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Model-Driven Development — From Frontend to Code

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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Model-Driven Development — From Frontend to Code
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How does MDSD work?

gclipse

Developer develops model(s)
based on certain
metamodel(s).

Using code generation
templates, the model is
transformed to executable
code.

Optionally, the generated
code is merged with
manually written code.

One or more model-to-
model transformation steps
may precede code generation.
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Model-Driven Development — From Frontend to Code

Goals & Challenges

® Goals:

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

. open ,
dclipse © 2006 Volter, Efftinge, Kolb -5- W W w.openarchitectureware.org Archttectdere
TPENACRECErTWArD 51g are




Model-Driven Development — From Frontend to Code A

Roadmap for the two Sessions

® We will start by defining a metamodel for state @ Metamodel | %
. machines, based on the UML metamodel
C
°| ® We will then build a graphical editor for state Graphical | i
0 machines using the well-known UML-based Editor o
" notations.
“1 ® We will then add additional constraints (e.g. @ constanes | 33
That states must have different names) 35
® Next up will be a code generator that creates S
a switch-based implementation of state Generator | S &
machines in Java.
“| ® Recipes help developers with the imple- iy ]
S mentation of the actions associated with states. P38
®
o| ® We will then cover model-to-model Model |3
n transformations and model modifications. Transformation | ' &
® Finally, we will built a textual editor for @ Tetual | 3§
rendering the state machines textually. Bditor | ok
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Model-Driven Development — From Frontend to Code

Defining the Metamodel

dclipse

A statemachine 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
Modelling Framework.
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Defining the Metamodel 11

Model-Driven Development — From Frontend to Code

gclipse

L
Metamodel =
w
H Marmed ~ - )
Ay H CompositeState “-__|H stateMachine N
-..| name i
= . Grap_hlcal =
T\;E [~ Editor 5]
;\n.i . ) .
/ L — -
; B <
J,-"r ) _,»*’f - Constraints E o
transitions stafes R oS
S g N
A o o “
: -~ "'--.-\'"'\-\._
=] Transitiun{,x"#‘ _,,----"‘f . g 5
-~ ot Transitiors - AbstractState Artion
Event ] : Code = g
guard s - _ kind Generator <a
T ] actions %
e InTrarEtions
g AR
from @
fz Recipes E %
; o @
/ X [
/
3
7 \ \_ Model = g
NS Transformation | § [~
H startState H stopState H state
Textual = E
. <2
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Defining the Metamodel 111

Cw——

|L;, Resaurce Set

=8| iplatform: fresourcefoawd, demo.gmf . statemachinemodel/statemachine? . ecore!
=8 statemachine2
El H mMamed
- narme ; ESkring
----- E StateMachine - > Compositestate
=+ H CompositeState - State
----- 55 skates : AbstractState
“e 6 prangitions @ Transition
= E abstractstate
----- 52 inTransitions : Transition

----- &3 outTransitions @ Transition
w53 actions ; Ackion

----- B state -> abstractState, Mamed

----- H startState - = AbstractStake

----- H stopstate - AbstractState, Mamed

= E Transition - = Mamed

----- 5* from ; AbstractState

----- 5* to: AbskrackState

----- = event : EString

= guard : EString

=B action -= Named

- T kind : Actionkind

=¥ Actionkind

b = ENTRY =1
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The metamodel
IS defined using
EMF.

EMF provides
tree-based
editors to define
the metamodel.

The metamodel
has its own
project called
oaw4.demo.gmf.
statemachine?2

= EXIT=2

Problems | Jawadac | Declaration | Consaole m

Propert:

Abskrack

Defaulk Yalue
ESuper Types
Instance Class Mame
Interface

Mame

gclipse
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Model-Driven Development — From Frontend to Code

Defining the Metamodel IV

£ Java - statemachine2.genmodel - Eclipse SDK
File Edit Mavigate 3Search Project Generator Diagram Services Samples Run Window  Help L
Metamodel =
oG8 %00 |BSHG- (82 (B0 5 060 Z
[£ Package Explorer &2 Hierarchy|JUnit| | = <,=3=“{) T = -
[#-T=F naw
=5 'n"J oty oawd,demo.gnmf.skatemachingZ  [cvs.sourceforge.net] Gensrate Edit Code
I : ;lllE 5.v5[§em L|I;rar3.lf [idk1.5] Cenerate Editor Code L Graphical LEL
i Plug-in Dependencies Ekate .
o o Generake Test Code Editor o
E-2H madel
(-3 statemachineZ.constraints Open Ecore. . ed
: ) statemachinez ecore 1.5 (ASCII -kkv) Open Gentodsl.,
4 statemachinez ecore_diagram 1.2 (ASCIT -kky) Mamed X
i [t stabemachine?, genmaodel 1.4 (BSCIT -kky) Set 30O Defaults c int = g
B3-5% src-man Fun A » onstraints -g =2
-2 META-INF ¢ Debugés v o
build.properties 1.2 (ASCIT -kkv) Team 4
|5 plugin.properties 1.1 (ASCIT -kky) Corpare With L4
----- A pluginixrnl 1.2 (ASCIT -kky) Replace With »
[l]---",'—_‘,J; nawd,dema,gmf . statemachinez . diagram -
1722 nawd,demo.grif, statemachinez, edit & Undo Code = E
724 naws.dema.gmf. statemachine?. editar W redo Generator o niE
—‘_,J- oawd,dema,gmf,skatemachinez, etc  [cvs.sourceforge.net]
'LL—‘_‘J- =oawd.dema.gmf.statemachinez .example [cvs.sourceforge.net] °g‘ s
—‘_,J- =oawd,dema,gmf.statemachineZ .generator  [cvs. sourceforge. net] = Copy
—‘_|J- =oawd,demo, gmf,stakemachineZ.gmf  [ovs,sourceforge.net] ﬂ Paste "
1= »oawd,dermo,gmf . statemachinez slides  [cvs.sourceforge.net] g g.
—‘_|J- oawd,demo. xtext.stakemachineZ  [cvs,sourceforge.net] X Delete Recipes <G
—‘_,J-oaw4.demo.xtext.statemachinez.editor [cws.sourceforge.net] Refresh o é
—‘_Jr org.eclipse,gmf . examples runtime, diagram, decorator  [dev. eclipse.org] Sy D i
® Note that we have t te th model [ Mode! on| 5
ote at we nave 10 Create e genmaoael as we Transformation | < ©©
ranstormation | o l;
et
Textual =X
® This i f h hical edi K Bditor | 3
This is necessary for the graphical editor to work.
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Model-Driven Development — From Frontend to Code

