well.

There are more things we could do to enhance the editor (e.g. outline view, code completion or navigation). Have
alook at the reference documentation to see how this works.

2.5. Generating code

Now that we have a DSL we may want to do something useful with it. DSLs are essentially small programming
languages. A programming language has to be understandable by a computer. There are basicaly two ways
to make a language "understandable" by a computer. The first one is to write a compiler which transforms
expressions made in one language into another language which is already understandable by a computer. For
exampleaJavacompiler transforms Java programsto ByteCode programms. ByteCode is understandabl e because
there are VMs which translate expressions in Java ByteCode into more native instructions. This is usually done
at runtime. Transdating a language at runtime is called interpretation (ignoring specia cases like Just-in-Time
compilation here).
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With Xtext models one can either create a compiler (a.k.a. generator) or an interpreter. Although there are good
reasons for both approaches we will just discuss how one creates a generator in thistutorial.

2.5.1. Code generation with Xpand

The Xtext wizard already created a generator project for us. Were going to write an Xpand template which
generates smple JavaBeans from our entities. It's assumed that there is a Java datatype corresponding to the
datatypes used in the models (e.g. St ri ng). So we don't need to care about mapping data types.

So just open the Xpand template (Mai n. xpt ) and and modifiy it like this:

Mainxpt &3 = O|[ 5= outline &2 =08 t
«IMPORT mydsla a | L
= Z| @
«DEFINE main FOR Models < mydsl
«EXPAND javaBean FOREACH types.typeSelect(Entity)» @ main : Mode
«ENDDEFINE» @ javaBean : Entity

«DEFINE javaBean FOR Entitys
«FILE name+".jova's

public class «xnamews {
«FOREACH features AS f»
private «f . type.names «f . nomes;

public «f.type.nomes get«f.nome.toFirstUpper(J=({) {
return «f .names;

}

public void set«f.name.toFirstUpper(nl«f.type.names «f .names) |
this.«f.names = «f.nomes;
1 ©  pame 5tring - Feature
«ENDFOREACH=
1
«ENDFILE» A
«ENDDEFINE=

Figure 2.17. Xpand template

The definition main is invoked from the workflow file. It's declared for elements of type nydsl : : Mdel , which
corresponds to the root node of our DSL models. Within this definition another definition (j avaBean) is called
(<<EXPAND j avaBean. . . ) for each model element (. . . FOREACH. . . ) contained in Mbdel 'sreference 't ypes' which
isof typeEntity (typeSel ect (Entity)).

Thedefinition javaBeanisdeclared for elementsof type Entity. Thereinweopenafile (<<FILE...). The path/name
of the file is defined through an expression. In this case it corresponds to the name of the entity suffixed with
'javad. It's going to be generated into the src-gen directory directly.

All text contained between <<FILE ...>> and <<ENDFILE>> will go to the new file. Xpand provides control
statements (FOR, IF, ELSEIF,...) aswell as evaluation of expression in order to create the desired code. See the
core languages reference documentation for details.
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2.6. Installing everything into Eclipse

Now we've defined a DSL and a corresponding Generator. We don't need to use it in Eclipse - you can run the
generator from ant, maven, command line, etc. aswell - we'll now show you how toinstall everything into Eclipse
in order to start a new project based on your DSL and generator.

Right click on any project in the navigator view. Choose 'export'.

8enoe Java - Eclipse
(ol |3-0-Q-|&we-|8|&c

R

ik | = <=-=4> | 3 =
B i my.dsl
B i my.dsleditor
> T {u]} "W-‘* W - i
= New >
Open in New Window
Show In CEW >
= Copy $#8C
Copy Qualified Name
[ Paste BV
¥ Delete =
Build Path >
Source S >
Refactor T >
g2 Import...
«» Refresh F5
Close Project

Figure 2.18. Export Plug-ins 1

Choose "Deployable plug-ins and fragments'.
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8N e Export

Select /1
Export the selected plug-ins and/or fragments in a form suitable for deploying in I E E i
an Eclipse product.

Select an export destination:

| type filter text

B = General

> = EB

B = J2EE

b = Java

B = Mylyn

¥ (= Plug-in Development
Qﬁ Deployable features
$ Deployable plug-ins and fragments
,E Eclipse product

P = Team

B [= Web

B [= Web Services

B = Other

@ < Back M ( Cancel :) Finish

Figure 2.19. Export Plug-ins 2

Choose the directory where you've installed Eclipse, mark all three projects and click the "Finish"-button.
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'®ne Export

Deployable plug-ins and fragments

Export the selected projects into a form suitable for deploying in an Eclipse
product

i

Awvailable Plug-ins and Fragments:
M <= my.dsi(L0.0)

W <= my.dsleditor (1.0.0)
E == my.dsl.generator (1.0.0) Deselect All

Select All

Working Set...

3 out of 3 selected.

E- Destination | Options = JAR Signing |

e Directory:

[path/to/my/eclipse I-:j | Browse.. |

() Archive file:

v ! Browse...

':':’:' Mext > (_ Cancel ) E Finish 3
i

Figure 2.20. Export Plug-ins 3

When the export process has finished restart your workbench. Now choose a different workspace. Within the new
workspace you can create a new 'mydsl' project using the generated wizard.
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(000 = Java - Eélipse SDK - /Users/user/Desktop/temp
(I EH e 0@ | EHE |5 |[@ae 4 |@ [ m ey 5 |&ava
t [# Package Expl % 'Eg Hierarchﬂ =g | = O[5z outline 52 =0O

- e
¢/ BR|® o
An outline is not available.

6_1’\ (&) New Project

Select a wizard

—

Wizards:

b = General "
[ =g

b [= Eclipse Modeling Framework

> = EB
1 E
v

b (= J2EE
» = Java
b (= openArchitectureWare
p (= Plug-in Development
b = Web
¥ (= Xtext DSL Wizards
. mydsl Project
» (= Examples

—+, - =
G| @ g

Location

@ < Back M ( Cancel ) Finish
e
#
I

qu|,}@@1} /1

“

Figure 2.21. New DSL project

Thewizard creates an Eclipse plug-in project containing the needed dependenciesto the dsl bundle, the generator
bundle and the oAW bundles. It also generates a workflow which invokes the workflow from our generator as
well as an empty model file. Let'sfill the model file with some information.
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ene

Java - mydslproject/src/model.dsl - Eclipse SDK - /Usersfuser/Desktop/temp

Il @3- 0@ B8 B[00 i -0era- &
[% Package Expl 5% T: Hierarchy\l = O|[ £} modeldsl &3 = 0|52 outline 52 =g
3 | = <':==€>| o v £ dututypes_ = & ¥
T - datatype String -
¥ == mydslproject datatype Integer @ String
v 8 src @ Integer
{2 model.dsl ,* o ¥ © Person
D mydslproject.oaw :/enht\es @ name
v B sre-gen —entity Person { © age
v £ (default package) String name @ address
v m Address java Integer age ¥ © Address
v © Address Address address @ street
city } @ zip
° sT:reet —entity Address { © city
zip String street
© getCity() String zip|
@ getStreet() String city
® getZip() i
@ setCity(String
@ setStreet(Strir

@ setZip(String)
v m Person.java
v G Person
address
age

o name

@ getAddress()

@ getAge()

@ getMame()

@ setAddressi(A

@ setAge(lntege
@ setNamelStrir

» B JRE System Library [IVM 1.5.0 (M

> = Plug-in Dependencies

b (= META-INF

@ build.properties

Jalwl

[F| mydslproject.oaw &2

<workflows=
<component file='org/example/dsl/generator.oaw’=
<modelFile value='model.dsl' />
<targetDir value="src-gen' /=
</component>
</workflows=

[2 Problems (@ Javadoc ﬂ% Declaration (E Console (/Qn Search 2

Reference - Address

SO X %RV Ep- 2~ =0

u

o* | Writable

| Insert 16:15 ]

Figure 2.22. Textual modelling

IEYFEEEY

Now we can run the workflow by right clicking it. Choose Run As- >0AW Wr kf | ow.
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'_8 (8Na] Java - mydslproject/src/model.dsl - Eclipse SDK - /Users fuser/Desktop/temp
It o3 0 | EHE B @+ [|@ 83 0 ey 5 |&)ava
(sl 12 verarchy] = 0D models 2 = OB ouine -0
E ey = A/ datatypes — * v
T - = | = ==>| d datatype String - hd
¥ I=> mydslproject datatype Integer @ String
v [ src @ Integer
@ model.dsl S ¥ @ Person
D rrmislprojzct.i_New £ > @ name
v £ src-gen @ age
v £ (default packa  Qpen F3 @ address
v [ Addressj  Open With > ¥ © Address
v © Addr Show In THW > @ street
o g @ zip
o 5 [Z Copy #C @ city
o 3 Copy Qualified Name
@ [ Paste Y
2 # Delete [E33
© s Build Path >
@ % Refactor NHT >
@ 3 r
v (9 personjai gy Import...
v Ovrerss 4 Export...
L
& Vexarnple/dsl/genemtor.oaw‘;
g o olEted FS Drnodel.dsl' />
a Assign Working Sets... ='src-gen' />
@
@ Validate
@ <] Mark as Landmark iy
@5 @ Remove from Context {3l |
. o LRunonServer  OXXR
®  Debug As >
b = JRE System Library Pr0ﬁ|3 As > |I| 2 0AW Workflow ;!, G | & | = = = =
- ? B =
P B ru noePendent Team > © Open Run Dialog... z ==
= ) Compare With > @, Open External Tools Dialog...
@ build.properties 2
Replace With > —
Source >
Properties e
€ Y
- - - 3 1
] u<> mydslproject.oaw - mydslpraojectysrc ] ] [ B | ,) =] % Qé

Figure 2.23. Start the wor kflow

The generator finished successfully and the src-gen folder contains the generated Java classes.
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e06

Java - mydslproject/src/model.dsl - Eclipse SDK - /Users/user/Desktop/temp

Figure 2.24. Wor kflow completed

el 0 swe 15 ]ds 2104l b = §'a
[% Package Expl £2 T: Hierarchﬂ = O|[ & model.dsl 22 = 0O|(5z outline 52 =0O
) | = <:=={'>| & o £ dututypes_ - 2 A=
T - datatype String -
¥ = mydslproject datatype Integer @ String
v 8 src @ Integer
[ model.ds| i o ¥ © Person
D mydslproject.oaw :/ent\hes @ name
Vv 2 src-gen —entity Person { © age
v E} (default package) String name @ address
v [J] Address java Integer oge ¥ © Address
v @ address Address address @ street
o city } @ zip
“ sT:reet —entity Address { | &4 @ city
o zip String street Y
@ getCity()
@ getStreet!
g ) 0 [F| mydslproject.oaw &3
@ getZip() Kl
; . <workflows=
@ 5&tC|ty[5tr|n9 <component file="org/example/dsl/generator.oaw’=
@ setStreet(Strir =modelFile value='model.dsl' />
© setZip(5tring) <targetDir value='src-gen' /=
v m Person.java </components
v ® person </workflow=
o address
o age 2 =
o name ||—_§_\ Problems (@ Javadoc (@) Declaration 4 Searclﬂ ]
<terminated> mydslproject.oaw [Java Application] /System/Library/Frameworks / = - . Fy
© gethddress() Iaua VM framewnrle (VMarcinnef1 5 N/Hame fhinfiava (Sen 13 2007 1-:48°13 BAY E X & | Gx BB E | ta
© getAge() INFO WorkflowRunner T SS=-—-h i isA A A A AAAA P i iiAA S P L -
@ getMName() 153 INFO WorkflowRunner - openArchitectureWare 4.2.0, Build 208709112234NGT
@ setAddress(A 153 INFO WorkflowRunner - {c) 2005-2807 openarchitectureware.org and contributors
153  INFO WorkflowRunner = =se===ssssscssscsscssoscssssssossossssssssssosssssssones ==1
@ setAge(lntege
gel g 154 INFO WorkflowRunner - running workflow: mydslproject.oaw
@ setName(Swin gy INFO WorkflowRunmer -
b B JRE System Library [JVM 1.5.0 (M 710 INFO CompositeComponent - Workflow: executing workflow org/examplesds1/generator.oaw in myc
» =i Plug-in Dependencies 719 INFO CompositeComponent - Workflow: executing workflow org/example/dsl/parser/Parser.oaw it
b = META-INF 719 INFO CompositeComponent - ParserComponent(mydsl-parser)
@ build.properties @4 INFO CompositeComponent - IfComponent: executing if orgiexample/dsl/parser/Parser.ocaw in o
: @4 INFO ConditionalComponent - CheckComponent{mydsl-checker): expression theModel.eAllContent:
42  INFO CompositeComponent - Directory(Cleaner: cleaning directory 'src-gen'
43  INFO DirectoryCleaner - Cleaning /Users/user/Desktop/temp/mydslproject/src-gen
44  INFO CompositeComponent - Generator: generating 'org::example::dsl::Main::main FOR theModel
76 INFO Generator - Written 2 files to outlet [default]{src-gen/)
76 INFO WorkflowRunner - workflow completed in 257ms!
— N< > € B y< T+
e a4y
lo ] IENELES

That's it for now. Feel freeto play around with this small example. If you like it I'ld propose you have alook at
the reference documentation and try to create your own DSL.

Have fun!
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Chapter 3. 0AW 4 Eclipse Integration

3.1. Introduction
This document describes the various functionalities that the openArchitectureWare plugins contribute to the

Eclipse instalation. It is intended as user instruction for the work with Eclipse. You need to read other
documentation to understand the openArchitectureWare framework itself.

3.2. Installation

It is assumed that you aready have installed the oAW core and the 0AW plugin feature from the updatesite as
described in the Installation documentation.

There are some more eclipse plugins availabl e that belong to specia sub projects, such as the Recipe framework.
They are not subject of this document and will be described in it's specific documentation.

3.3. Overview

The openArchitectureWare core plugins provide editors for the different languages and a launch shortcut to start
workflow files. Let'sfirst have alook at the different oAW specific files.

3.4. 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 | m = [~ @ - | EEHE- |

mierarchy | Mavigator | = O

» Workflow files (. oaw extension)

» Xpand2 template files (. xpt extension)

* Extension f||eS( ext eXtengon) ‘[ scm-workflow.properties 1.4 (ASCID -kky

* Check files (. chk extension)

G} =SCMChecks.chk 1.2 (ASCI -kky)

i Ej =SCMComponent. ext 1.1 (ASCIT -kky)
|_EJ' =SCMMamingConwention.ext 1.4 (ASCIT
E-Hf »scm.templates,comp

i LT Compoment.xot 1.8 (ASCIT kv

3.5. Editors

When you double clip on one of the above mentioned file types, special editorswill open that provide appropriate
syntax coloring.

3.5.1. Syntax coloring

Here are examples for the Xpand editor:
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m Raoot, =pt m Component, xpt 23

«IMPORT =Scm: imon: @ comps
«TMPORT =cto: imin: fexs

«DEFIHE FRoot FOR scm: :mm: : SCMTops
«EXPAND ComponentPojo::Root FOREACH ALllElewmentsOfModel.typelele
«EXPAND Exception: :Root FOREACH AllElewentsOfModel.typelelect (3
«EHDDEF IHE

for the Extensions editor:

@ Root.=pt

import =cm:imm: ibhase;
extension scm::templates: thelper: iNamingHelper:
fﬂ'ﬂ'

* Package nswes

i
implEasePackagelame (3CHComponent <)
c.PackageNamwe + '.impl':
and for Check editor:

E] Faoak, xpk =
!i.mpurt Scm: imm: thase;
import scm: irmw: tbhe;

context 2CHOperation ERROR "you can only use exceptions
Exception.forkll( e | SCMibstractException. isInstanc

context SCMOperstion ERROR "class must be specified!™ @
this.hasClass:

3.5.2. Code completion

The Editors provide extensive code compl etion 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 -Files will be found.
The Xpand editor provides additionally support for the Xpand language statements.

«IMPORT sScm: tmim: :comp:
«IMPORT =crm: inn: @ exs

«DEFIHE Foot FOR scro: iran: : SCMTops
«EX

@ exists(String) Boolean - CustomModelElement
EXPAND
EXTENSION

3.5.3. Xpand tag delimiter creation support

In the Xpand editor there is an additional keystroke available to create the opening and closing tag brackets, the
guillemots (« and » ).

Ctrl + < creates «
and

Ctrl + > creates »
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3.6. Preference pages

3.6.1. Meta model contributors
The openArchitectureWare framework version 4 supports several 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 Metamaodel -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.

3.6.2. Global preferences

If you work aways with the same type of metamodels, you can specify the metamodel contributorsin the global
preference page. It is available under Windows --> Preferences in the openAr chitectureWar e section.

3.6.3. Preferences per project
In the project property page there is also an openArchitecturéWare section available.

Therein you can enable the openArchitectureWare Nature (see below) and set project specific metamodel
contributor settings.

& Properties for oaw4.demo.classic.scm.generator = |EI|£|
I type fiter text 7] openArchitectureware 9o e
- Infa
- Builders Enable openarchitectureiare nature: v
s B B Enable project specific sektings: v
[ Java Code Style Select metamodel contributor: ofwy-Classic Metarmodel ﬂ
[+ Java Compiler JavaBeans Mekamodel

- Javadoc Location DAW-Classic Metamode|
- opendrchitectureware EMF Metarnodels
- Project References Restore Defaulks | applhy |

oK I Zancel |

3.7. oAW Nature and oAW Builder

Y ou have seen in the last screenshot, that you can switch the openArchitectureWare nature on. If you do so, you
enable analysation support for all 0AW specific file typesin that project.

3.7.1. Problem markers

During the build process al found problems are marked in the editors as well aslisted in the Problems view.
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[

FIMPIJRT SCm: fmm: D compe
T «IMPORT =cr: inn: @ exs

«DEFIHE Foot FOR scro: iran: : SCMTop:s

[x] <EXPAHD ComponentPojo::Root FOREACH AL11ElementsOfModel, -
«EXPAHD Exception::Foot FOREACH Al1Elements0fModel.type:
«EHDDEF IHE:

|

['5_. Problems 22 Jawvador | Declaration | Cansole | Progress |

22 errors, 68 warnings, 0 infos

A | Descripkion | Resource | In Folder
@ Couldn't find definition ComponentPojo::Root for ... | Component.zpt oawd.dema.cla:
@ Couldn: find operation 'decoratorProxeyFilenamel, .. ComponentProxy.xpt oawd,demo. cla:
@ Error parsing extensions : Unable ko load extensi,,,  ComponentProxy,=pt oawd,dema.cla:
@ sString expected! ComponentProsxy, xpt oawd,demo. cla:

In the current implementation analysations 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

analysed automatically.

3.8. Running a workflow

Y ou can start aworkflow by right clicking on aworkflow file (*. oaw) and selecting Run As--> 0AW Workflow.
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& Java - Component.=pt - Eclipse SDK

File Edit Source Refactor Mawigate Search  Project

Fun  window  Help

|9 - |3 -0 -%- |G- |@F |oc- -

Higrarchy | Mavigatar |

= [m Component, zpt &3

| = <}==='> B «TMPORT scin: twen: @ comps

g, JRE Swskem Library [j2rel.4.2_03]

H example.BCZ impl
B example.tests
@, logdj. properties 1.4 {ASCIT -klod

warkl A

; L_—,gi =oawd,demo. classic.scm.generator  [ows, sourceforge.n
%o oawd,demo, dassic. scm. helloworld  [ovs sourceforge. ne

«IMPORT =cin: imn: @ eXs

«DEFIHE Foot FOR scm:imm::
«EXPAND ComponentPoijo:
«EXPAND Exception: :Foo

«ENDDEF ITHE =

] N '
i workflow, oaw S
-5 sro-gen Open Fa
[]—--Ej model Open With »
----- = helloworld, dump
----- =] helloorld.recipes - Capy ChrlC
D"L‘ﬁi Daw‘I.demo.classic.scr “ Paste s 1
%y 0awd.demo.dassic.ur —=
¥ Delete pelile Problerns | lavadoc | Declaration (E Zonsale
Build Path :
. < <terminated= ofw Warkflow Runner (1) [ofi
Refactar AHShIfET F FHfG: SN A N SN
@Import... 10 INFO - opendrchitecturs
= 10 INFO - ————mmm—mm
iy Export... 10 INFO - running workflo
10 INFO -
Q§“ Refresh Fg )
4286 INFO - Starting: workt.

» JU 1 JUnit Plugein Test  Alt+Shift+, P

3
Ju 2 Uik Test Alt+Shift+:, T
L3

k DRun...

Debug As
EE Outline 23 Tearm
An outling is nok available. Compare With
Replace With
Properties Ale+Enter

€, External Toals...

Becauseit isanormal launch configuration, you could run or even debug it using the normal Eclipse functionality.
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Chapter 4. Migration

This chapter describes how to migrate between the various versions of cAW.

4.1. Migrate from 0AW 4.1.2 to 0AW 4.2
Here's what you need to do when migrating from oAW 4.1.2 to cAW 4.2:

4.1.1. Plugin-Dependencies

or g. openar chi t ect ur ewar e. cor e. check has been merged with
or g. openar chi t ect ur ewar e. cor e. expressi ons. S0 this dependency can simply be removed. Remove
plugin dependencies to al org. openarchitectureware. core. * plugins and add a dependency to the new
or g. openar chi t ect ur ewar e. dependenci es plugin. This plugin bundles all dependent plugins and reexports
these.

4.1.2. Xtext

Although we have many cool new featuresin Xtext from 0AW 4.2, we needed to rework most of the API. Thisis
astep by step migration tutorial. Please use the Xtext forum if you have any trouble migrating to the latest version.

4.1.2.1. Migrating the grammar
The grammar language has changed a bit.
1. The'Abstract' keyword has been removed. All you need to do is remove it from your grammar.

2. The boolean assignment operator (prior it was "?) conflicted with the optional cardinality. So we changed it
to'?="

4.1.2.2. Migrating the core project

Within the main project the 'Extensions.ext’ and 'Check.chk’ files have been added. They replace the old
'[langname] Checks.ch' resp. '[langname] Extensions.ext' files. Y ou just have to copy and paste the content from
the old files to the new ones. (start the generator once if you don't see the new files).

4.1.2.3. Migrating the editor

The editor project has some more changes:

1. The...Plugin class aswell asthe ...Editor class names start with a capital (rename them if necessary).
2. The method getPlugin() in the ...Editor classis public now.

3. The content of the [langname] EditorExtensions.ext has been separated into severd files.

4. Thelabel() and image() extensions can be copy and pasted to EditorExtension.ext.

5. The content assist logic is contained in ContentAssist.ext.

Although your old projects should work now it'srecommended to read the updated X text reference documentation.
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Chapter 5. Workflow Reference

5.1. Introduction

The cAW4 workflow engine is a declarative configurable generator engine. It provides a smple, XML based
configuration language with which al kinds of generator workflows can be described. A generator workflow

consists of anumber of so-called workflow components that are executed sequentially in asingle VM.

5.2. Workflow components

At the heart of the workflow engine lies the WorkflowComponent. A WorkflowComponent represents a
part of a generator process. Such parts are typically model parsers, model validators, model transformers
and code generators. cAW 4 ships with different WorkflowComponents which should be used where
suitable, but you can also implement your own. The only thing you have to do is to implement the

or g. openar chi t ect ur ewar e. wor kf | ow. Wr kf | owConponent interface;

public interface Wrkfl owConponent {

/**
* @aram ct x
* current workfl ow cont ext
* @ar am noni t or
* i npl ementors shoul d provi de sone feedback about the progress
* using this nonitor
* @aram i ssues
*/
public void i nvoke(Wr kfl owCont ext ctx, ProgressMnitor nonitor, |ssues issues)

| **

* |s called by the container after configuration so the

* conponent can validate the configurati on before invocation
*

* @aramissues -

* inplementors should report configuration issues to this

*/

public void checkConfiguration(lssues issues)

Thei nvoke() operation performs the component's actual work. checkConf i gur ati on is used to check whether

the component is configured correctly before the workflow starts. More on these two operations | ater.
A workflow description consists of alist of configured WorkflowComponents.

Here's an example:

<wor kf | ow>

<conponent cl ass="ny. first.Wrkfl owConponent ">
<aProp val ue="test"/>

</ conponent >

<conponent cl ass="ny. second. Wr kf | onConponent ">
<anot her Prop val ue="test2"/>

</ conponent >

<conponent cl ass="ny.third. Wrkfl owConponent ">
<prop val ue="test"/>

</ conponent >
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</ wor kf | ow>

The workflow shown above consists of three different workflow components. The order of the declaration is
important! The workflow engine will execute the components in the specified order. To alow the workflow
engineto instantiate the workflow component classes, WorkflowComponent implementations must have adefault
constructor.

5.2.1. Workflow

A workflow is just a composite implementation of the werkfl owConponent interface. The i nvoke and
checkConf i gur at i on methods delegate to the contained workflow components.

The Workflow class declares an adder () method

public void addConponent (Wbr kf | owConponent conp) </ par a>

whichisused by theworkflow factory in order to wire up aworkflow (see next section 'Workflow Configuration’).

5.2.2. Workflow Components with IDs

If you want your workflow components to have an ID (so that you can recognize its output in the log) you have
to implement the interface wor kf | owConponent Wt hi D and the set I D() and get | D() operations. Alternatively,
you can aso extend the base class Abst r act Wor kf | owConponent , which handles the ID setter/getter for you.

5.2.3. More convenience

There is another base class for workflow components called Abstract Wor kfl owConponent 2. Its main
feature is that it has a property caled skipOnErrors. If set to true, it will not execute if the
workflow's issues collection contains errors. This is convenient if you want to be able to skip code
generation when the preceding model verification finds errors. Note that instead of implementing
i nvoke(...) and checkConfiguration(...), subclasses of Abstract Wr kf | owConponent 2 have to implement
i nvokel nternal (...) and checkConfigurationlnternal (...). Thisis necessary to alow the framework to
intercept the invocation and stop it when there are errors in the workflow.

5.3. Workflow Configuration

A workflow iswired up using an XML configuration language based on the dependency injection pattern (DlI).
Here is an example (not working, just an example!):

<wor kf | ow>
<property nanme='genPath' val ue='/hone/user/target'/>
<property nanme='nodel' val ue='/hone/user/nodel .xm"'/>
<conponent cl ass=' oaw. enf. Xm Reader' >
<nodel val ue='${nodel }'/>
</ conponent >
<conponent cl ass=' oaw. xpand2. Gener at or' >
<out |l et >
<pat h val ue=' ${ genPath}' />
</outlet>
</ conponent >
</ wor kf | ow>
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The root element is named workflow, then there are some property declarations followed by the declaration of
two components.

Here is atree representation of the resulting Java object graph:

obi : Workflow

i—

obi : caw.emf XmiReader

maodel : string = fhome/user/model.xmi

obi : oaw.xpand2. Generator

"L

obj : Outlet

path : string = fhome/user/target

Figure 5.1. Java Object Graph
The configuration language expresses four different concepts:
5.3.1. Properties

Borrowing from A pache Ant, we usethe concept of properties. Properties can be declared anywherein aworkflow
file. They will be available after declaration.

We have two different kinds of properties
1. simple properties
2. property files

Hereisan example:

<wor kf | ow>
<property nanme='baseDir' value="./"/>
<property file="${baseDir}/ny.properties'/>
<conponent
cl ass=' ny. Conp'
srchDir="${baseDir}’
nodel Nane=" ${ nodel }'
pat hToMbdel =" ${ pat hToMbdel }' />
</ wor kf | ow>

First there is a simple property baseDir with the value "." defined. This property can be used in any attributes
in the workflow file. The second property statement imports a property file. Property files use the well-known
Java properties file syntax. There is one feature we added: Y ou can use previously declared propertiesinside the
propertiesfile.

Example:

nodel = nyModel
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pat hToMbdel = ${baseDir}/ ${nodel }. xmi

5.3.1.1. Components

The wired up object graph consists of so called components (A workflow component is a specia kind of a
component). A component is declared by an XML element. The name represents the property of the parent
component holding this component.

Example:

<conponent cl ass=' MyBean' >
<bean cl ass=' MyBean' / >
</ conponent >

The Java class MyBean needs to have a corresponding property accessor. E.g.:

public class MyBean {

public void setBean(M/Bean b) {
bean = b

}

There are currently the following possibilities for declaring the property accessors:

5.3.1.1.1. Accessor methods

Aswe have seen, one possibility for declaring a dependency is to declare a corresponding setter Method.

public void set<propertynanme>(<PropertyType>; e)

If you want to set multiple multiple values for the same property, you should define an adder method.

public void add<propertynanme>(<PropertyType> e)

In some cases you may want to have key value pairs specified. This is done by providing the following method:

public void put(Qbject k,Object v)

5.3.1.2. Component creation

The corresponding Java class (specified using the class attribute) needs to have a default constructor declared. If
the class attribute is omitted, the Java class determined from the accessor method will be used. For the preceding
example we could write...

<conponent cl ass=' MyBean' >
<bean/ >
</ conponent >

...because the setter method usesthe MyBean type asits parameter type. Thisisespecially useful for more complex
configurations of workflow components.

Note that we will probably add factory support in the future.
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5.3.1.3. References

A component can have an attribute id. If thisisthe case we can refer to this component throughout the following
workflow configuration.

Example:

<wor kf | ow>
<conponent cl ass='ny. Checker'>
<met aMbdel id="mm class='ny. Met aModel’
net aMbdel Package=' or g. oaw. net anodel ' / >
</ conponent >
<conponent cl ass='ny. Generator'>
<nmet aMbdel idRef="nmm/>
</ conponent >

</ wor kf | ow>

In this example an object with the id mm (an instance of my.MetaMode!), is first declared and then referenced
using the attribute idRef. Note that this object will only be instantiated once and then reused. It is not allowed to
specify any other attributes besides idRef for object references.

5.3.1.4. Simple Parameters
Elementswith only oneattribute value are simple parameters. Simpl e parameters may not have any child elements.

Example:

<wor kf | ow>
<conponent cl ass='ny. Checker' nyParan<' foo' >
<anot her Par am val ue=' bar' />
</ conponent >

Asyou can see, there are two ways to specify a simple paramter.
1. using an XML attribute
2. using anested XML element with an attribute value

Both methods are equivalent, although declaring an attribute way saves afew keystrokes. However, the attributes
class, id and file are reserved so they cannot be used.

Parameters are injected unsing the same accessor methods as described for components. The only differenceis
that they are not instantiated using a default constructor but instead using a so called converter.

