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Model Driven Development

® Model Driven Development is about making software
development more domain-related as opposed to
computing related. It is also about making software
development in a certain domain more efficient.
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How does MDSD work?

® Developer develops model(s) } P i
. Model || f-——-- » | Metamodel !
based on certain I ] ;
metamodel(s). i ____________________________ A,
® Using code generation — sp—
templates, the model is i renstormer | < Rules '
transformed to executable l ; E
code. i v K
= T BE
® Optionally, the generated vodel | > | Metamodel g
code is merged with e P
manitiallvs wwrittan ~rndo .I: i
111CAI |ua||y VVIILLCOUII VUULU. v |
Code
® One or more model-to- [ Transformer ] < | Generation
model transformation steps
may precede code generation. l S — ,
eneraea | £, | ey |
E Code E
i opﬁonaﬁ
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Goals & Challenges

® Goals:

® \We need an end-to-end tool chain that allows us to
build models, verify them and generate various artifacts
from them.

® All of this should happen in a homogeneous environment,
namely Eclipse.

® Challenges:
® Good Editors for your models
® Verifying the models as you build them
® Transforming/Modifying models
® Generating Code
® Integrating generated and non-generated code
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openArchitectureWare

® Open Source

® Version 4.1.2 is current (and 4.2 in the
making)

® Proven track record in various domains &
project contexts

® e.g., telcos, internet, enterprise, embedded

realtime, finance, ... open |
Architecture
® \www.openarchitectureware.org e Ware

® |IDE-portions based on Eclipse

® (Optional) Integration with Eclipse Modelling
facilities (such as EMF)
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openArchitectureWare / Eclipse EMF, GMF, EMP

Textual
-anhica Syntax Spec
xText
......_______l 2 A o Model Verification using
P b . o Constraints
‘= ) instanceof | | instanceof e
0 w P e I v ; 9 Integrating Generating Code
e L“'"'l i i h 4 with Manually Written Code
Custom
Metamodel Il Metamodel | . Code Generation
Textual Editor o
A A E Model Madificati i
E | : ﬂ odel Maodification/Completion
o tinstanceof tinstanceof . builds
@ : : 4 ©  Model-to-Model Transformation
. Model I Model | Xpand @ Loading/Storing Models
" builds 'y i Xtend o (7 Madel Editing based on Custom-
Classic ° T .o o T built Textual Editors
i o Xtend Xtend a Model Editing using UML Tools
UML Tool Generated Code
(any textual artefact)
Serialized ’
Maodel (.xmi
( ) Recipe FIW o
&
Manually Written
Code
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Roadmap

dclipse

\Al wvanll v+ lhws AAafinrn
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efi
machines, based on the UML metamodel

A rMmatarmi~dAal f

ni Ng a medwaimaoaei

@

We will then build a graphical editor for state
machines using the well-known UML-based
notation

We will then add additional constraints (e.g. That
states must have different names)

Next up will be a code generator that creates
a switch-based implementation of state
machines in Java.

Recipes help developers with the imple-
mentation of the actions associated with
states.

We will then cover model-to-model
transformations and model modifications.

Finally, we will build a textual editor for
rendering the state machines textually.

Metamodel

EMF

Graphical
Editor

GMF

Constraints

oAW
Check

Code
Generator

oAW
xPand

Recipes

oAW
Recipes

Model
Transformation

oAW
xTend

Textual
Editor

oAW
xText
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Defining the Metamodel

dclipse

A state machine consists of a number of states.

States can be start states, stop states and “normal”
states.

A transition connects two states. States know their
outgoing and incoming transitions.

We also support composite states that themselves
contain sub state machines.

A state machine is itself a composite state.

A state has actions. Actions can either be entry or
exit actions.

The metamodel is defined using EMF, the Eclipse
Modeling Framework.

Metamodel E

Graphical
Editor

GMF

oAW
Check

Constraints

Code
Generator

oAW
xPand

Recipes

oAW
Recipes

Model
Transformation

oAW
xTend

Textual
Editor

oAW
xText
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Model-Driven Development with openArchitectureWare

dclipse

e
Metamodel =
w
H Mamed - ) )
ad H CompositeState - __|H StateMachine
s M » Graphical LEL
T\;E - Editor o
$'i - * M
.l'lr -~ ------\'"-\._\__\_ "
i/ . ) X
; - x
! ) _,f'f - Constraints % o
! L B
7 e o ~
s -~ "'--.q-"'\-\..
H Transitin:unf,f’f _,,----"'f o 55 5
=" ot Transitions ~ .| AbstractState Artion
Evert e : Code = E
guard o . _ kind Generator <8
— T ] actions -
. InTranstions T
T S0
from @
f Recipes % -%
; [= 7]
/ . @
/
i
/ -
LAY Transformation | o &
H startState H stopState H state
Textual = '5
: <
Editor o %
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Defining the Metamodel 111
W\ Metamodel

|L;, Resource Set ® The metamOdeI
=] iplatfarm: fresourcejoaws.dema. gmf . statemachine?jmodel fstatemachine 2, ecare! iS d efl N ed us i N g
ElEi statemachinez
- H Hamed _ EMF. Graphical w
O pame : EString Editor 5
----- H stateMaching -> CompositeState -
Bl E Carmpositestate - State ® E M F p I’OVI d eS
ooy ohakes 1 AbstractState
“e 2 bpansitions ¢ Transition t ree - base d v
- abstractstate - : i 28
TS Constraints a
----- 3 inTransitions : Transition ed Ito rS to d efl n e 4:0 ﬁ
i 2 qUETransitions ¢ Transition
e the metamodel.
----- H state -= abstractState, Mamed
----- B startState -» AbstractState ® k-
----- H stopstate - AbstrackState, Mamed Th em etam Od el e E §
! ) Generator oo
= Transition - Named haS |tS own 5
- G from : AbstractState -
- 5 tn : AbstractState p rOJ eCt Cal Ied
= gvent : EString I N PR c @
¢ = guard : EString UdVVLI-.UEIIIU.gHII . Recipes .g:-%
= Action - Named - °g2
5 kind: Actonkind statemachine?2
E-% Actionkind
= ENTRY =1
e ERIT=2 Problems | Javadoc | Declaration | Console m\ Model g E
Promert T Transformation '“o: v
Abstract
Def ault Yal =
ESeu;:r T:::s B abstractState, Marned
Instance Class Mame =
Intetface 1 false
Mame = State Textual = *
o
Editor Sk
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Defining the Metamodel 1V

& Java - statemachine2.genmodel - Eclipse SDK

File Edit Mawigate Search Project Generator Diagram Services Samples Run  Window  Help