Building the graphical Editor

® The editor is based on the metamodel defined Metamodel | =
before.
® A number of additional models has to be defined: Graphical | &
Editor o
® A model defining the graphical notation
® A model for the editor’s pallette and other tooling concraine | 3 5
onstrainis -q:_g
® A mapping model that binds these two models to °
the domain metamodel
Code Bg
® A generator generates the concrete editor based on Generator | 3 &
these models.
Recipes %%
14
® The editor is build with the Eclipse GMF, the
Graphical Modelling Framework. Model |2
Transformation | 5 l;—:
Textual 3‘3:1
Editor Sk
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Model-Driven Development — From Frontend to Code

Building the graphical Editor 11

EMF GMF Metamodel %
[}
Metamodel
Graphical LEL
Editor T]
Graphical Notation
-
Constraints E §
°o
! EMF Genmodel Mapping Model Tool Definition
H H =
; ; — Code s c
-._I — Generator E Qo
W
g
Recipes <5
[= 7]
x
..edit ...editor i GMF Gen Model
; Model = g
i Transformation | S (>
..diagram -
Textual =X
Editor Sk
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Model-Driven Development — From Frontend to Code

Building the graphical Editor 111

® We use another project for the GMF models from Metamodel | =
which we’ll create the editor:
oaw4.demo.gmf.statemachine2.gmf
Grap_hical LEL
® This project contains all the additional models we Bater 1 ©
talked about before:
El‘j‘J =oaw4, dema,amf.skatemachingz. gmf  [ovs, sourceforge. net) Constraints % g
-2, IRE System Library [jdk1, 5]
-
,_{_, statemachinez.gmfgen 1,11 {ASCII -k
0 statemachinez,gmfgraph 1.7 (ASCID -kky) -
W statemachinez,gmfmap 1,10 (ASCII -kky) Ge?"lz::tor % E
) statemachinez, gmftool 1.6 (ASCIT -kky) ol
Recipes E %
° &
Model =2
Transformation '.5';.: l;—:
Textual = E
Editor SE
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Model-Driven Development — From Frontend to Code

Building the graphical Editor 1V

- - = TR
® The gmftool model contains the definition of the Metamodel | =
palette that will be used in the editor.
CYmm—— Graphical | &
Editor o
|L;, Resource Set
= Y iplatform: fresourcefoaved, demao, gmf  statemachineZ .gmf /modelstatemachineZ , gmfkool;
= % Tool Registry
= 4 Palette State Machine . = S
: @
- 4 Creation Tool Stats Constraints g ﬁ
: ‘< Bundle Image platform: /plugingoaws . demo.gmf  statemachinez et ficons)state . gif
EI *’»} Creation Tool Transition
; il Bundle Image platform: jplugin/oawd, demo.grif statemachine 2. etcficons/transition. gif
El*i} Creation Toal Start Skate Code =2
: e Bundle Image plakform: jplogin/oavs, derno,gmf, statemachines, et ficons/start, gif Generator g &
Elﬁ':* Creation Tool Stop State x
‘< Bundle Image platform: /plugin/oaws, demo,gmf  statemachinez et ficons/stop. gif
EI *::* Creation Toaol Composite Stake
‘< Bundle Image platform: /plugin/oaws . demo.gmf  statemachinez . ete ficons/compst ate . gif 2
b Creation Tool Ackion Recipes x %
o
é
® We h tion tools for all the relevant R
€ nave creation toolis 10r a e reievan | Z5
Transformation | g v
metamodel elements.
® Each of these tools has a nice icon associated. rotual | =%
o
Editor SE
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Model-Driven Development — From Frontend to Code