5.3.1.4.1. Converters

There are currently converter implementations registered for the following Java types:
1. Object

2. String

3. String[] (uses s.split(’,))
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4. Boolean (both primitive and wrapper)
5. Integer (both primitive and wrapper)
5.3.1.5. Including other workflow files (a.k.a cartridges)

If an element has a property fileit is handled as an inclusion. Using an inclusion one can inject a graph described
in another workflow file. Here is an example:

file 1. mybean.oaw

<anynane cl ass=' WO ass'/>

file 2: workflow.oaw

<conp cl ass=' MyBean' >
<bean fil e='nybean. oaw />
</ conp>

One can pass properties and components into the included file in the usual way.

file 1. mybean.oaw

<anynane cl ass=' WC ass' aProp='${nyParan}' >
<bean i dRef =' myConponent' />
</ anynamne>

file 2: workflow.oaw

<conp cl ass=' MyBean' >
<bean fil e=' nybean. oaw >
<myPar am val ue='f oo' / >
<myConponent cl ass=' MyBean' />
</ bean>
</ conp>

As you can see simple parameters are mapped to properties in the included workflow file and components can
be accessed using the idRef attribute.

Properties defined in the included workflow description will be overwritten by the passed properties.

The root element of a workflow description can have any name, because there is no parent defining
an accessor method. Additionally you have to specify the attribute class for a root element. There
is only one exception: If the root element is named workflow the engine knows that it has to
instantiate the type or g. openar chi t ect ur ewar e. Wor kf | ow. Of course you can specify your own subtype of
or g. openar chi t ect ur ewar e. Wor kf | ow using the class attribute (if you need to for any reason).

5.3.1.6. InheritAll Feature

If you don't want to explicitely passthe parametersto an included workflow description, you can use the inheritAll
attribute. This will make all the properties and beans that are visible to the actual workflow file also visible to
the included workflow file.

<conponent file="ny/incl uded/ workfl ow. oaw' inheritAl | ="true"/>
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5.3.2. Component Implementation and Workflow Execution

This section describes how to implement workflow components, how they can communicate with each other and
how the workflow execution can be controlled.

5.3.2.1. The Workflow Context

Workflow components have to communicate among each other. For example, if an XMIReader component reads
amodel that a constraint checker component wants to check, the model must be passed from the reader to the
checker. The way this happens is as follows. In the invoke operation, a workflow component has access to the
so-called workflow context. This context contains any number of named sots. In order to communicate, two
components agree on a slot name, the first component puts an object into that slot and the second component
takes it from there. Basically, slots are named variables global to the workflow. The slot names are configured
from the workflow file. Here is an example:

<?xm version="1.0" encodi ng="w ndows- 1252" ?>
<wor kf | ow>
<property file="workfl ow. properties"/>

<conponent id="xm Parser"
cl ass="org. openarchi t ect urewar e. enf . Xm Reader" >
<out put Sl ot val ue="nodel "/ >

</ conponent >

<conponent id="checker" cl ass="dat anpdel . gener at or. Checker" >
<nodel Sl ot val ue="nodel "/ >
</ conponent >
</ wor kf | ow>

As you can see, both these workflow components use the slot hamed model. Below is the (abbreviated)
implementation of the xni Reader . It stores the model data structure into the workflow context in the slot whose
name was configured in the workflow file.

public class Xm Reader inplenents Wrkfl owConponent {
private String outputSlot = null;

public void setQutputSlot(String outputSlot) {
thi s. out put Sl ot = out put Sl ot ;

}

public void invoke(Wrkfl owCont ext ctx, Progresshnitor nonitor,
| ssues issues) {
Obj ect theMbdel = readModel ();
ctx. put( outputSlot, theMdel );

}

The checker component reads the model from that slot:

public class Checker inplenents Wrkfl owConponent {
private String nodel Sl ot;

public final void setMdel Slot( String ms ) {
t hi s. nodel Sl ot = ns;

}
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public final void invoke(Wrkfl owContext ctx,
ProgressMni tor nonitor, |Issues issues) {

Obj ect nodel = ctx.get(nodel Slot);
check(nodel ) ;
}
}

5.3.2.2. Issues

Issues provide a way to report errors and warnings. There are two places where issues are used in component
implementations:

1. Inside the checkConfiguration operation, you can report errors or warnings. This operation is called before
the workflow starts running.

2. Insidetheinvoke operation, you can report errors or warnings that occur during the execution of the workflow.
Typical examples are constraint violations.

The Issues API is pretty straightforward: you can call addError and addWarning. The operations have three
parameters: the reporting component, a message as well as the model element that caused the problem, if there
is one. The operations are also available in a two-parameter version, omitting the first (reporting component)
parameter.

5.3.2.3. Controlling the Workflow

There is an implicit way of controlling the workflow: if there are errors reported from any of the
checkConfiguration operations of any workflow component, the workflow will not start running!

There is also an explicit way of terminating the execution of the workflow: if any invoke operation throws a
Wor kf | owl nt er r upt edExcept i on (aruntime exception) the workflow will terminate immediately.

5.3.2.3.1. Workflow AO

It is sometimes necessary to enhance existing workflow component declarations with additional properties. This
isexemplified in the Template AOP example. To implement such an Advice Component, you have to extend the
AbstractWorkflowAdvice class. Y ou haveto implement all the necessary getters and settersfor the propertiesyou
want to be able to specify for that advice; also you have to implement the weave() Operation. In this operation,
which takes the advised component as a parameter, you have to set the advised parameters:

public class GeneratorAdvice extends Abstract Wrkfl owAdvi ce {
private String advices;

public String getAdvices() {
return advi ces;

}

public void setAdvices(String advices) {
this. advi ces = advi ces;

}

@verride
public void weave(Wr kf | owConmponent c) {
Generator gen = (Generator)c;
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gen. set Advi ces(advi ces);

}

In the workflow filethings are straight forward: Y ou have to specify the advice's component classto be the advice
component, and use the special property adviceTarget to identify the target component:

<wor kf | ow>

<cartridge fil e="workfl ow. oaw'/>
<conponent advi ceTar get ="generator"
cl ass="oaw. xpand2. Gener at or Advi ce" >
<advi ces val ue="tenpl ates: : Advi ces"/>
</ conponent >
</ wor kf | ow>

5.3.3. Invoking a workflow

If you have described your generator process in aworkflow file, you might want to run it :-) There are different
possibilities for doing so.

5.3.3.1. Starting the WorkflowRunner

The class org.openarchitectureware.workflow.WorkflowRunner is the main entry point if you want to run the
workflow from the command line. Take alook at the following example:

java org. openarch. . Wr kf | omRunner pat h/ wor kf | ow. oaw

Y ou can override properties using the -p option:

j ava org. openar ch. . Wr kf | owRunner - pbasedi r=/base/ path/workfl ow. oaw

5.3.3.2. Starting with Ant

We aso have an Ant task. Here's an example:

<target nanme='generate'>
<t askdef nane="wor kfl ow' cl assnanme="org. openar chi t ect ur ewar e. wor kf | ow. ant . Wor kf | owAnt Task"/ >
<wor kfl ow fil e=' pat h/ wor kf | ow. oaw >
<param name=' baseDi r' val ue='/base/'/>
</ wor kf | ow>

</target>

The Workflow ant task extends the Java ant task. Therefore, you have al the properties known from that task
(classpath, etc.).

5.3.3.3. Starting from you own code
Y ou can also run the generator from your own application code. Two thingsto note:
1. the contents of the properties map override the properties defined in the workflow.

2. The dotContents map allows you to fill stuff into the workflow from your application. This is a typical use
case: you run oAW from within your app because you aready have amodel in memory.
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String wiFile = "sonePat h\ \ wor kf | ow. oaw';
Map properties = new HashMap();

Map sl ot Contents = new HashMap();

new Wor kf | owRunner (). run(wfFile ,

new Nul | Progresshonitor(), properties, slotContents)

5.3.3.4. Starting from Eclipse

Y ou can aso run aworkflow file from within Eclipse, if you have installed the oAW plugins. Just right-click on
theworkflow file (whatever.oaw) and select Run As-> 0AW Workflow. Seethe plugin documentation for details.
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6.1. Introduction

The 0AW4 generator framework provides textual languages, that are useful in different contexts in the MDSD
process (e.g. checks, extensions, code generation, model transformation). Each oAW language (Check, Xtend
and Xpand) is built up on a common expression language and type system. Therefore they can operate on the
same models, metamodel s and meta-metamodel s and you don't need to learn the syntax again and again, because
it is aways the same.

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

6.2. Type System

The abstraction layer on API basis is called a type system. It provides access to built-in types and different
registered metamodel implementations. These registered metamodel implementations offer access to the types
they provide. The first part of this documentation describes the type system. The expression sub-language is
described afterwards in the second part of this documentation. This differentiation is necessary because the type
system and the expression language are two different things. The type 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 APl described here is located in the or g. openar chi t ect ur ewar e. t ype package and is a part of the
subproject cor e- expr essi ons.

6.2.1. Types

Every object (e.g. model elements, values, etc.) hasatype. A type contains properties and operations. In addition
it might inherit from other types (multiple inheritance).

6.2.1.1. Type Names

Types have a simple Name (e.g. St ri ng) and an optional namespace used to distingish between two types with
the same name (e.g. ny: : net anodel ). The delimiter for name space fragments is a double colon ,,: : “. A fully
qualified name looks like this:

ny::fully::qualified:: MetaType

The namespace and name used by a specific typeisdefined by the corresponding vet amvbdel implementation. The
Enf Met aMbdel , for instance, maps EPackages to namespace and EC assi f i er s to names. Therefore, the name of
the Ecore element ECl assi fi er iscalled:

ecore:: ECl assifier

If you don't want to use namespaces (for whatever reason), you can always implement your own metamodel and
map the names accordingly.
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6.2.1.2. 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 don't like castsand O assCast Except i ons, we introduced
the concept of parameterized types. The typesystem doesn't support full featured generics, because we don't need
them.

The syntax is:

Col | ection[ ny: : Type]
Li st[ ny:: Type]
Set [ ny: : Type]

6.2.1.3. Features

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

* Properties
e Operations
o StaticProperties

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.
SaticProperties are the equivalent to enums or constants. They must be invoked statically and they don't have
parameters.

6.2.2. Built-In Types

As mentioned before the expressions framework has several built-in types, that define operations and properties.
In the following, well give a rough overview of the types and their features. We won't document all of the
operations here, because the built-.in types will evolve over time and we want to derive the documentation
from the implementation (model-driven :-)). For a complete reference consult the generated APl documentation
(http://www.openarchitectureware.org/api/built-ing/).

6.2.2.1. Obj ect
vj ect defines a couple of basic operations, like equations. Every type has to extend j ect !
6.2.2.2. Voi d

Thevoi d type can be specified asthe returntypefor operations, although it's not recommended, because whenever
possible expressions should be free of side effects whenever possible.

6.2.2.3. Simple types (Datatypes)

Thetype system doesn't have a concept datatype. Datatypes are just types. Asin OCL, we support the following
types: Stri ng, Bool ean, | nt eger, Real .

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

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

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

6.2.2.4. Collection types

The type system has three different Collection types. Col | ect i on isthe base type, it provides several operations
knownfromjava. util. Col | ecti on. Theother two types(Li st , Set ) correspond to theirj ava. uti | equivalents,
too.

6.2.2.5. Types 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's not unusual to have ameta
type called oper at i on, for instance) we have prefixed all of the types with the namespace oaw. We have:

* oaw : Type

* oaw : Feature

* oaw : Property

* oaw. : StaticProperty

* oaw : Operation

6.2.3. MetaModel-Implementations (aka Meta Meta Model)

By default the type system only knows the built-in types. In order to register your own metatypes(e.g. Entity or
St at e), You need to register arespective MetaModel implementation with the type system. Within a MetaM odel
implementation the c)AW typesystem elements (Type, Property, Operation) are mapped to an arbitrary other
typesystem (Javareflections, Ecore or XML Schema).

6.2.3.1. Example JavaMetaModel

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

public class Attribute {

private String nane;

private String type;

public String getName() {
return nang;

}

public void setNane(String nane) {
thi s. nane = nane;

}

public String getType() {
return type;

}

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

0AW Version 4.2 67



Xtend/ Xpand/ Check Reference

}
}

Y ou need to use the Javamet amModel implementation which uses the ordinairy Java reflection layer in order to
map access to the model.

So if you have the following expression in e.g. Xpand:

nmyattr. name. t oFi r st Upper ()

and nyat t r isthe name of alocal variable pointing to an instance of At tri but e. The oaw typesystem asks the
metamodel implementations if they 'know' a type for the instance of Attribute. If you have the Javamet amodel
registered it will return an oaw: : Type which mapsto the underlying Javaclass. When thetypeisasked if it knows
aproperty 'nane’, and it will inspect the Java class using the Javareflection API.

The JavaMetaM odel implementation shipped with oaw can be configured with a strategy [GOF95-Pattern] in
order to control or change the mapping. For instance, the JavaBeansStrategy maps getter and setter methods to
simple properties, so we would use this strategy for the example above.

6.2.3.2. Eclipse IDE MetaModelContributors

You should know that for each metanmodel implementation you use at runtime, you need to have a so
called Met anodel Contri 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 oaw is shipped with
respective Metamodel Contributors (see the corresponding docs for details). If you need to implement your own
Met anpdel Cont ri but or You should have alook at the Eclipse plug-in reference doc.

6.2.3.3. Configuring Metamodel implementations with the workflow
Y ou need to configure your oaw language components with the respective metamodel implementations.

A possible configuation of the xpand2 generator component looks like this:

<conponent cl ass="oaw. xpand2. Gener at or" >
<met aMbdel cl ass="oaw. type. enf. Enf Met aMbdel ">
<met aMbdel Package val ue="ny. gener at ed. Met aMbdel 1Package"/ >
</ met aMbdel >
<met aMbdel cl ass="oaw. type. enf. Enf Met aMbdel ">
<met aMbdel Fi | e val ue="ny/j aval/ package/ net anodel 2. ecore"/>
</ met aMbdel >

</ conponent >

In this example the Enf Met aMbdel implementation is configured two times. This means that we want to use two
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 in the cor e. enf t ool s project). It points to the generated EPackage interface. The
second metamodel is configured using the ecorefile. Y ou don't need to have a generated Ecore model for oaw in
order to work. The Enf Met aMbdel workswith dynamic EMF modelsjust asit workswith generated EMF models.

6.2.4. Using different MetaModel implementations (aka MetaMetaModels)

With oAW 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 X pand-Template. Y ou
just need to configure the respective MetaM odel implementations.
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If you want to do so you need to know how the type lookup works. L et's assume that we have an EMF metamodel
and amodel based on some Java classes. Then the following would be a possible configuration:

<conponent cl ass="oaw. xpand2. Gener at or ">
<met aMbdel cl ass="oaw. type.inpl.java.JavaMet aMdel "/ >
<nmet aMbdel cl ass="oaw.type. enf. Enf Met aMbdel ">
<met aMbdel Fi |l e val ue="ny/j aval/ package/ net anodel . ecore"/>
</ met aMbdel >

</ conponent >

When the oaw runtime needs to access a property of a given object, it asks the metamodels in the configured
order. Let's assume that our model element is an instance of the Javatypeor g. ecl i pse. enf . ecor e. EObj ect and
it's adynamic instance of an EMF EClass M/ Type.

We have three Metamodels:

1. Built-Ins (alwaysthefirst one)

2. JavaMetaM odel

3. EMFMetaModel — metamodel.ecore

Thefirst onewill return the type oj ect (notj ava. | ang. Ooj ect but oaw's bj ect ). At this point the type Object
best fits the request, so it will act as the desired type.

The second metamodel returns an oaw type caled oaw: : ecl i pse: : enf:: ecore:: EQbj ect The typesystem
will check if the returned type is a specidization of the current 'best-fit' type (oject). It is, because
it extends ject (Every meta type has to extend bject). At this time the typesystem assumes
oaw. : ecl i pse: : enf:: ecore:: ECbj ect to bethedesired type.

The third metamodel will return net anodel : : MyType Which is the desired type. But unfortunately it doesn't
extend org: : ecl i pse: : enf:: ecore: : EObj ect asit has nothing to do with those Java types. Instead it extends
enf: : EObj ect which extends j ect .

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

<conponent cl ass="oaw. xpand2. Gener at or ">
<met aMbdel cl ass="oaw. type. enf. Enf Met aMbdel ">
<met aMbdel Fi | e val ue="ny/j aval/ package/ net anodel . ecore"/>
</ met aMbdel >
<met aMbdel cl ass="oaw. type.inpl.java.JavaMet aModel "/ >

</ conponent >

6.3. Expressions

The oAW expression sub language is a syntactical mixture of Java and OCL. This documentation provides a
detailed description of each available expression. But let's start with some simple examples.

Accessing a property:

myModel El enent . nane
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Accessing an operation:

myModel El enent . doSt uf f ()

simple arithmetic:

1+1*2

boolean expressions (just an example:-)):

I("text'.startsWth('t') & ! false)

6.3.1. Literals and special operators for built-in types
There are severa literas for built-in types:

6.3.1.1. Obj ect

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

equals:

obj 1 == obj 2

not equals:

obj1 !'= obj2

6.3.1.2. voi d

The only possibleinstance of voi d isthenul | reference. Therefore, we have one literal:

nul |

6.3.1.3. Type literals

The literal for typesisjust the name of the type (no '.class' suffix, etc.). Example:

String // the type string
nmy::special::Type // evaluates to the type 'ny::special:: Type'

6.3.1.4. StaticProperty literals

The literal for static properties (aka enum literals) is correlative to type literals:

ny: : Col or: : RED

6.3.1.5. string

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

S'a String literal'
"a String literal" // both are okay
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For Strings the expression sub-language supports the plus operator that is overloaded with concatenation:

"my element '+ ele.name +' is really cool!’

Note, that multi-line Strings are supported.
6.3.1.6. Bool ean

The boolean literas are:

true
fal se

Operators are:

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

6.3.1.7. I nteger and Real

The syntax for integer literalsis as expected:

/'l integer literals
3

57278

I/l real literals
3.0

0.75

Additionally, we have the common arithmetic operators:

3+ 4 // addition
4 — 5 /| subtraction
2* 6 // multiplication
3/ 64 // divide

/1 Unary m nus operator
- 42

- 47.11

Furthermore, the well known compare operators are defined:

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

6.3.1.8. Collections

Thereisalitera for lists:

{1,2,3,4} // alist with four integers

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

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

Like OCL, the 0AW expression sub-language defines severa special operations on collections. Those operations
are not members of the type system, therefore you can't use them in a reflective manner!

6.3.2.1. sel ect

Sometimes an expression yields alarge collection, but onjeisonly interested in aspecial subset of the collection.
The expression sub-language has special constructs to specify a selection out of a specific collection. These are
the sel ect and rej ect operations. The select specifies a subset of a collection. A sel ect IS an operation on a
collection and is specified as follows:

coll ection.select( v | bool ean-expression-with-v )

Select returns a sublist of the specified collection. The list contains al elements for which the evaluation of
boolean-expression-with-v resultsin true. Example:

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

6.3.2.2. t ypeSel ect

A special version of aselect expression ist ypeSel ect . Rather than providing a boolean expression a class name
is here provided.

col |l ection.typeSel ect( classnane )

typeSel ect returns that sublist of the specified collection, that contains only objects which are an instance of
the specified class (also inherited).

6.3.2.3. rej ect

Therej ect operationissimilar tothesel ect operation, but withr ej ect we get the subset of al the elements of
the collection for which the expression evaluatesto f al se. Therej ect syntax isidentical to the sel ect syntax:

collection.reject( v | bool ean-expression-with-v )

Example:

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

6.3.2.4. col | ect

As shown in the previous section, the sel ect and rej ect operations always result in a sub- collection of the
original collection. Sometimes one wants to specify a collection which is derived from ancther collection, but
which contains objects not in the original collection (it is not a sub-collection), we can use acol | ect operation.
Thecol | ect operation uses the same syntax asthesel ect andrej ect and iswritten like this:

collection.collect( v | expression-with-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 alist. When an iteration isfinished the list with al resultsis returned.
Example:
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nanedEl enent s. col | ect (ne| ne.nane) // returns a |list of strings

6.3.2.5. Shorthand for col I 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. col | ect (e| e. birt hdate)

one can also write:

sel f. enpl oyee. birt hdate

In general, when a property is applied to a collection of Objects, it will automatically be interpreted asacol | ect
over the members of the collection with the specified property.

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

sel f. bui |l di ngs. roons. wi ndows // returns a list of w ndows

This syntax works, but one cannot expressit using the collect operation in an easy way.
6.3.2.6. forAl

Often a boolean expression has to be evaluated for al elements in a collection. The for Al I operation allows
specifying aBoolean expression, which must betruefor al objectsinacollectioninorder for thef or Al | operation
toreturntrue:

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

Theresult of for Al 1 iStrueif bool ean- expressi on-wi t h-v ist r ue for al the elements contained in acollection.
If bool ean- expression-wi th-v is fal se for one or more of the elements in the collection, then the f or Al |
expression evaluatesto f al se.

Example:

{3,4,500}.forAll (i|i<10) // evaluates to false (500 <5 is false)

6.3.2.7. exi sts

Often you will need to know whether there is at least one element in a collection for which a boolean istr ue.
The exists operation allows you to specify a Boolean expression which must be t r ue for at least one object in
acollection:

coll ection.exists( v | bool ean-expression-with-v )

The result of the exists operation is true if bool ean- expressi on-with-v iStrue for a least one element
of collection. If the bool ean- expression-with-v isfal se for al elements in collection, then the complete
expression evaluatesto f al se.

Example:

0oAW Version 4.2 73



Xtend/ Xpand/ Check Reference

{3,4,500}. exists(i|i<10) // evaluates to true (e.g. 3 <5 is true)

6.3.2.8. sortBy"

If youwant to sort alist of elements, you can usethe higher order function sor t By. Thelist youinvokethesor t By
operation on is sorted by the results of the given expression.

Example:

nyLi stOFEntity. sortBy(entity|entity. nanme)

In the example thelist of entitiesis sorted by the name of the entities. Note that thereis no such Conpar abl e type
in oaw. If the valuesreturned from the expression areinstances of j ava. uti | . Conpar abl e the conpar eTo method
isused, otherwiset oSt ri ng() isinvoked and the the result is used.

More Examples - the following expression returnt r ue:

{*C,'B, A} .sortBy(ele) == {"A,'B,'C}

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

6.3.3. If expression

There aretwo different ,,flavours* of conditional expressions. Thefirst oneisthe so-caled if expression. Syntax:

condition ? thenExpression : el seExpression

Example:

nane != null ? nane : 'unknown'

6.3.4. swi tch 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:

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

Thereis an abbreviation for Boolean expressions.

l§nce4.1.2
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switch {
case bool eanExpressi on : thenExpression
default : catchAl | Expression

6.3.5. Chain expression

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

anExpr ->
anot her Expr ->
| ast Expr

Each expression is evaluated in sequence, but only the result of the last expression is returned. Example:

pers.set Nane('test') ->
pers

This chain expression will set the name of the person first, before it returns the person object itself.

6.3.6. creat e expression

Thecreat e expression is used to instantiate new objects of a given type:

new TypeNane

6.3.7. 1 et expression

Thel et expression lets you define local variables. Syntax is as follows:

let v = expression in expression-wth-v

Thisis especialy useful together with achain- and a create expressions. Example:

let p = new Person in
p. nane(' John Doe') ->
p.age(42) ->
p.city(' New York') ->
p

6.3.8. 'GLOBALVAR' expression

Sometimesyou 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 within one of the openArchitetcureWare
languages (Check, Xtend or X pand).

6.3.8.1. Using GLOBALVARS to configure workflows

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

<wor kf | ow>
. stuff
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<conponent cl ass="oaw. xpand2. Gener at or “ >
. usual stuff (see ref doc)
<gl obal Var Def nane="MyPSM' val ue="sl ot NameCf PSM'/ >
<gl obal Var Def nanme="|npl d assSuffix“ value=""Inpl"'*“/>
</ conponent >
</ wor kf | ow>

If you haveinjected global variablesinto the respective component, you can call them using the following syntax:

GLOBALVAR | npl C assSuffi x

Note, we don't have any static typeinformation. Therefore j ect isassumed. So you haveto down cast the global
var to the intended type:

((String) GLOBALVAR | npl Cl assSuffi x)

It isgood practiceto type it once, using an Extension and then always refer to that extension:

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

name+i npl A assSuf fi x();

6.3.9. 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 'this element is considered, for paramters the static type is used. (thisis
called single dispatch)

HereisaJava example:

class Myd ass {

bool ean equal s(Obj ect 0) {

if (o instanceof MyC ass) {
return equal s((M/d ass)o);

}
return super.equal s(0);

}

bool ean equal s(My/Type nt) {
/i nmpl enentation...

}

The method equal s(Ohj ect o) must not been overwritten, if Java would support multiple dispatch.

6.3.10. Casting

The expression language is statically type checked. Allthough 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
explicitely givethe system such an information casts are available. Casts are 100% static, so you don't need them
if you never statically typecheck your expressions!

The syntax for castsisvery Java-like:
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((String)unTypedLi st. get (0)).toUpper Case()

6.4. Xtend

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

This language provides the possibility to define rich libraries of independent operations and no-invasive
metamodel extensions based on either Java methods or )AW expressions. Those libraries can be referenced from
all other textual languages, that are based on the expressions framework.

6.4.1. Extend files

An extend file must reside in the Java class path of the used execution context. Additionally it's file extension
must be *. ext . Let'shave alook at an extend file.

i mport ny::netanodel ; extensi on other:: ExtensionFil e;

/**
* Document ati on
*/
anExpr essi onExt ensi on(String stringParam :
doi ngSt uf f (wi t h(stringParan))

/**
* java extensions are just nmappings
=
String aJavaExtension(String paran) : JAVA
ny. JavaCl 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 java extensions

6.4.2. Comments

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

/1 my conment

Multi line comments are written like this:

/* My multi |ine comment */

6.4.3. Import Statements

Using the import statement one can import name spaces of different types.(see expressions framework reference
documentation).
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Syntax is:

import nmy::inported::nanespace;

Extend does not support static imports or any similar concept. Therefore, the following isincorrect syntax:

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

6.4.4. Extension Import Statement

Y ou can import another extend file using the extension statement. The syntax is:

extension fully::qualified::Extensi onFi| eNaneg;

Note, that no file extension (*. ext ) is specified.
6.4.4.1. Reexporting Extensions

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

extension fully::qualified::ExtensionFil eName reexport;

6.4.5. Extensions

The syntax of asimple expression extension is as follows:

Ret ur nType ext ensi onNane( Par anTypel paranNanel, ParaniType2...): expression-usi ng-parans;

Example:

String getterNanme(NanedEl ement ele) : 'get' +ele.nane.firstUpper();

6.4.5.1. Extension Invocation

There are two different ways of how to invoke an extension. It can be invoked like a function:

get t er Nane( nmyNanedEl enent )

The other way to invoke an extension is through the "member syntax™:

myNanedEl enent . gett er Nane()

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

It's 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.
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6.4.5.2. Type Inference

For most extensions, you don't 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

asLi st (Qbject o0): {o};

the invocation of

asList('text')

has the static type List[String]. This means you can call

asList('text').get(0).toUpperCase()

The expression is statically type safel
Thereis aways areturn value, whether you specify it or not, even if you specify explicitely 'Void'.

See the following example.

nodel Tar get . ownedEl enent s. addAl | Not Nul | ( nodel Sour ce. contents. duplicate())

In this example duplicate() dispatches polymorphicly. Two of the extentions might look like:

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

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

If a'Redlisation’ is contained in the 'contents' list of 'model Source, the 'Realizer' of the 'Realization’ will be added
to the 'ownedElements list of the 'model Target'. If you do not want to add in the case that the contained element
isa'Realization’ you might change the extention to:

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

{}

6.4.5.3. Recursion

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

String fullyQualifiedNanme(NanedEl enent n) : n.parent == null ? n.nane :
ful lyQualifiedNanme(n. parent)+'::"'+n. nane

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

If you call an extension without side effects very often, you would like to cache the result for each set of
parameters, in order improve the performance. Y ou can just add the keyword 'cached' to the extension in order
to acievethis:

cached String getterName(NanmedEl ement ele) :
'get' +el e. nane. first Upper ()

The getterName will be computed only once for each NamedElement.
6.4.5.5. Private Extensions

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

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

6.4.6. Java Extensions

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

Voi d myJavaExt ensi on(String param :
JAVA ny. Type. stati cMet hod(j ava. | ang. Stri ng)

The signature is the same as for any other extension. The implementation is redirected to a public static method
inaJavaclass.

It'ssyntax is:

JAVA fully.qualified. Type. staticMet hod(my. ParaniTypel,
ny. Par anType2,
o)

Note that you cannot use any imported namespaces. 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:

Voi d dunp(String s) :
JAVA ny. Hel per. dunp(j ava. | ang. Stri ng)

and you have the following Java class:

package ny;
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public class Hel per {
public final static void dunp(String aString) {
System out. println(aString);
}

the expressions

dunp(' Hel lo world!")
"Hello World'. dunp()

both result are invoking the Java method void dump(String aString)

6.4.7. Create Extensions (Model Transformation)

Since Version 4.1 the Xtend language supports additional support for model transformation. The new concept is
called ‘create extension’ and is explained 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 references C2).

We could writethefollowing extensionsin order to transform an Ecore (EM F) model to our metamodel (Package,
Class, Reference).

t oPackage( EPackage x) :
l et p = new Package :
p. ownedMenber . addAl | (x. ed assifiers.tod ass()) ->

p;

toCl ass(EC ass x) :
let ¢ = new Cl ass :
c.attributes.addAl | (x. eRef erences. toReference()) ->
C;

t oRef er ence( ERef erence x) :
let r = new Reference :
r.set Type(x. eType.toCl ass()) ->
r

For an ecore mode! of the structure from above, the result would be:

p
[\
ClL @2

R- C

What happend? The C2 class has been created 2 times (one time for the package containment and another time
for the Reference'sreference). We can solve the problem by adding the 'cached' keyword to the second extension:
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cached toCd ass(EC ass x) :
let ¢ = new Class :
c.attributes.addAl |l (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)
i. endR
b. end C1
c. start get cached C2 (contained in P)
2. end P

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

The transformation would occurr like this:
1. dtart create P
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. sart create C1 (referenced from R1)... OOPS!

Clis aready in creation and will not complete until the stack is reduced. Deadlock! The problem is that the
cache caches the return value, but C1 was not returned so far, because it is still in construction. The solution:
create extensions

The syntax is asfollows:

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

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

create Reference toReference(EReference x) :

0oAW Version 4.2 82



Xtend/ Xpand/ Check Reference

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.

6.4.8. Calling Extensions From Java

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

/'l setup
XtendFacade f = XtendFacade. create("ny:: path:: M/ExtensionFile");

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

The called extension file looks like this:

sayHell o(String s) :
"Hello " + s;

This example uses only features of the BuiltinMetaModel, in this case the ,+* feature from the StringTypelmpl.