. . ) . . Metamodel
- [ |- 0- Q- | B EBHFEG- | @@ |- mo- -
= Package Explorer &3 Hierarchv|JLlnit| ¥ | = mode
- Eﬁ' paw _ - 'Eg % Generate Model Code
E| oaw;ié-;e:o.tgmfl._.s'lj:atema.;:TZz [cws. sourceforge.net] EIE enerate Edit Cods
- R
:H Flug i:;:;-le;dreir;ez & E Generakts Editor Code Etate Graphlcal le-
o e E Generat Test Code Editor 0]
£ model - E
B stakemachine2. constraints = openErore.. ed
#] statemachineZ.ecore 1.5 (ASCIT -kky) - Open Gentodsl,.
statemachinez. ecore_diagram 1.2 (ASCII -kky) E Marned ™
------ [t statemachine.genmaodel 1.4 {ASCIT -kke) ¢~ Set SDO Defaults . g 3]
i @
g ot g-f  Runds b Constraints <2
(5 META-INF #-/€  Debug As ' ©
build.properties 1.2 (BSCIT -kky) Teanm 4
plugin.properties 1.1 (ASCII -kkv) Caompare With 4
----- {[‘_, plugin.xml 1.2 {ASCII -kkv) Replace With D
- 7 oawd, dema. gmf, statemachine2, diagram -
B 2 cawd demo.anf statemackine? edit @ Undo Code E s
[ o o deme, o statemachine? sditar W R=do Generator oQ
—‘j- oawd,demo.gmf,statemachinez. et [cvs.sourceforge.net]
Lv—‘_J; =oawd, demo.gmf . statemachinez . example  [cvs.sourceforge.net] * i
Aj- =oawd,dema,gmf . statemachinez . generator [cvs.sourceforge.net] =] Copy
":_'—‘_Jr =oawd dema, gmf . skatemachingZz . gmf - [cws . sourcefiorge.net] . Paste o
1= zoawd.demo.gmf statemachine2 slides  [cvs sourceforge.net] g g-
T4 oawd.dema.xtext statemaching2 [cws,sourceforge.net] X Delete Recipes TG
—‘_Jroaw4.demo.xtext.statemachine2.editor [cvs.sourceforge.net] Refresh o &
] ) ) ) )
i org.eclipse.gmf . examples. runtime. diagram. decarator  [dev.eclipse.org] Show Properties View
® Note that we have t te th model I Mode! on| 5 &
ote that we have to create the genmodel as we Transfomation | £ &
»
e
Textual = x
e . - - Editor i
This is necessary for the graphical editor to work.
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Building the graphical Editor

® The editor i1s based on the metamodel defined Metamodel
before.

® A number of additional models has to be defined:
Editor o0

® A model defining the graphical notation

EMF

® A model for the editor’s palette and other tooling

Constraints

oAW
Check

® A mapping model that binds these two models to
the domain metamodel

Code
Generator

oAW
xPand

® A generator generates the concrete editor based on
these models.

Recipes

oAW
Recipes

® The editor is built with the Eclipse GMF, the
Graphical Modelling Framework. Model

Transformation

oAW
xTend

Textual
Editor

oAW
xText
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Building the graphical Editor 11

EMF GMF Metamodel %
w
Metamodel
Graphical %
Editor o
Graphical Notation
=
. . =0
Constraints < o
o
i EMF Genmodel Mapping Model Tool Definition
meeenees Code zE
--I gemamamnanesnal Generator 'E, o
w
2
Recipes <5
[= 7]
o
..edit ..editor i GMF Gen Model
Model zE
mmmmmmm e meessmrasmseannel Transformation qo: :
..diagram -
Textual = x
Editor i
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Building the graphical Editor 111

EMF

® We use another project for the GMF models from Metamodel
which we’ll create the editor:

oaw4.demo.gmf.statemachine2.gmf
Grap_hical %
® This project contains all the additional models we

talked about before:

oAW
Check

E|j'J =oawd.demo.gmf.statemachinez.gmf  [cvs,sourceforge, net] Constraints

[+-B, JRE Svyskem Library [idk1.5]

- - E

@) skatemachine2.grmfgen 1,11 (ASCIT -kky)
e statemachinez.gmfgraph 1.7 (ASCIT -kle)
i) statemachineZ.gmfmap 1.10 (ASCIT -kl
@il statemachineZ.gmftool 1.6 (ASCIT -kky)

Code
Generator

oAW
xPand

Recipes

oAW
Recipes

Model
Transformation

oAW
xTend

Textual
Editor

oAW
xText
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Building the graphical Editor 1V

® The gmftool model contains the definition of the
palette that will be used in the editor.

(PN ctatemschinezanftoo X Wl

|L;‘ Resource Set

Bl i ‘platForm: fresourceoawd, demo,gmf.statemachinez, gmfjmadel/statemachinez . grmftool:
=4 Tool Reqistry
- 4 Palette State Machine
-4 Creation Tool State
e 4 Bundle Image platformm: fplugingoawsd , demo, gt statemachinez, ete ficons) stake, gif
El < Creation Tool Transition
e < Bundle Image platform: jplugin/oaws . dema. gmf statemachingZ, etc ficons/tr ansition, gif
=4 Creation Tool Skart State
e 4 Bundle Image platform: jplugin/oaws . dema. gmf . statemachineZ, ekc ficons/start. gif
=4+ Creation Tool Stop State
‘4 Bundle Image platform: /plugin/oawd . demo, gmf . statemachineZ, ekcficons/stop. gif
El < Creation Tool Composite State
e 4 Bundle Image platform: fplugingoavd , demo, gl statemachinez, et ficons compstate, gif
“o Creation Tool Action

® \We have creation tools for all the relevant
metamodel elements.

® Each of these tools has a nice icon associated.

Metamodel

EMF

Graphical

Editor

Constraints

oAW
Check

Code
Generator

oAW
xPand

Recipes

oAl
Recipes

Model
Transformation

oAW
xTend

Textual
Editor

oAW
xText
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Building the graphical Editor V

(B statemachine2gfaraph X W

|L|';, Resource Set

SRR Clstrorm:
E|+ Canvas
=4 Figure Gallery default

[~ 4 Rounded Rectangle StateRectangle

4

E-{-‘* Label StateMameLabel
i Constant Color black
i Constant Color lightiGray

- < Polyline Connection TransitionFigure

----- 4 Label TransitionLabel
----- 4 Palyline Decoration

[+ < Palyline Decoration RE

‘e < Constant Color darkGray

-4 Elipse StartSkateFigure

b e RGE Color 0

-4 Ellipse StopStateFigurs

“eode RIGE Color 0

-4 Rounded Rectangle CompositeStateRectangle

E-‘»‘} Label StateMamelabel
‘< Conskant Color black
i Constant Color lightGray

-4 Rectangle ActionRectangle

hode StateMode

Node StartStateMode

Mode Stop3kakeMode

Mode Compositestatemode

Mode Actionfode

Connection TransitionCaonneckion
Compartment SubStateComparkment
Compartment ActionCompartment

< Diagram Label StateMameDiagranLabel
< Diagram Label TransitionDiagramlabel
<= Diagram Label ActionDiagramLabel

© 2006-7 Vdlter, Efftinge, Kolb

® The Figure Gallery
contains the figures (as well
as their associated labels)

® Shapes
® Line Style
® Colors

® Decorations

® Diagram Nodes represent
the vertices in the graph
that is being edited.

® Compartments can be
defined as parts of Nodes.

® Connections play the role
of the edges in the graph.