Building the graphical Editor V

(B statemachinez.gnigraph X w
Metamodel =
|L;. Resource Set w
E|-‘$=- Carvas
= -¢’- Figure Gallery default .
=- 4 Rounded Rectangle StateRectangle ® Th e F | g ure G al I e ry Graphical LEL
E-{-"- Label StateMamelabel . . Editor O
% Constant Colr black contains the figures (as well
‘o Constant Colar lightGray - -
= 4‘* Polyline Connection TransitionFigure aS th e I r aSSOC I ate d I abe IS)
----- < Label TransitionLabel =
----- < Polyline Decoration { Shapes Constraints E §
(< Polyline Decoration RE °0n
‘oo Constant Color darkGray .
- 4 Elipse StartStateFigure ® LI ne Style
§ s RGE Color 0
E|*¢* Elipse StopStateFigurs o COIO rs Code = E
bt < RiaB Color 0 g ®
: ) Generator oo
[l <+ Rounded Rectangle CompositeStateRectangle . ”
{ E <¢.- Label Statehamelabel ® DECO ratl ons
i1 < Constant Color black
‘e Constant Colar lightGray Y D = N d "
-4+ Rectangle Sctionfeckangle I ag ram O es re p rese nt Reci g_
----- 4 Mode StateMode I 1 ecipes <o
[= 7]
----- 4 Mode StartStateMode th e Ve rtl Ces I n th e g rap h x
----- 4 MNode Stopstatetlode that is being edited.
----- 4+ MNode Compositestatemode
----- < Mode ActionMode
""" 4+ Cannection TransitionCannection ® CO m p a rt men tS can be Model % g
----- 4 Compartment SubStateCompartment = Transformation | g L
_____ G —— — defined as parts of Nodes.
----- < Diagram Label StateMameliagramLabel
----- < Diagram Label TransitionDiagramlLabel [ J i
----- < Diagram Label ActionDiagrarmlabel CO nn eCtI O n S p I ay th e ro I e Textual = %
of the edges in the graph. cator | 31
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Model-Driven Development — From Frontend to Code

Building the graphical Editor VI

(P statemachinez gifmap. X W

|L;, Resource Set

- e platform:fresourcefoawd, demo, grf, statemachinez, gmf fmodelfskatemachine . grfrmap
=4 Mapping
El 4 Top Mode Reference <states)State))StateMode =
-4 Mode Mapping =5Stake/statefode =
e Label Mapping
<+ (Child Reference <actions{Action)fActionMode =
-4 Mode Mapping =Action/Actionfode =
b Label Mapping {0441
e Compartment Mapping <ActionCompartment =
[ 4 Top Mode Reference <skates{StartState)/StartStateMode =
4 Top Mode Reference <states)StopState))StopStateMode =
4 Top Mode Reference <states(CompositeState)CompositeStateMode =
El S| ink. Mapping
b e Label Mapping {0+
‘e Canvas Mapping
[+-#| platForm:resourcefoawd . demo.gmf, stakemachine?modelfstatemachine? ecore

[+ k=] platForm: fresourcefoawd . demo.gmf, statemachine, gmffmodelfstatemachinez . amfgraph

;5:5 platform: fresourcefoawd, demo, gmf, statemachinez . gmf fmodel/statemachinez , gmftool

Selection | Parent | List | Tree | Table | Tree with Columns |

- o
Problems | Javadoc | Declaration | Console (._. Properties &4

Property | Yalue

[= Domain meta information
Containment Feature
Element
Source Feature
Targek Feakture

=] Misual representation
Appearance Style
Conkexk Menu
Diagran Link,

Tool

< EReference kransitions
< EClass Transition

< EReference From

<= EReference to

< Creation Tool

e.'C”pse © 2006 Vélter, Efftinge, Kolb

< Connection TransitionConnection

L
Metamodel =
We map nodes and @
links.
We include all the | ocraphica | &
Editor T]
other models so
they can be
=
I’efe renced . Constraints E §
o
(5]
Better editors will
become available Code 2
by GMF final Generator | § &
From that, we K
- @
. o
generate the editor Recipes | 25
- (13
plugins:
'O'jd oawd,demo,gmf,statemachinez  [covs.sourceforge. net] -
T oawd, demo, grnf, statemachine2, diagram Model . E g
-2 o awe. demo. grif . statemachine2. edit Transformation | g L
- oawd,dema, grf, skatemachinez  editor
j‘J oawd,demo,gmf.statemachinez etc  [cvs.sourceforge.ne
L’_jd =oawd, demo, gmf,skatemachinez, example  [ows.sourcef
il .
-~y =oawd.demo.gmf.skakemachine?, generator  [ovs.source -
"":_—j' =oaw4,demo,gmf, skatemachineZ gmf  [ovs.sourceforge, T::;L‘;?I % l:_',:

W Ww w.openarchitectureware.org

open ,
Architecture
PONAICRASCIT TWAND O Ware



Building the graphical Editor VI

. - . . L
® Here is the editor, started in the runtime Metamodel | =
workbench, with our CD Player example.
i *cd-player statemachine2_diagram 232 = B[ 5= outlire &2 =0
o||=Palette — » & [P Graphical LEL
Select .
IEZ::; ° Editor T]
[= Mote - L =
4 On () State
& Start State
(® Stop State
L [F=) Compasite State ﬁ
PN . ¥ Fauee Q Action Constraints E 2
[FENTRY fshutDown - - o
EMTRY fpauseRlaying N Transition [&]
Overview
Pane
Code = g
Tool > Generator <a
% Open - Palette s
& ~ 1
E;J;Tﬁ\élfaosgir:aﬁav ENTRY /stopPlaying
< Play
ENTR{startPlaying g
Recipes < %
These rectangles °2
are to demo y)/\
decorations © N\
Problems | Javado g LY / Model \ ’E}:v - =
Element =
Appeatance ) PropertieS / Model . %: g
Advanced e [ value [ Transformation | g =
= EMF »
In Transitions < Transition powerOFF, Transition
I - T -
Quk Transitions <4 Transition powerOn
= WView
Layout Constraint 4
e Textual 2 X%
Editor SE

gclipse
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Model-Driven Development — From Frontend to Code