Hereisanother example, that usesthe JavaBeansM etaModel strategy. Thisstrategy 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 meta model class:

package mypackage;

public class MyBeanMet ad ass {
private String nyProp;
public String get MyProp() { return nyProp; }
public void setM/Prop(String s) { nmyProp = s;}

Additional to the already builtin metamodel type system, we register the JavaMetaModel with the
JavaBeansStrategy for our facade. Now we can use also this strategy in our extension:

Il setup facade
XtendFacade f = XtendFacade. creat e("nyext:: JavaBeanExt ensi on");

/] setup additional type system
JavaMet aMbdel jmm =
new JavaMet aMbdel ("JavaMM', new JavaBeansStrategy());

f.registerMetaMdel (j nm;

/'l use the facade

M/BeanMet aCl ass jb =
jb.set M/Prop("test");
f.call ("readMyProp", new Cbject[]{jb}));

MyBeanMet adl ass() ;

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

readMyPr op( MyBeanMet aCl ass jb) :
jb. nyProp

6.4.9. WorkflowComponent

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

<conponent cl ass="oaw. xt end. Xt endConponent " >
<met aMbdel cl ass="oaw. type. enf. Enf Met aMbdel ">
<met aMbdel Fi | e val ue="net anodel 1. ecore"/ >
</ met anodel >
<met aMbdel cl ass="oaw. type. enf. Enf Met aMbdel ">
<met aMbdel Fi | e val ue="net anodel 2. ecore"/ >
</ met aMbdel >
<i nvoke val ue="ny: : exanpl e:: Trafo::transforn(inputSlot)"/>
<out put Sl ot val ue="t ransf or redivbdel "/ >
</ conponent >

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

6.4.10. Aspect-Oriented Programming in Xtend (since 4.2)

Using the workflow engine it is now possible to package (e.g. zip) a written generator and deliver it as akind
of black box. If you want to use such a generator but need to change some things without modifiying any code,
you can make use of Xtend's around advices.

The following advice is weaved around every invokation of an extensions which name starts with
'my::generator::":

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

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

6.4.10.1. Join Point and Point Cut Syntax

AOPisbasically about weaving codeinto different pointsinside the call graph of asoftware module. Such points
are caled Join Points. In Xtend the join points are the extenion invocations (Note that Xpand offers a simliar
feature, see the Xpand documentation).

One specifies on which join points the contributed code should be executed by specifying something like a'query’
on al available join points. Such aquery iscaled apoint cut.

around [ pointcut] :
expr essi on;

A pointcut consists of afully qualified name and alist of parameter declarations.
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6.4.10.1.1. Extensions Name

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

ny:: Extension::definition // extensions with the specified nanme
org::o0aw. :* //extensions prefixed with 'org::oaw :'

*Qperation* // extensions containing the word 'Operation' init.
* [/ all extensions

WARNING!

BE CAREFUL WHEN USING THE WILCARD, ASYOU WILL GET AN ENDLESS RECURSION IF YOU
WEAVE AN EXTENSION WHICH IS CALLED INSIDE THE ADVICE!

6.4.10.1.2. Parameter Types

The parameters of the extensions we want to add our advice to can also be specified in the point cut. The rule
isthat the type of the specified parameter must be the same or a super type 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:

;. Tenpl ::extension() // extension without paraneters
::Tenpl ::extension(String s) // extension with exactly one paraneter of type String
::Tenpl ::extension(String s,*) // tenpl def with one or nore paraneters,

/1 where the first paraneter is of type String

ny
ny
ny
nmy:: Tenpl ::extension(*) // tenpl def with any nunber of paraneters

6.4.10.1.3. Proceeding

Inside an advice you might want to call the underlying definition. This can be done using the implicit variable
ctx, whichis of thetype xtend:: AdviceContext and provides an operation proceed() which invokesthe underlying
definition with the original parameters (Note that you might have changed any mutable 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(List[Object] params). There is no type checking here!

Additionally there are some inspection properties (like name, paramTypes, etc.) available.
6.4.10.2. Workflow configuration

To weave the defined advicesinto the different join points you need to configure the XtendComponent with the
qualified names of the Extension files containing the advices.

Example:

<conponent cl ass="oaw. xt end. Xt endConponent " >
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<met aMbdel cl ass="oaw. type. enf. Enf Met aMbdel ">
<nmet aMbdel Fi | e val ue="net anodel 1. ecore"/ >

</ met anodel >

<met aMbdel cl ass="oaw. type. enf. Enf Met aMbdel ">
<nmet aMbdel 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 redivbdel "/ >
<val ue="ny: : Advi ces, ny: : Advi ces2"/ >
</ conponent >

6.4.10.3. 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 elsewhere. 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 quite illustrative.

6.4.10.4. Workflow

By now you should know theroleand structure of workflow files. Therefore, theinteresting aspect of theworkflow
file below is the XtendComponent.

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

<conponent cl ass="oaw. xt end. Xt endConponent " >
<met aMbdel cl ass="oaw. type. enf. Enf Met aMbdel ">
<met aMbdel Package val ue="dat a. Dat aPackage" />
</ met aMbdel >
<i nvoke val ue="test:: Trafo::duplicate(rootEl enent)"/>
<out put Sl ot val ue="newh\bdel "/ >
</ conponent >

</ wor kf | ow>

Asusual, we have to define the metamodel that should be used, and since we want to transform a data model into
adata model, we need to specify only the dat a. Dat aPackage as the metamodel.

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

 thedupl i cat e function taking the contents of ther oot El enent slot as a parameter
« thefunction can be found in the Tr af 0. ext file

» andthat inturnisin the classpath, inthet est package

6.4.10.5. The Transformation

The transformation, as mentioned above, can befound inthe Tr af o. ext fileinthet est packageinthesrc folder.
Let'swalk through thefile.

So, first we import the metamodel.
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i mport dat a;

Thenext functionisaso-caled cr eat e extension. Create extensions, asasideeffect when called, create an instance
of thetype given after thecr eat e keyword. In our case, thedupl i cat e function creates an instance of Dat aMbdel .
Thisnewly created object can bereferrred to in the transformation by t hi s (whichiswhy t hi s isspecified behind
the type). Sincet hi s can be ommitted, we don't 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, this function sets the name of the newly created Dat avbdel to be the name of the original
one, and then adds duplicates of all entities of the origina one to the new one. To create the duplicates of the
entities, the dupl i cat e() operationiscalled for each Enti ty. That isthe next function in the transformation.

create DataMdel this duplicate(DataWdel s):
entity.addAl | ( s.entity.duplicate() ) ->
set Nanme(s. nane) ;

Theduplication function for Entitiesis also acreate Extension, thistimeit creates anew Entity for each old Entity
passed in. Again, it copies the name and adds duplicates of the attributes and references to the new one.

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

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

create Attribute this duplicate(Attribute old):
set Name( 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 Entity,
also references another Entity as its target. So how do you make sure you don't 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 duplicate 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 ( ol d.target.duplicate() );

For more information about the Xtend language please see the Xtend Reference documentation.

6.5. Xpand2

The openArchitectureéWare framework contains a special language called Xpand that is used in templates to
control the output generation. This documentation describes the general syntax and semantics of the Xpand
language.

Typing the guillemets (« and ») used in the templatesis supported by the Eclipse editor: which provides keyboard
shortcuts with Ctrl+< and Ctrl+>.
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6.5.1. 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 OUTF- 8).

Names of properties, templates, namespaces etc. must only contain letters, numbers and underscores.
6.5.2. 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 «nanme» {
/1 inplementation
}
«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).

6.5.3. Statements of the Xpand language

6.5.3.1. IMPORT

If you are tired of always typing the fully qualified names of your types and definitions, you can import a
namespace 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 all types and template files contained in that namespace. This is similar to a Java import
Statement i nport net a. nodel . *.

6.5.3.2. EXTENSION

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

Extensions provide a flexible and convenient way of defining additional features of meta classes. Y ou do this by
using the Extend language. (See the corresponding reference documentation for details)
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An EXTENSION import points to the Extend 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.

6.5.3.3. DEFINE

The central concept of Xpand is the DEFINE 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 meta model class for which the template is defined.

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

To some extent templates can be seen as specia methods of the meta class — there is aways an implicit this
parameter which can be used to addressthe " underlying” model element; in our example above, thismodel element
is"MetaClass'.

Asin Javaaformal parameter list entry consists of the type followed by the name of that parameter.
The body of atemplate can contain a sequence of other statementsincluding any text.

A full parametric polymorphism isavailable for templates. If there are two templates with the same namethat are
defined for two meta classes which inherit from the same super class, Xpand will use the corresponding subclass
template in case the template is called for the super class. Vice versathe super class's template would be used in
case a subclass template is not available. Note that this not only works for the target type, but for all parameters.
Technically, the target type is handled as the first parameter.

So, assume you have the following metamodel:

Figure 6.1. Sample metamodel

Assume further, you'd have amodel which contains a collection of A, B and Cinstancesin the property | i st Of As.
Y ou can then write the following template:

«DEFI NE soneQ her Defi ne FOR SoneMet adl ass»
«EXPAND i npl Gl ass FOREACH | i st Of As»
«ENDDEFI NE»
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«DEFI NE i npl O ass FOR A»
/'l this is the code generated for the super class A
«ENDDEFI NE»

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

«DEFI NE i npl G ass FOR C»
/1 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 c in the collection the template defined
for Cisinvoked, and for all others (which are then instances of A) the default template is executed.

6.5.3.4. FILE

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

«FI LE expression [outl et Name] »
a sequence of statenents
«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).

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

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

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

}
«ENDFI LE»

«FI LE | npl Name + ".java" MY_OUTLET»
package «l| npl PackageNane»;

public class «lnpl Name» extends «| npl BaseNane»
i mpl ement's «l nterfaceName» {
[/ TODO i npl enent it

}
«ENDFI LE»

6.5.3.5. EXPAND

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

«EXPAND defi ni ti onName [ (paraneterlList)]
[ FOR expression | FOREACH expressi on [ SEPARATOR expression] ]»

The various alternative syntaxes are explained below.
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6.5.3.5.1. Names

If the definitionName is asimple unqualified name, the corresponding DEFI NE block must bein the same template
file.

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

«EXPAND Tenpl at eFi | e: : defi niti onNane FOR nyModel El ement »

Note, that you would need to import the namespace of the template file (if there is one). For instance, if the
template file resides in the java package ny. t enpl at es, there are two aternatives. Y ou could either write

«| MPORT ny: : tenpl at es»

«EXPAND Tenpl at eFi | e: : defi niti onNane FOR nyModel El ement »

or

«EXPAND ny: :tenpl ates: : Tenpl ateFi | e: : defi ni ti onNane
FOR nyMbdel El enent »

6.5.3.6. 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 onName»

equals

«EXPAND Tenpl at eFi | e: : definitionNane FOR this»

If FOR s specified, the definition is executed for the result of the target expression.

«EXPAND nmyDef FOR entity»

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

«EXPAND nyDef FOREACH entity.allAttributes»

6.5.3.6.1. Specifying a Separator

If a definition is to be expanded FOREACH element of the target expression it's possible to specify a SEPARATOR
expression:

«EXPAND par anifypeAndNarme FOREACH par anms SEPARATOR ", " »

The result 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
commarseparated parameter lists).

An Eval uat i onExcept i on Will be thrown if the specified target expression cannot be evaluated to an existing
element of the instantiated model or no suitable DEFI NE block can be found.
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6.5.3.7. 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 it er Name] [ SEPARATOR expressi on] »
a sequence of statements using variabl eNane to access the
current elenent of the iteration

«ENDFOREACH»

The body of a FOREACH block can contain any other statements; specifically FOREACH statements may be nested.
If | TERATOR Nname is specified, an object of the type xpand2::Iterator (see API doc for details) isaccessible using
the specified name. The SEPARATCR 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: C
6.5.3.8. IF

The| F statement supports conditional expansion. Any number of ELSEI F statements are 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, specificaly, | F statements may be nested.

«| F expressi on»

a sequence of statements
[ «ELSEI F expression» ]

a sequence of statenents ]
[ «ELSE»

a sequence of statements ]
«ENDI F>»

6.5.3.9. 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 expressi on CEND expression | D expression (DI SABLE) ?»
a sequence of statenents
«ENDPROTECT»

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

«PROTECT CSTART ,/** CEND ,*/* |D El enent sUni quel D»
here goes some content
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«ENDPROTECT» ‘

The Dis set by the | D expression and must be globally unique (at least for one compl ete pass of the generator).

Generated target code looks like this:

public class Person {

/ * PROTECTED REGQ ON | D( Per son) ENABLED START*/
this pr is enabled, therefore the contents will always be
preserved. |If you want to get the default contents fromthe
tenpl ate you nust renove the ENABLED keyword (or even renove
the whole file :-))

/ * PROTECTED REG 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»

6.5.3.10. LET

LET lets you specify local variables. :-)

«LET expressi on AS vari abl eNanme»
a sequence of statenents
«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 packageNane + "." + classNanme AS fgn»
the fully qualified nane is: «fqn»;
«ENDLET»

6.5.3.11. ERROR

The ERROR statement aborts the evaluation of the templates by throwing an XpandExcept i on with the specified
message.

«ERROR expr essi on»

Note that you should use this facility very sparingly, sinceit is better practice to check for invalid models using
constraints on the metamodel, and not in the templ ates.

6.5.3.12. Comments

Comments are only allowed outside of tags.

«REM»
text coment
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«ENDREM>

Comments may not contain a REM tag, this implies that comments are not nestable. A comment may not have
awhite space between the REM keyword and its brackets. Example:

«REMb«LET expressi on AS vari abl eName»«ENDREM»
a sequence of statenents

«REM»  «vari abl eNane. st uf f »

«ENDLET»«ENDREM»

6.5.3.13. Expression Statement

Expressions support processing of the information provided by the instantiated meta model. Xpand provides
powerful expressions for selection, aggregation, and navigation. Xpand uses the expressions sub language in
almost any statement that we have seen so far. The expression statement just eval uates the contained expression
and writes the result to the output (using j ava. | ang. Ooj ect 'St oSt ri ng() method). Example:

public class «this.name» {

All expressions defined by the oAW expressions sub language are aso available in Xpand. You can invoke
imported extensions. (See the Expressions and Extend Language Reference for more details).

6.5.3.14. Controlling generation of white space

If you want to omit the output of superfluouswhitespace you can add aminussign just before any closing bracket.
Example:

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

package «l nterfacePackageNane»;
«ENDI F- »

«ENDFI LE»

The generated file would start with two new lines (one after the FILE and one after the | F statement) if the minus
characters had not been set.

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

6.5.4. Aspect-Oriented Programming in Xpand

Using the workflow engine it is now possible to package (e.g. zip) a written generator and deliver it as a kind
of black box. 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 niti onNane(paraneterList)? FOR type»
a sequence of statements
«ENDARCUND»

AROUND | ets you add templatesin an non-invasive way (you don't need to touch the generator templates). Because
aspects are invasive, a template file containing AROUND aspects must be wrapped by configuration (see next
section).

0AW Version 4.2 94



Xtend/ Xpand/ Check Reference

6.5.4.1. Join Point and Point Cut Syntax

AOPisbasically about weaving codeinto different pointsinside the call graph of asoftware module. Such points
are called Join Points. In Xpand there is only one join 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 iscaled apoint cut.

«AROUND [ poi nt cut] »
do stuff
«ENDAROUND»»

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

6.5.4.1.1. Definition Name

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

Some examples:

ny:: Tenpl ate::definition // definitions with the specified nanme
org::o0aw. :* // definitions prefixed with 'org::oaw :'

*Qperation* // definitions containing the word 'COperation' init.
* /1 all definitions

6.5.4.1.2. Parameter Types

The parameters of the definitions we want to add our advice to can also be specified in the point cut. The rule
isthat the type of the specified parameter must be the same or a super type 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::def () // tenpl def without paraneters
my:: 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 parameter is of type String
ny:: Tenpl ::def (*) // tenpl def with any nunber of paraneters

6.5.4.1.3. Target Type

Finally we have to specify the target type. Thisis straightforward:

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

6.5.4.2. Proceeding

Inside an advice you might want to call the underlying definition. This can be done using the implicit variable
targetDef, which is of the type xpand2::Definition and provides an operation proceed() which invokes the
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underlying definition with the original parameters (Note that you might have changed any mutable 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(Object
target, List params). Thereis no type checking here!

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

6.5.5. Generator Workflow Component

This section describes the workflow component that is provided to perform the code generation, i.e. run the
templates. Y ou should have abasic idea of how the workflow engine works. (see Wor kflow Reference). A simple
generator component configuration could look as follows:

<conponent cl ass="oaw. xpand2. Gener at or ">
<fil eEncodi ng val ue="1SO 8859-1"/>
<nmet aMbdel cl ass="oaw. type. enf. Enf Met aMbdel ">
<met aMbdel Package val ue="org. ecl i pse. enf. ecore. Ecor ePackage"/ >
</ met aMbdel >
<expand val ue="exanpl e: : Java::all FOR nyModel "/ >

<l-- aop configuration -->
<advi ces val ue=' exanpl e: : Advi ces1, exanpl e:: Advi ces2' />

<l-- output configuration -->

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

<outl et name='TO SRC path="main/src' overwite='false'/>
<beautifier class="oaw. xpand2. out put.JavaBeautifier"/>
<beautifier class="oaw. xpand2. out put.Xm Beautifier"/>

<I-- protected regions configuration -->
<pr SrcPat hes val ue="mai n/src"/>
<pr Def aul t Excl udes val ue="fal se"/>
<pr Excl udes val ue="*.xm"/>
</ conponent >

Let's go through the different properties one by one.
6.5.5.1. Main configuration

The first thing to note, is that the quaified Java name of the component is
or g. openar chi t ect ur ewar e. xpand2. Generat or 2. One can use the shortcut oaw instead of a preceding
or g. openar chi t ect ur ewar e. The workflow engine will resolveit.

6.5.5.2. Encoding

For Xpand it's important to have the file encoding in mind, because of the guillemet characters used to delimit
keywords and property access. The fi | 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 VM.

6.5.5.3. Metamodel

The property met ambdel is used to tell the generator engine on which metamodels the xpand templates should
be evauated. One can specify more than one metamodel here. Metamodel implementations are required by
the expression framework (see Expression Language Reference) used by Xpand2. In the example above we
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configured the Ecore metamodel using the EMFMetaModel implementation shipped with the core part of the
openAr chitectureWare 4 release.

A mandatory configuration is the 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 because we write it as the property's
name. Examples:

<expand val ue="Tenpl ate: : defi ne FOR nySlot"/>

or:

<expand val ue="Tenpl ate:: define('foo') FOREACH {nySlot1, nySlot2}"/>

The expressions are evaluated using the workflow context. Each dlot is mapped to avariable. For the examples
above the workflow context needs to contain elementsinthedots' nySiot', ' nySlot1' and' nySlot2' . It'saso
possible to specify some complex expressions here. If, for instance, the ot myMdel contains a collection of
model elements one could write:

<expand val ue="Tenpl at e: : def i ne FOREACH nyMbdel . t ypeSel ect (Entity)"/>

This selects all elements of type Entity contained in the collection stored in the nymdel dlot.
6.5.5.4. 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 filesto disk . Example:

<conponent cl ass="oaw. xpand2. Gener at or 2" >

<outl et path='"main/src-gen'/>
<outl et nane='TO SRC path="main/src' overwite=" false' />

</ conponent >

In the example 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 outl et
«ENDFI LE»

The configured base path is'main/src-gen’, so the file from above would go to 'main/src-gen/test/note.txt'.

The second outlet has anane ('TO_SRC') specified. Additionally the flag overwri te is set to false (defaults to
true). The following X pand fragment

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

would cause the generator to write the contents to 'main/src/test/note.txt' if the file does not already exist (the
overwrite flag).

Another option called append (defaultsto f al se) causes the generator to append the generated text to an existing
file. If overwrit e is set to false thisflag has no effect.
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6.5.5.5. Beautifier

Beautifying the generated code is a good idea. It's very important, that generated code look good, because
devel opers should be able to understand it. On the other hand template files should look good, too. It isthus 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 abeautifier isnot 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:

<beautifier

cl ass="org. openar chi t ect ur ewar e. xpand2. out put . JavaBeautifier"/>
<beautifier

cl ass="or g. openar chi t ect ur ewar e. xpand2. out put . Xm Beautifier"/>

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

package org. openarchitectureware. xpand2. out put;

public interface PostProcessor {
public void beforeWiteAndC ose(Fil eHandl e handl e) ;
public void afterd ose(Fil eHandl e handl e) ;

}

Thebef orewi t eAndd ose method is called for each ENDFI LE statement.

6.5.5.5.1. JavaBeautifier

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

The XmiBeautifier isbased on domdj and providesasingleoptionfi | eExt ensi ons (defaultsto".xml, .xdl, .wsdd,
wsdl™) used to specify which files should be pretty printed.

6.5.5.6. 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 prScPaths property 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, .neke.state, .nse_depinfo, *~, #*,
CHRLOU R $* %8, *.old, *.bak, *.BAK, *.orig, *.rej, .del-*, *.a, *.olb, *.0, *.0bj,
*.so, *.exe, *.Z* .elc, *.In, core, .svn

If you don't want to exclude any of these, you must set pr Def aul t Excl udes to false.
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<pr Def aul t Excl udes val ue="fal se"/ >

If you want to add additional excludes, you should use the prExcludes property.

<pr Excl udes val ue="*.xm ,*. hbni'/ >

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

6.5.6. Example for AOP and Xpand

This example shows how to use aspect oriented programming techniques in X pand 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.

6.5.7. The Problem

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

Scenario 1. Assume you have anice generator that generates certain artefacts. The generator (or cartridge) might
be a third-party product, delivered in a single 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 statementsin the templates.

6.5.8. Example

To illustrate the idea of extending a generator without "touching" it, let's create a new project
called oaw4. deno. enf. dat anodel . generator-aop. The idea is that it will "extend" the origina
oaw4. deno. enf . dat anodel . gener at or project introducedin the emfExample. So this new projects needs to have
aproject dependency to the former one.

6.5.8.1. Templates

An AO system always needs to define a joinpoint model; this is, you have to define, at which locations of a
(template) program you can add additional (template) code. In Xpand, the joinpoints are simply templates (i.e.
DEFINE .. ENDDEFINE) blocks. An "aspect template" can be declared AROUND previoudly existing templates.
If you takealook at theoawa. deno. enf . dat amodel . gener at or project'ssourcefolder, you canfind theRoot . xpt

templatefile. Inside, you can find atemplate called | npl that generates the implementation of the Java Bean.

«DEFINE Entity FOR data::Entity»
«FI LE based assFi |l eNanme() »
/] generated at «tinestanp()»
public abstract class «baseC assNane()» {
«EXPAND | npl »
}
«ENDFI LE»
«ENDDEFI NE»
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«DEFI NE | npl FOR data::Entity»
«EXPAND GettersAndSetters»
«ENDDEFI NE»

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

}
«ENDDEFI NE»

What we now want to do is as follows. Whenever the Impl template is executed, we want to run an additional
templatethat generatesadditional code (for example, somekind of metainformationfor frameworks... the specific
code is not important for the example here).

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

«AROUND | nmpl 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() »
«ENDAROUND»

So, this new template "wraps around" the exiting template called | npl It first generates additional code and then
forwards the execution to the original template using t ar get Def . proceed() . So, in effect, this is a BEFORE
advice. Moving the proceed statement to the beginning makes it an AFTER advice, ommitting it makes it an
override.

6.5.8.2. Workflow File

Let'stake alook at the workflow file to run this generator.

<wor kf | ow>
<cartridge fil e="workfl ow. oaw'/>
<conponent advi ceTar get ="generator"
id="refl ectionAdvice"
cl ass="oaw. xpand2. Gener at or Advi ce" >
<advi ces val ue="tenpl ates: : Advi ces"/>
</ conponent >
</ wor kf | ow>

Mainly what we do hereisto call the original workflow file. It isavailable from the classpath. After this cartridge
call, we define an additional workflow component, a socalled advice component. It specifies generator as it's
adviceTarget. That means that all the properties we define inside this advice component will instead be added
to the component referenced by name in the adviceTarget, in our case the generator. So, in effect, we add the
<advices value="templates.:Advices' /> to the origina generator component (without invasively modifying its
own definition! This contributes the advice templates to the generator.

6.5.8.3. Running the new generator

Running the generator produces the following code:

public abstract class Personlnpl Base {
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public static final Attrinfo

narmel nfo = new Attrlnfo("nanme", String.class);
public static final Attrinfo

name2l nfo = new Attrlnfo("name2", String.class);
private String nane;
private String name2;

public void setNanme(String val ue) {
thi s. nane = val ue;

}

public String getName() {
return this.nane;

}

public void setNane2(String val ue) {
this. name2 = val ue;

}

public String get Nane2() {
return this.nanme2;

}

6.5.9. More AO

In general, the syntax for the AROUND construct is as follows:

<<AROUND ful |l yQual i fi edDefiniti onNameWt hW | dcar ds
(Paramist (*)?) FOR TypeNanme>>
do Stuff
<<ENDAROUND>>

Here are some examples;

<<AROUND *(*) FOR Obj ect >>

matches all templates

<<AROUND *defi ne(*) FOR Object>>

matches all templates with define at the end of it's name and any number of parameters

<<AROUND org::oaw :* FOR Entity>>

matches all templates with namespace org::oaw:: 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 ri ng parameter

<<AROUND *(String s,*) FOR bject>>

matches all templates that have at least one St ri ng parameter

<<AROUND nvy:: Tenpl ate: :definition(String s) FOR Entity>>
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matches exactly this single definition

Inside an AROUND, there'sthe variabl e targetDef, which hasthetype xpand2: : Defi ni ti on. Onthisvariableyou
can call proceed, and also query a number of other things:

<<AROUND ny:: Tenpl ate::definition(String s) FOR String>>
I og('invoking '+<<targetDef.nane>>+" with '+this)
<<t ar get Def . proceed() >>

<<ENDAROUND>>

6.6. Built-in types API documentation

6.6.1. bj ect
Super type: none

Table6.1. Properties

Type Name Description
oaw: : Type met aType returns this object's meta type.

Table 6.2. Operations

Return type Name Description

Bool ean < (bj ect)

Bool ean I = (vj ect)

Bool ean >= (Obj ect)

Bool ean <= (Obj ect )

Bool ean > (bj ect)

I nt eger conpar eTo (Obj ect ) Compares this object with the

specified object for order. Returns a
negative integer, zero, or a positive
integer as this object is less than,
equal to, or greater than the specified

object.

Bool ean == (Obj ect)

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

6.6.2. String

Super type: oj ect

Table 6.3. Properties

Type Name Description

I nt eger | engt h the length of this string
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Table 6.4. Operations

Return type

Name

Description

String

t oUpper Case ()

Converts al of the charactersin this
String to upper case using the rules
of the default locale (from Java)

String

t oLover Case ()

Converts al of the charactersin this
String to lower 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 1.4)

String

trim()

Returns a copy of the string, with
leading and trailing whitespace
omitted. (from Java 1.4)

String

+ (bj ect)

concatenates two strings

String

repl aceAl | (String, String)

Replaces each substring of this
string that matches the given
regular expression with the given
replacement.

String

subString (I nteger, | nteger)

Testsif this string ends with the
specified prefix.

Bool ean

endsWth (String)

Testsif this string ends with the
specified prefix.

I nt eger

asl nt eger ()

Returns an Integer object holding the)
value of the specified String (from
Java 1.5)

Bool ean

cont ai ns (String)

Testsif this string contains substring.

String

t oFi r st Upper ()

Convertsthefirst character in this
String to upper case using the rules
of the default locale (from Java)

String

t oFi r st Lover ()

Convertsthe first character in this
String to lower case using the rules
of the default locale (from Java)

String

repl aceFirst (String, String)

Replaces the first substring of
this string that matches the given
regular expression with the given
replacement.

Bool ean

startsWth (String)

Testsif this string starts with the
specified prefix.

Li st

t oChar Li st ()

splits this String into a List[String]
containing Strings of length 1

Bool ean

mat ches (String)

Tells whether or not this string
matches the given regular
expression. (from Java 1.4)
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6.6.3. I nt eger

Super type: Real

Table 6.5. Operations

Return type Name Description

Bool ean <= (Obj ect)

| nt eger + (I nt eger)

| nt eger * (I nteger)

Bool ean > (bj ect)

Li st upTo (I nt eger, | nt eger) returnsaList of Integers starting
with the value of the target
expression, up tothe value of the
first parameter, incremented by the
second parameter. E.g. '1.upTo(10,
2)' evaluatesto {1,3,5,7,9}

Bool ean I = (nj ect)

I nt eger / (I nteger)

I nt eger - ()

Li st upTo (I nt eger) returns aList of Integers starting
with the value of the target
expression, up tothe value of the
specified Integer, incremented by
one. e.g. '1.upTo(5)' evaluatesto
{1,2,3,4,5}

Bool ean < (bj ect)

I nt eger - (I nteger)

Bool ean == (Obj ect)

Bool ean >= (Obj ect)

6.6.4. Bool ean

Super type: Obj ect

Table 6.6. Operations

Return type Name Description

Bool ean 1 ()

6.6.5. Real

Super type: oj ect
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Table 6.7. Operations

Return type Name Description

Bool ean == (bj ect)

Bool ean I = (oj ect)

Bool ean <= (Obj ect)

Real I (Real )

Bool ean < (bj ect)

Real * (Real )

Bool ean > (bj ect)

Real - ()

Real - (Real )

Bool ean >= (Obj ect)

Real + (Real )

6.6.6. Col | ecti on

Super type: oj ect

Table 6.8. Properties

Type Name Description

I nt eger si ze returns the size of this Collection
Bool ean i SEnpty returnstrueif this Collection is

empty
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Table 6.9. Operations

Return type

Name

Description

Col | ection

remove (Qbj ect )

removes the specified e ement from
this Collection if contained (modifieg
it!). returns this Collection.

Set t oSet () converts this collection to Set
Li st toList () converts this collection to List
Bool ean cont ai nsAl | (Col | ecti on) returnstrueif this collection containg

each element contained in the
specified collection. otherwise false.
returns this Collection.

Col | ection

renoveAl | (Qbj ect)

removes all elements contained in
the specified collection from this

Collection if contained (modifies

it!). returns this Collection.

Col | ection

addAl | (Col | ecti on)

adds all elementsto the Collection
(modifiesit!). returns this Collection,

String

toString (String)

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

Bool ean

cont ai ns (Qbj ect)

returnstrue if this collection containg
the specified object. otherwise false.
returns this Collection.

Set

i nt ersect (Col | ection)

returns a new Set, containing only
the elements contained in this and
the specified Collection

Set

wi t hout (Col | ecti on)

returns anew Set, containing all
elements from this Collection
without the elements from specified
Collection

Li st

flatten ()

returns aflatten List.