Metamodel

EMF

Graphical

Editor

Constraints

oAW
Check

Code
Generator

oAW
xPand

Recipes

oAl
Recipes

Model
Transformation

oAW
xTend

Textual
Editor

oAW
xText
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Building the graphical Editor VI
(P ststemachinez gniinap. X W

L
Y Metamodel =
[ Resoure so We map nodes and &
= !-5}! platform: fresourcefoawd, demao, gmf, statemachinez . gmffmodel/skatemachine2 . grmfmap I i n kS
=4+ Mapping 2
=l 4+ Top Mode Feference =states(StateifStateMode> .
. B4 MNode Mapping <State/Statetode: ® We iN CI u d e al I th e Graphical
..... < | abel Mapping Editor
EJ v Child Reference zactions{action}/Actionbode » Oth e F N !Od e I S SO
. [E 4 Hode Mapping <Action/ActionMode =
; & Label Mapping J0H41 they can be
< Compartment Mapping =ActionCompartment = 2 ﬁ
4 Top Mode Reference <states(StartStake)StartSkateMode > refe ren Ced - Constraints 4:0 2
4 Top Mode Reference <states)StopState))StopStateMode = o
#- 4 Top Mode Reference <states{CompositeState)fCompositeStateMode = Y =
o - — Better editors
. i | ahel Mapping {0 !
- FEAE: became available Code T
------ Canvas Mapping <5
. Hpmama Lpeiap g g - - . Generator oo
[::I - pldtlfnrm.J‘res-.uuru_e{oawdr.dem@.gmf.sI:utumau_hfne_jmade!jstdtemdl_hmeZ..ecwe Wlth G M F fl nal . o]
---!_<>_! platform: fresourcefoaws, demo, gmf, statemachinez, gmf fmodelfstatemachine2 . gmfaraph
!-5}! platform: fresourcefoawsd, demo, gmf statemachinez . gmf fmodelfstatemachine 2, gmftool
® From that, we
’ "
Selection | Parent | Lisk | Tree | Table | Tree with Columns | h d - Recipes 'g.
- generate the editor pe <G
Problems | Javadoc | Declaration | Console (E Properties &4 I . [v'd
Property I Yalle p u g I nS -
=1 Domain meka infarmation .
Containment Featurs < EReference transitions [+-5 nawd,dema.gf, statemachinez  [cvs, sourceforge.net] -
Elerment < EClass Transition : j oawd,dema, grf statemachine2 . diagranm T r":odel " % E
Source Featurs < EReference from = oawt demo. gt statemachine?. edit ransitormation | o 2
Targek Feature <+ EReference ko ; = oawd,demo.omf.statemachinez editor
=l Yisual representation : _,'jd oawd, demo.gmf.statemachineZ?. etc  [cvs. sourceforge.ne
Appearance Style : TL—j- =oawd,dema,grf . statemachine2 . example  [cws.sourcefr
Context Menu _,'—j- =oawd,dema,grf statemachineZ . generator  [ovs.source Textual = %
Diagram Link < Connection TransitionConnection :,?J >oawd.demo.gmf . statemachinez.gmf - [cvs. sourceforge, Editor < 2
Tool <+ Creation Tool "

open
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Building the graphical Editor VI

- - - - L
® Here is the editor, started in the runtime Metamodel | =
workbench, with our CD Player example.
14 *cd-player statemachine2_diagram 232 = B[ 5= outlire &2 =0
|| —Palette — » 5 [F Graphical =
Select \
IEZ::; Py . Editor 0
[= Maote - = * s
+ 0On () State
& Start State == B 1
(® Stop State -
. [52) Composite State '5
4 Off . % Pause 3 Action Constraints % 2
[FENTRY /shutDown , . o
EMTRY /pausePlaying N\, Transition [&]
Overview
Pane
Code = E
Tool > Generator <8
E;J;Tﬁ\élfoosgir:aﬁav ENTRY fstopPlayig
< Play
ENTRY fstartPlaying g
Recipes = -%
These rectangles °g2
are to demo Pl
R - © ,J/'L . By
Problems | Javadoteesg / iviodel \ ’E kS ¥ =0
= ) Element / Model .
ppearance - odae =
Advanced Propert |Value o Propertles I Transfﬂrmatlﬂl‘l % .2
o B / \/ »
In Transitions <4 Transition powerOff, Transition
T T -
Quk Transitions <4 Transition powerOn
= Wiew
Layout Constraint 4
e Textual 2%
Editor i
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Constraints

® Constraints are rules that models must conform to In Metamodel
order to be valid. These are in addition to the structures
that the metamodel defines.

EMF

. Graphical
® Formally, constraints are part of the metamodel. Editor

GMF

® A constraint is a boolean expression (a.k.a. predicate)

that must be true for a model to conform to a metamodel. .
onstraints
® Constraint Evaluation should be available

oAW
Check

® in batch mode (when processing the model) oo .z

ode c

{ [

® as well as interactively, during the modelling phase in Generator | o &
the editor

... and we don’t want to implement constraints twice Recipes 5%

to have them available in both places! X

® Functional languages are often used here. ran e o %E

® UML’s OCL (Object Constraint Language) is a good

example,

_ _ Tex'tual EE

® We use oAW'’s check language, which is based on OCL Editor o'

' open
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Constraints 11

(] i El"u'—j- oawd . demo,grmf.statemachine?  [cvs.sourceforge.net] L
Constraints are put LA R Sparam Lorors L Metamodel | &
Into the statemachine?2 - Plug-in Dependencies

_ % sre
project, the same as e
b1 statemachine. constraints Graphical T8
the metamodel. - [E} Statemachine ext 1,1 (ASCII kky) Editor =
""" €} StatemachineBatchErrors.chk 1.1 (ASCIT -kky)

“eo|gh StatemachineliveErrors.chk 1.1 (ASCII -k

® StatemachineBatchErrors _____ ) stetomachine? ecore 1.5 (ASCIL 4k

I I 1 '''' #] statemachineZ.ecore_diagram 1.2 (ASCII -kl
are used In batCh Val Idatlon - (B=) statemachineE.genmndelgl.4 (ASCIT ko) .
mode (automatically evalu- =& semen

- META-INF

ated every 2 seconds iIn the - [5) build.properties 1.2 (ASCIT -kky)
- |5} plugin.properties 1.1 (ASCIT k)

edito r) i} plugin.xml 1.2 (ASCIL -kkw) Code

Generator

oAW
Check

oAW
xPand

® StatemachineLiveErrors prevent erratic modellings
In the first place.