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.
® Formally, constraints are part of the metamodel. tator | 3
® A constraint is a boolean expression (a.k.a predicate)
that must be true for a model to conform to a metamodel. =%
Constraints q:o o
® Constraint Evaluation should be available °
® in batch mode (when processing the model) .
Code -
® as well as interactively, during the modelling phase in Generator | 3 &
the editor
... and we don’t want to implement constraints twice Recipes Eﬁ
to have them available in both places! °
® Functional languages are often used here. Model 2 ¥
Transformation '.5';.: l;—:
® UML’s OCL (Object Constraint Language) is a good
example,
® We use o0AW'’s check language, which is alike OCL eitor %f-f
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Model-Driven Development — From Frontend to Code

Constraints 11

H .5 aawd,dema,gmf,statemachinez  [cvs.sourceforge.ne e
® Constraints are put 7 oy et e | Forge.net] Motamodel | £
Into the statemachine?2 e
project, the same as é---gﬁ?;del
|-t statemachineZ . constrainks : w
the metamodel. ~ [E} Statemachine.ext 1.1 (ASCII -kkw) G.E;?::al %
----- |C} StatemachineBatchErrars.chk 1.1 (ASCIT -kky)
* StatemachineBatchErrors G2y, i
are Used in batCh Va|ldatI0n ..... #) statemau:h?nez.ecu:ure_diagram 1.2 (ARSI -kkx) . = x
T [t statemachinez.genmodel 1.4 (ASCIT -kky) Constraints .g o
mode (automatically evalu- 7 srcmen o
. META-IMF
ated every 2 seconds in the 5} buddpropertes 1.2 (ASCI1 4k
- - |5 plugin.properties 1.1 (ASCIT -kky) =
edito I") ..... i1 Elugin.zmlpl.E (BSCII -k G C°det 5 E
enerator o
® StatemachinelLiveErrors prevent erratic modellings
In the first place. p
Recipes E %
°e
Model =2
Transformation '.5';.: l;—:
Textual 2%
Editor SE
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Model-Driven Development — From Frontend to Code

Constraints 111

- - , u
® Here are some exa s written in oAW’s Checks Metamodel | =
Iang uage . For which elements
is the constraint is
rr . R
|[¥] excampleFromEME, oaw applicable.
Graphical w
Ii_mpurt statemachines; E'I:?itor g
context StateMachine ERROR "ZItates must have unicgque MNames™
statez.typelelect (State) . forill (2l| !statez.typelelect (3tate).
exizta(=2] (21 '= =22) ££ [(2l.namwe == =2.name) )):
-
context Named if !'Transition.isInstance(this) ERROR this.metaType. hame+™ must he named™: Constraints % 3
this.name != nuall; Oﬁ
context Startitate ERROR "no incoming transitions allowed™:
this.inTransitions.=size == 0O; Error message
text 3 3 ERROR ™ it 17 GEEs °
Con ex_ tartitate : .start sState must transition Expression is Code s %
‘ ‘ = ions.size == 1; Constraint false Generator og
ERROR or Expression
WARNING
® Note the code completion and error highlighting © -
@
. o
a3 Junexpected koken: nl if !Transition.isInstance (this] ERROR this.metaType.n b.me+" Recipes 'E 3
thig.name !'= null:; —
context Start3tate ERROR "no incoming transitions allowed™:
thisg.inTransitions.size == 0; Model B-E
@ ackions Lisk - AbskractState - o Transformation 'g .;—:'
nuntexi_: = @ compareTolObject) Inteqer - Object & out transition®:
this. o eplicontents Set - EObject
@ eContainer ECbject - EChject
context 3 o srontents List - EObject llawed": -
this. . . . Textual =X
& eRoobZontainer ECbject - EObject Editor % i
& putTransitions List - AbstractState j *
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Model-Driven Development — From Frontend to Code

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
Graphical LEL
® \We wrote our own ConstraintEvaluators and Bder | ©
plugged in the oAW CheckFacade.
® We used AspectJ to weave in Adapters into the EMF Constraints | %
°o
Factory
® We wrote a watchdog that does the batch code |22
evaluations whenever the model does not change for Generator | 3 &
two seconds. CYmm—
® Also, you have to Recipes | 5 5
. Gen Diagrarn StateMachineEdit '-rt °©s8
make tWO Important E| + etmodeITySatecine_?QEditHeIper £
- - 4’ Figure Viewmap org.eclipse,drawzd, FreeformLayer
adJustmentS In the i Genc:?:zll\h::eF\ctionl-lcl:-tpadrt ’ F
gmfgen model | B 4 Gen Child Node StartStateZEdiPart Tran::g?:-.lation %E
Selection | Parent | Lisk | Tree | Table | Tree with Colurns | x
Problems | Javadoc | Declaration (: Properties 23
Propert | Value
Walidation Enabled Lt brue
Walidakion Provider Class Mame '= Skatemachine2ValidationProvider Textual = E
:;asllldaTtIi;n Provider Priarity :%?:dium Editor % |;
visual ID Registry Class Mame '= StakemachinezvisuslIDReqgistry
open
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Constraints V