Set

uni on (Col | ecti on)

returns anew Set, containing all
elements from this and the specified
Collection

Col | ection

add (bj ect )

adds an element to the Collection

(modifiesit!). returns this Collection,

6.6.7. Li st

Super type: Col | ecti on
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Table 6.10. Operations

Return type Name Description
Obj ect I ast ()

Qbj ect first ()

I nt eger i ndexOf (Qbj ect)

Chj ect get (I nteger)

Li st wi t hout Last ()

Li st wi t hout First ()

6.6.8. Set

Super type: Col | ecti on

6.6.9. oaw: : Type

Super type: oj ect

Table6.11. Properties

Type Name Description
String nane

Set super Types

Set al | Properties

Set al | Feat ures

Set al | Oper ati ons

Set al | StaticProperties

String docunent ati on

Table 6.12. Operations

Return type Name Description

oaw. : Property

get Property (String)

oaw. : Operation

get Oper ation (String, List)

oaw. : Stati cProperty

get Stati cProperty (String)

oaw. : Feat ure

get Feat ure (String, List)

Bool ean i sAssi gnabl eFr om(oaw: : Type)
Bool ean i sl nstance (Qbj ect)
Obj ect new nst ance ()

6.6.10. oaw: : Feature

Super type: oj ect

0oAW Version 4.2

107



Xtend/ Xpand/ Check Reference

Table 6.13. Properties

Type Name Description
oaw. : Type owner

oaw. : Type returnType

String docunent ati on

String nanme

6.6.11. oaw: : Property

Super type: oaw: : Feat ure

Table 6.14. Operations

Return type Name Description
\Voi d set (Obj ect, Obj ect)

Chj ect get (bj ect)

6.6.12. oaw: : Operati on

Super type: oaw. : Feat ure

Table 6.15. Operations

Return type Name Description
Obj ect eval uat e (Obj ect, Li st)

Li st get Par anet er Types ()

6.6.13. oaw: : Stati cProperty

Super type: oaw: : Feat ure

Table 6.16. Operations

Return type Name Description
Obj ect get () returns the static value
6.6.14. voi d

Super type: vj ect

6.6.15. xt end: : Advi ceCont ext

Super type: oj ect
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Table 6.17. Properties

Type Name Description
Li st par anNanes

String nanme

Li st par anTypes

Li st par anVal ues

Table 6.18. Operations

Return type Name Description
Chj ect proceed ()

bj ect proceed (Li st)

6.6.16. xpand2: : Definition

Super type: oj ect

Table 6.19. Properties

Type Name Description
Li st par anNanes

Li st par aniTypes

oaw. : Type t ar get Type

String nanme

Table 6.20. Operations

Return type Name Description
String toString ()

\Voi d proceed (oj ect, Li st)

\Voi d proceed ()

6.6.17. xpand2: : I terator

Super type: oj ect

Table6.21. Properties

Type Name Description
Bool ean firstlteration

Bool ean | astlteration

I nt eger counterl

I nt eger el enent s

I nt eger count er 0
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7.1. Introduction

Does this sound familiar to you?

Oh, | need to rename this misspelled property within our domainmodel. Ok, so let's startup this big UML
monster ... and by the way let's get a new cup of coffee. Coal, it has been started up already. Grabbing the mouse,
clicking through the different diagrams and graph visualizations... Ahhh, there is the name of the property right
down thereinthe propertiesview. Let'schangeit, export it to XMI (...drinking coffee), starting the oAW gener ator
(inajiffy;-)). Oh, it'snot allowed for the property to be named that way, a constraint says that properties names
should start with a lower case letter. Ok, let's change that and again reexport...

Some moments later, everything seems to works (tests are green). Ok let's check it in!
Oh someoneel se has also modified the model! Aaarrrgggh....
Think of this:

Want to change a properties name? Ok, open the respective text file, rename the properties name and save it.
The editor complains about a violated constraint. Ok fix the issue, save again and generate. Check the changes
into SVN (CVS). Oh thereisa conflict, ok, let's simply mergeit using Diff.

And now? Let's have a cup of coffee :-)

Xtext isatextual DSL development framework. Providing the ability to describe your DSL using asimple EBNF
notation. Xtext will create a parser, ametamodel and a specific Eclipse texteditor for you!

7.2. Installation

Xtext is contained in the openArchitectureWare SDK. The easiest way to install is to download and unzip the
"Eclipse 3.3 for RCP/Plug-in Developers' from eclipse's download site (http://www.eclipse.org/downl oads/).

Afterwards download the org.openarchitectureware.all_in_one feature-4.2.0.*.zip release and extract it to the
directory where you have unziped the Eclipse release (i.e. the Eclipse installation dir).

Make sure that you start Eclipse with a JavaVM Version greater than 5.0.

7.3. Getting started

Y ou should have a look at the Xtext tutorial screencast (TODO link to screencast). This will give you a good
overview of how Xtext basically works. Come back to this document to find out about additional details.

7.4. The Grammar Language

At the heart of Xtext lays its grammar language. It's alot like an extended Backus-Naur-Form but it not only
describes the concrete syntax, but also the abstract syntax (metamodel).
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A grammar file consists of alist of so called Rules.

7.4.1. Example

Thisis an example for a Rule describing something called an entity :

Entity :
"entity" name=ID "{"
(f eat ures+=Feature) +

"}

Entity is both the name of the rule and the name of the metatype corresponding to this rule. After the colon the
description of theruleisfollowing. A description is made up of tokens. The first token is a KeywordToken which
says that a description of an entity starts with the keyword entity. A so called Assignment follows (name=ID).

The left hand refers to a property of the Metatype (in this case it's the property name of type Entity). The left
hand side is a call to the built-in token 1D. Which means Identifier and allows character sequences of the form
(‘azA-Z_' (azA-Z_0-9)*). The parser will assign ('=") the Identifier to the specified property (name).

Then (enclosed in curly brackets ("{" and "}" both are essentially keyword tokens)) one or more features can
be declared ((features+=Feature)+). Thisone again is an assignment. This time the token points to another rule
(called Feature) and each feature is added (note += operator) to the Entity's reference called features.

The Feature ruleitself could be described like this;

Feature :
type=ID nanme=ID ";"

so that the following description of an entity would be valid according to the grammar:

entity Custoner {
String nane;
String street;
I nt eger age;
Bool ean i sPrem unCust omer ;

Note, that the types (String, Integer, Boolean) used in this description of a customer, are smple identifiers, they
don't have been mapped to e.g. Java types or something else. So according to the grammar this would also be
valid, so far:

entity X {

X X;

X X

X X

cjbdlfjerifuerfijerf dkjdhferifheirhf;
}
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7.4.2. How the parsers work in general

As stated before the grammar is not only used as input for the parser generator but it is also used to compute a
meta model for your DSL. We will first talk about how an Xtext parser worksin general, before we look at how
ametamodel is beeing constructed.

The parsing of text is devided in two separate tasks the lexing and the parsing.

The lexer is responsible of creating a sequence of tokens from a character stream. Such tokens are identifiers,
keywords, whitespace, comments, operators, etc. Xtext comes with a set of built-in lexer rules which can be
extended or overwritten if necessary. Y ou have already seen some of them (e.g. ID).

The parser get's the stream of tokens and creates a parse tree out of them. The type rules from the example are
essentially parser rules.

Now let's have alook at how the meta mode is constructed.

7.4.3. Type Rules

We've adready seen how the Type Rules works in general. The rule's name is used as the name of the meta type
generated by Xtext.

7.4.3.1. Assignment tokens / Properties

Each assignment token within an Xtext grammar is not only used to create a corresponding assignment action in
the parser but also to compute the properties of the current meta type.

Properties can refer to the simple types such as String, Boolean or Integer as well as to other complex meta
types (i.e. other rules). It depends on the assignment operator and the type of the token on the right what the
type actuadly is.

There are three different assignment operators:
« Standard assignment '=": The type will be computed from the token on the right.
« Boolean assignment "?=": The type will be Boolean

e Add assignment '+=': The type will be List. The list's inner type depends on the type returned by the token
on theright.

Example:

Entity :
(i sAbstract?="abstract")? "entity" nane=ID "{"
(features+=Feature)*

"y

The meta type entity will have three properties:
1) Boolean isAbstract

2) String name
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3) List[Feature] features
7.4.3.2. Cross References

Parsers construct parse trees not graphs. This means that the outcome of a parser has no crossreferences only so
called containment references (Composition).

In order to get cross linksin your model, one usually hasto add third task : the linking. However, Xtext supports
specifying the linking information in the grammar, so that the meta model contains cross references and the
generated linker links the model elements automatically (for most cases). Linking semantic can be arbritrary
complex. Xtext generates a default semantic (find by id) which can be selektively overwritten. We will see how
this can be done later in this document.

Let's concentrate on what the grammar language supports:

Entity :
"entity" name=ID ("extends" superType=[Entity])?
e

(features+=Feature)*

"

Havealook at the optional extendsclause. Thereintherule nameon theright issurrounded by squared paranthesis.
That'sit.

By default the parser expects an ID to point to the refered element. If you want to refer with another klind of
token you can optionally specifiy it sepearted by avertical bar:

. ("extends" superType=[Entity| MyConpl exTokenRule])? ...

Where MyComplexTokenRule must be either a Nativel exerRule or a StringRule (explaination follows).
7.4.3.3. Meta Type Inheritance

We've seen how to define simple concrete meta types it's features. One can also define type hierarchies using
Xtext's grammar language. Sometimes you want to abstract rules, in order to let a feature contain elements of
different types.

We have seen the Feature rule in the example. If you would like to have two different kinds of Feature (e.g.
Attribute and Reference) you could create an abstract type rule like this:

Feature :
Attribute | Reference;

Attribute :
type=I D nane=ID ";";

Ref erence :
"ref" (containment?"+")? type=ID nanme=ID ("<->" oppositeNane=ID)? ";"

The transformation creating the meta model automatically normalizes the type hierarchy. This means that
properties defined in all subtypeswill automatically be moved to the common super type. In this case the abstract
type 'Feature’ would be created containing the two features (name and type). Attribute and Reference would be
subtypes of Feature inheriting those properties.
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It is also possible to define concrete supertypes like this:

Feature :
type=ID nane=ID ";" | Reference;

Ref erence :
"ref" (containment?"+")? type=ID nane=ID ("<->" oppositeNane=ID)? ";"

In this case Feature wouldn't be abstract but would be the supertype of Reference.

If you need multiple inheritance you can simply add an abstract rule. Such arule must not be called from anothe
rule.

Example:

Model : TypeA TypeA TypeC,
TypeA : "A" | TypeB;
TypeB : "B";

TypeC : "C';

CommonSuper : TypeB | TypeC, // just for the typehierarchy

The resulting type hierarchy will look like this:
- Model

- TypeA

- TypeB extends TypeA, CommonSuper

- TypeC extends CommonSuper

- CommonSuper

7.4.4. Enum Rule

The enum rule is used to define enumerations. For example if you would like to hardwire the possible datatypes
for attributes into the language you could just write:

Attribute :
type=Dat aType nane=ID ";";

Enum Dat aType :
String="string"|Integer="int"|Bool ean="bool ";

So that thiswould be valid:

entity Custoner {
string nane;
string street;
int age;
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bool i sPrem unCust oner ;

}

but this would not

entity Custoner {
X name; // type X is not known
String street; // type String is not known (case sensitivity!)

}

7.4.5. String Rule

Xtend provides built-in Tokens (we have already seen the

|dentifierToken
and the

KeywordToken
). Sometimes thisis not sufficient, so we might want to create our own Tokens. Therefore we have the so called

String Rule
, Which isimplemented as a parser rule (it's not alexer rule!).

Example

String Javaldentifier :
ID("." ID)*;

The contents of the String Rule is simply concatenated and returned as a string. One can refer to a String Rule
in the same manner we refere to any other rule.

So just for the case you want to declare datatypes using your DSL and therein specify how it is mapped to Java
(not Platform independent, i know, but expressive and pragmatic), you could do so using the following rules.

Attribute :
type=Dat aType nane=ID ";";

Dat aType :
"dat at ype" name=| D "mappedt 0" javaType=Javal dentifier;

String Javaldentifier :
ID("." ID)*;

A respective model could look like this:

entity Customer {
string nane;
string street;
int age;
bool i sPrem untCust oner;
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}

dat atype string nmappedto java.util.String
dat atype int mappedto int
dat at ype bool mappedto bool ean

Y ou could of course point to a custom typemapping implementation, if you need to support multiple platforms
(like e.g. SQL, WSDL, Java,...). Additionally you should consider to define the datatypes in a separate file, so
the users of your DSL can import and use them.

7.5. Lexer Rules
As mentioned before we Xtext provides some common built-in lexer rules. Let's start with the two simplest.
7.5.1. Keyword Token

All static characters or words (keywords) can be specified directly in the grammar using the usual string literal
syntax. We never need the value of keyword because we know it (it's static). But sometimes there are optional
keywordslikee.g. themaodifiersin Java. The existence of akeyword can be assigned using the boolean assignment
operator "?'. However, if you want to assign the value of the keyword to a property just use the assignment
operator '='.

Example:

Entity :
(abstract?"abstract")? "entity" name=ID ("<" extends=IlD)?
"

(features+=Feature)*

"

With this the type

Entity
will have the boolean property

abstract

, which is set to true if the respective keyword has been specified for an entity. (I've added the extends part,
because an abstract entity wouldn't make sense without inheritance).

Note that operators such as '<' in the example are keywords, too.
7.5.2. Identifier Token

We aso have seen the identifier token (ID). Thisis the token rule expressed in Antlr grammar syntax:

("My?(ta stz ALz ) (rat Ltz A Z oL 9t )

So an identifier is a word starting with a character or underscore followed by optionally additional characters,
underscores or digits. The return value of the Identifier token is a String. So if you use the usual assignment

0AW Version 4.2 116



Xtext Reference (from 0AW 4.2)

operator ,=", the feature the value is assigned to will be of type String. Y ou could also use the boolean operator
and the type will be Boolean.

If an identifier conflicts with a keyword or another lexer rule, it can be escaped with the N character.

7.5.3. String Token

There isalso a built-in String Token. Hereis an example:

Attribute :
t ype=Dat aType nane=I D (descripti on=STRING ? ";"

With this one can optionally specify a description for an entity like this:

entity Custoner {
string name ;
string street "should include the street number, too.";
int age;
bool i sPrem unCust oner;

By default the two string literal syntaxes "my text" and 'my text' are supported. Note that unlike in Java also
multiline strings are supported:

entity Custoner {
string nane ;
string street "should include the street nunber, too.
And if you don't want to specify it, you
shoul d consi der specifying it somewhere else.";
int age;
bool i sPrem unCust oner;

}

7.5.4. Integer Token

Sometimes you want to assign Integers. Xtext supportsit with the built-in lexer rule INT.

| ndex:
"#" i ndex=I NT;

The default patternis:

(-2 0.9+

It can be overwritten (see next section), but you have to take car that the coercion (Integer.valueOf(String) is
used) works.

7.5.5. Comments

There are two different kinds of comments automatically available in any Xtext language.
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/'l single-line coments and

/*
mutli-line coments
*/

Note that those comments are ignored by the language's parser by default (i.e. they are not contained in the AST
returned from the parser).

If you don't want ignored comments, or you ant to have a different syntax you need to overwrite the default
implementation (nameis SL_COMMENT resp. ML_COMMENT).

7.5.6. Whitespace

Every textual model contains whitespace. As most languages simply ignore whitespace, Xtext does so by defaullt,
too. If you want to have semantic whitespace in your language (like e.g. python), you have to overwrite the builtin
whitespace rule (name isWS).

7.5.7. Native rules / Overwriting built-in lexer rules

If you want to overwrite one or more of the built-in lexer rules or add an additional one, the so called native
ruleisyour friend.

Example:

/1 overwiting SL_COMMENTS we don't want Java syntax (//) but bash syntax (#)
Native SL_COMMENT :
"tH ~C\nt|["\r')* "\r'? "\n" {$channel =H DDEN, }";

/1 fully qualified nanes as a lexer rule
Native FON :
"ID('." ID*";

The syntax is:

"Native" ID":"
STRING // The string contains a valid ANTLR 3 | exer rule expression (see http://ww.antlr.org/wkj/display/A

7.6. The generator

It's assumed that you've used the Xtext Projects Wizard and that you have successfully written an Xtext grammar
filedescribing your littlelanguage. Next up you need to start Xtext'sgenerator in order to get aparser, ametamodel
and an editor. To do so just right-click the workflow file (*. oaw) located next to the grammar file and choose
"Run As" -> "Run Workflow" (in Eclipse, of course). The generator will read the grammar file in and create a
bunch of files. Some of them located in the sr c- gen directories others located in the sr ¢ directory.

IMPORTANT : You should now (after first generation) open the *.properties file and set the
"overwritePluginRes=true" option to false!
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7.6.1. Configuring the generator

The generator can be configured with the following properties definied in generate. properti es:

property name (default)

description

grammar The grammar file to generate the code from.

debug.grammar (false) Specifies whether a debug grammar should be generated. A debug
grammar is an antlr grammar without any action code, so it can be
interpreted within Antlrworks.

language.name The name of the DSL. |'s used throughout the generated code

language.nsURI ("http://
WWw.oaw.org/xtext/dsl/
${ language.name} ")

A unique URI used within the derived ecore package.

language.fileextension
("${ language.name} ™)

The file extension the generated editor is configured for.

overwrite.pluginresources ("false")

If thisis set to true the plugin resources (META-INF/MANIFEST.MF,
plugin.xml) will be overwritten by the generator!!!

wipeout.src-gen ("true")

Specifies whether the src-gen folders should be deleted before generation.

generator.project.name (")

If this property is set to something, a project wizard will be generated
referencing the generator project.

workspace.dir

The root of the workspace.

core.project.name

name of the main project

core.project.src ("src/)

src folder of the main project

core.project.src.gen ("src-gen/™)

src-gen folder of the main project

editor.generate ("true")

should an editor be generated at all

editor.project.name
("${ core.project.name} .editor")

name of the editor project

editor.project.src
("¥{ core.project.src}")

src folder of the editor project

editor.project.src.gen
("${ core.project.src.gen} ")

src-gen folder of the editor project

7.6.2. Generated and manual code

Any textual artifactslocated in thesrc dir (of any project) will dways stay untouched. The generator just creates
them the first time when they don't exist.

Files generated to the sr c- gen directory should never be touched! The whole directory will be wiped out the next

time one starts the generator.

7.6.3. The different projects and artifacts

Xtext generates artifact into two different projects.

7.6.3.1. The main project

The name of the main project can be specified in the wizard. This project contains the main language artifacts
and is 100% eclipse independent. The default locations of the most important resources are:

0AW Version 4.2

119



Xtext Reference (from 0AW 4.2)

Location Description
src/[dd name] .xtxt The grammar file, containing the grammar rules describing your DSL
src/generate.oaw The workflow file for the Xtext generator.
src/generator.properties Properties passed to the Xtext generator

src/[ base.package.name]/Checks.chk|The Check-file used by the parser and within the editor. Used to add
semantic constraints to your language.

src-gen/[ base.package.name]/ The generated Check-file contains checks automatically derived from the
GenChecks.chk grammar.

src/[ base.package.name]/ The Extension-fileis used (imported) by all aother extensions and
Extensions.ext check files. It reexports the extensions from GenExt ensi ons. ext

(contained in src-gen/). Y ou can specify (use more conrete parameter
types) or overwrite (use the same signature) the extensions from
GenExt ensi ons. ext here.

src-gen/[ base.package.name]/ generated extensions (reexported by Ext ensi ons. ext ).
GenExtensions.ext
src/[base.package.namel/Linking.ext|Used by Li nker . ext from

sr c- gen/ [ base. package. nane] / par ser/ Li nker . ext Default linking
semantic is generated in GenLi nki ng. ext (src.gen/) and can be
overwritten here.

src-gen/[ base.package.name]/ Contains the default linking semantic for each cross reference.
GenLinking.ext

Example:

Voi d |ink_featureNane(ny:: MetaType this) :
(let ents = this.allEl enments().typeSel ect(ny:: ReferredType) :
thi s. set Feat ureName(ents. sel ect(e|e.id()
== this.parsed_featureNane).first()) );

Thisis:

Get al instances of the referred type using the allElements() extension.
Select the first one where the id() equals the parsed value (by default an
identifier).

Both extensions, id() and allElements()) can be overwritten or specialized
in the Ext ensi ons. ext file. Thelink [featurename] () extension can be
overwritten in Li nki ng. ext

src-gen/[ base.package.name]/ Metamodel derived from the grammar

[dslname].ecore

src-gen/[ base.package.name]/parser/ |Generated Antlr parser artifacts

*

7.6.3.2. The editor project

The name of the editor project is derived from the main project's name by appending the suffix . edi t or to it.
The editor project contains the Eclipse Texteditor specific informations. Note that it uses a generic xtext.editor
plugin, which does most of the job. These are the most important resources:
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Location Description
src/[base.package.name]/ The Xtend-file is used by the outline view. If you want to customize the
[dslname] EditorExtensions.ext labels of the outline view, you can do that here.
src-gen/[ base.package.name]/ Contains all the important DSL -specific information. Y ou should subclass
[ddname] Utilitiesjava it in order to overwrite the default behaviours.
src/[ base.package.name]/ If you have sublcassed the * Utilities class, make sure to change the
[dslname] EditorPlugin.java respective instantiation here.

7.6.3.3. The generator project

The name of the generator project is derived from the main project's name by appending the suffix . gener at or
to it. The generator project is intended to contain all needed generator resources such as Xpand templates,
platform-specific Xtend files etc..

These are the most important resources:

L ocation Description
src/[base.package.name]/ The generators workflow preconfigured with the generated DSL
generator.oaw parser and the X pand component. Asthisisjust a proposal, feel freeto
change/add the workflow as you seefit.
src-gen/[ base.package.name]/ The proposed td Xpand template file.
Main.xpt

7.7. Pimping the editor

The generated editor supports a number of features known from other eclipse editors. Although most of them
have a decent default implementation, we will see how to tweak and enhance each of them.

7.7.1. Code Completion

Code Completion is controlled using cAW extensions. The default implementation provides keyword proposals
as well as proposals for cross references.

Have alook at the extension file Cont ent Assi st . ext . Therein acomment describes how to customize the default
behaviour:

There are two types of extensions one can define

1) conpl et eMet aType_f eat ure(Model El enent ele, String prefix)
This one is called for assignnents only. It gets the underlying Mdel el enent and the current
prefix passed in.

2) conpl et eMet aType(xtext:: El enent granmarEl e, Mddel El enent ele, String prefix)
This one gets the grammar El enent whi ch shoul d be conpl eted passed in as the first paraneter.
an xtext::El ement can be of the follow ng types :

- xtext::RuleNane (a call to a lexer rule (e.g. 1D)),

- xtext::Keyword,

- Xxtext::Assignnent

Overwite rules are as follows:

1) if the first one returns null for a given xtext::Assignment or does not exist the second one
is called.

2) if the second one returns null for a given xtext::Keyword or does not exist a default keyword

R T T O T T T T
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proposal will be added.

Note that only propals with wich natch (case-in-sensitive) the current prefix will be proposed
in the editor

7.7.2. Navigation

The implementation for the navigation actions is implemented via extensions, too. As for Code completion the
same pattern applies: ThereisaGenNavi gat i on. ext extensionfileinthesr c- gen folder which can be overwritten
or specialized using the Navi gat i on. ext fileinthesrc folder (reexporting the generated extensions).

There are two different Actions supported by Xtext:
7.7.2.1. Find References

Thisaction cabeinvoked via[CTRL]+[SHIFT]+G or use the corresponding action int context menu. The default
implementation returns the crossreferences for a modelel ement.

The signature to overwrite / specializeis:

Li st[ Ul Cont ent Node] findReferences(String s, Object grammarel enent, Object elenent) : ...;

A UlContentNode is ameta class used by xtext. An Ul ContentNode represents an element visualized in eclipse.

Here is the declaration of UlContentNode (pseudo code):

package tree;

ecl ass Ul Cont ent Node {
Ul Cont ent Node parent;
Ul Cont ent Node[] children;
String | abel;
String i mage;
enf:: EQbj ect context;
}

A content node can have children and / or a parent (the tree structure is not used for find references). The label
is used for the labd in eclipse and the image points to an image relative to the icons folder in the editor project.
Theicon instances are automatically cached and managed.

The context points to the actual model element. Thisis used to get the file, line and offset of the declaration. If
you don't fill it you cannot click on theitem in order to get to it.

7.7.2.2. Go to Declaration
Thisaction can beinvoked viaF3 aswell asby holding CTRL, hovering over anidentifier and left click the mouse.

The default implementation goes to the declaration of a crossreference. You can implement or overwrite this
action for all grammar elements.

enf:: EQoj ect findDeclaration(String identifier, enf::ECject grammarEl ement,
enf:: EQbj ect nodel El enent) : ...;

Have alook at the generated extensions to see how it works.
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7.7.3. Outline View

The outline view is constructed using a tree of UlContentNode (see above).

Each time the outline view is created the following extension is called:

Ul Cont ent Node outlineTree(enf:: EObj ect nodel)

It is expected to be declared in Qutline.ext which by default exports a generic implementation from
GenQut | i ne. ext (the same pattern again).

You can either reuse the generic extension and just provide a label() and image() extension for your model
elements (should be added in Edi t or Ext ensi ons. ext ).

However, if you want to control the structure of the outline tree you can overwrite the extension
outlineTree(emf;: EObject model) in qut I i ne. ext .

7.7.4. Syntax Highlighting
The default syntax highlighting distincts between comments, string literals, keywords and the rest.

If you just want to specify which words to be coloured as keywords you can extend the
[basepackage.][Languagename] Utilities.java class from the editor plugin. You need to overwrite the following
method (DON'T CHANGE IT DIRECTLY, BECAUSE IT WILL BEOVERWRITTEN THENEXT TIMEYOU
START THE GENERATOR!).

public String[] all Keywords()

Each String returned by the method represents a keyword.

The utiltities method is created within the [LanguageName] EditorPlugin.java. So make sure that you change the
following lines, too :

/!l OLD -> private MyLangUilities utilities = new MyLangUtilities();
private MyCustomtilities utilities = new MyCustonUtilities();
public LanguageUtilities getUtilities() {

return utilities;

}

If you want to changethe syntax of commentsand string literalsyou haveto provide an alternativeimplementation
of GeneratedPartitionScanner.

Don't touch the class directly but, use the Utilities method to return a different instance.

7.8. Cookbook

This part of the documentation deals with the discussion and solution of different requirements and problems.

7.8.1. Modeling In Multiple Files

If you have uge models or want to separate parts of your models from othersfor other reasons (e.g. provide akind
of library). Y ou need to tweak Xtext a bit, because there is no first class support for this as for now. However,
Xtext has a built-in registry where you can get parsed models by name.
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7.8.1.1. The Registry

Xtext automatically manages a built-in registry. That is it caches parsed models by there filename and provides
an API (both Java and Xtend) to access cached models.

The registry is contained in the org.openarchitectureware.xtext.core.base bundle. The Java APl sonsists of
a handful of static methods from org.openarchitectureware.xtext.registry.Registry.java. The extensions are
contained in org.openarchitectureware.xtext.registry.Reg.ext. This part of the framework will definitely be
enhanced in te future so expect API changes here.

7.8.1.2. Using the Registry

All you have to do is to declare some kind of import statemnent in our DSL and overwrite the allElements()
extension from GenExtensions.ext.

Hereis an example:

My/Model
(i mports+=l nport)*
(types+=Type)*;

I mport :
"import" name=I D

Type : ...

Overwrite the allElements extension in Extensions.ext to something like this:

ext ensi on nydsl : : GenExt ensi ons reexport;
extensi on org::openarchitectureware:: xtext::registry::Reg;

al | El ement s(enf:: EQject this) :
whol eModel () . uni on(
(((MyModel ) eRoot Cont ai ner)

.inports /'l for each inport
. get Root Node(i) /'l get the root fromthe registry
. whol eMbdel () /'l get the whole nodel as a |ist

)

whol eMbdel (enf:: ECbj ect this) :
{ eRoot Cont ai ner}. uni on( eRoot Cont ai ner. eAl | Cont ent s) ;

Asthe alElements() extension is used everywhere the imported model elements will automatically be available
for code completion, navigation, checking, €tc.
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8.1. Introduction

The UML2Adapter for oAW is available since version 4.1. It is based upon Eclipse's UML2 2.0 framework and
provides atype mapping from the UML 2.1 metamodel implementation to the oAW type system. Hence one can
access the whole UML 2 metamodel from Check, Xtend and X pand. Additionally and more important the adapter
dynamically maps stereotypes applied to model elements to 0AW types and TaggedV alues to 0AW properties.
You don't have to implement additional Java classes anymore. Just export your models and applied profiles.
That's all!

8.2. Installation

First you need to install the UML2 feature from eclipse.org.

http://downl oad.eclipse.org/tool s/'uml 2/updates/site-i nterim.xml

The oAW uml2adapter is available from the oAW updatesite:

http://www.openarchitectureware.org/updatesite/milestone/site.xml

(Go to the project's homepage and find the current location if either of the sites don't work)

Restart your Eclipse workbench when Eclipse asks you to do so.

8.3. Setting up Eclipse

Y ou need to configure your project (or the whole workspace) to use the UML2Adapter.

Right click on the project and choose ‘properties from the pop-up menu. Therein open the
‘'openArchitectureWare'-tab, activate the checkboxes (nature and specific metamodel contributors) and add the
UMLProfiles metamodel contributor.

8.3.1. Profiles in Eclipse

If you want Eclipse to register (be aware of) 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 project's classpath
(e.g. are contained in a src folder)

8.4. Runtime Configuration

At runtimeyou just need the org.openarchitectureware.uml2.adapter-4.1.0...jar. Y ou can use Eclipse's dependency
mechanism from the PDE (as described in theinstallation section on the getting started page), or copy or reference
the respective jar directly. It doesn't matter, you just have to take care that it is on the classpath.