Recipes

oAW
Recipes

Model
Transformation

oAW
xTend

Textual
Editor

oAW
xText

open

. . .
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Constraints 111

- . TH
® Here are some exa s written in oAW’s Checks Metamodel | =
Iang uage . For which elements
. is the constraint i
|| exampleFromGME . oaw
G ; Graphical L
!l_mpurt statemachine?; Editor g
context StateMachine ERROR "Ztatez must have unicgue MNames™

states.typeldelect (3tate) .forlillizsl| !states.typelelect(3tate).
exizts(z2| (31 '= =32) && (3l.name == sZ2.name)l ]!

context Named if !Transition.iszlnstance(this) ERROR this.metaType.hawme+" must hbe named™:
this.name != nuall:;

Constraints

context Start3tate ERROR "no incoming transitions allowed™:

this.inTransitions.size == 0; Error message
" . in case s
EuntexF Itartitate ERRDR .start state must transition\: Expression is Code E E
Lhie——mee T lOons. 5122 == 1; Constraint false Generator S 1:;._‘
ERROR or Expression
WARNING
® Note the code completion and error highlighting © 7
. o
@ (unexpectedtoken: n} if ! Transition.isInstance (this) ERROR this.metaType.n hme+" Recipes E'Q
this.nawme != null:; x
context Startitate ERROR "no incoming transitions allowed™:
this.inTransitions.size == 0; Model g'g
& ackions List - AbstrackSkate - Transformation qo: =
context 3 @ compareTo{Object) Integer - Object & out transition”: x
this. o calcontents Set - EObject
@ eContainer ECbject - EQbject
context 3 o acontents List - ECbject Llowed": T -
this. o _ S extual = x
eR.ootContainer ECbject - EQbject Editor -'-‘g -
& putTransitions List - AbstractState ;I *

. open |
€C| Ipse ©2006-7 Vblter, Efftinge, Kolb w w w.openarchitectureware.org Archﬂec’wre
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Constraints 1V

® To make the GMF generated editors evaluate our Metamodel | =
constraints, we needed to tweak things a little bit;
most of this is in oaw4.demo.gmf.statemachine2.etc

Grap_hical w

® \We wrote our own ConstraintEvaluators and Editor 5

plugged in the oAW CheckFacade.

® We used Aspectd to weave in Adapters into the EMF l
Factory

oAW
Check

® We wrote a watchdog that does the batch N
- { [
evaluations whenever the model does not change for Generator | '3 g
two seconds. —
I;, Resource Set P
[ ) Al ~ Ih A ~ e B i platform: fresourcefoawd .demo.gmf, stakemachineZ . gmfimodelf statemachine?. gmfgen ; g g_
A I SO j yo u n ave to L ‘\'." Gen Editor Generator stakemachinez. diagram RECIP&S 'g 'g
£ Gen Diagram StateMachineEditPart o
m ake tWO I m po rtant -4 Metamodel Type StateMachine_79EditHelper
- - -4 Figure Yiewmap org.eclipse.drawzd. FreefarmLayer
adj u St m e' n tS I n t h e H < Gen Child Mode ActionEditPart
< Gen Chid Node SkateZEditPark > -
m - B4 Gen Chid Node StartState2EditPart Model £
g fg en m Od e I Transformation '“o: e
Selection | Parent | Liskt | Tree | Table | Tree with Columnns | "‘
Problenns | Javadoc | Declatation (: Properties £3
Property I Yalue
alidation Enabled i brue -
Walidation Provider Class Mame '= StatemachinezValidationProvider Textual g g
Walidation Provider Priotity 1= Medium Editor "g =
wisual ID L1 79 ol
visual ID Registry Class Mame '= Statemachine2visualIDRegiskry

open

. . .

eclipse ©2006-7 Vblter, Efftinge, Kolb w w w.openarchitectureware.org Architecture
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Constraints V

® In thlS mOdeI there Metamodel %
are two errors

® There are two . . 4+ 0On Grap_hical LEL

states with the Editor ©

same name (Off) + o .

EMTRY fshiutDomn ENTR
= 4
® The start state has
L]
more than one out-
Transition
. . . + Off L Code E E
® Th e Val | d ation Is ENTRY fopenray ENTR: L Generator c &
. EXIT/closeTray [stopPlaying
executed automatically
E
. . @
® Clicking the error Recipes | 5
o
message selects "
t h e re S p e Ct i Ve 121 Problems £32 Javadoc | Declaration | Froperties |
. 'y 2 e;;z:is, i:laTings, 0 infos (Filker matched 2 of 18 ilterzss)ourEB | — | — Model g -g
b ro ke n m O d e I ’ @Dtstart state must have one out transition cRd-pIayer.st... oawd,demno.grf, statemachi,.. CdPlaver... Transformation qo: ';:
- - @ states must have unique Mames cd-player.st... oawd,demo.gmf.statemachi... CdPlayer
element in the dia-
gram.
Textual = '5
Editor Sk

: open .
efcllpse ©2006-7 Vélter, Efftinge, Kolb wWw w.openarchitectureware.org Archﬂec’wre
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Code Generation

Code Generation is used to generate executable Metamodel | =
code from models.
Code Generation is based on the metamodel Graphical | &
and uses templates to attach to-be-generated i
source code.
: s | 25
In openArchitectureWare, ERER e Constraints | % 2
we use a template e —
language called xPand. 3 .
. e Generator | ﬂ.:
It provides a number of . i
advanced features such as _
polymorphism, AO support — —JE&{== Recipes | 55
and a powerful integrated gor T actions x
expression language. I -
Model = £
Templates can access Transformation | § £
metamOdel prOpertieS «DEFIHE SwitchE lsecurnpl FOR StateMachines
Seamlessly «FOREACH states.typelelect (3tate) A8 = Textual = *
publice static final int «=S.constant Editor -cglf
«ENDF OREACH» *

open |
©2006-7 Vblter, Efftinge, Kolb = w w w.openarchitectureware.org Archﬂec’wre
CpenarChiBCIrewans org are
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Code Generation 11

® What kind of code will be generated? How do you Metamodel | =
Implement a state machine?

® There are many ways of implementing a state Graphical |

machine: i

® GoF’s State pattern .

onstraints 35

e |f/Switch-based s 133

® Decision Tables
@ H Ge?':gmr %
Pointers/Indexed Arrays

® We will use the switch-based alternative. It is
neither the most efficient nor the most elegante Recipes
alternative, but it’s simple.

xPand

oAW
Recipes

® For more discussion of this topic, see Model
Practical State Charts in C/C++ by Miro Samek

Transformation

oAW
xTend

Textual
Editor

oAW
xText

. open |
€C| Ipse ©2006-7 Vblter, Efftinge, Kolb = w w w.openarchitectureware.org Archﬂec’we
CpoenarchiBCirewars ooy are
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Code Generation 111: Pseudocode

EMF

® (Generate an enumeration for the states Metamode!

® (Generate an enumeration for the events

Graphical

® Have a variable that remembers the state in Editor
which the state machine is currently in.

GMF

® Implement a function trigger(event) which

oAW
Check

Constraints

® First switches over all states to find out the

current state . .
engr:ar 'E.
® Check whether there’s a transition for the l

event passed into the function

xPand

® |f so, Recipes %%
14
® execute exit action of current state,

® Set current state to target of transition | Model R
ranstormation o l;

® Execute entry action of this new current state
® Return Textual = '5
Editor i

® And also handle nested states ©

' open
dclipse ©2006-7 Vélter, Efftinge, Kolb = w w w.openarchitectureware.org Archﬂec’wre
3 prmre £ g are




Code Generation 1V

dclipse

The generator is located
In the oaw4.demo.gmf.
statemachine2.generator
project.

There are a number of
code generation
templates.

® Extensions are also
defined.