Model-Driven Development — From Frontend to Code

® |n this model there

are two errors

® There are two
states with the
same name (Off)

® The start state has
more than one out-
Transition

® The validation is
executed automatically

Clicking the error
message selects
the respective
“broken” model
element in the dia-
gram.

gclipse
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4+ 0On
":P Off .
EMTRY fshiutDowm
EMTR
4 Off
4 Stop
EMTRY jopenTray -
EXIT /closeTray EMTRY /stopPlayig
E
|
[=1 Problems &3 Javadoc | Declatation | Properties |
Z errors, 0 warnings, 0 infos {Filker matched 2 of 18 items)
Description  ~ | Resource | Path | Locakion |
3 start state must have one out transition cd-player.st... oawd.demo.gmf.statemachi... CdPlayer...
@ states must have unigus Names cd-player.st... oawd,.demo.gmf.statemachi... CdPlayer

L
Metamodel =
w
Graphical LEL
Editor o
-
[3]
Constraints E o
°0
Code = g
Generator E l:;.‘
@
Recipes E %
[= 7]
o
Model = g
Transformation '.5';.: v
Textual = E
: < 2
Editor oK
open
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Spenarhenchronare o5 MVENE



Model-Driven Development — From Frontend to Code

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 R
source code.
® |n openArchitectureWare, : Constraints | § %
| CompiositeState (3]
we use a template e
language called xPand. .
g g i - e Code %g
. G t o
® |t provides a number of N N N
advanced features such as
polymorphism, AO support L Recipes | 3 &
and a powerful integrated - T s :
- ‘/I’lt '['-5
expression language. 7
Model =2
® Templates can access Transformation | 3
metamodel properties «DEFIHE Switchﬁ*sedlmpl FOR StateMachines:
Seam|ESS|y «FOREACH states.typelelect (State) AS = Textual = -
public static final int «=.constant Editor %Iﬂ
«ENDFOREACH: *

. open ,
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Model-Driven Development — From Frontend to Code

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: R
® GoF’s State pattern -
Constraints g§
® |f/Switch-based t 35

® Decision Tables

] Code %g
® Pointers/Indexed Arrays Generator | 5 &
® We will use the switch-based alternative. It is —
neither the most efficient nor the most elegante Recipes | § &
alternative, but it’s simple. =
® For more discussion of this topic, see vodel |32
Practical State Charts in C/C++ by Miro Samek Transformation | o
Textual 3‘3:1
Editor SE

. open ,
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Model-Driven Development — From Frontend to Code

Code Generation 111: Pseudocode

® (Generate an enumeration for the states Metamodel | =
® (Generate an enumeration for the events
® Have a variable that remembers the state in Cpmeal | =
which the state machine is currently in.
® Implement a function trigger(event) which Constraints | 5 5
°5
® First switches over all states to find out the
current state =
Code 5 =
® Check whether there’s a transition for the Generator | o &
event passed into the function
® If SO, Recipes %%
o
® execute exit action of current state,
® Set current state to target of transition Model =
Transformation '.5';.: l;—:
® Execute entry action of this new current state
® Return ¥
Textual =X
Editor Sk
® And also handle nested states ©

. open ,
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Model-Driven Development — From Frontend to Code

Code Generation 1V

. ElT;_—':I; =oawd.demo.gmf.skatemachine2 . generator  [cvs.sourceforge.net] "
® The generator is located = 7 > - Metamodel | =
) EFj =oawd.demo.gmf, stakemachinez. recipe w
In the oaw4.demo.gmf. i torlc
- -t aspecks
StatemachlneZ.generator i) .ﬁ.clsil:uns.xpt 1.2 (ASCII -kk)
- [T Ewents.xpt 1,2 (ASCIT -kky) Graphical o
prOJeCt ----- (Ed Generatn:nprutil.ext 1.4 (ASCIT -kkad :Ea'l'-l:itt;cra g
|TH Rook.xpt 1.3 (ASCIT -k
] There are a number Of ----- [T} statemachine.xpt 1.3 (ASCII -kkv)
i “o|TY States.xpt 1.2 (ASCID -Klev)
code generation - trafo s
----- (B generateFromaMF . oaw 1.4 (ASCIT -kl Constraints 'g 2
templates ----- (B} generateFromText.oaw 1.1 (ASCIT -kky) ©
----- (I generatorBackend.oaw 1.3 (ASCIT ko)
: - |5 log4i. properties 1.1 (ASICIT -kky)
® EXtenS|0nS are aISO -H siriplleF;Ml.jecDre 1.2 (ASCIL -k Code = E
defined. et Genorator | 3 &
B i
® There are also workflow B T 15 (s
files (.oaw) that control N fec z 8
ecipes -g g
the workflow of a generator run. <
® Different workflow files contain different “parts” of -2
Model £
the overall generator run and call each other. Transformation | §
® Workflow files are in some small way like ant files.
Textual = E
Editor SE

. open ,
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Model-Driven Development — From Frontend to Code