8.4.1. Workflow

If you have written some Check, Xtend or Xpand files and how want to execute them you have to provide the
right configuration.
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Y ou need 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="oaw. um 2. Set up" st andardUm 2Set up="true"/>
<conponent cl ass="oaw. enf. Xm Reader" >

</ conponent >
<conponent cl ass="oaw. xpand2. Gener at or ">
<met aMbdel cl ass="oaw. um 2. UM.2Met aMbdel "/ >
<nmet aMbdel cl ass="oaw. unl 2. profile. Profil eMet aModel ">
<profile value="nyProfile.profile. um2"/>
</ met aMbdel >

</ conponent >
<wor kf | ow>

I'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 are invoking several 0AW components, you should use the id / idRef mechanism:

<wor kf | ow>
<bean cl ass="oaw. um 2. Set up" st andardUm 2Set up="true"/>
<conponent cl ass="oaw. enf. Xm Reader" >

</ conponent >
<conponent cl ass="oaw. xpand2. Gener at or ">
<met aMbdel id="um " cl ass="oaw. um 2. UM_2Met aMbdel "/ >
<net aMbdel id="profile"
class="oaw. um 2. profil e. Profil eMet avbdel ">
<profile value="nyProfile.profile.um"/>
</ met aMbdel >

</ conponent >

<conponent cl ass="oaw. xpand2. Gener at or" >
<net aMobdel idRef="um "/>
<met aMbdel idRef="profile"/>

</ conponent >
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9.1. Setting up Eclipse

Before you can use cAW with Eclipse UMLZ2, you first have to install the UML2 plugins into your Eclipse

installation.

9.2. Setting up the project

Create anew openArchitectureWare plugin project. Y ou have to add the following dependencies to the manifest

file:

* org.openarchitectureware.uml2.adapter

To tell the )AW Eclipse plugins that this project is a UML2 specific one, you need to specify that in the )AW
preferences. Open the project properties, select the openArchitectureWare tab and select the UML2 profiles

metamodel!.

& Properties for oawd.demo.emfuml2.generator

| kype filker text

- Info

- Bilders

- Java Build Path

[+ Java Code Style

[H- Java Compiler

- Javadoc Location

- opendrchitectureware
[ Plug-in Developrent
- Project References

- Refactaring Hiskory

openArchitectureware

=10l |

- -

Enable openarchitecturevware nature: v

Enable project specific settings:

Select metamodel contributor:

v

UMLE profiles

Hemove

e, ..

g

o

Festore Defaulks

Apply

O

Cancel |

Figure 9.1. Configure UML 2 profiles metamodel
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Note, that if you want to transform an UML2 model into a normal EMF model, you need to add the UML2
metamodel and the EMF metamodels. The order isimportant! The UML2 profiles entry must befirst in thelist.

9.3. Creating a UML2 Model

You start by defining a uml2 model, i.e. an instance of the UML2 metamodel. In the new Java project, in the

source folder, you create a UML2 model that you should call exanpl e. uni .

Select a wizard —

Create a new UMLE model

2t s

Wizards:

[=1-z= Example EMF Model Creation Wizards
----- E‘j Data Graph Maodel

----- L&) Data Madel

i“‘l} Ecore Model

----- Ecore ko Ecore Model

ﬁ;‘*}' UMLZ Madel
----- 57 %50 Madel
----- Sg¢ %50 ta Ecore Model
== Java

|- Java Emitker Templates
- [=% Plug-in Development
- Simple

- ML

| R ey O e O oy B e |

[4]

= Back Mext = Fimish

Cancel

Figure 9.2. Creating a new UML 2 model

Y ou then have to select the model object. Make sure its a Model, not a Profile.
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9

UrL2 Model
Select a model object bo create ﬁ
Lz
Maodel Object

®ML Encoding

UTF-8 |

Figure 9.3. Selecting the M odel obj ect

9.3.1. Modelling the content

Y ou should then build a model that |ooks somewhat like this:

() cxapie.uniz, % N

rD Fesource Set

=] platform: fresource/oaws, demo.emf.umlz, generatorsrcfexample, uml2
G4
- < Package wehicles
-4 Class Car
- 4 Operation drive
-4 Class PersonCar
< Generalization False

Figure 9.4. Example model

By theway, if you renamethe. um 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!

9.4. Code generation

9.4.1. Defining the templates

Inside the source folder of our project, create at enpl at es package. Inside that package folder, create atemplate
file Root . xpt that has the following content. First, we define the entry template that is called Root . Since we
expect a UML model element to be the top element to the model, we define it for uni : : Model . Note the use of
the uml Namespace prefix, as defined in the UML2 metamodel. Inside that template, we iterate over al owned
elements of the model and expand atemplate for the packages defined init.

«DEFI NE Root FOR uni :: Model »
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«EXPAND PackageRoot FOREACH ownedEl enment »
«ENDDEFI NE»

In the package template, we again iterate over all owned elements and call atemplate that handles classes. At this
point we expect that only classes are in that package.

«DEFI NE PackageRoot FOR uml :: Package»
«EXPAND O assRoot FOREACH ownedType»
«ENDDEFI NE»

This template handles classes. It opens a file 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 :: Cl ass»
«FI LE name+".j ava"»
public class «name» {}
«ENDFI LE»
«ENDDEFI NE»

9.4.2. 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 o AW EMF Example docs.

<?xm version="1.0" encodi ng="| SO 8859-1"?>
<wor kf | ow>

Y ou need to setup the UML 2 stuff (registering URI maps, Factories, etc.). This can be done declaring a bean in
before of the Xni Reader component:

<bean cl ass="oaw. um 2. Set up" st andar dUM.2Set up="true"/>
<conponent cl ass="oaw. enf. Xm Reader">

<nodel Fi | e val ue="exanpl e. um "/ >

<out put Sl ot val ue="nodel "/ >
</ conponent >

The X 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="dird eaner"
cl ass="oaw. wor kf | ow. common. Di rect oryCl eaner"
directori es="src-gen"/>

and in the generator we also configure the EMF meta model for oAW, together with the UML2 metamodel
package, because the UML2 metamodel refersto it.

<conponent id="generator" class="oaw. xpand2. Generator"
ski pOnErrors="true">
<net aMbdel cl ass="oaw.type. enf. Enf Met aMobdel ">
<met aMbdel Package val ue="org. ecli pse. enf. ecore. Ecor ePackage"/ >
</ met aMbdel >
<nmet aMbdel cl ass="oaw. un 2. UM.2Met aMbdel "/ >
<expand val ue="t enpl at es: : Root : : Root FOR nodel "/ >
<outl et path="src-gen/">
<post processor cl ass="oaw. xpand2. out put.JavaBeautifier"/>
</outlet>
</ conponent >
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If you run the workflow (by right clicking on the .oaw file and select Run As -> oAW Workflow the two Java
classes should be generated.

9.5. Profile Support

openArchitectureWare 4 is shipped with a specia UMLZ2Profiles metamodel implementation. The
implementation maps Stereotypesto Typesand Tagged Valuesto simple properties. It a so supports Enumerations
defined in the profile and Stereotype hierarchies.

9.5.1. Defining a Profile

To define a profile, you can use a variety of UML2-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 "manua way", which is good for explaining what happens, but completely useless
for practical use. Y ou don't want to build realisitically-sized models using the mechanisms explained below.

You start be creating a new UML2 file (as shown above). In the example welll call ittest. profile.uni. The
root element, however, will be a Profile, not a Package. Don't forget to actually assign a name to the profile!
It should be test, too.

As achild of that Profile, you then create a Packaged Element Stereotype (you'll have to scroll a bit in the Add
Child menu....). For the sake of example, well call it test, too. 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 uni : : d ass. You can then select your
stereotype, and select Sereotype -> Create Extension from the UML2 Editor menu. Select uni : : d ass. This
should lead to the following model. Saveit, you're done with the profile definition.

-
# | example-prafiled, uml M

=] platform: fresourcefoawd . dema.emf.umlz . generatarfsroftest, prafile, uml
=-E

:, <Element Import> Class

-2 «stereotypes test

= <Property > base_Class ; Class

= & <Extension: Class_test

—H <Extension End> extension_test : tesk

E.EI---@ pathrmap: j {UML_METAMODELS ML, metamodel, uml

ﬂﬂ pathmap:fUML_PROFILES/Ecare, profile, uml
-] pathmap:/jUML_PROFILES/Standard. profile, uml

Figure 9.5. Modelling a Profile

9.5.2. Applying the Profile

To make any use of the profile, we have to apply it to some kind of model. To do that, we copy the exanpl e. um
model to aexanpl e- profil ed. um . Wethen open that file and load aresource, namely the profile wejust defined.
This then looks somewhat like this:
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CYTES.

=8 ] iplakform: resourcefoawd, demo, emf.umlz, ganeratorfsrolexample-profiled, uml
=-B2 <Model>
=-E3 <Package: cars
Q < Classx PersanCar
Q Class= Car
S8 platform:resourcefoaws ., dermo, ermf.uml2  generatorfsecitest, prafile, unl
- «Profiles
O:, <Element Import > Class
<Stereokyvpe > best
- ¥ «Extension Class_test
[+ | pathmap:/UML_METAMODELSUML, metamadel, urml
ﬂﬂ pathmap:fUML_PROFILES/Ecare, profile, uml
ﬂj pathrmap: | JUML_PROFILES)Standard. profile., uml

Figure 9.6. Loading the Profile

Now, to make the following stuff work, you first have to select the profile and select the Profile -> Define
operation from the UML2 Editor menu. This creates all kinds of additional model elements, about which you
shouldn't care for the moment.

Now, finally, you can select your cars package (the one from the example model) and select Package -> Apply
Profile from the UML 2 Editor menu. Select your test profile to be applied.

For the purpose of thisexample, you should now apply the test stereotypeto the Per sonCar class. Select the class,
and the select Element -> Apply Sereotype from the UML2 Editor menu. This should result in the following
model:
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() exanple-profiec.un X, N

S8 platform:resourcefoawd . demo. emf.uml2 . generatorfsecfexample-profiled, uml
=-B2 <Model>
=-E3 <Package: cars
SRt o ass
xﬁ «<Generalization = Car
EIQ <i|ass = Car
4 <Operation drive ()
EI--E::, <Profile Application = tesk
Ll = LML
S8 platfarm:resourcefoaws . demo. emf.uml2 , generatorfsecftest, prafile, unl
- <Profile: test
=l ML
-8 testvd
Elg Lest
= UL
b = base Class : Class
-----?:T, <Element Import > Class
EEI"- <Sterentype > best
#- ¥ «Extension Class_test
[+ pathmap:/UML_METAMODELS/UML metamadel, urml
ﬂﬂ pathmap:fUML_PROFILES/Ecare, profile, uml
ﬂj pathrmap: | JUML_PROFILES)Standard. profile., uml

Figure 9.7. Defining the Profile

9.5.3. Generating Code

Note that all the stuff above was not in any way related to 0AW, it was just the "bare bones" means of creating

and applying a profileto a UML2 model

There are two things we have to change: The workflow (specifically, the configuration of the generator
component) needsto know about the profile, and thetempl ate needsto generate different codeif aclasshasthetest
stereotype applied. Let'slook at the second aspect first. Here's the modified template (in Root Wt hProf i | e. xpt ):

«DEFI NE Root FOR uni :: Model »
«EXPAND PackageRoot FOREACH (List[un:: Package])ownedEl enent »
«ENDDEFI NE»

«DEFI NE PackageRoot FOR uml :: Package»
«EXPAND Cl assRoot FOREACH (List[un::C ass])ownedType»
«ENDDEFI NE»

«DEFI NE Cl assRoot FOR unml :: Cl ass»
«FI LE nane+".java"»
public class «nanme» {}
«ENDFI LE»
«ENDDEFI NE»

«DEFI NE Cl assRoot FOR test::test»
«FI LE nanme+".j ava"»

public class «name» {} // stereotyped
«ENDFI LE»
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«ENDDEFI NE»

As you can see, the stereotype acts just 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 (workflowWithProfile.oaw), here's the modified generator
component:

<conponent id="generator" class="oaw. xpand2. Gener at or "
ski pOnErrors="true">
<met aMbdel cl ass="oaw.type. enf. Enf Met aModel "
nmet aMbdel Package="or g. ecl i pse. enf. ecor e. Ecor ePackage"/ >
<net aMbdel cl ass="oaw. uni 2. UM.2Met aMbdel "/ >
<met aMbdel id="profile"
cl ass="oaw. um 2. profil e. Profil eMet abbdel ">
<profile value="test.profile.um"/>
</ met aMbdel >
<expand
val ue="tenpl ates: : Root Wt hProfil e:: Root FOR nodel "/ >
<outl et path="src-gen">
<post processor cl ass="oaw. xpand2. out put. JavaBeautifier"/>
</outl et>
</ conponent >

The only thing we have to do is add a new metamodel that refernces the profile we just created.
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Chapter 10. GMF2 Adapter

10.1. Introduction

The GMF-Adapter integrates the oAW-Check language with GMF2

10.2. Installation

First you need to install the GMF from eclipse.org.

http://downl oad.ecli pse.org/modeling/gmf/downl oads/drops/R-2.0-200706210000/index.php

The oAW gmfadapter is available from the 0AW updatesite:

http://www.openarchitectureware.org/updatesite/milestone/site.xml

(Go to the project's homepage and find the current location if either of the sites don't work)

Restart your Eclipse workbench when Eclipse asks you to do so.

10.3. Setting up Eclipse

Y ou need to import one project into your workspace It is called "org.openarchitectureware.adapter.gmf2”. You
can do that using the import wizard. Do aright click in the Project Explorer and choose Import... Now select
"Plug-ins and Fragments' from the Plug-in development section. Import the bundle as a project with source
folders.

10.4. Setting up GMF

10.4.1. Setting validation options
Next, open your .gmfgen file and set the following properties in the your GenDiagram Element:
» Set Validation Decorators in the section "Diagram” to true

« Set Validation Enabled in the section "Diagram™ to /org.openar chitecturewar e.adapter.gmf2/templ ates
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@ My .grfgen &4
| Resource Set

= @ platForm: fresource/sample . gmfmodelfiMy .gmfgen
= 4 Gen Editor Generatar demao,diagramn

R Sen Diagramm StatemachineEditPart
4 Gen Plugin My Plugin
<+ Gen Editor Wiew demo.diagram.part
[+ <= Gen Mavigator MyMavigatorConkentProvider
<= Gen Diagram Updater MyDiagramUpdater
- 4= Property Sheet dermo.diagrar. sheet
Selection | Parent | List | Tree | Table | Tree with Columns

L";_ Froblems | @ Jawadoc Iia> Declaration | = Properties &3 & crF Dashboard ‘EiEerr Liog

Property

= Diagram
Contains Shortouts To
Live Yalidation UL Feedback,
Shortcuts Provided For
Synchronized
nits
Yalidation Decorators
Yalidation Enabled

= Diagram Element

Figure 10.1. Validation settings

10.4.2. Setting template options
Now, select your Gen Editor Generator and set the following properties:
¢ Set Dynamic Templates to true

* Set Template Directory in the section "Diagram" to true

@ My.amfgen &4
L Resource Set

= @ platform: fresourcelsample, gmf /model /Ty gmfgen
= 5en Editar Generator derno.diagrann
[# < en Diagram StatemachineEditPart
< Gen Plugin My Plugin
< t@en Editor Yiew dema.diagram.part
#- 4= =en Mavigakor MyMNavigatorContentProvider
< i=en Diagram Updater MyDiagramlpdater
#- 4 Property Sheet demna.diagram,sheet

Selection | Parent | List | Tree | Table | Tree with Columns

i_:_ Problems | @ Javadoc I_{.-.:;> Declaration | = Properties 52 @ cF Dashboard ‘;EiErrnr Log 'J-' Search E,l Hiskory

Property Value
Copyright Tesk = a0y
Diagram File Extension '= demo_diagram
Domain File Extension '= demo
Diomain Gen Model B My
Dwvnamic Templates ik brue
Model 10 1= [y
Package Mame Prefix '= demo.diagram
Same File For Diagram And Model i+ False

Template Directory '= forg.openarchitecturessare, adapter , gmf2/templates

Figure 10.2. Template settings

< search| [ History

Walue

false

[T T

¥ frue
1= Pixel
¥ frue
¥ frue
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10.4.3. Loading the extension model

Right-click  into the gmfgen editor and <choose the "Add extenson modd..."
action. Browse your file system and got to your eclipse instalation directory.
Navigate to plugins/org.openarchitectureware.adapter.gmf2.extensionmodel_1.0.0lmodel and choose
oawGmfExtension.ecore. Select the CheckContainer when asked for the Root Class

& Add Your Extension Domain Model To GMFGen |;|[E|EI

Select Extension Domain Model

Load extension model and select root element ko create in GMFGen.

Model URL: | Browse File Syskem. .. ] [Brl:nwse Workspace.., ] [Finl:l In Warkspace. ., ]

| wiare, adaper, gmf2.extensiormodel_L,0.0fmodelnawGmfExtension ecore | |Load |

¥ ise ane of the predefined models

Foot Class:

| CheckContainer

_heck,

) Eiriish ] [ Cancel

Figure 10.3. Adding the extension model

In the CheckContainer element you haveto set the diagram from your gmfgen. Normally thereisjust oneto select.
Y ou can also choose whether you'd like to run the validation in a cyclic mode or not. The cycle time attribute
isthetimein ms. Default is one second
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@*My.gmfgen 3
[T Resource set
=] @ platform: fresourcelsample, gmf /model /Ty gmfgen
[+ 4 Gen Editor Generakor demna. diagram
< Check Containet krue
[+ B platform:fresource)sample, gmfmadel /My, genmodel
[+-#] platform:/resourcesample. gmf /model{My ecore

& @ platFarm: ipluginforg. eclipse. grf. runtime. notation/modelfnatation. genmodel
|8 platform:/pluginorg.eclipse.gmf.runtime.natation/madelinatation. ecare

| EJ platFarm: ipluginforg. eclipse.emf.ecore/model/Ecare. ecore

selection | Parert | List | Tree | Tabls | Tree with Columns

&
[+

|_'_'_ Problems | @ Javadoc |_{,E;> Declaration - £ ] x @ c1F Dashboard | G_I Errar Log -;f-' Search E,l Hiskory
Property Walue
Cycle Time = 1000
Cylic I= true

Diagram = Gen Diagram StatemachineEditPart

Figure 10.4. Setting properties on the CheckContainer element
Finally you can add a list of Check Elemens. In each of them you have to specify the plugin ID and the relative

path to the check file from the plugin root

[ Package Explarer 52 Tem @My.nggen &3

= ¢ | B % | & ¥ |l Resource Set
= ‘_:..jd sarnple.gmf.checks il & @ platfarm: fresource)sample, gmfmadel My grfoen
[ e #- 4 Gen Editar Generakor dema,diagram
= checks =+ Check Container true
|£| sampleCheck.chik Sl heck fchecksisampleCheck, chk
[#-B JRE Svystem Library [irel.6,0_0Z2] - & platform: fresourcefsample.gmf fmodel/My, genmodel
[+ META-INF [+ ﬂlj platform: fresourcefsample, gmfmodel /My ecore
X[ .classpath + ||| Selection | Parent | List | Tree | Table | Tree with Calurmns

I:"_Prnblems @ Javadoc [%Declaratiu:un = Properties &3 0 GMF Dashboard QI Error Log -J'Search E,

Walue

Property
: Check File Relative Fram Plugin Rook 1= [fchecks!sampleCheck, chk
Container = Check Container true
Plugin Id = sample.grﬁf.checks

Figure 10.5. Adding a new check file
For more information on checks, please refer to the Check documentation Chapter 6, Xtend/ Xpand/ Check

Reference
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Chapter 11. RSM/RSA Adapter

11.1. Introduction

The IBM Rational Software Architect / Modeler (RSA/RSM) is a uml modeling tool. It's based on Eclipse and
the Eclipse's UML 2.0 project. The uml models stored in a special file format. These model files have the file
extension . emx, uml profiles are stored in files with the extension . epx. The files from version 6.0 of RSA/RSM
can be opened with aspecia API only. With the introduction of version 7.0 the models and profiles can be opened
directly with the UML2 2.0 framework.

Usually RSA/RSM profiles are deployed in plugins, the referenced to these profiles are written with a special
URI called pathmap (people working with Rational Rose might know this).

The RSA/RSM adapter brings the functionality of the UML 2 adapter written by Sven to RSA/RSM. The adapter
for )AW is available since version 4.1. It is based upon Eclipse's UML2 2.0 framework and provides a type
mapping from the UML 2.1 metamodel implementation to the )AW type system. Hence one can access the whole
UML2 metamodel from Check, Xtend and Xpand. Additionally and more important the adapter dynamically
maps stereotypes, stored in RSA/RSM specific modé files (. epx), which are applied to model elementsto )AW
types and stereotype properties (TaggedV alues) to oAW properties. Y ou don't have to implement additional Java
classes anymore. Just export your models and applied profiles. That's al!

11.2. Installation

Using the RSA/RSM adapter with Eclipse, you first need to install the UML 2 feature from Eclipse.org.

http://download.eclipse.org/tool s/'uml 2/updates/site-interim.xml

The o)AW uml2adapter is available from the )AW updatesite:

http://www.openarchitectureware.org/updatesite/milestone/site.xml

(Go to the project's homepage and find the current location if either of the sites don't work)

Restart your Eclipse workbench when Eclipse asks you to do so.

11.3. Setting up IBM Rational Software Architect / Modeller

Y ou need to configure your project (or the whole workspace) to use the RSA/RSM adapter.

Right click on the project and choose 'properties from the pop-up menu. Open the ‘openArchitectureWare'-tab,
activate the checkboxes (nature and specific metamodel contributors) and add the RSA/RSM Profiles metamodel
contributor.

All profiles installed in plugins using the com i bm xt ool s. um 2. msl . UMLPr of i | es extension point, are added
as metamodels (for more information about creating your own profiles with RSA/RSM see help for ,, Extending
Rational Software Modeler functionality” ) .
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-3 Properties for my.generator. project2

| type filter text _ openArchitectureware T

Info
BeanInfo Path
Builders Enable project specific settings:
Java Build Path
+ Java Code Style RSAIRSM profiles
+ Java Compiler
Javadoc Location Remove
openArchitectureware Select metamodel contributor:

Plug-in Development

Enable opendrchitecturetare nature:

|+

IH

Project References Down
Refactoring History -
[Restnre Qefaultsl [ Apply ]
.;_":5:;. [ OK ] [ Cancel I

Figure 11.1. Project propertieswith RSA/RSM profiles added

11.3.1. Runtime Configuration

At runtime you just need the org.openarchitectureware.rsdp.adapter-4.1.0.jar. Y ou can use Eclipse's dependency
mechanism from the PDE (as described in theinstallation section on the getting started page), or copy or reference
the respective jar directly. It doesn't matter, you just have to take care that it is on the classpath.

11.3.2. Workflow using profiles from plugins

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 need to configure the UML 2 metamodel and a profile metamodel for each profile you used directly. A typical
configuration looks like this:

<wor kf | ow>
<property
name="umnl nda. profil e. pl ugi n. pat h"
val ue="C: / wi napp/ ecl i pse/ v3. 2/ UMLMDA/ ecl i pse/ pl ugi ns/ or g. unl nda. u
m 2. profile_2.0.0"/>
<l-- initializes resourcemaps, urimps, etc. -->
<conponent
cl ass="org. openarchi t ect ur ewar e. r sdp. wor kf | ow. RSASet up" >
<pat hMapEntry>
<al i as val ue="UMLMDA PROFI LE"/ >
<pat h val ue="${um nda. profile. plugi n. path}/profiles"/>
</ pat hMapEnt ry>
<init value="true"/>
</ conponent >
<conponent cl ass="oaw. enf. Xm Reader">

</ conponent >
<conponent cl ass="oaw. xpand2. Gener at or ">
<nmet aMbdel cl ass="oaw. unm 2. UM.2Met aMbdel "/ >
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<met aMbdel cl ass="oaw. um 2. profil e. Profil eMet aModel ">
<profil e val ue="pat hmap: // UMLMDA PROFI LE/ UMLMDAPr of i | e. epx"/ >
</ met aMbdel >

</ conponent >
<wor kf | ow>

11.3.3. Workflow using profiles from workspace projects

If the RSA/RSM profilesareinstalled in aworkspace project rather in aplugin, it can be accessed with aworkflow

below:

<wor kf | ow>
<property
nane="unm nda. profil e. proj ect . pat h"
val ue="C:/devel / um nda. rsn¥/ or g. um nda. um 2. profile"/>
<l-- initializes resourcemaps, urimps, etc. -->
<conponent
cl ass="org. openarchi t ect urewar e. r sdp. wor kf | ow. RSASet up" >
<um Ext ensi onPr oj ect
cl ass="or g. openar chi t ect ur ewar e. r sdp. wor kf | ow. Uml Ext ensi onPr oj e
ct">
<pr oj ect Nane val ue="UMLMDAPr of i | e"/ >
<pat h val ue="${um nda. profile. project.path}"/>
</ um Ext ensi onPr oj ect >
<init value="true"/>
</ conponent >
<conponent cl ass="oaw. enf. Xm Reader">
<nodel Fi | e val ue="${nodel }"/>
<out put Sl ot val ue="nodel "/ >
</ conponent >
<conponent cl ass="oaw. xpand2. Generator" ski pOnErrors="true">
<nmet aMbdel cl ass="oaw.type. enf. Enf Met aMbdel "
met aMbdel Package="or g. ecl i pse. enf. ecor e. Ecor ePackage"/ >
<met aMbdel cl ass="oaw. um 2. UM.2Met aMbdel "/ >
<nmet aMbdel cl ass="oaw. uml 2. profile. Profil eMet aMobdel ">
<profile
val ue="file://${um nda. profil e. project.path}/profil es/ UMLNDAP
rofile.epx"/>
</ met aMbdel >

</ conponent >

11.3.4. Future enhancements

The next version of the RSA/RSM adapter will support profiles found in the classpath of the generator project.

In addition profiles can be added more selectively.
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Chapter 12. Recipe Framework

12.1. Introductory Example and Plugin

Currently it not feasible in MDSD to generate 100% of an application. Usually, you generate some kind of
implementation skeleton into which developers integrate their own manually written code. For example, the
generator generates an abstract base class, from which developers extend their implementation classes — which

contains the application logic.

The screenshot above shows an example — and also illustrates the use of the Recipe Plugin. Let's look at the
various itemsin the screenshot.

& Java - Eclipse SDK
File Edit Source Refackor  Mavigate Search  Project Rum  indow  Help

[ i |G- | [-0-Q- | BEHG- [ @@ [ O -

ISETEY

= e ST

ErT— =5

|lB5 7
=

F-8 >scmGeneratar [cvs. sourceforge.net] « |
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EI% »Sre

EI'—-FJl examnple
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[ L1} CalculatorImplementatio
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|
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* VR G K%K
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- antlrInstantistor - build =
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- recipe,simpleChecks - build

- umiMetamodel - 1) generate
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L]

projectMarme
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the generatar generates a base class Forcamponents, in this case

example.BC1 impl.C1ImplementationBase, From this base classyou have ko
extend your own class that has to be called
example.BC1.impl.C1Implementation

I ] hellaorld.recipes - scrmHelloWorld

Figure 12.1. Recipe Example

1. The generator creates aso-called . r eci pes file. How thisfileis created will be shown below. The recipefile
contains the checks that need to be executed on the code base. In the context menu of a. r eci pes file you'll
find an item called Open Recipe File that opens the checksin the respective browser. Note that the file has to
havea. reci pes extension — otherwise the plugin will not open the filel

2. Here you can see failed checks. The messages tell you that you have to write the implementation class, and
(the second item) you'll have to make sure it extends from the generated base class.

3. Hereyou can see a check that worked well.
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4. Each check containsanumber of parameters; the table showsthe parameters of the sel ected check. For example
the name of the class to be generated, the one from which you have to inherit, etc. Thisis basicaly for your
information. If you double-click on a certain row, the value of the parameter is copied to the clipboard — and
you can past it to wherever you need.

5. Here you can see a descriptive text that explains what you have to do in order to fix the failed check.

6. Hereisthe manually written code (in the src folder). Y ou can seethe class cal cul at or | npl enent at i on —this
is why the check that verifies its presence is successful. There is no ClI npl enent at i on why the check that
checksits presence fails.

7. Thisisthe generated code folder (src- gen). It contains the generated base classes.

There are a couple of options to work with those recipes, as shown in the next illustration.

u:u:|Declaration|Search|Consnle|Prngress|Errnr Lng|Prnperties ool }I.} TS

eBC 121 manual implementation of component I Name I Yalue 2 Reevaluate Al

h-a'-.-'e ko |:|r'|:|-.-'i|:|r3 an implemnentation g S5 2 _bvpe org.open {3}_\; Feload Recipe Fils
implementation class has to extend t 4 Evaluate |en & bype org.opeEn -
eBC2:22: manual implementation of componen 8 | classMame example, BC1.impl. C1Implementation
e:BC2:Decider: manual implementation of component & alement rescample BCLiCL
eiBC 1 alculakor: manual implementation of component 8 | projecthiame semHellowarld

o srcPath sre

the generator generates a basg F!ass_ Fnrcol'npon_gn_ts., in I:hils case
Figure 12.2. Using the Recipe plugin

If you right-click on a check in the treeview, you can reevaluate the check explicity. The buttons at the top right
of the view has three buttons: the first on collapses the tree view. The “play button with the small red cross”
re-evaluates all the failed checks — and only those! The third button is a filter button; if selected, the tree view
hidesthe checksthat are ok. Inthe view’ sdrop down menu (activated with the small downward-pointing triangle)
there are two entries: the green run-button labelled “reevaluate all” reevaluates all checks, even those that have
been successful before. And finally, the reload button reloads the recipe file, and reevaluates everything.

There are two important automation steps:

» First of al, you should make sure that when you run the generator —typically through an ant file—the workspace
will be refreshed after the ant run (you can configure thisin Eclipse). If you do this, the view will automatically
reload the recipe file and reevaluate all the checks.

e There are certain kinds of checks that automatically re-evaluate if the workspace changes. This means that,
for example, if you add the implementation class in the above example, as soon as you save the classfile, the
check will evaluate to true. The question which checks will be evaluated automatically has to be defined in
the check definition — see below.

12.1.1. Installing the Plugin

Therearetwo steps. Thefirst oneinstallsthe pluginitself, i.e. the Recipe Browser View, etc. Therespective plugin
is org.openarchitectureware.recipe. As usua you install it by copying it into the Eclipse plugin directory or just
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downloading it from the 0oAW update site. If the plugin isinstalled in thisway, it can only evaluate the (relatively
trivial) checksinther eci pe. si npl eChecks project. To check useful things, you'll have to extend the plugin—you
have to contribute the checks that should be executed. For this purpose, the or g. openar chi t ect ur evar e. r eci pe
plugin provides the check extension point. A number of useful checks that can be evaluated in Eclipse are
contained in the or g. openar chi t ect ur ewar e. r eci pe. ecl i pseChecks plugin. You should install that one, too.
It also comes automatically from the update site.

In general, this means. whenever you develop your own checks and want to evaluate them in Eclipse, you have
to contain them in a plugin and extend the above-mentioned extension point. Otherwise it will not work.