There are also workflow
files (.0oaw) that control

Model-Driven Development with openArchitectureWare

EE, =oawd,demo,gmf.skatemachinez recipe
EIEE*':, templates
. B-HR aspects

[T} Actions.xpt 1.2 (ASCIT -kk)
[T} Events.xpt 1.2 [ASCIT ki)

(&l '

[T} Statemachine.xpt 1.3 (ASCII kkv)
o [T) States.xpt 1.2 (ASCII -kkv)
- trafo

----- D generateFromGME. oaw 1.4 [ASCIT -klod
----- D_, generateFromText.oaw 1.1 (ASCIT -kka)

------ I:}, generatarBackend.oaw 1.3 (ASCIT -kkv)

|:=] logd.properties 1.1 (ASCIL -kl
-] simpleSM.ecore 1.2 (ASCIT -kl
F-B8 JRE System Library [jdk1.5]

E-.a. Plug-in Dependencies

(5% META-INF

- [5) MANIFEST.MF 1.5 (ASCII -kk)

bl build properties 1.1 (ASCIT -kky)

the workflow of a generator run.

Different workflow files contain different “parts” of

the overall generator run

Workflow files are in som

and call each other.

e small way like ant files.

[T
Metamodel =
w
Graphical LEL
Editor 0]

=

[3]

Constraints % o

o
Q

Code =
Generator '§

xPand

Recipes

oAW
Recipes

Model
Transformation

oAW
xTend

Textual
Editor

oAW
xText

© 2006-7 Vdlter, Efftinge, Kolb
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Code Generation V

|Ti Actions. xpt Statemachine, pt X \
: 7 Namespace and ) H L
«IMPORT simple3Ms
<EXTENSION tewplates::GeneratorUtils Extension Import The bl u e teXt IS Metamodel E
+#DEFINE file FOR Ztatelachine: generated |nt0
#FILE basePath()+"/ibstract"+name. coFirstUpper () +". java™ s .
Ackage «basePackage () »! th e targ et fl I e .
s@Ghetract class «implEaseClassla BEnts santionsinterDacoNege () s { Graphical LEL
Name is a - - Editor ]
< = <<statesEnu.mNa.|.me e Eurrent atm = : pr‘opertyof thei=i=- ® The Cap I tal I Zed
s#Ate hoolean terminated = false; :
State-Machine
pubrlic woid handleEvent | «eventsEnuname () » Ve —HaSs WO rdS are
if | terminated | throw new RBuntimeException( "this smw is terminated!™ |: >
switch | currentState | { XPand keyWO rdS Constraints % 3
«FOREACH states AS s-» =] ﬁ
case «3.shorticateldl) =

«FOREACH =.transitions AS tC-»
if | ewvent == zt.event.eventld(thisy?T |

® Black text are
metamodel

«EXPAND executeTransition(this)f ¥

Iterates

Liis S 1
} - LA
the states «EXPAND handleIllegalTransitions p ro p e rtl eS Generator
of the «ENDFOREACH
State- break; // break out if no suitable transition has been found!

Machine, /™®roas ® DEFINE...END-

w
Extension Call (Yl sl B N ] i A Py S I
public <<st,atesEnu.mNa.m Utl— I I\I t DIOCKS RECipES -0! '%
return current3tate; o &
] are called
Templat
Like methods in OO, tem plateS_
<EWDDEFI templates are Model z T
associated with a . . 9
DEFINE handleIllegalTransition FOR StateMabine: @ Transformation ok
S ENDDEETHES (meta)class The Wh()le th | ng X
Is called a
«DEFIHE executeTransition(3tateMachine sm) FOR Transitions -
FOREACH actions AS a-
‘ this.«a.methodilame () :: [ te m p I ate fl I e - Textual g 5
«EHDFOREACH:: Editor 'g I;
current3tate = xto.stateld(sm)»;}
«EHDDEFIHE:

. open .
efcllpse ©2006-7 Vélter, Efftinge, Kolb wWw w.openarchitectureware.org Archﬂec’wre
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Code Generation VI

® One can add behaviour to existing Metamodel | =
metaclasses using oAW’s Xtend language.
Goneratorlblex ( nlm::rt‘i = ) Graphical &
!i.mpurt SimplelN; -.u...\._,,.,y Editor o
3tring bhasePathi) : basePackage () =0 lasExtensions are’: :
String basePackage () : "de.jax"; typically defined «
7 for a metaclass Constraints % 0
String constantName (Natmed this) @ name . tolUppecosmeesT oﬁ
SJtring wethodilame (Action this) @ nane.toFirstLower 7 Ed oo
. . _ . hav re than one
3tring implBaseClassName (StateMachine this) - Pihovraet Tin Srieter Vreer 1) 2
String implClassName (StateMachine this) I hatne ToOFsest Code = E
String LfolmplEBazeC lassName (StateMachine this) @ bhasePackage (147 "+implBaseC lassNamwe ()
String £fqlmplClasslame (StateMachine this) ! basePackage (1 +". "+implC lassName [ )
® Extensions can be called using member-style Recipes | 5
syntax: myAction.methodName() =
® Extensions can be used in Xpand templates, Model | %2
Check files as well as in other Extension files. Transtormation | © &
® They are imported into template files using the R
exiua g
EXTENSION keyword Editor | S5

' open
dclipse ©2006-7 Vélter, Efftinge, Kolb w w w.openarchitectureware.org Archﬂec’wre
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Code Generation Vili

- L
® Workflow loads the model, checks it (same Metamodel | =
constraints as in Editor!) and then generates
code.
: A component is a Graphical <
IEd Generatnruk”‘i astephiindhed.can Editor o
<wurkflDﬁ;\:Z////XZSSEIETQL_,,////r
<component class="oaw.ewf.XniReader™> A b f o
<metaModelFile wvalue="statemachines . ecore™/ > argrl:‘lrgteer;(;re Constraints %g
<wodelFile value="4{modelFile} "/ > - : °o
passed in
<outputZlot walue="model™/ >

<firstElementionly wvalus="trus"/>
</ component>

Code

We invoke the
ame check file
16 ‘iﬁf:‘th’e“"é'edifo}ﬁ

Generator

<Component class="oaw.check.CheckComy:
<metaModel id="mm" class="org.ope
<metaModelFile walue="=tatemachine’
</mwetaMode 1>

. EmfMetallode 17>

<checkFile walue="statemachinezZ ::iconstrasTo o tiusBatchErrorst/ > . §
<expression value="model.elllConteny® 10This starts the: : Recipes E'g
</ Component > first, ,,top level* x
template
<component id="generator® class="oaw.xpands . ooemtrteese——ameIpUnNErrors="true >
<metaMode]l idRef="simple3M"/ > Model g‘g
<expand valuse="tewmplates::Root:::root FOR ${=lot} ™ = Transformation -ﬂot .‘_”
<genPath walue="i{src-gen} "/ > *
<advices walue="templates: aspects: :Logging™/ >
<heautifier class="org.openarchitectureware.xpands.output.Javabeautifier™/ >
</ Component s Textual = 5
</ workt lows Code is Editor Sk
automatically
beautified

. ' : - open |
€C| Ipse ©2006-7 Vblter, Efftinge, Kolb w w w.openarchitectureware.org Archﬂec’wre
CpoenarchiBCirewars ooy are