Code Generation V

[T Actions.xpt Statemaching xpt X
3 ~ Namespace and ) H L
IMPORT simple3M
:EXTENSIDH templ:ltes: 1GeneratorTti Le Extension ImpOI’t The bl u e teXt IS Metamodel E
«DEFINE file FOR StateMachines generated Into
«FILE kasePath()+"/Abstract+name. coFirscUpper () +". java™» .
ckage «basePackage()»! S the targ et fl I e .
shstract class «implBaseClassNa N ; i . e ()= { Graphical LEL
ame is a property . . Editor
< <<StatesEnu.mN§.me []=» currenty Of the State_ . Th e Cap I tal I Zed o
te hoolean terminated = false: 2
Machine class
public void handleEvent [ «eventsEnunlame () » Ve WO rdS are
if [ terwinated | throw new BuntimeException( "this stn iz terwminated!™ J: P d k d
-
gwiteh | currentdtate | { X an eywor S Constraints E g
«FOREACH states AS s-» o ﬁ
case gs.short3tateld() =:
<<FIJRE;CH s.transitions»ns T . BIaCk text are
Ko rap if [ event == «t.event.eventId(this Ca.”S another
EXPAND executeTransition(this)
S, template metamodel o a3
} -
the states «EXPAND handleIllegalTransitions p rOpertleS Generator g L
of the +«ENDFOREACH: x
State_ hreak; // bhreak out if no suitakle transition has heen found!
Machine /s ® DEFINE...END-
W
Extension Call @
. o
pukbilic «st.atesEnu.mNam DEFI N E bIOCkS RECIPES <5
return currentItate; are Cal I ed Q é
Template
name Like methods in OO, tem p I ates .
R ENDREE L templates are -
! : Model = c
associated with a . . o
«DEFIHE handlelllegalTransition FOR StateMi (meta)class ® The Wh0|e th | ng Transformation %: L
«EHDDEF IHE .
Is called a
«DEFIHE executeTransition(3tateMachine sm) FOR Transitions -
e e 16 o tem plate file. -
this.«a.methodlame (1= (1 Textual = 5
«EHDFOREACH: Editor {O =
current3tate = «to.stateld(sm) = »
«EHDDEF IHE

. open .
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Model-Driven Development — From Frontend to Code

Code Generation Vi

® One can add behaviour to existing Metamodel | =
metaclasses using oAW’s Xtend language.
— | t . w
r Simplell; n&:rr]rll:)eosfpiu?e > G:Ea'l'-?i:;cral g
String basePathi) ! bhasePackage () Extensions are
String basePackage() : "de.jax": typically defined ~
for a metaclass Constraints E E
Jtring constantWame (Hated this) : name.tolUppe oﬁ
String mwethodilame (Action this) | name.toFirstLower Extensions can also
have more than one
SJtring implBaseClasslame (StateMachine this) 03 i parameter
String implClassName (StateMachine this) T name.td : Code gg
String folwmplBaseClazslame (StateMachine this) @ bhazePackage ()1 +". "+imp lBaseC lazsalamme () ! Generator EE
String £fqlmplClasslame (StateMachine this) ! basePackage (1 +". "+implC lassName [ ) *
® Extensions can be called using member-style Recipes §§
syntax: myAction.methodName() «
® Extensions can be used in Xpand templates, wodel | =2
Check files as well as in other Extension files. Transformation | 3
® They are imported into template files using the
EXTENSION keyword Tt |28
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Model-Driven Development — From Frontend to Code

Code Generation Vili

® Workflow loads the model, checks it (same Metamodel | =
constraints as in Editor!) and then generates
code.
A component is a Graphical =
|E| Generatarl ,,step* in the Editor O
workflow
<workflow=
<oomponent class="oaw.emf.XniReader ">
EmetaHDdElFile walue="statemachine? .ecore™/ > I ISy G Constraints ;‘§
_ i _ parameters are < c
<mwodelFile walue="5{modelFile} " > passed in (5]
<output3lot wvalue="mode 1"/ >
<firstElementinly valuse="trus"/>
</ component> -
We invoke the Code z6
<component class="oaw.check. CheckComny same check file as Generator o ":,';
<metaModel id="mm" class="org.ope in the editor EmfMecalodel™x
<metaModelFile wvalue="statemachine ;
</metaModel> p
<checkFile walue="statemachinez : tconstrss ; T—=wgBatchErrors"Ts s . g
<expression value="model.eslllContenp This starts the Recipes E'g
</ component> first, ,,top level* o
template
<component id="generator”™ class="oaw.Xpany mIponErrors="true">
<metaModel idRef="simple3M" /> Model g‘g
<expand wvalue="templates::Root:::root FOR ${=lot}™ > Transformation g.ﬂ
<genPath wvalue="3{src-gen: "S> x
<adirices value="tenplates: taspects: :Logging™/ >
<bheautifier class="org.openarchitectureware.xpands.output.JavabBeautifier™/ >
</ component> Textual > ES
</ workf lows Code is Editor SE
automatically

beautified

. : open ,
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Model-Driven Development — From Frontend to Code

Recipes |

® There are various ways of integrating generated Metamodel

code with non-generated code:

c)

generated code

N, .
eclipse © 2006 Vélter, Efftinge, Kolb

d)

non-generated code

e)