12.1.2. Referencing the JAR files

In order for the workflow to find the recipe JARS, they need to be on the classpath. The easiest way to achieve
that isto make your generator project a plugin project and reference the recipe pluginsin the plugin dependencies
(al the oAW plugins with recipe in their name). This will update your classpath and add the necessary JARS.
If, for some reason, you don't want your projects to be plugins, you have to reference the JAR files of the above
mentioned plugins manually.

12.2. Executing Recipe Checks

12.2.1. Running Checks within your workflow

You have to write a workflow component that creates the recipes. Your custom workflow component has to
extend the Reci peCr eat i onConponent base class and overwrite the cr eat eReci pes() operation. The operation
hasto return the collection of recipesthat should stored into the recipefile. In the workflow file, you then haveto
configure this component with the name of the application project in Eclipse, the souce path where the manually
write code can be found and the name of the recipe file to be written.

Please take a look a the emfHelloWorld example. It contains an extensive example of how to use the recipes
in 0)AW 4.

12.2.2. Running Checks within Ant

Y ou can also check therecipes using ant. Of course you cannot use those nice and cool interactive checks—and you
also can’t use Eclipse-based checks. They can bein the recipesfile, since the ant tasks skips them automatically.
The following piece of ant code shows how to run the checks — should be self-explanatory. Note that you have
to use all the jar files from the recipe.ant project.

<?xm version="1.0" encodi ng="1SO 8859-1" ?>
<proj ect nanme="scm - hello world - generate" default="generate">
<property file="build. properties" />
<path id="ant.runtine.cl asspath">
<pat hel enent | ocati on="${ GENROOT}" />
<fileset dir="${CGENROOT}" includes="*.jar"/>
<fileset dir="${QAWROOT}/dist" includes="*.jar"/>
<fileset dir="${RECI PE. CORE. DI R}/dist" includes="*.jar"/>
<fileset dir="${REC PE. SI MP\LECHECKS. DI R}/ di st" includes="*.jar"/>
<fileset dir="${RECI PE. ANT. DI R}/dist" includes="*.jar"/>
<fileset dir="${RECI PE. ANT.DIR}/Iib" includes="*.jar"/>
<fileset dir="${REC PE. ECLI PSECHECKS. DI R}" i ncludes="*.jar"/>
</ pat h>
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<t askdef nane="check"
cl assnanme="or g. openar chi t ect urewar e. r eci pe. ant. Reci peCheckTask" >
<cl asspath refid="ant.runtinme.classpath" />
</t askdef >
<check recipeFil e="L:/workspace/ xy/ hel | oWor| d. reci pes"/>
</target>
</ proj ect >

The checks use log4j logging to output the messages. So you can set the log level using the log4j.propertiesfile.

The following output shows all the checks being successful:

Bui I dfile: |:\exanpl eWrkspace-v4\scnHel | oWor | d\ bui I d. xm
check:
[ check] O INFO - checking recipes fromfile:
L: /runti ne-Ecl i pseApplication/xy/ hel | owrl d.reci pes
BUI LD SUCCESSFUL
Total time: 1 second

If you set the log level to DEBUG, there’' s more; you can see that all the Eclipse checks are skipped.

Bui I dfile: |:\exanpl eWrkspace-v4\scnHel | oWor | d\ bui I d. xm
check:
[check] O INFO - checking recipes fromfile: L:/runtine-
Ecl i pseApplication/ xy/ hel | oworl d. reci pes
[ check] 60 DEBUG - [ski pped] resource exists exists —
ski pped - nbde was batch only.
[check] 70 DEBUG - [ski pped] resource exists exists —
ski pped - node was batch only.
[ check] 70 DEBUG - [ski pped] resource exists exists —
ski pped - npbde was batch only.
[ check] 80 DEBUG - [ski pped] resource exists exists —
ski pped - nbde was batch only.
[ check] 80 DEBUG - [ski pped] resource exists exists --
ski pped - node was batch only.
[ check] 90 DEBUG - [ski pped] resource exists exists —
ski pped - npbde was batch only.
[ check] 90 DEBUG - [ski pped] resource exists exists —
ski pped - nbde was batch only.
[ check] 90 DEBUG - [ski pped] resource exists exists —
ski pped - node was batch only.
BUI LD SUCCESSFUL
Total time: 1 second

If there are errors, they will be output as a ERROR level message.

12.2.3. Implementing your own Checks
12.2.3.1. Hello World

The following piece of codeisthe simplest check you could possibly write:

package org.openarchitectureware.recipe. checks.test;

i mport org.openarchitectureware.reci pe. core. At oni cCheck;
i nport org.openarchitectureware.recipe. eval . Eval uati onCont ext ;

public class Hel |l oWwrl| dCheck extends Atom cCheck {
private static final |ong serialVersionUD = 1L;
public Hel | oWwbrl dCheck() {
super( "hello world", "this check al ways succeeds" );
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}

public void eval uat e(Eval uati onContext c) {
ok();
}
}

A couple of notes:

* You can define any kind of constructor you want — passing any parameters you like. You have to pass at
least two parameters to the super constructor: the first one is the name, a short name, of the check. The
second parameter is the somewhat longer message. You can cal set LongDescri ption() if you want to set
the explanatory text.

* You can pass athird parameter to the super constructor: and that is one of the two constantsin Eval Tri gger .
By default, the Eval Tri gger . ON_REQUEST is used which means that the check is only evaluated upon explicit
request. If you pass Eval Tri gger. ON_CHANGE, the check will be automatically re-evaulated if the Eclipse
workspace changes.

* You should define a serial version uid since Java serialization is used for the recipefile.
e Intheeval uat e() method you do the check itself. We will explain more on that later.
12.2.3.2. More sensible Checks

More sensible checks distinguish themselves in two respects:

* First, you'll typically pass some parameters to the constructor which you'll storein member variables and then
useintheeval uat e() operation.

¢ You can store parametersfor display in thetable view in the plugin. Y ou can use the setParameter( name, value
)set Paramet er ( nane, val ue ) operation for that. More on that below.

» The evaluation will contain a certain business logic.

An example:

public void eval uat e(Eval uati onContext c) {
if ( something is not right ) {
fail( "sonething has gone wong");
}
if ( some condition is net ) {
ok();
}

By the way, you don’'t need to care about the Eval uationContext. Its only needed by the framework.
12.2.3.3. Eclipse Checks

Eclipse checks are a bit special. If the check were implemented in the way described above, you'd have a lot
of dependencies to all the Eclipse plugingjars. Y ou' d have these dependencies as soon as you' d instantiate the
check —i.e. aso in the generator when you configure the check. In order to avoid this, we have to decouple the
configuration of acheck in the generator and its evaluation later in Eclipse:
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1. During configuration we don’t want any Eclipse dependencies since we don’t want to “import” half of Eclipse
into out ant-based code generator

2. However, when eval uating the check we obviously need the Eclipse dependencies, otherwise we couldn’t take
advantage of Eclipse-based checksin the first place.

An Eclipse check isthusimplemented in thefollowing way. First of all, our check hasto extend the Ecl i pseCheck
base class.

publ i c cl ass ResourceExi st enceCheck extends EclipseCheck {

Again, we add a seria version uid to make sure deserialization will work.

private static final |long serial VersionU D = 2L;

In the constructor we decide whether we want to have this check evaluated whenever the Eclipse workspace
changes (Eval Tri gger . ON_CHANGE) or not. We also store some of the parameters in the parameter facility of the
framework. Note that we do no implement the eval uat e() operation!

publ i ¢ Resour ceExi st enceCheck( String nmessage,
String projectNane, String resourceNane ) {
super ( "resource exists exists", nmessage, Eval Trigger. ON_CHANGE );
set Proj ect Name( proj ect Nane );
set Resour ceNanme( resourceNane );

}

private void setProjectNane(String projectNane) {
set Paranet er ( "proj ect Name", projectNanme );

}

private void set ResourceNane(String resourceNane) {
set Paranet er ( "resourceNane", resourceNanme );

}

In order to provide the evaluation functionality, you have to implement an | CheckEval uat or . It has to have the
same qualified name as the Check itself, postfixed with Evaluator. During the evaluation of the check, the classis
loaded dynamically based on its name. A wrong name will result in aruntime error during evaluation the Eclipse
Plugin.

publ i c cl ass Resour ceExi st enceCheckEval uat or
i mpl enents | CheckEval uator {

public void eval uate( Atom cCheck check ) {
String projectNane =
check. get Par anet er (" proj ect Name") . get Val ue().toString();
String resourceNane =
check. get Par anet er ("r esour ceNane") . get Val ue().toString();
| Wor kspace wor kspace = Resour cesPl ugi n. get Wr kspace() ;
| Resource project =
wor kspace. get Root () . get Proj ect (proj ect Nane) ;
if ( project == null )
check.fail ("project not found: "+projectNane);
IFile f = workspace. get Root (). get Fi |l e(
new Pat h( proj ect Nane+"/" +r esour ceNane) );
String n = f.getLocation().toOSString();
if ( !'f.exists() ) check.fail(
"resource not found: "+projectName+"/"+resourceNane);
check. ok();}
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When implementing the evaluator, you can basically do the samethingsasintheeval uat e() operationin normal
checks. However, in order to set the ok() orfai | (“why”) flags, you haveto call the respective operations on the
check passed as the parameter to the operation.

12.2.3.4. Making checks available to the Eclipse plugin

In order to allow the Eclipse runtimeto execute your checks, it hasto find the respective classeswhen deserializing
the recipe file. Thisisa bit tricky in Eclipse, since each plugin has its own classloader. So assume you want to
define your own checks and want to use them in Eclipse; what you have to do is: implement your own plugin
that extends a given extension point in the Recipe Browser plugin. The following XML is the plugin descriptor
of the org.openarchitectureware.recipe.eclipseChecks.plugin.EclipseChecksPlugin, a sample plugin that comes
with the recipe framework and provides a number of Eclipse-capable checks.

<?xm version="1.0" encodi ng="UTF- 8" ?>
<?ecl i pse version="3.0"?>
<pl ugin
i d="or g. openar chi t ect ur ewar e. r eci pe. ecl i pseChecks"
name="9%pl ugi n_nane"
versi on="4. 0. 0"
provi der - nane="%pr ovi der _nane"
cl ass="org. openar chi t ect urewar e. r eci pe. \
ecl i pseChecks. pl ugi n. Ecl i pseChecksPl ugi n" >

Here we now define the jar file that contains our checks (will be important below!)

<runti me>
<library nane="oaw-reci pe-eclipsechecks.jar">
<export nane="*"/>
</library>
</runtime>

The required plugins mainly depend on the implementations of the CheckEvaluators, of course, however, you
have to make sure the dependencies contains the org.openar chitectureware.recipe plugin, since you're going to
extend an extension point defined therein.

<requi res>
<inmport plugin="org.eclipse.ui"/>
<import plugi n="org. eclipse.core.runtime"/>
<i nmport plugi n="org. eclipse.core.resources"/>
<i nmport plugi n="org. openarchi tectureware.recipe"/>
<import plugi n="org.eclipse.jdt.core"/>
</requires>

This is the important line: here you specify that you extend the check extension point of the Recipe Browser
Plugin. If you don't do this, deserialization of the recipe file will fail and you'll get nasty errors. And yes, you
need the dummy element; otherwise the class loading "magic" will not work.

<ext ensi on poi nt="org. openar chitectureware.recipe.check”>
<dummy/ >
</ ext ensi on>
</ pl ugi n>

When you need to use the checks outside of Eclipse (e.g. inthe generator for configuration/serialization purposes)
you just add the plugin’s jar to your generator classpath. Y ou don't need al the Eclipse plugin’s jars referenced
in the requires section, since these things will only be used during evaluation!
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12.2.4. Framework components

Component Plugin Dependson Description

recipe.core Y es - Framework core. Needed whenever
you do anything with recipes

recipe.ant Yes recipe.core Contains the ant task to check
recipes. Needed only for recipe
evaluation in ant

recipe.simpleChecks Yes recipe.core Contains a number of (more or less
useful) sample checks

recipe.plugin Y es recipe.core Contains the Eclipse Recipe Browser
View

recipe.eclipsechecks.plugin Y es recipe.core Contains the pre-packaged Eclipse
checks.

12.2.5. List of currently available Checks

Thistable contains alist of al currently available checks. We are working on additional ones. Contributions are
alwayswelcome! Thislist might thus not always be up to date —just take alook at the code to find out more.

Type Classname Purpose
Batch or g.openar chitectur ewar e.recipe.checks. Checks whether agiven file
file.FileExistenceCheck exists
Batch org.openar chitectureware.reci pe.checks. Checks whether a given
file.FileContentsCheck substring can be found in a
certain file
Eclipse org.openar chitectureware.recipe. Checks whether agiven
eclipseChecks.checks. JavaClassExistenceCheck Java class exists
Eclipse org.openar chitectureware.recipe. Checks whether a given
eclipseChecks.checks. JavaSupertypeCheck Java class extends a certain
superclass
Eclipse org.openar chitectureware.recipe. Checks whether agiven

eclipseChecks.checks. Resour ceExistenceCheck

Eclipse Workspace
Resource exists
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Chapter 13. UML2Ecore Reference

13.1. What's this?

Building meta models with EMF's internal toolsistedious. Using the tree view based editors doesn't scale. Once
you're at more than, say, 30 metaclasses, things become hard to work with. The same is true for GMF's Ecore
editor. Since you cannot easily factor a large meta model into several diagrams, the diagram get cluttered and
layouting becomes almost impossible.

One way to solve this problem is to use UML tools to draw the meta model and then transform the UML model
into an Ecore instance.

The oAW uml2ecore utiliy transforms a suitably structured Eclipse UML2 model (which can be created using
varioustools) into an ecorefile.

Note that this tool also serves as atutorial for writing model-to-model transformations. This aspect, however, is
documented el sewhere. This document only shows how to use the uml2ecore tool.

13.2. Setting up Eclipse

You need an installation of AW 4.1 including the UML2 support. Run the UML2 example (available for
download on the )AW download page) to verify that you have all the UML2 stuff installed.

The only additional thing required is that you install the uml2ecore plugin into your Eclipse installation. The
plugin is part of the )cAW 4.1.2 distribution.

13.3. UML Tool Support

Of course you could use UML2's supplied tree editors for drawing the UML2 model that should be transformed
into Ecore. However, this is useless, since then you're back to square one: tree editors. So you need to use an
UML tool that is able to export the model in the Eclipse UML2 2.0 format. For example, MagicDraw 11.5 (or
above) can do that; thistool (MD11.5) is aso the one we tested the uml2ecore utility with.

Note that we do not use any profilesin the uml2ecore utiliy. Although using profiles might make the metamodel
abit more expressive, we decided not to use a specific profile, to reduce the potential for compatibility problems
(with the various tools).

13.4. Setting up your meta model project

Y ou should first create a new Generator project (select File->New->Other->openAr chitectureWar e/Generator
Project).

Then open your UML2 tool of choice (we'll use MagicDraw here) and draw a class diagram that resembles your
metamodel. Here's the one we've drawn as an example for this document:
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Figure 13.1. UML 2Ecor e sample metamodel - class diagram

Thisisthe usual metamodel for entities and such. Nothing special. Also, the name of the model definesthe name
of the ecore metamodel; here's the MagicDraw tree view to illustrate this:

|'ﬁg Contain., | g “ererbu.. | 8 Diagra.. | <z Emaeiter., |

Containment-B aum o & X

B- EI entityrmm
E--* Bezishungen
E ML Standard Profile [UML_Standard_Profile. oml]
- Attribute
i - Enity
I g kM adel

= Tyoe

Ohne Titel

Figure 13.2. UML 2Ecor e sample metamodel - M agicDraw containment tree

You now have to save/export this model in EclipseUML2 format. In MagicDraw, you do this by selecting
File-> Export->Eclipse UML2. The exported files have to be in the root of the src folder in the metamodel project
created above! Thisis how the project looks like after this step, assuming you'd called your model entity. um 2:
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Figure 13.3. Project layout

Before you can actually run the generator, you have to make sure that your project has a plugin dependency to the
uml2ecore plugin. Double-Click on the plugin's manifest file, select the Dependencies tab and click add. Select
the or g. openar chi t ect ur ewar e. um 2ecor e plugin. The result looks like this:
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U 'F-;] sentity.mdzip  (Binary)
entity.uml2 1.1 (ASCIT -kl
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Figure 13.4. Dependencies
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In the current version, you also need a dependency to the or g. openar chitectureware. util.stdlib project.
Later versions of the uni 2ecor e plugin will reexport that dependency, so that you will not need to add it you

your projects manually.

13.5. Invoking the Generator

Asusual, you havetowriteaworkflow file. It also hasto residein your project's sourcefolder. Here'show it looks:

<?xm version="1.0"7?>
<wor kf | ow>
<cartridge

out put Pat h="out "
i ncl udedPackages="Dat a"

addNaneAttri bute="fal se"/>
</ wor kf | ow>

file="org/openarchitectureware/util/um 2ecore/umn 2ecor eWor kf | ow. oaw'
urm 2Mbdel Fi | e="or g/ openar chi t ect ur ewar e/ um 2ecore/test/data/entity.um 2"

nsUri Prefix="http://ww. openarchitectureware. org"

Asyou might expect, it simply calls a cartridge supplied by uml2ecore plugin. Y ou have to define the following

properties:
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Table 13.1. UML2Ecore - Cartridge properties

Property

Description

um 2Model Fil e

the is the name of your UML2 file that contains the
model; as usual, the fileislooked for in the classpath
(that's why you had to move it into the source folder)

addNaneAttri bute

t rue/ f al se, the determines whether automatic
namespace management and naming isturned on (see
the end of this document). For the simple example,
please set the value to be false.

nsUri Prefix

the nsUriPrefix is used to assemble the namespace
URI. The name of the meta model, as well asthe
nsPrefix, will be derived from the UML model name;
S0 in our example, the nsPrefix and the name of the
generated EPackage will be enttymm. The complete
namespace URL also required by Ecoreis created

by concatenating the nsUriPrefix given here, and the
name. The resulting namespace URL in the example
will thus be http://www.voelter.de/entitymm.

i ncl udedPackages

determines which packages the transformer should
consider when transforming the model; note that the
contents of all the packages will be put into the root
EPackage.

out put Pat h

determines where the resulting files are written to.

r esour cePer Topl evel Package

It set to true, the generator will write a separate ecore
file for each of the top level packagesin you UML
model. Useful for modularizing meta models (see the
end of this chapter).

nanmeUnnanmedNavi gabl eAssoci at i onEnds

If set to true all unnamed navigable association ends
will be initialized with the name of the target type.

Y ou can now run this workflow by selecting Run As -> oAW Workflow. The name of the generated Ecore file
will correspond to the name of the root Model element in the UML model.

13.6. The generated Model

Here's a screenshot of the generated model:
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Figure 13.5. Generated Ecore model

The generator also creates a constraints file (called enti t ynmmConst rai nt's. chk) which contains a number of
constraints; currently these are specifically the checks for the minimum multiplicity in references (an error is
reported if the minimum multiplicity is one, but the reference is null or empty, respectively). You can integrate
the generated constraints file into your workflow using the usual approach.

13.7. Naming

It is often the case the basically all model elements in a model should have a name. It might not always be
necessary from a domain perspective, but it's really useful for debugging. Of course, you can add a superclass
called Named with asingle attribute name to all you classes. However, if you set the addNaneAt t ri but e parameter
to be true when calling the uml2ecore cartridge, every class which does not inherit from another class gets an
additioal nane attribute. Also, constraints that make sure that names within a namespace (i.e. a containement
reference) are unique.

uml2ecorealso comeswithautility extension calledor g: : openarchi t ectureware: : util::stdlib:: nani ng that
can calculate the nanespace() andthequal i fi edNane() for every model element that has a name.

Another convenienceisthe parameter nameUnnamedNavi gabl eAssoci at i onEnds. Often you specify arelationship
between two metaclasses and give the target end the name of the target metaclass. Let's say you specify an
association from metaclass Appl i cat i on to Conponent . It islikely that the target end will be called conponent .
By setting the parameter to true all unnamed navigable association ends will get the name of the target class.
If there is more than one unnamed association only the first one will be modified. This would lead to a failing
constraint afterwards, since at least after this modification all navigable association ends must be named.

13.8. Modularizing the meta model file

Y ou can modularize the meta model. If you specify ther esour cePer Topl evel Package="t rue* parameter to the
cartridge call, you'll get a separate ecorefilefor each top level package, aswell as aseparate constraint check file.
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14.1. Available UML Tool Adapters

Table 14.1. Available UML tool adapters

UML Tool Adapter Class? Mapping File
ArgoUML ar goum . Ar goUMLAdapt er argour _xmi 12_al | . xml
ARIS ari s. ARl SAdapt er aris_xmi11_al | . xnl
Artisan arti san. Arti sanAdapt er artisan_xm 13 _al | . xm

Enterprise Architect

ea. EAAdapt er

ea25 xm 11 all.xn

EA61Xm 12Adapt er

2.5
ead4l xm 12 all.xn
4.X
ea5 xm 11 all.xm
5.X
Enterprise Architect 6.1 EA61Uni sysXni 12Adapt er, eabl_uni sys_xm 12_cls. xm ,

ea6l_xm 12_cl s. xnl

MID Innovator

i nnovat or . | nnovat or Adapt er

i nnovator_xm 11 _all.xnl

|MagicDraw 8-9 magi cdr aw. Magi cDr awAdapt er 12 |magi cdraw xmi 12_al | . xm

|MagicDraW 10-12 magi cdr aw_Magi cDr awAdapt er21  |magi cdraw xmi 21_al | . xm

Metamill met ami | | . Met ami | | Adapt er metami | 131 xnmi 12_al | . xnd
Poseidon 1.6 posei don. Posei donAdapt er posei don16_xni 12_al | . xm
Poseidon 2.x posei don. Posei donAdapt er posei don20_xmi 12_al | . xni
Poseidon 3.0 posei don. Posei donAdapt er posei don30_xmi 12_al | . xni
Poseidon 3.1 posei don. Posei donAdapt er posei don31_xni 12_al | . xm
Poseidon 4 posei don. Posei donAdapt er posei don40_xmi 12_al | . xni
Poseidon 5 posei don. Posei donAdapt er posei don40_xmi 12_al | . xni

Rational Rose/Unisys Plugin 1.3.2
XMI 1.0

r ose. RoseAdapt er

rose_uni sys132_xm 10_al | . xmi

Rational Rose/Unisys Plugin 1.3.2
XMI 1.1

r ose. RoseAdapt er

rose_uni sys132_xm 11_al | . xm

Rational Rose/Unisys Plugin
1.3.4/1.3.6 XMI 1.1

r ose. RoseAdapt er

rose_uni sys134_xm 11_al | . xm

Star UML st aruni . St ar UMLAdapt er starum _xm 11_al | . xm
Together t oget her . Toget her Adapt er t oget her _xmi 11_al | . xmi
XDE xde. XdeAdapt er xde2_xmi 11_al | . xni

aPackage Prefix: or g. openar chi t ect urewar e. core. front ends. xni . t ool support. um
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14.2. The Classic UML Metamodel

14.2.1. Core and Class Diagram Support

UmL

<< library == << library ==
Element Hamespace
(from org:openarchiectureware: core:meta::cors) (from org:openarchiectureware: come:meta::coms)

Y

+client 4 supplier
Dependency = supplier
1 [ dependency

+provision "
MbdelElemont Dependency UM_Hamespace

*

+ reguirement

-documentation: String +provision -documentation: String

*

G

+reguirement

BahavioradElement Bahavior
+ hehaviour

+ context *

Tvpe

Figure 14.1. Core Elements
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Association ,l

MbdelElement
(from org openarchiectureware meta uml)

-documentation :String

== jncomplete == - et == incomplete ==
e =< incomplete ==
AssociationE nd .

X T Package
+association Association +package "
-wisibility: String
-navigable:boclean +associgtionEnd| {cascadeD elete} 0.1 subPackage
-aggregate Value String + package
-aggregate: boolean superP ackage
-compositioriboolean 01 o
-rmultiplicityMin:int=0
-multiplicityMaxint=-1

+isRequired(Yboolean 4 gpposite
+ishMultipl &():bool2an

+associgtionEnd | *

class

== jncomplete ==
Class {mamespace)}

-ahstract:boolean
-leathboolean
-wisibility: String

Figure 14.2. Associations

Class and Stuff )

Tvpe
(from org:ropenarchiectureware: :meta..umi)

UM_Hamespace
(from org:ropenachiectureware: :meta..umi)

-documentation: String

<< incomplete == << incomplete ==

PrimitiveType Class{mamespace} +package Package

-ahstrad:boolean o1
Heafboolean + subPackags,
_visibility:String ¥ [supsiPackage

1

Interface

Figure 14.3. Class, Types, Package
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Component J

== incomplete ==

(from org openarchiectureware

NbdelElement

smeta aml)

~documertation :String

== library ==
Hamespace

(from org:ropenachiectureware core..meta . .core)

Class {mamespace} == incomplete ==
Ir Subsystem {namespace]

-abstractboolean *|comparient Conponent i + subisystem : d

-leatboolean + class 0.1 | -visibility:String

-visibility: String -abstracthoolean R g

+ subSubsvstem,
" supenSubsystem
Figure 14.4. Components
Operations And Aﬂributes)
BehavioredElemrent

(from org:.openachiectureware. . meta.;umi)

MNbdelElement

(from org openarchiectureware

meta aml)

(dliscriminator)

N

-documentation String

+operation 0
+

Parameter

-multiplicityMin :int=1
-multiplicityMax cint=1

Figure 14.5. Operations and Attributes

i Type
kgl o retur (from org-openarchiectureware: meta::umi)
Operation {[namespace}| *! eturnType
-abstractboolean i
-ownerScope: String
-visibility: String
+1ype
*
% +operation
thrower +class et
et ==incomplete == | +class *
+ paranm etel
i Class {mamespace}
-ahstract:boolean
+ exception | | eathoolean
-visihility; String
.

<< incomplete ==
Attribute

-init'alue :String
~visihility @ String
-ownerscope (String
-multiplicityMin int=1
-multiplicityMax int=1
—readOnlyboolean=falss
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14.2.2. Statechart Support

Statechart J

Behavior

(from org: openarchiectureware meta Zuml)

b-statetdachine
StateMachine == incomplete ==
+topState State
+ stateMachine
= Transition
+transition
guard:String
*
Figure 14.6. State Charts
States J
MbdelEfament

(from oy .openarchitectureware::meta::umi)

~documertation: String

Figure 14.7. StatesMain

== incomplete ==
State Ventox

*

== incomplete ==
State

Evant 0
0.1 Transition +iarget\erex
parameter Sting - 3 L.
-guard: String +inT ransition
+trigger
‘T‘ . + sourcevertex
+out Transition
SignalEvent
#
-signal:String
+internalTransition
0.1 ¢ action
0.1 + entry AdtionState
+entryAdion
0.1

+ exitActionState

+extAdio

n
K] doAdlonStatg az%lgpate

+doAdion

SimpleState

ActionState

1

+ subiertex

0.1 ‘oontainer

Ci il {nam

-concurent: boolean
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States - Anders ]

Jain Fork

<< incomplete ==
Statelertax
<] Exit
Branch
Entry
Choice

Figure 14.8. StateVertex Subtypes

Actions )

1.
L ¢(GL—||U| T

Action

ActionS equence

<

‘T‘

SendAction SimpleAction

-signal: String

Figure 14.9. Actions
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14.2.3. Activity Diagram Support

Activity ,l

Bahavior

(from org::openarchiectureware::meta::umi)

StateMachine
(from org::openarchiectureware::meta::umi:: state)

ActivityGraph

Figure 14.10. Activity

Activity

(from org:openachiectureware::meta: umi2::acticiy)

-readOnly boolean=fals=

Modes (BasicAdivities) )

Figure 14.11. Nodes (Basic Activities)

(from org::openachiectureware: :meta.;.uml. classifier)

ActivityNode
Objectiode ComtrolNods
A
Pin ActivityParameterlode
ActivityFinalHode Initiall ode
+ pararmeter
Parameter

-multiplicityMin:int=1
-multiplicityMaxint=1
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Fundamental MNodes )

Bahavior
(from org:opena chiectureware.:meta. . umi) NMbdelFlament
(from org:lopenachiectureware. :meta.;.umi)
E:’ -documentation: String

Fi

Activi Activity Nod.

iy 0.1 + nocle ol o £
-readOnlyhoolean=false [
+activity .

£\

Action
(from org.:openachiectureware;:meta; . umi2 . actic iy )

Figure 14.12. Fundamental Nodes

Fundamental Groups )

<< library ==
Element
(from org:openarchiectureware: :core: . meta :come)

Activity

-readOnly boolean=fals=

+activity
ActivityGroup ?
*group p.1 +activity ] 0,1
ActivityEdge . *
+inGroup e
+containedEdge | . 2 +containediode ActivityNode

+inGrou

0.1 i )

4 erGroup

+ subGroup
L]

superGroup =-= subGroup

Figure 14.13. Fundamental Groups
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Flows ]

ActivityNode

1

NMbdelElemeant

(from org:.openarchiectureware meta..uml)

-documentation: String

+incoming
ActivityEdge
+target O
. i
1 + outgoing ety
+S0UCE . +etge 0.1
ControlFlow ObjectFlow

Figure 14.14. Flows

Activity

-readQnly boolean=falss
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Chapter 15. Classic UML Tutorial

15.1. Introduction

This example shows the usage of openArchitecturéeWare 4 with integration of an UML tool. In
openArchitectureWare 4 we call this"Classic" style, as the underlying metamodel has to be the "Classic" UML
metamodel that was introduced by cAW 3. For the example Magic Draw 11.5 Community Edition is used, but
the example can easily be adapted to any supported UML tool. It is strongly recommended to work through this
tutorial with MagicDraw to minimize environmental problems!

15.2. Installing the sample

Make sure that you installed the openArchitectureWare feature properly in your Eclipse environment.

openArchitectureWare depends on EMF, so check that you have installed it. If you need further information on
0AW installation please look at http://www.openarchitectureware.org/stati cpages/index.php/documentation.

Instead of working through this tutorial you can also install the packaged example by downloading the
oaw sanpl es-cl assi c-uni - 4. x. x package. It contains one Eclipse project, which you have to import into your
workspace. To make the projects compile and run, you may have to define to use the oAW-Classic Metamodel
in the project properties:

e Properties for caw4.demo.classic.uml

type filter text openArchitectureware = v
Info
Builders Enable openArchitectureWare nature:
Vs Enable project specific settings:

Java Build Path
#-Java Code Style
[#-Java Compiler
Javadoc Location Select metamodel contributor:

openArchitectureware

#- Plug-in Development
Project References
Refactoring History

oAW-Classic Metamodel New...