Model-Driven Development with openArchitectureWare

Recipes |

® There are various ways of integrating generated Metamodel

code with non-generated code:

c)

generated code

T
eclipse ©2006-7 Vblter, Efftinge, Kolb

d)

non-generated code

[T
=
w
Graphical LEL
Editor 0]
=
1]
Constraints % o
°0
Code = E
Generator ‘é n."
]
]
]
' 8
]
|
] o a
| r
]
(-l
Model = E
Transformation 'E v
Textual 2%
Editor i

open _
ww w .openarchitectureware.org Arch ItQ-C%gg
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Recipes 11
® To help developers to “do the right thing” after Metamodel | £
the generator has created base classes and the
like, you can use a recipe framework.
® |t provides a task-based approach to “Raor | B
“completing” the generated code with manual
parts. x
onstraints 2 8
® This works the following way: A k-
® As part of the generator run, you instantiate
checks that you write to a file Y
® After the generator finishes, the IDE (here:
Eclipse) loads these checks and verifies them E
against the complete code base (i.e. Generated +
manual) o
® |f things don’t conform to the rules, messages 2
are output helping the developer to fix things. Tranato o %E
® For example, in the state machine case, actions R
must be implemented in subclasses. cator | $

. open |
dclipse ©2006-7 Vblter, Efftinge, Kolb = ww w.openarchitectureware.org Archﬂec%ge
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Recipes 111

® ’ =
Here’s an error that suggests that | extend my Metamodel | =
Graphical LEL
Editor 0]
{2 Package Explorer 3 COutline — <}==£} ¥ = 0| 1] cdrlayer.java 22 =g
; % model ;I package de.jax: ;I
#-( warkFlow
Eﬁ SrC-gen public class CdPlayer { >
- E-HE dejax . 29
-1} AbstractCdPlayer.java 1.3 (ASCIL k) 3 Constraints < 2
B [J} CdPlayerActions.java 1.3 (ASCII -k o
: -1} CdPlaverEvents.java 1.1 (ASCII -kky)
- [J) CdPlayerStates.java 1.3 (ASCIT -kkv)
Egﬁ =SrC-man
=]
i ) Code = c
Yo -kkd Generator 'E, l:;-.‘
mo.gmf.skakemachineZ. generakor  [cvs,sourceforge.ne
darnn amf ckatarmarhinag? Amf Tewe conrraforne matl hd =
1 »f Kl _>IJ
Prnhl:-%|Javadoc|Declaration|Prnperties|History H @ 2Y .0
E|® org.eclipse.emf . ecore.implECbjectImph@10849be {eClass: org.eclipse.emf.ecore.impl.EClassImpl@134ed| I Mame I Yalue I
~ @ Faor the State Machine CdPlaver vou have ko providezan implemetation class named de.jax. CdPlaver o kype org.openarchiteckureware. recipe.ed...
------ 3 wour implementation class has ta extend the general=Noase class de.jax.AbstrackCdPlaver ] i _bvpe org. openarchiteckureware. recipe, uti. .
2 classMame de.jax. CdPlayer Model = 'E
& element rq.eclipse.emf.ecore.impl. ECbjectl. .. Transformation '50: .2
o 2 projectMame 2. demo.gmf, statemachineZ . exa. .. *
,»Green a
supertypeMame
This is a ones can
¢« failed check o Here you can see
it dbartcdplayer additional Textual = X
: : )
information about Editor < S
the selected recipe

efclipse ©2006-7 Vélter, Efftinge, Kolb

open |
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Recipes IV

= [T
® | now add the respective extends clause, and Metamodel | =
the message goes away — automatically.
Graphical LEL
E] Package Explarer &3 Outline| — i?} ¥ =0 M =08 Editor o
v_% model ;I package de.jax: ;I!
B workflow
EII;E} srC-gen public class CdPlayer extends LbhstractCdPlayer |
ElEFJ‘ de jax o
U_‘, abstractCdPlayer.java 1.3 (ASCIT -kky) B Constraints % 3
14 CdPlayerfctions.java 1.3 (A5CII -kky) o 5
# |} CdPlayerEwvents.java 1.1 {ASCII -kky)
3 CdPlayerstates.java 1.3 (ASCIT -kkw)
B8 »sre-man
Eﬂ} wde.jax
) >CdPlayer java 1.1 (ASCII-Kkv) Code =T
By} CaPlayerTest.java 1.1 (ASCIT -kky) Generator {a g
[#-B8, JRE System Library [jdki 5] — ®
. & simplifiedMode. i
Ry stakemachine, recipes
EEI--t]_—j- =oawd, demo.gmf . stakemachinez. generator  [cvs.sourceforge.ne
1,72 nmd darme amf ckabamacking amf Truc conweaforne nofl o i
4 1 _|‘I il _|‘I

Problems | Javador | Declaration | Propertiss | Hiskary ﬂE‘ Recipes &4 = & 2Y =0
=@ arg.eclipse.emf.ecore.impl.EObjectImpl@ 105456 (eClass: org.eclipse.emf.ecare,impl. EClassImph@ ] 34ed I Marne I Yalue I
i@ For the State Machine CdPlaver vou hawve to provide an implemetation class named de.jax. CdPlaver o type org.openatchitectureware recipe.ecl, ..
@ wour implementation class has bo extend the generated base class de.jax. AbstractCdPlaver § _type org.openarchitectureware, recipe, ki, .
2 classhlame de.jax. CdPlaver -
& element org.eclipse.emf.ecore.impl.ECbjectT. .. Model g
o projeckhame oawd demao,gmf  stakemachine2 exa, .. Transformation qO: ';
O supertypeMane de.jax. AbstractCdPlayver
Adding the extends
clause makes all of. r
sl A T FE e T Lase class de.jax, AbstractCdPlayer -
= Textual = x
Editor i

. open |
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Recipes V

® Now | get a number of compile errors because | have
to implement the abstract methods defined in the

super class:
Mavadoc|Declaration|Prnperties|History|Recipes| :{=:"> ~ =0

7 errars, 0 warnings, 0 infos (Fiker matched 7 of 130 ikems)
Descripkion | Resource | Path | Location |
@ The type CdPlayer must implement the inherited abstract method CdPlayeractions, checkoDi) CdPlayer. java  oawd.demo.gmf statemachi.., line 3
@ The type CdPlaver must implement the inherited abskrack method CdPlayeractions.doseTray()  CdPlaver.java  oawd.demo.gmf statemachi,.. line 3
@ The type CdPlaver must implement the inherited abstrack method CdPlaveractions.openTray()  CdPlayer.java  oawd.demo.gmf statemachi,.. line 3
@ The type CdPlaver must implement the inherited abstrack method CdPlayveractions.pausePlayving) CdPlaver.java  oawd.demo.grf statemachi,.. line 3
@ The type CdPlayer must implement the inherited abstract method CdPlayeractions.shutDown{)  CdPlayer.java  oawd.demo.grf.statemachi... line 3
@ The type CdPlaver must implement the inherited abstrack method CdPlayeractions, startPlaying() CdPlayer.java  oawd.demo.gmf statemachi,.. line 3
@ The type CdPlaver must implement the inherited abskrack method CdPlayeractions,stopPlayingt)  CdPlaver.java  oawd.demo.gmf statemachi,.. line 3

® | finally implement them sensibly, and everything is
ok.