L
=
w
Graphical LEL
Editor o
-
[3]
Constraints E o
(=]
Q
Code = E
Generator ‘g': n.x
]
]
]
' g
]
| Recipes E -%
| °a
| o
]
(-l
Model = E
Transformation '.?;.: v
Textual 2%
’ < [
Editor oK

open .
wWw w.openarchitectureware.org A chltectﬁgree



Model-Driven Development — From Frontend to Code A

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 tator | 3
“completing” the generated code with manual
parts. .
onstraints z 8
® This works the following way: constrans |35
® As part of the generator run, you instantiate
checks that you write to a file , Code ﬁ
® After the generator finishes, the IDE (here: -
Eclipse) loads these checks and verifies them .
against the complete code base (i.e. Generated + Recipes | 3 &
manual) °e
® |If things don’t conform to the rules, messages .
are output helping the developer to fix things. Transformation | % 2
® For example, in the state machine case, actions -
must be implemented in subclasses. Tt |28
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Model-Driven Development — From Frontend to Code

Recipes 111

e ‘ S
Here’s an error that suggests that | extend my Metamodel | =
Graphical LEL
Editor T]
£ Package Explorer 23 Cutline — q:f; ¥ = O 4] cdrlayer.java 22 =g
; 1 model ;I package de.jax; ;I
: 2 workflow
Eﬁ SrC-gen public class CdPlayer { x
- E-HE dejax . =u
- [J) AbstractCoPlayer.java 1.3 (ASCII kkv) ¥ Constraints 'g 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 =stC-man
» ; i o
Recipes can be k) G Codet z E
arranged I-khkv) enerator o
hierarchically
b 1 = Terpes
t;,—j- mo.gmf . skatemachinez, generator  [ovs sourceforge.ne W
mxd ‘Acener aref cksbarnachina? nref Teue conweaforaa ekl _ILI _ILI = @
. o
< i B A - Recipes <5
[ q q A " Ay M3 O o a
Prnhl%s | lavadoc | Declaration | Propettias | History B O g | o
EI@ org.eclipse.emf.ecore.impl.EQbjectImpli@ 10849be (eClass: org.eclipse.emf.ecore.impl.EClassImpl@1 344 I Marne I Yalue I
- @ Faor the State Machine CdPlayer vou have ko providexan implemetation class named de.jax. CdPlaver o type org.openarchitecturewars. recipe,ed. .
------ @ your implementation class has to extend the general \base class de.jax. AbstractCdPlayer & i i e recipe.uti...
8 tlassMarne de jax. CdPlayer Model = -E
& element rq.eclipse.emf.ecare.impl. EObjectl. .. Transformation 'g .2
e 2 projectMame 1 Ng, demo.gmf, statemachinez exa. .. =
,Green‘ ones o
supertypeMame
This is a can also be
failed check hidden ol Here you can see
: ; Extend the generated base class oA AosractCdPlayer i add!tt_|0na|b . Textual = ‘5
InnTformation a o_u Editor g |;
the selected recipe
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Model-Driven Development — From Frontend to Code

Recipes IV

= L
® | now add the respective extends clause, and Metamodel | =
the message goes away — automatically.
Graphical LEL
E] Package Explorer &3 Outline| - o = =B m\ =0 Editor o
v_% model ;I package de.jax: ;I!
-G workflaw
Elz_% src-gen public class CdPlayer extends AbstractCdPlayer {
ElEFJ‘ de jax x5
U_‘, abstractCdPlayer.java 1.3 (ASCIT -kky) B Constraints E 3
4 CdPlayeractions.java 1.3 (ASCII -kky) [+] 5
£ |1} CdPlayerEvents.java 1.1 (ASCIL e
14 CdPlayerStakes.java 1.3 (ASCIT -kky)
-5 =src-man
Ei »de.jax
Bl =CdPlayer java 1.1 (ASCI -kkv) Code 2
H-gl) CdPlaverTest.java 1.1 (ASCII -kky) Generator g E
[#H-B JRE System Library [jdkl 5] - ]
gl simplifiedMade. i
|Rj statemachine. recipes
EEI--t]_—‘j- z=oawd, dermao.gmf, skakemachine?, generator  [ovs.sourceforge. ne
Sord . - -
|f|| 25 mmawd darme amf cbabarmaching® AP Tewe cnnweaforos .-.T1 _>|J LI _PIJ . g §
Recipes <G
Prnhlems‘Javadoc|Dec|aratinn‘Prnperties‘History ﬂEl Recipes &4 il ) },‘5 ¥ =08 o é
=@ org.eclpse.emf.ecore.impl.EObjectImpl@10849bc {eClass: org.eclipse.emf.ecore.impl.EClassImpl@134e4| I Mame I Walue 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, uki, ..
2 classhlame de.jax. CdPlaver o
& element org.eclipse.emf.ecore.impl.ECbjectT. .. Model g E
o projectName oawd,demo.gmf, statemachinez exa... Transformation %: ';
o sypertypehlame de.jax. AbstractCdPlawver
Adding the extends
. clause makes all of i
them green Gse class de jax. AbstractCdPlayer -
Textual =X
Editor SE
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Recipes V