Remove

h=}

Down

lRestore gefaults] [ Apply l

2 [ OK I [ Cancel l

Figure 15.1. Configure oAW-Classic M etamodel

15.3. Example overview

The purpose of this tutorial is to demonstrate the very simplest way to use )oAW4 in combination with an (hon
EMF UML?2 capable) UML tool to create code from a model that contains some classes. The project is really
simple, so it isthe right place to start when you are new to openArchitectureWare 4 and want to use UML tools
like MagicDraw, Poseidon, Rational Rose etc.

In this example we want to generate code from this model:
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........... <<DAO>>
:I_ O s e O s e 'l__Libraryﬂﬁoi_ s R ) o e e e S e o
:| i ==UEEE : : : :I <<usé>i EEre I
5 U VU S T . U TN NI N o ST D R TN DN U - D S N
1 il | |
s <=UEE=E b k
1 ¥ ; | |
. Zl Zl | : |
| T _ '] \:_, ................. W
==Entity=> ) _wetittenSiaok ==Entity== @] i = & . 4 i 2
AT i . o : ==Entity== I _gwnedBook - -owwner =<Ertity== ()
o b P LS N hook - DL - Copy T 7 Library
: «Key:.:::-ld_:stnng FaLthor =_=Ke_y==_—|sbn:8trlng1 : ==Wey==-inventoryMumber : String | : . ==Rey==-id ; String
. |-name : String itle : String S : e
. S . . .. ... ... ... DR . . . . .. ... ocation: String oo -name : String

Figure 15.2. Example M odel

As aresult we want to create some JavaBean style classes which have properties with getter/setter methods.

15.4. Setting up the project

Create a new Java Project called oaws. den. cl assi c. um and select the option to create seperate source and

output folders.

& Mew Java Project

Create a Java project

Create a Java project in the workspace or in an external location.

Project name: | oaw4.demo.classic.um|

Contents

* Create new project in workspace

" Create project from existing source

JDK Compliance

* Use default compiler compliance (Currently 1.4)

" Use a project specific compliance:

Project layout

" Use project folder as root for sources and class files

* Create separate source and output folders

< Back Next =

| Finish |

[ e

Configure default...

Configure default...

Cancel

Figure 15.3. Creating thetutorial project

Afterwards select from the context menu PDE tools -> Convert Projects to Plug-in Projects, since we want to
define our dependencies via Eclipse Plug-In dependencies.

Alternatively you could create a Plug-1n project instead of these both steps.
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15.5. Defining Dependencies

In the new project there is now a META- | NF/ MANI FEST. MF. Open it, go to the Dependencies page and add the
following dependencies:

i Package Explorer X “GlSEli) = O/ fp+ oawd.demo.classic.uml 32

=% META-TNF

[= src-gen

= 54 oawd.demo.classic.uml [architecturware.cv

& - .
€ 0= Dependencies

% src Required Plug-ins

F model Specify the list of plug-ins required for the operation of this plug-in:
% templates 3-org.openarchitectureware. classic.umiMetamodel

B IRE System Library [jre1.5.0_07] % org.openarchitectureware.classic.core

= Plug-in Dependencies 3p-org.openarchitecturevare. classic.workflow

@, « it e 2
=p=org.openarchitectureware.classic.xmilnstantiator

B} MANIFEST.MF 1.3 (ASCI -kkv) ?qi:s0rg.Upenarchitectureware.cure.xpandz

% org.openarchitectureware.core.check

Figure 15.4. Defining plug-in dependenciesfor cAW Classic

* org.openarchitectureware.cl assic. un Met anodel : The classic UML metamodel classes

* org.openarchitectureware. cl assi c. core: Framework classes for )oAW classic

e org. openarchitectureware. cl assi c. wor kf | ow. 0OAW classic workflow components and cartridges

* org. openarchitectureware. classic.xm | nstanti at or ; Parser component for UML tools

* org.openarchitectureware.classic.libraries: Required 3rd party libraries

* org. openarchit ectureware. core. xpand2: The Xpand template engine

e org. openarchit ect urewar e. cor e. check: 0AW language Check for defining constraints

15.6. Create source folders

Create two foldersnodel andt enpl at es in the project root (not in src!) and add this folders as classpath folders
in the project properties dialog, Libraries tab. By doing this the model and the templates can be found in the
project's classpath without placing the files in the source folder.

Properties for oaw4.demo.classic.uml

3 T A

type filter text =

- Info
-Builders
Java Build Path
+-Java Code Style
+-Java Compiler
Javadoc Location
Project References

Java Build Path =R

= gourcel I=* Projects = Libraries } % Order and Export]

& Class Folder Selection

Add JARs.. |
Choose class folders to be added to the build path: Add External JARS... |
SF W= oavi4.demo.classic.uml Add Variable |
[#]& model —
O& src Add Library... |
[F]& templates
Add Class Folder... |

Figure 15.5. Creating source folders
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15.7. Create the model

This section explains how to create the model from scratch using MagicDraw 10/11. If you are using another
UML tool thisisaguideline to create the model, but the tool can differ in some details. Y ou can skip this section
if you have MagicDraw, downloaded the sample project and use the model from the sample project.

Start your UML Tool and create the model from the screenshot above. Y ou have to create the StereotypesEnt ity
and Key.

To define the model above follow these steps:
1. Create the stereotype Ent i t y with base classd ass.
2. Create the stereotype Key with base class Property.
3. Create the stereotype baowith base class d ass.
4. Create a package structure in your project: oaw4 / deno / classic / uml / entity
5. Create aclassdiagramm in the packageentity
6. Create aclass Aut hor
a. Assign the stereotypeEntity

b. Create an attributei d of type st ri ng. Please select for String the datatype from your model, not from UML
Sandard Profile! Assign the stereotype Key for this attribute.

c. Create an attribute nane of type string.

7. Create the class Book with stereotype Enti ty. The Key attribute isi sbn of type st ri ng. The second attribute
isthetitle.

8. Draw an association between these two classes.
a. Theassociation end at class Aut hor isnamed aut hor , iS navigable and the multiplicity is 1..*.
b. The other association end iswri t t enBook With multiplicity 0..* and is navigable.
9. Createthe class Copy of stereotypeEntity
a. Thekey attributeisi nvent or yNunber of type Stri ng.
b. Add attribute! ocat i on of type Stri ng.
10.Draw adirected association from Copy to Book
a. The association end at class Book is named book, is navigable, with multplicity 1.
b. The opposite end at Copy is unnamed, not navigable and multiplicity 0..*
11.Createthe classLi brary of stereotypeEntity

a. Thekey attributeisi d of type st ri ng.
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b. Thelibrary hasastri ng attribute name
12 Draw an association from Li br ary to Copy
a. Theassociation end at classLi br ary iSnamed owner , iS navigable, the multiplicity is 1.
b. The association end at class Book is hamed ownedBook, is havigable and the multiplicity is 1..*.

Save your model packed format in the model folder of your project and give the file the name
Aut hor BookExanpl eMD11. mdzi p. The tool adapter will automatically recognize that it is zipped and read the
appropriate ZIP entry.

Create a subfolder nodel /nd11. From the profiles directory of your MagicDraw installation copy the
UML_St andard_Profile.xm tothere.

15.8. Defining the metamodel

Models are instances of a Metamodel. In order to get openArchitectureWare to do something useful it needs to
know the used metamodel. Using oAW ,,Classic’ the metamodel is implemented by metaclasses. In UML they
are represented in the model by stereotypes.

The recently defined model already uses the stereotypes DAG, Ent i t y and Key. Entities are some kind of business
objects, which have some attributes. They are represented in UML as classes. Exactly one attribute is a special
one: akey attribute. DAGs are classes which manage Ent i ti es. We want to express this relationship by using a
dependency from DAOtO Ent i ty in our model.

In UML this metamode! looks like this;

.......................................

- | attribute]|
pao | . ‘{subsets Requrement|gneity | {subsets Attribute}| Key

' : -/managedEnt : : : ey

. <<Dependency=> 4 =+ dian et mastiosen el gk

Figure 15.6. Tutorial Metamodel

We have to provide the metaclasses that make up our DSL. The base metaclasses d ass and Attribute
are provided by openArchitecturéWare within the package or g. openarchitectureware. meta. um and its
subpackages.

15.8.1. Defining the metaclasses

Create a package oaw4. deno. cl assi c. uni . net a. This package will contain our metaclasses which realize the
UML profile we want to use. Asyou can see from the model above we use the StereotypesEnt i ty, Key and DAO.
For these Stereotypes we need metacl asses.
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Metaclasses are derived from UML metaclasses. 0AW4 provides implementation classes for UML metaclasses.
For example an Enti ty is represented by classes, so the right metaclass to extend is d ass, while Keys are a
specialization from At t ri but e.

In the simplest case you will only have to create the classes Ent i t y, Key and DAO and derive them from the base
metaclasses ¢ ass and At t ri but e defined in package or g. openar chi tect ure. meta. un . cl assifier:

package oaw4. deno. cl assi c. unl . net a;

public class Entity extends org.openarchitectureware. meta.umnl.classifier.d ass {
/1 nothing to do in the sinplest case

}

package oaw4. deno. cl assi c. um . net a;

public class Key extends org.openarchitectureware.neta.um .classifier.Attribute {

}

package oaw4. deno. cl assic.un . neta;

public class DAO extends org.openarchitectureware. neta.um .classifier.d ass {

}

15.8.2. Metamappings

By now the generator will not know that the stereotype <<entity>> has to be mapped to the metaclass
oaw4. denp. cl assi c. unl . met a. Ent i t y. By default these elements are mapped to their UML base classes, in case

of Entity thisisd ass.
To map stereotypes to metaclasses a xml file has to be created, called the metamapping file.

Create the file met amappi ngs. xm in your source folder:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<! DOCTYPE Met aMap SYSTEM "htt p: //ww. openar chi t ect ur ewar e. or g/ dt ds/ met amap. dt d" >

<Met aMap>
<Mappi ng>
<Map>Ent it y</ Map>
<To>oaw4. denp. cl assi c. um . meta. Enti ty</ To>
</ Mappi ng>
<Mappi ng>
<Map>DAOK/ Map>
<To>oaw4. deno. cl assi c. unl . met a. DAO</ To>
</ Mappi ng>
<Mappi ng>
<Map>Key</ Map>
<To>oaw4. denp. cl assi c. unl . net a. Key</ To>
</ Mappi ng>
</ Met aMap>

15.9. Log4j configuration

Later when running the generator you would like to see some output messages. Therefore you have to define a
| og4j . properti es. Createthisfile in the source folder:

# Set root logger level to INFO and its only appender to Al.
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| og4j . root Logger =I NFO, Al

# Al is set to be a Consol eAppender.
| og4j . appender . Al=or g. apache. | og4j . Consol eAppender

# Al uses PatternLayout.
| og4j . appender. Al. | ayout =or g. apache. | og4j . Pat t er nLayout
| og4j . appender. Al. | ayout . Conver si onPattern=% 4r % 5p %m

15.10. Creating the generator workflow and the first template

15.10.1. The workflow script
The next step isto create a workflow script. The workflow has to accomplish the following tasks:

« Initialize the environment for using the ,, classic* metamodel

Parse the tool -specific xmi file and instantiate the metamodel

Initialize all instantiated elements

¢ Run the generator to create code

Tear-down: Print messages collected through the generator run

For al these tasks pre-defined workflow-scripts and components can be included in the workflow. The following
workflow script does al these tasks and should fit for the first steps. Later on you may need to customize the
workflow script to integrate further components like model modifiers. Therefore the script itself is not bundled
asacartridge.

<?xm version="1.0" encodi ng="UTF- 8" ?>
<wor kf | ow>
<property file="workflow properties"/>

<cartridge file="org/openarchitectureware/workfl ow oawcl assi ¢/ cl assi cstart. oaw'>
<net aEnvi ronnment Sl ot val ue="ne"/>
<i nstanti at or Envi ronnment Sl ot val ue="ie"/>

</cartridge>

<conponent cl ass="org. openarchitectureware.core.frontends.xm .workfl ow. XM | nstanti at or">
<i nstanti at or Envi ronnment Sl ot val ue="ie"/>
<nodel Fi | e val ue="${ nodel . xm }"/>
<xm MapFi | e val ue="${t ool Mappi ngFi |l e}"/>
<net aMapFi | e val ue="${net aMapFil e}"/>
<t ool Adapt er Cl assnane val ue="${t ool Adapt er d assnane}"/>
<nodul eFi | e val ue="${nodul eFi l e}"/>
</ conponent >

<cartridge file="org/openarchitectureware/workfl ow oawcl assi ¢/ cl assi ci nit.oaw'>
<net aEnvi r onnent Sl ot val ue="ne"/ >
</cartridge>

<conponent id="dird eaner"
cl ass="or g. openar chi t ect ur ewar e. wor kf | ow. common. Di r ect or yCl eaner " >
<directories val ue="${srcGenPat h}"/>

</ conponent >

<conponent id="generator" class="org.openarchitectureware.xpand2. Generator">
<met aMbdel cl ass="org. openarchitectureware.type.inpl.java.JavaMet aMdel ">
<typeSt r at egy
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cl ass="org. openarchitectureware.type.inpl.oawl assi c. CAWCl assi cSt r at egy"
convert Properti esToLower Case="fal se"/>

</ met aMbdel >

<expand val ue="Root:: Root FOREACH ne. get El enent s(' Mobdel ' )"/ >

<genPat h val ue="${srcGenPath}/"/>

<srcPat h val ue="${srcGenPath}/"/>

<beautifier class="org.openarchitectureware.xpand2. out put.JavaBeautifier"/>

<beautifier class="org.openarchitectureware.xpand2. out put.Xm Beautifier"/>

<fil eEncodi ng val ue="| SO 8859-1"/ >

</ conponent >

<cartridge file="org/openarchitectureware/workfl ow oawcl assi ¢/ cl assi cfi ni sh. oaw' >
<i nstanti at or Envi ronnent Sl ot val ue="ie"/>
<dunpfile val ue="${dunpfile}"/>

</cartridge>

</ wor kf | ow>

15.10.2. Workflow Properties

The workflow includes a properties file in which the concrete configuration is stored. Create the file
wor kf | ow. properti es likethis:

# Note: all paths nmust be found in the classpath!
# the netamappings file
nmet aMapFi | e = met amappi ngs. xmni

# nodel . xm : nane of the XM export
# t ool Mappi ngFile: tool napping file to use
# tool Adapt er d assnane: tool adapter inplenmentation
# nmodul eFile: profile files
# Magi cDraw 10
nmodel . xm = Aut hor BookExanpl eMD10. ndzi p
t ool Mappi ngFi | e = nagi cdraw_xm 21_al | . xm
t ool Adapt er Cl assnane =
org. openarchi tectureware. core. frontends. xm .tool support.un . nmagi cdraw. Magi cDr awAdapt er 21
nmodul eFile =
magi cdr aw nd10/ UML_St andar d_Profil e. xm

#nmodel . xm = Aut hor BookExanpl eMD11. ndzi p
#t ool Mappi ngFil e = magi cdraw _xm 21_al | . xm
#t ool Adapt er d assnane =
org. openarchi tectureware. core. frontends. xm . tool support.um . magi cdraw. Magi cDr awAdapt er 21
#nodul eFi | e = magi cdraw md11/ UM__St andard_Profil e. xm

# path to create the generated output to
srcGenPath = src-gen

# path where the dunp file is created
dunpfile = bin/dunp

15.10.2.1. Setting up for use with other UML tools

This configuration file is designed for use with MagicDraw. Other UML tools can be easily configured by
changing the properties nodel . xni , t ool Adapt er O assname, t ool Mappi ngFi | e and nodul eFi | e. The property
modul eFi | e specifiesadditional modulesto |oad and merge, which is currently only evaluated by the MagicDraw
adapter.

The existing tool adapter classes and mapping files can be found beneath the package

or g/ openar chi tect urewar e/ core/ front ends/ xm /t ool support/um / <TOOL>
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For example, to set up this project for Poseidon 4/5 the appropriate settings are:

t ool Adapt er G assnane =
org. openarchitectureware. core.frontends. xm . tool support.umni . posei don. Posei donAdapt er
t ool Mappi ngFi |l e = posei don40_xm 12_al | . xm

15.10.3. Create the root template

In the workflow the generator has been configured to start with the this definition:

<expand val ue="Root :: Root FOREACH ne. get El enent s(' Mbdel ' )"/ >

This means that the generator will ook for a template file Root . xpt in the classpath where a definition named
Root isfound for all elements that are selected by the expression ne. get El enent s(* Model ') . In case of UML
models there exists solely one element of type Model that will be selected.

Now create the file Root.xpt in the templates folder. Remember: We have configured our Eclipse project that the
folder templates is a classpath folder. Y ou will see that the new file is recognized as an o)AW template file, as
it has atemplate file icon:

- templates
RootxpH

For the beginning the template will be simple:

«| MPORT org:: openarchitectureware::core::nmeta::core»

«DEFI NE Root FOR Model »
«ENDDEFI NE»

Thistemplate contains only an empty definition for Model elements. The namespace of the Model metaclass must
be known for the generator, so we import the corresponding package. Otherwise we would have to fully qualify
Model . Asyou could expect this template does not really do anything yet.

At thistime your project structure should look like this:

i Package Explorer X “SERIETGTEO\ARIGINIGIG], = [

e =
= =
=] ::b'v oaw4.demo.classic.uml
=5 src

H- B caw4.demo.classic.uml.meta
log4j.properties
£ metamappings.xml
[B] workflow.oaw
workflow.properties
=% model
=-H2 magicdraw.mdil
[El umL_standard_Profile.xml
= AuthorBookExampleMD11.mdzip
=-# templates
Root.xpt
(-2 JRE System Library [jrel.5.0_07]
[#-E8 Plug-in Dependencies
#-= META-TNF
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15.11. Execute the workflow

We have not defined anything useful in our template yet. However, we now execute the workflow to prove that
everything is right configured. Execute the workflow by selecting wor kf | ow. caw and select Run As -> 0AW
Workflow from the context menu. The output should be like this:

openArchitectureWare v4 -- (c) 2005, 2006 openarchitectureware.org and contributors

o o oo
Z
T
(e}

I NFO runni ng wor kf | ow.
C. / dev/i de/ wor kspace/ oaw v4- proj ect s/ oawd. denp. cl assi c. um / src/ wor kf | ow. oaw
0 I NFO
540 |INFO Starting: workflow org/openarchitectureware/workfl ow oawcl assi c/ cl assi cstart. oaw
540 |INFO Starting: org.openarchitectureware.workfl ow oawcl assi c. O assi cOAWSet up
561 |INFO classic oAWenvironnment is set up
instantiator environnent in: ie, neta environnment in ne
561 |INFO Starting: org.openarchitectureware.core.frontends. xm .workflow XM | nstanti at or
561 |INFO Loading XM from Author BookExanpl eMD10. ndzi p usi ng map: magi cdraw xm 21_al | . xm
and net amap: net amappi ngs. xm
571 |INFO Starting nmapping instantiator
571 |INFO
581 |INFO Parsing netamap netanappi ngs. xn
721 |INFO Parsing of netamap took 0.14s
721 INFO
1692 I NFO Parsing design Aut hor BookExanpl eMD10. ndzip ..
1702 I NFO Loadi ng nodel . ..
2163 INFO Initializing XM support for XM version 2.1
2163 INFO Scanning for referenced nodul es..
2183 INFO Found reference to nodule 'UM__Standard_Profile.xm"
2193 INFO Model |oaded in 0.491s
2193 | NFO
2193 INFO Loadi ng nodul es. .
2984 INFO Scanning for referenced nodul es. .
3064 INFO Mbdul es | oaded in 0.871s
3064 | NFO
3074 | NFO Merging. .
3114 INFO Modul es nmerged in 0.04s
3114 | NFO
3234 | NFO Parsed design in 1.542s
3234 | NFO
3234 I NFO Loadi ng extensions..
3304 I NFO Extensions |oaded in 0.07s
3304 | NFO
3304 | NFO Loadi ng design..
3314 WARN ignoring node 65973 (ownedMenber): cannot coerce to Moddel El emrent
3314 WARN ignoring node 66017 (ownedMenber): cannot coerce to Moddel El enent
3314 WARN ignoring node 66061 (ownedMenber): cannot coerce to Mdel El ement
3314 WARN ignoring node 66119 (ownedMenber): cannot coerce to Moddel El emrent
3314 WARN ignoring node 68759 (ownedMenber): cannot coerce to Mddel El enent
3314 WARN ignoring node 70438 (ownedMenber): cannot coerce to Mdel El ement
3324 WARN ignoring node 65945 (ownedMenber): cannot coerce to Moddel El emrent
3334 WARN ignoring node 65952 (ownedMenber): cannot coerce to Mddel El enent
3334 WARN ignoring node 65959 (ownedMenber): cannot coerce to Mdel El ement
3334 WARN ignoring node 65966 (ownedMenber): cannot coerce to Model El emrent
3405 I NFO Design | oaded in 0.101s
3405 | NFO
3405 | NFO Applying tool specific design nodifications..
3415 INFO Design nodified in 0.01s
3415 | NFO
3415 INFO Instantiating metanodel ...
3485 WARN <<Model >> [no Name@7940994]: ignoring val ue for nonexisting property Docunentation =
[ Aut hor : Kar st en
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Creat ed: 27. 02. 06 08: 47.
Title:.

Comment : .

]
3525 INFO Metanodel instantiated in 0.1s

3525 | NFO

3525 INFO Instantiated design in 2.954s

3525 | NFO

3525 | NFO Met avbdel Sunmary

3525 INFO -------mmmmmmaamn

3525 | NFO

3525 | NFO 3x Association (org.openarchitectureware. meta.um.classifier.Association)

3525 | NFO 6x Associ ati onEnd (org.openarchitectureware.neta.um .classifier.Associ ati onEnd)
3525 INFO 4x Attribute (org.openarchitectureware. meta.unl.classifier.Attribute)

3525 | NFO 1x DAO (oaw4. deno. cl assi c. uni . met a. DAQ)

3525 INFO 4x Entity (oawd. deno. cl assic.unl .nmeta. Entity)

3525 | NFO 4x Key (oaw4. deno. cl assi c. unl . net a. Key)

3525 | NFO 1x Model (org.openarchitectureware.core. neta.core. Mbdel)

3525 | NFO 7x Package (org. openarchitectureware.neta.unl.classifier.Package)

3525 INFO 12x PrimtiveType (org.openarchitectureware.neta.um .classifier.PrimtiveType)
3525 | NFO

3525 INFO Starting: workfl ow org/openarchitectureware/workfl ow oawcl assi ¢/ cl assi ci nit.oaw
3525 INFO Starting: org.openarchitectureware.workfl ow oawcl assi c. Model I nitializer

3525 INFO initializing nodel elenents (calling initializeMdel El enents)

3535 INFO Starting: org.openarchitectureware.workfl ow oawcl assi c. Model Checker

3535 | NFO checking nodel el enents (calling checkConstraints)

3545 |NFO Starting: org.openarchitectureware.check. CheckConponent

3765 INFO Starting: dirC eaner [org.openarchitectureware.workfl ow. conmon. Di rectoryCl eaner]
3765 | NFO Cl eaning C:\dev\ide\workspace\ oaw v4- proj ect s\ oaw4. deno. cl assi c. unl \ src-gen
3875 INFO Starting: generator [org.openarchitectureware. xpand2. Gener at or]

3915 INFO Starting: workfl ow org/openarchitectureware/workfl ow oawcl assi c/ cl assi cfi ni sh. oaw
3915 INFO Starting: org.openarchitectureware.workfl ow oawcl assi c. MessageQut put

3915 INFO Starting: org.openarchitectureware.workfl ow oawcl assi c. DunpWi ter

3915 INFO witing dunp to: bin/dunp

3925 | NFO workfl ow conpl eted in 3385ns!

Congratulations! Y ou have just set up the whole environment to get openArchitectureWare running. Now let's
do the interesting stuff!

15.12. Looping through the model

Later on we want to do something with the elements contained in our model. A common pattern in the Root
template when using UML modelsisto loop through the model to find the elements that should be expanded. A
model is an instance of Namespace and all elements directly contained by the model can be accessed through the
association oanedEl enent . The owned elements can be of various types: Classes, Packages, Datatypes and so on.
Packages are also instances of Nanespace, SO they also have a OwnedEl enent association.

We use the feature to recursively resolve any element contained in the model tree. Now extend the Root . xpt
templatefile:

«| MPORT org:: openarchitectureware::core::neta::core»
«| MPORT org:: openarchitectureware::neta::um::classifier»
«DEFI NE Root FOR Model »
«EXPAND Root FOREACH OwnedEl enent »
«ENDDEFI NE»

«DEFI NE Root FOR Package»
«EXPAND Root FOREACH OwnedEl enent »
«ENDDEFI NE»
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«DEFI NE Root FOR Qbj ect »«ENDDEFI NE»

Note that we have added a new | MPORT statement, because the metaclass Package is in package

org. openarchitectureware. neta.unl.classifier.

First the definition Root FOR Mdel will be called by the generator. Thiswill call the definition named Root for
al elements, that the Model instance contains. Look at the last definition: Thisis a catcher for all elements that
are found while traversing through the tree that are not of any handled type.

When the model contains Package instances the definition Root FOR Package Will be called for these instances.

Thisis polymorphism at work! When the package contains subpackages, the definition is called recursively.

15.13. Creating a template for JavaBeans

As we want to create JavaBean style classes from the entities in our model we now want to create the template
filefor this. Create a new folder java within the folder t enpl at es create thefile JavaBean. xpt there.

For afirst step this template will smply create afile with the name of the class.

«| MPORT org::openarchitectureware::neta::um::classifier»

«DEFI NE BeanC ass FOR C ass»
«FI LE NameS+".java"»
public class «Name» {
}
«ENDFI LE»
«ENDDEFI NE»

Note that we have nhamed the definition BeanC ass and it is defined for elements of type d ass. So this template
will not only fit for elements of typeEnt i t y, but can be used for any class.

In the FI LE statement we access the name of the current element by property NaneS. Thisis specific to the )AW
classic metamodel. The property NamesS returns the name of the element as String. The property Nane itself is of
type vj ect for backward compatibility. But in templates we usually want the name as a String object.

15.14. Calling the JavaBean template from Root . xpt

By now this template is not called. We have to extend the Root . xpt template file. Add a definition Root defined
for Entity. We also have to add a new | MPORT, so that )OAW can resolveEntity.

«| MPORT oaw4: : deno: : classic::unl:: meta»

«DEFI NE Root FOR Entity»
«EXPAND j ava: : JavaBean: : BeanC ass»
«ENDDEFI NE»

Asyou remember while looping through the model for each element in the model tree a definition called Root is
called. Before adding this we had a definition for Packages, Models and all other objects. Now when evaluating
elements of type Ent i ty this definition matches. In this definition we call the definition named Beand ass from
the template file JavaBean. xpt . As the template JavaBean. xpt is defined in the package j ava we also have to
qualifiy this namespace. As an aternative we could import the namespace j ava. The definition is (implicitely)
called for the current element, which is of coursean Enti ty.

0AW Version 4.2 175



Classic UML Tutorial

15.15. The first generated code

Run the generator again (as a shortcut you could type Ctrl+F11). Now your project should contain the folder
st c- gen, which contains four files: Aut hor . j ava, Book. j ava, Copy. j ava and Li brary. j ava.

Open Aut hor . j ava. It does only contain the class definition, since the template was that simple.

public class Author {

}

15.16. Defining property declarations and accessor methods

Now wewant to extend the JavaBean template to createinstance variables, property gettersand setters. Generating
declarations for instance variables aswell astheir getter and setter methodsis avery recurring task for attributes,
so we want thisin a central template file.

CreatethefileAttribut e. xpt infolderj ava.

«| MPORT org:: openarchitectureware::neta::um::classifier»

«DEFI NE PropertyDecl arati on FOR Attri bute»
private «Type. NameS» «NanmeS»;
«ENDDEFI| NE»

«DEFI NE CGetter FOR Attri bute»
public «Type. NaneS» get «NaneS. t oFi r st Upper ()» () {
return this. «NaneSy»;

}
«ENDDEFI NE»

«DEFI NE Setter FOR Attri bute»
public void set«NaneS.toFirstUpper()» («Type. NaneS» «NaneS») {
this. «NameS» = «NanmeS»;

}
«ENDDEFI NE»

Of course we aso have to call these templates from our JavaBean template. We want to call the templates
PropertyDecl aration, Getter and Setter for each attribute a class has. So open your JavaBean. xpt template
and extend it like follows:

«| MPORT org:: openarchitectureware::nmeta::um::classifier»

«DEFI NE BeanCl ass FOR C ass»
«FI LE NanmeS+".java"»
public class «Name» {
«EXPAND Attribute::PropertyDecl arati on FOREACH Attri but e»
«EXPAND Attribute:: Getter FOREACH Attri bute»
«EXPAND Attribute::Setter FOREACH Attri bute»
}
«ENDFI LE»
«ENDDEFI NE»

Once again run the generator. Now your generated files have properties!

public class Author {
private String id;
private String nane;
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public String getld() {
return this.id;

}

public String getName() {
return this.nane;

}

public void setld(String id) {
this.id =id,;

}

public void setNane(String nane) {

t hi s. nane = nane;

}

15.17. Using Extensions

A very powerful new feature of openArchitectureWare 4 are extensions. With extensions the Xpand template

engine can be extended with functions without the need to modify the metamodel LA very common use of
extensions are the use of naming conventions, navigation, computation of package, path and filenamesfor artifacts
etc.

openArchitectureWare extensions are declared in files ending with . ext . The declaration of extension functions
can be by means of 0AW expressions or by calling Javafunctions. The latter have to be declared public and static.

TODO: Make correct references to other chapters! We will not cover the syntax of expressions very deep,
so if you are interested to get more information look at the reference manuals r25_extendReference.pdf and
r10_expressionsReference.pdf. Alsointhe other tutorialsyou can see more examplesfor the usage of expressions.

15.17.1. Declaring functions with the Xtend language

For our example we want to use extensions to introduce some naming conventions for instance variables,
parameters and the computation of the package and path for classes.

Now create a file Nani ngConventi ons. ext in the t enpl at es/ j ava folder. In this extension we declare some
functions that are helpful for name conversions 2

import org::openarchitectureware::meta::um;
i mport org::openarchitectureware::meta::umnl::classifier;

String asParaneter (Model El emrent el em :
"p"+el em NaneS. t oFi r st Upper () ;

String asSetter (Mdel El ement elem :
"set"+el em NaneS. t oFi r st Upper () ;

String asCetter (Mdel El ement elem :
"get " +el em NaneS. t oFi r st Upper () ;

String aslnstanceVar (Mdel El enent elen) :

Lwith openArchitecturewWare3 it was needed to code functionality of the metamodel in metaclasses

2The functions in the Extension file could be defined for type At tri but e instead of Model El enent , but we want to use these functions for
other types later on, too.
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el em NaneS. t oFi rst Lower () ;

In extension files import statements for used types are necessary, too. The function declarations are single-lined

and can use any expressions, calls of other extension functions included.