® The Recipe Framework and the Compiler have guided
me through the manual implementation steps.

® |f I didn’t like the compiler errors, we could also add
recipe tasks for the individual operations.

® 0AW comes with a number of predefined recipe
checks for Java. But you can also define your own
checks, e.g. to verify C++ code.

[T
Metamodel =
w
Graphical LEL
Editor 0]
=
[3]
Constraints % o
°0
Code = E
Generator 'E, l:;-.‘

Recipes

Model = E
Transformation '“o: v
Textual = '5
Editor i

' open
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Recipes VI

] = = = - [T
® Here’s the implementation of the Recipes. This Metamodel | =
workflow component must be added to the workflow.
m & number of suitable p Graphical =
package oawd.demo.gwf.statemachines .recipe; base classes... Editor o
fimport java.util.irrayList:[]
public class RecipeCreator extends AbstractExpressionRecipeCreator | e
_ Constraints % §
Boverride o . ...and override a °0
protected C?llectlr_.\n internalCreateRecipes (Expres suitable template
Jtring project) |
Lizt<Check> checks = new ArrayList<Check:(): method
Ohject sw = facade.evaluate("thiz"):
String neme = (String) faesde.evaluste "nsme") ! Code = .g
Generator 'E, a
ElementCompositeCheck eco = new ElementCompositeCheck (sm *
"statemachine implementation must be completed.™): You can then
checks.add| ecc ); create any number
of checks. =
Ztring implClassName = (3tring) facade.evaluate ("fglmplClassName ) €
String iwplBaseClassName = (3tring) facade.evaluate ("LolmplBazseClazsiame () ") 2 REG“}BS % %
JavalClassExistenceCheck extCheck = new JavaClassExistenceCheck| C a
"for the 3tate Machine "+name+" you have to provide an implemetation class named o
+implClassName,
project, implClasslame | : -
ecc.addChild( extCheck ): This one checks
JavaSupertypeCheck superCheck = new JavalupertypeCheck that a class Model .g
"wour itplementation class has to extend the generated DX extends another Transformation QO: .2
+implBaseC lassName, o]
project, iwplcClassNate, iwplBaseClassNawe ) ;
ecce,addChild( supercCheck ):
return checks:
3 And return the -
checks to the Textual % E
' framework Editor Sk

. open |
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Model Transformations |

® Model Transformations create one or more new Metamodel
models from one or more input models. The input
models are left unchanged.

EMF

Graphical
Editor

GMF

® Often used for stepwise refinement of models and
modularizing generators

® |Input/Output Metamodels are different Constraints %g
® Model Modifications are used to alter or
complete an existing model Code 3
Generator gc;-.‘
® For both kinds, we use the xTend language, an
extension of the openArchitectureWare expression :
language. Recipes | 3 g
® Alternative languages are available such as ATL,
MTF or Tefkat (soon: various QVT
implementations) 7

Textual
Editor

oAW
xText

' open
dclipse ©2006-7 Vélter, Efftinge, Kolb = w w w.openarchitectureware.org Archﬂec’wre
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Model Transformation 11

® The model modification shows how to add an
additional state and some transitions to an existing
state machine (emergency shutdown)

Extensions can
AddEmergencyshukdown, ext X import other
import statemachinei: extensions

The main function
eXten=zion statemwachinel::constraints: :Statemachine:

StateMachine modifvyiStateMachine sm)
Sw.transitions.addill (sm.allConcreteitates () .createTransitionil) -»
2wm. states.add (createl3hutDownil) ->
=m;

,,Ccreate extensions*
guarantee that for
each set of
parameters the
identical result will
be returned.

private create 3tate this createShutDowni)
setName ("Emergencyahuthown™) ;

private create Transition this createTransition(3tate =)
setEvent ("Error™) >
setMName ("Aborting™) -—-»
zetFromizs) -»
setTo (createShuthown () )

Therefore
createShutDown()
will always return
the same element.

[T
Metamodel =
w
Graphical LEL
Editor 0]
=
[3]
Constraints % o
°0
Code = E
Generator 'E, l:;-.‘
w
2
Recipes <5
[= 7]
o

Model

Transformation

Textual = '5
Editor i

. open |
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Model Transformation 111

The generator is based on an implementation-
specific metamodel without the concept of
composite states.

This makes the templates simple, because we
don‘t have to bridge the whole abstraction gap
(from model to code) in the templates.

® Additionally, the generator is more reusable,

because the abstractions are more general.

® \We will show a transformation which transforms

dclipse

models described with our GMF editor into models
expected by the generator.

Metamodel

EMF

Graphical
Editor

GMF

Constraints

oAW
Check

Code
Generator

oAW
xPand

Recipes

oAW
Recipes

xTend

Model =
Transformation 'E-.:

Textual
Editor

oAW
xText

open |
©2006-7 Vblter, Efftinge, Kolb = w w w.openarchitectureware.org Archﬂec’we
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Model Transformation 1V

. , TR
® We want to transform from the editor’s Metamodel | =
[4 z 7
metamodel ‘statemachine?2’ to the
7 [4 ° 7
generator’s metamodel ‘simpleSM
Graphical LEL
I Editor 0]
import statemachinez;
extension statemachine?::constraints::Statemachine: - We need to ‘normalize’ g-ﬁ
extension org::openarchitectureware: jutil:: I0; composite states. Constraints <2
°0
create simple3l::3tateMachine createitatemachine (3tateMachie sm) State§}nhern:outgo!ng
setName (sm.name] -> tran5|:|oil:’lstfrom their
setlInitial3tate (sm.concreteltate () .createi3tate()] 1 -> parent sidres T
states.addill (sm.allConcretel3tates () .createl3tate ()] -» i Code £
- _ ° Fo!' tho;e transitions _the Generator <8
actions.addill (sm.elllContents.typelelect (Aotion) . name . crgs: exit actions are inherited *
events.addill (sm.elllContents. typelelect (Transition) .eveny. wit! oo
private create simple3N::S3tate createdtate (State =) - Unify action and event -
setMamwe [s.name) -> elements with the same Reci z2
transitions.addill (s.alloutTransitions() .createTransitionfsz: :; Name ecipes % a2
o

private create simplelHl::iction createliction(3tring nl
setName (n) !
Model
private create simpleZM::Event createEvent (String n)
setMame (n) ;

Transformation

private create simplell::Transition createTransition(Transition t,3tate 3)

actions.addill (allictions(s,t.to.concreteitate ()] .name.createdotionl) )l —-= Textual §'§
setEvent (t.event.createEvent (1] —-> Editor %IE
zetTo(t.to.concreteitate (] .createldtate() ) ; ”

' open
efC“DSE ©2006-7 Vélter, Efftinge, Kolb .openarchitectureware.org Archﬂec’wre
e e ey are
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Textual Editor |

® A graphical notation is not always the best syntax Metamodel | =
for DSLs.
® So, while GMF provides a means to generate Graphical |
editors for graphical notations, we also need to be R
able to come up with editors for textual
Syntaxes - Constraints % §
°5
® These editors need to include at least
® Syntax hightlighting Code 23
® Syntax error checking
® Semantic constraint checking Recines Eﬁ
Tran::‘g:l;{ation % é

xText

Textual =
Editor S

. open |
€C| Ipse ©2006-7 Vblter, Efftinge, Kolb = w w w.openarchitectureware.org Archﬂec’we
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Textual Editor 11

® We use 0AW'’s textual DSL generator framework Metamodel | =
XText

® Based on a BNF-like language it provides: Graphical | &

Editor 0]

® An EMF-based metamodel (representing the

AST) -

onstraints 2 8

® An Antlr parser instantiating dynamic EMF- sonstans |38
models

® An Eclipse text editor plugin providing alode %E

® syntax highlighting

® An outline view, Recipes =8
pe <5

[« 7]

o

® syntax checking

® as well as constraints checking based on a Check g
. Model =
f”e, as a|WayS 0AW Transformation '“o:l;—':

. open |
€C| Ipse ©2006-7 Vblter, Efftinge, Kolb = w w w.openarchitectureware.org Archﬂec’we
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Model-Driven Development with openArchitectureWare

® The grammar (shown in
the boostrapped editor)

dece

describes t
root eleme

"ztatemachine™ name=ID
[entryhictions+=Aotion) *

"{ rr

[transitions+=Transition) ¥
[ExXitlActions+=Action) ¥
[states+=dbstractitate] *

"} ";

Ahstract Abstractitate =
Compositeitate | 3tate;

Itate
state™ namwme=ID
[entryhActions+=Action
[transitions+=Transition| *©

"{ rr

States conta

jexitliotions+=Action) ¥ transitions

"} ";

Aotion
" name=ID;

Transition

event=ID "->" state=ID;

Assigns an
indentifier to
a variable
(here: state)

efclipse ©2006-7 Vélter, Efftinge, Kolb

The first rule

of the AST

a number of
entry actions,

LL
® The generated eCore Metamodel | =
AST model
= #% textualsm
he =~ H CompositeState -= AbstractState Gl'ap_hical LEL
nt =t ckates : AbstrackState Editor o
=~ H abstractstate
= name : ESkring
&3 transitions ; Transition 5 B
Rule 2 exitAckions : Ackion . o
names will 52 entryActions © Ackion Constraints ‘g ﬁ
become B state -= sbstractState
the AST H action
classes = name : EString
=~ H Transition Code z 2
D= state : EString Generator <8
_ O event : ESEring *
N
@
Recipes % -%
o a
o
Model = E
Transformation '“o: l;—':

These
variables will
become
attributes of

Textual

Editor

.openarchitectureware.org

———

open |
Architecture
e Ware
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Textual Editor 1V

® You can define additioal constraints that should be Metamode!

validated in the generated editor.

® This is based o

® |.e. These are constraints like all the others you’'ve

n oAW’s Check language

already come across

#| textualsm.ecore 23

™ Resource Set

=l #]| platform:fresource/oawd.demo.xtext, statemachir

El- 8 textualsm
EI E stateMachine

EN"EJ name : ESkring

- ghabes  AbstrackState

E-H Compositestate -> AbstractState
5-----.5'..:} skates : AbstractState

----- H state -= AbstractState

E-H action

E i name : EString

El-H Transition

?m-tﬂ state : EString

w3 gvent ESkring

=~ abstractstate

EN"EJ name : ESkring

-2 transitions © Transition

; ‘o2 exitActions ; Ackion

o 2 entpyActions : Ackion

« | 3

import textualsm:

extension org::openarchitectureware: (st i T3

context State WARHIHG "The states name should begin with an upper case letter" Code

nate ..matches (M[L-Z]+. %™ ;

context 3tate WARHIHG "The state "+name+" is never referenced™ :

eContainer.eContents.get (0)==this ||
allTransitions|() .exlsts (t|t.state==nawme) ;

context Compositeltate WARHTHG
"The composite state "4nawe+" has no child staces™ @

states.sizex0;

context ibstracti3tate ERROR "Duplicate 3tate "4name:
allibstractitates|) .select(e|e. name==name) .3ize==1;

context Transition ERROR "Unkown Ztate "+this.state :

state (] '=null;

context Transition if state () '=null ERROR
"The state "+this.state+" is not visikle from here.™:
state (] .eContainer == containing3tate|).eContainer;

[T

=

w

Graphical LEL

Editor 0]
=
[3]
Constraints % o

-

=]

Z8

Generator 'E, l:;-.‘

W
2

Recipes <5

[= 7]

[v'd

Model = E
Transformation '“o: v

. Textual
_>|_| Editor

efclipse ©2006-7 Vélter, Efftinge, Kolb
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i ta 0 Cav_ o aE=_ = w
editor and it’'s outline view Metamodel | &
w
B *cd-plaver.tsm X : ifnralem N | B2 outline 52
statTchine CdPlayer have =@ Off ) ,
initial state @ powerSwikchPressed -= On
state Off { fee;\zg]r% @ @shutDown G.-Eaclf'l:ical le-
fzhuthown - =@ Open itor o
powerSwitchPressed -» @ openClosePressed -= 0N
1 i @ powerswitchPressed - = QOFfFf
state Open | @ @claseTray
RopenTray @ @openTray g ﬁ
openclosePressed - On =l @ Composite On Constraints <2
] power3witchPressed -> Offf = @ openClosePressed - > COpen °0
BoloseTray ik State OFFF @ powerswitchPressed - = OFf
1 } @ @checkCD
£ =l @ Stop
* pomposite state /n @ playPressed -= Pla o
oo Constraint o p@srupplawng " G Code Z5
) - P enerator -y
statemachine On /| @ Play x
AcheckCD e\{aluated @ skopPressed - Stop
openClosePresaxa - inLreal @ pausePressed -> Pause
| powerSwitchPressml - time @ i@startPlaying -
¢ children =l @ Pause . = g_
state Stop @ stopPressed -3 Stop Recipes 'g 'g
fatopPlaving @ pausePressed - Play o
playPressed -> Play @ @pausePlaving
| '
state Flay {
Rotartl'laying Model = .g
stopPressed -> Stop Transformation '“o:l;—':
pausePressed -> Pause
| '
state Pause {
@pauseFlayving
stopPressed - Stop Textual
pausePressed -> Play Editor
¥
. w

. open |
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® The tool chain we’ve just shown provides an end-
to-end solution for MDSD,

® Completely Open Source
® Using standards wherever worthwhile,

® And pragmatic solutions wherever necessary.

® To get the tools, go to
® www.eclipse.org/emf
® www.eclipse.org/gmf

® www.openarchitectureware.org,
www.eclipse.org/gmt/oaw

® THANK YOU.

[T
Metamodel =
w
Graphical LEL
Editor 0]
=
1]
Constraints % o
°0
Code = E
Generator 'E, l:;-.‘
@
Recipes % -%
[= 7]
o
Model = E
Transformation '“o: v
Textual = '5
Editor i
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