Open Attribut e. xpt and make use of these functions. In template files the usage of extensions must be declared

by the «EXTENSI ON» keyword. The modified template file will be this:

«| MPORT org:: openarchitectureware::neta::um::classifier»
«EXTENSI ON j ava: : Nam ngConventi ons»

«DEFI NE PropertyDecl arati on FOR Attri bute»
private «Type. NameS» «asl nstanceVar () »;
«ENDDEFI NE»

«DEFI NE Getter FOR Attribute»
public «Type. NaneS» «asGetter()» () {
return this. «aslnstanceVar () »;

}
«ENDDEFI NE»

«DEFI NE Setter FOR Attribute»
public void «asSetter()» («Type. NaneS» «asParaneter ()») {
t hi s. «asl nstanceVar ()» = «asPar anet er () »;

}
«ENDDEFI NE»

Run the generator and open Aut hor . j ava. The file looks almost the same, since the replacements for instance
variables, getter and setter method namesare equivalent. The only difference arethe parametersfor setter methods.

They are now prefixed with the character p.

public void setld(String pld) {
this.id = pld;
}

15.17.2. Calling Java functions as extensions

More complex computations are often easier and more understandable by means of the Java programming
language. So the Xtend language allows to define functions by referencing a Java function. The methods that

should be called must be declared publ i ¢ static.

In our example we miss the declaration of packages, and files are written in the root directory. We now want to
declare some functions that help us to compute the full package name of classes, their corresponding path and

the fully qualified name.

Create anew package oaw4. deno. cl assi c. uml . ext end and aclassd assUt i | . Inthisclasswe define afunction
get PackageName() that computesthe full package of aClass (remember that we operate on the metamodel's class

named (or g. openar chi t ect ureware. neta. um . cl assifier.)d ass, notjava. |l ang. d ass).

package oaw4. deno. cl assi c. unml . ext end;

i mport org.openarchitectureware. neta.unl.classifier.C ass;
i mport org.openarchitectureware. neta.unl.classifier.Package;

public class OassUtil {
public static String get PackageNane (d ass cls) {
String result =""
for (Package pck=cls. Package(); pck!=null; pck=pck. SuperPackage()) {
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result = pck.NameS() + (result.length()>0 ? "."+result : "");
}

return result;

We declare this function in Narmi ngConvent i ons. ext and two more functions that use it. Add these function

declarations:

String packageNane (Cl ass cls)
JAVA oaw4. deno. cl assi c. unl . extend. C assUti |
. get PackageNane(or g. openar chi tectureware. meta. unl . cl assifier.d ass);

String packagePath (Cl ass cls)
packageNane(cl s).replaceAl | ("\\.", "/");

String fgn (Class cls)
packageNane(cl s) .l ength>0 ? packageNane(cls)+"."+cls. NameS : cls. NaneS;

The additional functions are used to compute the path to files based on a class and to get the full qualified name
of aclass. We want to make use of these functions to declare the package, compute the desired file path and to
extend from the super class, if a class has one (in our example model this is not the case yet). If no super class

exists, the Bean class should declare to implement the Seri al i zabl e interface.

Open the JavaBean. xpt template file and modify it like follows:

«| MPORT org::openarchitectureware::neta::um::classifier»
«| MPORT j ava»
«EXTENSI ON j ava: : Nam ngConvent i ons»

«DEFI NE BeanCl ass FOR C ass»

«FI LE packagePat h() +"/"+NameS+".j ava"»

package «packageNane() »;

public class «Nane»
«| F hasSuper Cl ass»ext ends «Superd ass. fqn()» «ENDI F»
inpl enents java.io.Serializable {

Once again run the generator and refresh your src- gen folder. Now the classes are generated in the expected

directory structure:

i Package Explorer X “SERIETGTEO\ARIGINIGIG], = [
= E T
=] :7“' oaw4.demo.classic.uml

=5 src
H- B caw4.demo.classic.uml.meta
log4j.properties
£ metamappings.xml
[B] workflow.oaw
workflow.properties
=% model
=-H2 magicdraw.mdil
[El umL_standard_Profile.xml
= AuthorBookExampleMD11.mdzip
=-# templates
Root.xpt
(-2 JRE System Library [jrel.5.0_07]
[#-E8 Plug-in Dependencies
#-= META-TNF
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The generated classes now contain the correct package Statement:

package oaw4. deno. classic.um .entity;

public class Author inplenents java.io.Serializable {

15.18. Working with associations

In the model we have defined some associations of different kind. In the next step we eval uate these associations
and create references, accessor methods and modification methods. Asyou can see there exists am:n association
between Aut hor and Book. There exists an association from Li brary to Copy with the multiplicity 1:n. The
association from Book t0 Copy is not navigable. These associations must be handled differently.

Ordinary associations in UML consist of three elements: Two association ends and one association containing
them. From the view of aclass areferenced classis at the opposite end. Normally it must be considered whether
the association, i.e. the opposite association end, to the referenced class is navigable.

‘:i:::w}, Q R . Al S G . W G T RanE . RS S {:Entity:} Q -
or . : : : . ;
-author . - : - -writtenBoolk Book
==Key=>-id : String [ { « 3 : : : T ———
. |-name : String T | _‘;;lie_“'s};i]:zb”'St””g -
I|

----------------------------------------------------------

==AssociationEnd== : ;

name ="writtenBool™ - - -
Multiplicityiin ="0" ) )
Multiplicityax="-1"
isMavigahle =true
Class = ==Entity==Bool

............

==Association==

----------------------------------------------------------

Also the templates for associations between classes are very common, so we define them in a central template
file Associ ati on. xpt inthetenpl ates/j ava folder.

We want to keep the usage of the association template for the calling class template simple and hide this complex
stuff about association ends. So we define simple entry points for d ass elements. We also make use of further
extensions to facilitate template devel opment.

15.18.1. Association Extensions

The extensions for functions used for associations are put into a seperate file. Create the file
tenpl at es/ j ava/ Associ at i ons. ext with this content:

i mport org::openarchitectureware::nmeta::um::classifier;
ext ensi on java: : Nam ngConventi ons;

String fgn (Associati onEnd ae) :
lae.isMultiple ? ae.C ass.fqgn() : "java.util.Collection<"+ae.C ass.fqgn()+">";

String iterator (AssociationEnd ae) : "java.util.lterator<"+ae.C ass.fqn()+">";
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Asyou can see we will create Java 5 style collections for to-many associations. If you don't want to use generics

you could easily replace or modify the extension file and all associations will change to your style.

We see in this extension file that other extensions can be referenced using the ext ensi on keyword. In this case
we need the function f gn() that was defined for classes. For associations another function f gn() is defined, but
now for Associ at i onEnds. For to-one associations the fully qualified name of the associated class is returned,
for to-many references a generic collection for that class. In the template code classes and association ends will

both usethef gn() function to print out the referenced type.

15.18.2. Writing a template for associations

Now it is time to write the template for associations. Create the file Associ ati on. xpt . Now fill in the content,

we will explain some statements right after.

«| MPORT org:: openarchitectureware::neta::um::classifier»
«EXTENSI ON j ava: : Nam ngConvent i ons»
«EXTENSI ON j ava: : Associ ati ons»

«DEFI NE Ref erenceVari abl es FOR C ass»
«FOREACH Associ ati onEnd. Opposi te. sel ect (ae| ae. i sNavi gabl e) AS ae»
private «ae.fqgn()» «ae. asl nstanceVar () »;
«ENDFOREACH»
«ENDDEFI NE»

«DEFI NE Accessor Met hods FOR O ass»
«EXPAND ToOneAccessor Met hods FOREACH
Associ ati onEnd. Opposite. select(ae|!ae.isMiltiple & ae.isNavigabl e)»
«EXPAND ToManyAccessor Met hods FOREACH
Associ at i onEnd. Opposi te. sel ect (ae| ae.i sMultiple & ae.isNavi gabl e) »
«ENDDEFI NE»

«DEFI NE ToOneAccessor Met hods FOR Associ ati onEnd»
public void «asSetter()» («CO ass.fqgn()» «asParaneter()») {
t hi s. «asl nstanceVar ()» = «asParanet er () »;

}

public «CO ass.fqgn()» «asGetter()» () {
return this. «asl nstanceVar () »;

}
«ENDDEFI NE»

«DEFI NE ToManyAccessor Met hods FOR Associ ati onEnd»
public void add«NaneS. t oFi rst Upper () » («C ass.fqgn()» «asParaneter()») {
this. «asl nstanceVar () ». add( «asPar anet er () ») ;

}

public void renpve«NaneS. t oFirst Upper()» («d ass.fqgn()» «asParaneter()») {
this. «asl nstanceVar () ». remove( «asPar aneter () »);

}

public «iterator()» «asGetter()» () {
return this.«aslnstanceVar()».iterator();

}
«ENDDEFI NE»

At first we see that this template uses both extensions, Nari ngConvent i ons and Associ at i ons.

Next, atemplate Ref er enceVari abl es is declared. The template makes use of a FOREACH loop of a different kind

than we saw before. One more specific thing here is the statement
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«FOREACH Associ ati onEnd. Opposi te. sel ect (ae| ae.i sNavi gable) ...

This returns al navigable opposite end of each association end a class has.

The body of the loop declares areference variable for an association. For both alternatives (to-one and to-many)
thefunctionf gn() (the one defined for association ends) is called to determine the right type. In our examplethis
should result in the following both declarations:

/'l to-one association (Copy.java)
private oaw4. deno. cl assic.um .entity.Library owner;

/'l to-many association (Author.java)
private java.util.Coll ecti on<oaw4. deno. cl assi c.unl .entity. Book> wittenBook;

Both types are now expressed by this statement — simple, isn't it?

private «ae.fqgn()» «ae. asl nstanceVar () »;

The next template definition is also interesting. The definition Accessor Met hods FOR O ass dispatches to the
definitions TooneAccessor Met hods Or ToManyAccessor Met hods, depending on the cardinality of the association.
To distinguish both types we make use of the select expression which is defined for expression. The statement

«EXPAND ToOneAccessor Met hods FOREACH
Associ ati onEnd. Opposi te. sel ect (ae|!ae.isMiltiple & ae.isNavigabl e)»

means that the definition TooneAccessor Met hods should be expanded for each opposite association end whichis
not to-many and navigable. So for unnavigable associations no accessor method will be created.

The definitions for the accessor methods have nothing new, so we do not explain them in detail now.

15.18.3. Extending the JavaBeans template

Now we want to use the new templates from the JavaBeans template so that the classes get instance variables for
referenced classes and appropriate accessor methods. Modify the template file JavaBeans. xpt by adding these
two statements to the class definition:

public class «Name» «l F hasSuper C ass»ext ends «Super d ass. fgn()» «ENDI F»{
«EXPAND Attribute::PropertyDecl arati on FOREACH Attri bute»
«EXPAND Attribute:: Getter FOREACH Attri bute»
«EXPAND Attribute::Setter FOREACH Attribute»
«EXPAND Associ ati on: : Ref erenceVari abl es»
«EXPAND Associ ati on: : Accessor Met hods»

15.18.4. Generator result

Run the generator again. After successful generation open Book. j ava. This file should have the following
contents:

package oaw4. deno. cl assic.unl .entity;

public class Book inplenents java.io.Serializable {
private String isbn;
private String title;
private java.util.Collecti on<oaw4. deno. cl assic.um .entity. Author> aut hor;
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public String getlsbn () {
return this.isbn;

}

public String getTitle () {
return this.title;

}

public void setlsbn (String plsbn) {
this.isbn = plsbn;
}

public void setTitle (String pTitle) {
this.title = pTitle;
}

public void addAut hor (oaw4. denp. cl assic.unl.entity. Aut hor pAuthor) {
t hi s. aut hor . add( pAut hor) ;

}

public void renoveAut hor (oaw4. deno. cl assic.unm .entity. Author pAuthor) {
t hi s. aut hor . renove( pAut hor) ;

}

public java.util.Iterator<oaw4. deno.classic.um .entity.Author> getAut hor () {
return this.author.iterator();

}

In this file we have a to-many association named aut hor to entity Aut hor . No code exists for the association to
the Copy class, since this association is not navigable.

An example for to-one associations can be seen in the Copy class:

public class Copy inplenents java.io.Serializable {
private oaw4. deno. cl assic.uml .entity.Library owner;

public void set Omer (oaw4. denp.classic.unm .entity.Library pOaer) {
thi s. owner = pOmner;

}

publ i c oaw4. deno. cl assic.um .entity.Library getOmer () {
return this.owner;

}

The template code is really small, but now you could only have to model classes and their associations and you
get the right JavaBeans code from the model. Our JavaBeans template is not specifix for entities, you could use
it to generate JavaBeans code for just any modelled class. But we only call this template for classes stereotyped
with <<Ent i t y>> for now. Y ou remember that the model contains another class <<bAac>> Li br ar ybaofor which
no code is generated yet.

15.19. Constraint Checking

It is very important that a generator produces correct output. Therefore the input information must be valid, i.e.
the model must be consistent. To prove this the metamodel is enriched by constraints that check the consistence
of the model.
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15.19.1. Alternatives for implementing constraints

Constraints can be provided in three different ways.

Overriding the checkConst rai nt s() method of the metaclasses.

The checkConstrai nt s() method is only available for metaclasses based on the , classic metamodel. It is
not recommended to use this alternative. This alternative isfor backward compatibility; in OAW3 metaclasses
usually used this method to check model constraints.

Using the new Check language.

0AW4 has a new language named Check that can be used to check model constraints. In this example
we will focus on this method. You may want to read the reference manua of the Check language
r30_checkReference.pdf for more information. TODO: Reference to Check chapter

Using athird party library, e.g. an OCL library.
The example t35_oclExample.pdf shows how to integrate an OCL library for model validation. Thisis out of
scope for this example. TODO: Reference to OCL Adapter

We want to implement constraint checks by using the Check language. The syntax for check filesis similar to
those for Extensions, as it uses also the 0AW Expressions framework. Check files have the file extension . chk
and must be found on the classpath.

15.19.2. Constraints to implement in the example

In our example we want to implement the following constraint:

1. Each navigable association end must have arole name.

2. Unnavigabl e association ends should have no role name.

Constraint 1 must be fulfilled, otherwise an error message should be printed and the generation process should
not be started. If constraint 2 is not fulfilled awarn message should be printed, but the generation process should
not be stopped.

15.19.3. Creating the Check file

As the constraints that should be implemented are specific for associations the check file should be named
Associ at i onChecks. chk. Createthisfileintenpl at es/j ava.

i mport org::openarchitectureware::nmeta::um::classifier;

cont ext Associ ati onEnd ERROR C ass. NameS+" - >" +Cpposi t e. G ass. NameS+":
Navi gabl e associ ati on ends nust have a rol e nane" :
i sNavi gabl e ? !isUnnanmed : true;

cont ext Associ ati onEnd WARNI NG Cl ass. NameS+" - >" +Cpposi t e. C ass. NameS+":
Not navi gabl e associ ati on ends shoul d have no rol e nane":
i sNavi gabl e ? true : isUnnaned;

The syntax is rather simple. Both constraints should be checked for the metaclass Associ at i onEnd, SO the
appropriate namespace hasto beimported. The expression following the colonisthe constraint. If it isnot fulfilled
the message is printed. When error messages are printed the workflow will be interrupted.
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15.19.4. Checking the model

To execute the constraint checks the generator workflow has to be extended. The constraint check is configured
by a workflow component checkConponent . Insert this code into wor kf | ow. oaw right between the cartridge
cl assi ci ni t. oawand the di r d eaner component.

<conponent cl ass="org. openarchitectureware. check. CheckConponent" >
<met aMbdel cl ass="org. openarchitectureware.type.inpl.java. JavaMet aMdel ">
<typeStrategy class="org.openarchitectureware.type.inpl.oawl assi c. OAWJ assi cSt r at egy"
convert Properti esToLower Case="f al se"/>
</ met aMbdel >
<checkFil e val ue="j ava: : Associ at i onChecks"/>
<expressi on val ue="ne. get El enent s(' Model El enent' )"/ >
<abort OnError val ue="true"/>
</ conponent >

Also the constraint checker has to know which metamodel it should use. It is the same configuration as for the
Generator component >.

The checkFi | e property specifies the qualified name of the check file.

Finally, the expr essi on property defines for which elements to constraints should be applied. In our case we
select all elementsin the Met aEnvi ronment . However, for our special case it would be satisfactory to select only
all elements of type Associ ati onEnd. For larger projects it could be of advantage to select the right subset of
elements for improving performance.

15.19.5. Testing the constraints

Start the generator. The generator should run without complaining, because all constraints are fulfilled in the
example model for now.

Now open the model; we will change the model in away that both constraints are not fulfilled.

First, edit the association between Book and Aut hor . Take the association end named aut hor and remove the
name. Set the navi gabl e flag to f al se for the opposite end named wri t t enBooks.

Savethe model and re-run the generator. The generator now produces the expected messages and stops execution,
because there is one constraint error and one warning.

4316 INFO Starting: org.openarchitectureware.check. CheckConponent
4667 ERROR Workfl ow interrupted. Reason: Errors during validation.
4667 WARN Book->Aut hor: Not navi gabl e associ ati on ends should have no role
name [ <<Associ ati onEnd>> wri ttenBook]
4667 ERROR Aut hor - >Book: Navi gabl e associ ati on ends nust have a rol e nanme [ <<Associ ati onEnd>> ]

15.20. Further development of this tutorial

This tutorial is not finished. | plan to extend it to show more basic things about coAW usage. If you have any
suggestions let me know them. Some features that will be handled in the future are:

¢ Extending the metamodel manually

S1tis possible to declare the used metamodel once and reference it the second time
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« Usage of MMULtil functions in metamodel classes
« Generating the metaclasses with the Metamodel Generator

« Demonstration of some 0AW expression language features, e.g. collection filter, list operations
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Chapter 16. Using the Emfatic Ecore Editor

16.1. Introduction

Metamodelling based on EMF'streeviewsisnot avery good solution. A better solution isatextual representation
for Ecore models. The IBM Emfatic plugin provides this support.

16.2. Installation

Install the Emfatic plugins from http://www.al phaworks.ibm.com/tech/emfatic.

16.3. Working with Emfatic

If you aready have an ecore file (such as our example's dat a. ecor e) you can right-click on the file and select
the Generate Emfatic Source item. The following code is generated from our dat a. ecor e file into afile called
dat a. enf . After changing the source in the emf file, you can right-click that file and sel ect Generate Ecore Model
to transfer it back.
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g
8| data.ecore M

Frnsmespace (uri="http: f fwwnwr. openarchitectureware. orgfoawd . demo . emf . datamodel" ,
brefix="data”]
package data;

class DatalModel |
attr String name;
val Entity[*] entitcy:

class Entity {
val ALttribute[+4] attribute;
attr String name;
val EntityBeference[+] reference:

class Attribute |
attr String name;
attr String type:

class EntitvReference {
ref Entitvy[1l] target:
attr String name;
attr boolean toMany:

class FersistentEntity extends Entity |
attr String tableMName:

Figure 16.1. Editing a metamodel with the EM Fatic editor.

The syntax should be self-explaining. One remark: To render containment relationships, emfatic uses the val
keyword, not ref, see in the screenshot in the Entities attributes, for example.
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Chapter 17. EMF State Machine

17.1. Introduction

This example shows how to implement a state machine generator using EMF and openArchitectureWare. Note
that the implementation of the state machine in Javais probably the slowest and clumsiest way to implement a
state machine. The focus was not on optimizing the performance of the state machien implementation.

This tutorial does not explain too much —it's rather a guide through the example code. We expect that you know
how to work with openArchitectureWare and EMF. If that's not the case, you should read and play with the
emfHelloWorld example first (the tutorial entitled Generating Code from EMF Models).

17.2. Installation

You need to have openArchitectureWare 4.2 installed. Please consider
http://www.eclipse.org/gmt/oaw/download/ for details.

You can aso install the code for the tutorial. It can be downlaoded from the URL above, it is part of the the
EMF samples ZIP file. Installing the demos is easy: Just add the projects to your workspace. Note that in the
openArchitectureWare preferences (either globally for the workspace, or specific for the sample projects, you
have to select EMF metamodels for these examples to work.

In the emf examples package, you can find the following three projects:
* oaw4. denp. enf . st at emachi ne: contains the metamodel
* oaw4. den. enf . st at emachi ne. gener at or . contains the code generator

e oawd. denp. enf . st at enachi ne. exanpl e: contains an example state machine aswell asamanually written unit
test

17.3. Metamodel

The metamodel looks more or less as you'd expect from a state machine metamodel. The following is the
representation of the metamodel in Emfatic syntax. You can find it in the oaw4. deno. enf . st at emachi ne/ model
package.

@anespace(uri="http://oaw st atenachi ne",
prefix="stat emachi ne")
package st at emachi ne;

abstract class Naned {
attr String nane;

}

class State extends AbstractState {
val Action entryAction;
val Action exitAction;

}

class StartState extends AbstractState {

}

0AW Version 4.2 190


http://www.eclipse.org/gmt/oaw/download/

EMF State Machine

class StopState extends AbstractState {

}

class Transition extends Naned {
ref AbstractState[1l] target;
val Action action;
ref Event event;

}

class Action extends Naned {

}

cl ass Event extends Naned {

}

cl ass ConpositeEvent extends Event {
val Event[*] children;

}

cl ass StateMachi ne extends Naned {
val AbstractState[*] states;
val Event[*] events;

}

abstract class Abstract State extends Naned {
val Transition[*] transition;

}

From the .ecorefile, you have to generate the implementation classes — as usual with EMF.

17.4. Example Statemachine

In the oaw4. den. enf . st at emachi ne. exanpl e/ src folder you can find an exanpl e. st at emachi ne file that
contains asimple example state machine. Y ou can view it asan EMF tree view after generating the EMF editors.

To generate code from it, run the example.oaw workflow file right next to it. It looks as follows:

<wor kf | ow>
<cartridge file="workfl ow. oaw'>
<nodel Fi | e val ue="exanpl e. st at emachi ne"/ >
<srcGenPat h val ue="src-gen"/>
<appProj ect val ue="oaw4. deno. enf. st at emachi ne. exanpl e"/>
<srcPat h val ue="man-src"/>
</cartridge>
</ wor kf | ow>

Asyou can seeit only defines a number of parameters and calls another workflow file — the one in the generator
project. We'll take alook at it below.

17.4.1. Running the example

... Isachieved by running the exanpl e. oaw file. It creates an implementation of the state machine in the src-gen
folder in the example project. Take alook at the file to understand the implementation of the state machine.

In the man-src folder, there's a manually written subclass that implements the actions referenced from the state
machine. There'salso aunit test that you can run to verify that it works. It also shows you how to use the generated
state machine.
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17.5. The Generator

17.5.1. Workflow

The workflow filein oaw4. deno. enf . st at emachi ne. gener at or / sr ¢ has four steps:
* firstit reads the model from the XMl file

* then it verifies anumber of constraints

« then it generates the code

e andfinaly it creates arecipesfile

17.5.2. Constraints

A number of constraints are defined. Take alook at their definition in structure.chk to learn about the constraints
check language.

17.5.3. Transformation

Thereisatransformation called trafo.ext in the sr ¢ folder which adds an emergency stop transition to each state.
17.5.4. Templates

Inthesrc/tenpl at es folder you can find the code generation templates.

17.5.5. Recipe Creation

In src/recipe you there's an SVIRecipeCreator workflow component that creates recipes for the manual
implementation of the state machine.Recipe Creation

17.5.6. Acknowledgements

Thanks to the folks at Rohde & Schwarz Bick Mobilfunk for letting us use this example.
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Chapter 18. Model-To-Model with UML2 Example

18.1. Introduction

This tutorial introduces various somewhat advanced topics of working with openArchitecureWare. We don't
generate code, we transform models. Specifically, the tutorial covers the following:

* real model-to-model transformations
* how to test m2m transformations

« working with Eclipse UML2 (specifically, transforming away from it)

using global variables
» implementing JAVA extensions

Note that this tutorial actually documents the uml2ecore utility that can be used to transform metamodels drawn
with an UML2 tool into an Ecoreinstance. Thistool isavailable for download as a plugin on the o AW download

page.

Please make sure you first read the ul0_uml2ecore reference. That document explains what to tool does—thisis
more or |ess a precondition to making sense how the tool does it (which iswhat this document explains).

Also note that many of the gory details are actually documented as code comments in the various 0AW files of
the example. So, make sure you have the code available as you read this document.

18.2. Why this example?

In general, we needed an example for real m2m transformations. And obviously, since we aready had the
uml 2ecore tool, it makes sense to document this one. Also, including some information of working with UML2
is also important. However, there's one really good reason why looking at this example isimportant.

If you work with UML2 models, you'll soon realize that the UML2 metamodel is very intricate, non-intuitive
and complicated. So it is very good practice to ,transform away* from the UML2 model as early as possible.
Especialy, if you want to enhance your model using model modifications (remember the emergency-stop feature
in the statemachine example?) this approach is recommended. While read access to UML2 models is tedious,
write access is amost impossible to get correct, and in some aspects also impossible with generic EMF tools
such as 0AW.

So: if you work with aUML2 model, always begin by transforming into your own domainspecific metamodel.

In this example, we transform into an instance of Ecore in order to get the meta model (since the uml2ecore tool
is used for EMF meta modelling in UML tools). So in your application projects, the transformation would not
create an instance of Ecore, but an instance of your domain-specific metamodel (which, in turn, might have been
created with uml2ecore). The only difference to the example given here is that you'd use as a meta model not
Ecore, but rather your own one. This has effects on the meta model declarations in the workflow file; everything
elseissimilar.
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18.3. Setting up Eclipse WwithUML2Example

You need an installation of 0AW 4.1 including the UML2 support. Run the UML2 example (available for
download on the oAW download page) to verify that you have al the UML2 stuff installed.

Then download the sample code for thistutorial and put the project into your workspace. Should look something
like this, then.

!':l‘:ﬂ =org.openarchiteckureware, util.umlZecore  [architecturm:
2 src
& "-P_, org. openarchitectureware.umlZecore
E I_J_', IDExtensions java 1.2 (ASCIL -kl
- 11 TypeMapper.java 1.2 (ASCII -kkyv)
o [E} imext 1.2 (ASCIT ke

|_I'.'_I umlz2Constraints.chk 1.2 (A5CIT -kl
5 [E} umizecore.ext 1.2 (ASCIT -kky)
b |_t', umlZecoreWworkflow, oaw 1.3 (ASCIT -kl
[#-= IRE Swstem Library [JRE 1.5]
EER. Flug-in Dependencies
Eﬁ kest
é EE':, arg.openarchitectureware, umlZecore, best
= data
"E?_J entiby.mdzip 1.1 (Binary)
entity,mdzip.bak
o) entiby.uml2 1.1 (ASCIT -kky)
fj model.jpg 1.1 (Binary)
ﬂj_, UL _Standard_Profile.MagicDraw_Profile.
g UML_Standard_Profile.UML_Standard_Prof
----- i_t', runtests,oaw 1.2 (ASCIT -kkw)
-[C} tests.chk 1.2 (ASCIL -kkv)
; ~[E] testUkilext 1.2 (ASCII -kkv)
[+ META-IMNF
B[ stuff
|57} build.properties 1.1 (ASCIT k)

18.4. The Building Blocks of the Transformer

The first thing you should look at (after reading the uml2ecore user guide!) is the workflow file. It reads the
UML2 model, checks a couple of constraints against it and then invokes the transformation. We then write the
result of the transformation out to an . ecor e file.

src/ or g/ openar chi t ect ur ewar e/ un 2ecor e/ um 2ecor eWor kf | ow. oaw

Y ou could now take alook at the constraints against the UML model. There are currently quite few of them in
the code, but at least it shows how to write constraints against UML2 models

src/ or g/ openar chi t ect ur ewar e/ um 2ecor e/ um 2Const r ai nts. chk

Thetransformation itself islocated in um 2ecor e. ext . While the transformation is not too complicated, itisaso
not trivial and illustrates many of the facettes of the Xtend transformation language.

src/ or g/ openar chi t ect urewar e/ unl 2ecor e/ unl 2ecor e. ext
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To see how global variables are used, take a | pakhatitiae 2odahye ... /> declaration in the workflow file, as well
asthensuri () functioninun 2exore. ext .

To see JAVA extensionsin action, take alook at i 0. ext and | CExt ensi ons. j ava

18.5. Using the transformer

Usage of the transformer can be seen from the uml2ecore user's guide mentioned a couple of times already.
However, you can also take alook at the stuff in the testing section.

18.6. Testing an M2M transformation

M2M transformations can become quite intricate, especially if UML2 is involved. Therefore, testing such a
transformation is essential. Note that you should resist the the temptation to write tests in the form of generic
constraints such as

for each Classin the UML2 model there has to be an EClass in the Ecore model

Whilethis statement istrue, it isalso on the same level of genericity asthe transformation itself. It's therefore not
much less complex, and therefore as error prone as the transformation itsel f

Instead what you should do is the following:

» Define areference model. This model should contain al the possible aternatives of creating input models, i.e.
should cover the complete variability of the meta model.

* Then run the transformation on that reference model
 Finaly, write model-specific constraints that verify the particular result of the transformation.

So in our example, we have a small meta model modelled in UML using abstract and nonabstract classes,
inheritance, attributes, 1:n and 1:1 references, bidirectional and unidirectional. The model, in our case, is drawn
with MagicDraw 11.5 and exported asan UML2 model. Y ou find all the model contentsin thefollowing location.

test/org/ openarchitectureware/un 2ecore/test/data

Here's a screenshot of the model:
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S o S TS - :
Primitive Type | é .......

Figure 18.1. Model example
Y ou now run the transformation using a workflow file that looks as follows:
test/org/ openarchitectureware/um 2ecore/test/runtests. oaw

This workflow basically just invokes the transformation just as any other user of the transformation. However,
in addition, after the transformation has finished, we validate test-specific constraints. Thisiswhat the additional
constraint checker component is good for in the above mentioned workflow.

Now comesthe point: The test constraints are not generic! Instead they do have knowledge about the input model
(which generic constraints don't, they just operate with knowledge about the meta model). So this file contains
constraints such as

There hasto be a class called Entity in the resulting model.

Or:

There must be an EReference owned by Attribute called type, pointing to the class called PrimitiveType.
Make sure that the constraints — again: coverage! - check all relevant aspects of the transformation.

test/org/openarchitectureware/um 2ecore/test/tests. chk
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Glossary
D

DSL

Ecore

EMF
GMF

MDA

Domain Specific Language

Add description here...

Add description here...

Graphical Modeling Framework.

Add description here...
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