® Now | get a number of compile errors because | have Metamodel | =
to implement the abstract methods defined in the
super class:
M&vadnc|Declarati-:-n|F‘ro|:-erties|Hist-:-ry|Re-:i|:-es| }—:b ¥~ =08 Gl;;:_lt'lical LEL
7 errars, 0 warnings, 0 infos (Filker matched 7 of 130 ikems) itor ©
Descripkion |Resource |Path |Locatic-n |
@ The bype CdPlayer musk implement the inherited abstract method CdPlaverActions. checkCD() CdPlayer.java  oawd,demo.gmf.statemachi,.,  line 3
@ The type CdPlayer musk implement the inherited abstrack method CdPlaveractions. closeTrayy  CdPlayer.java  oawd.dema.gmf.statemachi,..  line 3
@ The type CdPlayer musk implement the inherited abstrack method CdPlaveractions.openTray()  CdPlayer.java  oawd.demo.gmf.statemachi,.. line 3 x
B et s ot et e sl o) T e constrants | § B
@ The type CdPlayer musk implement the inherited abstrack method CdPlaverActions, startPlayingly CdPlayer.java  oawd.dema.gmf.statemachi,..  line 3 ©
@ The type CdPlayer musk implement the inherited abstrack method CdPlaveractions,stopPlaving()  CdPlayer.java  oawd.demo.gmf.statemachi,.. line 3
] ] ] ] ] Code 5 g
® | finally implement them sensibly, and everything is Generator | 5 &
ok.
® The Recipe Framework and the Compiler have guided Recipes | Z 5
- - 14
me through the manual implementation steps.
® |f 1 didn’t like the compiler errors, we could also add Model T
B, . - . . < 0
recipe tasks for the individual operations. Transformation | o &g
® 0AW comes with a number of predefined recipe
checks for Java. But you can also define your own Textual | 2
. >
checks, e.g. to verify C++ code.
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Recipes VI

e ’ i i i I <
Here’s the implementation of the Recipes. This Metamodel | =
You extend one of a ) "
number of suitable Graphical =
base classes Editor o
package oawd.demo.gwf.statemachinel .recipe;
Fimport Jjawva.util.ArrayList:[]
public class RecipeCreator extends AbstractExpressionRBecipeCreator | g -
. [¥]
. . Constraints <2
Boverride ...and override a o0
protected Collection internalCreateRecipes (Express suitable template
3tring project) | method
List<Check> checks = new ArrayList<Check={):
Chiject sm = facade.evaluate ("this™);
String nawe = (String) facade.evaluate ("nawe") Code g
Generator E o
ElementCompositeCheck ecc = new ElementCompositeCheck (s, *
fztatemachine implementation must be completed. ™) : You can then create
checks.add| ecc )@ any number of
checks.
String iwplClassMame = [(String) facade.evaluate ("foglimplClassiawe () g 3
String iwplBaseClassName = (3tring) facade.evaluate ("fqlwplBaseC lassMName () ") Recipes < %
JavalClassExistenceCheck extCheck = new JavallassExistenceCheck | o é
"for the State Machine "+name+" you have to provide an implemetation class nawed "
+itplC lassNate,
project, iwplClassNamoe ! Thi h k
ecc.addChildl extCheck ) ; L L e -
Java3upertypeCheck superCheck = new Java3upertypeCheck that a class extends Maodel g c
"uyour implementation class has to extend the generated Ps another one Transformation 'g .2
+itplBaseC lassName, =
project, implClassName, iwplBaseClassMName |-
ecc.addChild| superCheck |:
return checks;
) And return the -
checks to the Textual S E
} framework Editor S %
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Model Transformations |

EMF

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

Graphical
Editor

GMF

® Often used for stepwise refinement of models and
modularizing generators

® |Input/Output Metamodels are different Constraints %E
® Model Modifications are used to alter or
complete an existing model code |z T
Generator EEE
® For both kinds, we use the xTend language, an
extension of the openArchitectureWare expression .
language. Recipes | £ %
14
® Alternative languages are available such as
Wombat, ATL, MTF or Tefkat (soon: various QVT Model | %2
Transformation | 5 v

Implementations)

Textual
Editor

oAW
xText

. open ,
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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)

eXtension statewmachinesz: iconstraints:3tatemachine:

Extensions can
import other
- extensions

AddEmergencyShutdown. ext X

import statemachinei:

StateMachine modifviStateMachine =m)
. transitions.addill (sm.allConcreteitates () .createTransitioni))] ->
sm.states.add (createlhuthowvn (] —->
=m;

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

private create State this createlhutDown()
setMNawe [ "EmergencyihutDown™) »

private create Tranzition this createTranzsition(3tate =)
setEvent ("Error™) ->
setMName ("Aborting™) -—-»
setFromis) -»
setTo (createlhuthown () ) ;

Therefore
createShutDown()
will always return
the same element.

gclipse
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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,

dclipse

because the abstractions are more general.

We will show a transformation which transforms
models described with our GMF editor into models
expected by the generator.

Metamodel

EMF

Graphical
Editor

GMF

oAW
Check

Constraints

Code
Generator

oAW
xPand

Recipes

oAW
Recipes

Model
Transformation

oAW
xTend

Textual
Editor

oAW
xText

open
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Model Transformation 1V

. - L
® \We want to transform from the editor’s Metamodel | =
(1 = bJ
metamodel ‘statemachine?2’ to the
’ [P ’
generator’s metamodel ‘simpleSM
Graphical LEL
Editor
GEMEZSimplast ©
import statemachine:;
extension statemachinel::constraints: :3tatemachine; L d We need to ‘normalize’ > X
extension org::openarchitectureware: :util: : Io; composite states. Constraints <2
o
(&)
i | . .
create simplelN::S5tatelachine createldtatewachine (3tateMachin ‘ State_s _mher't outgo!ng
setName [sm.name] —> transTotnstfrom their
setlInitial3tate (sm.concreteltate () .createi3tate()] 1 -> RIS ERNES -
states.addill (sm.allConcreteStates () .createState ()] —» Ps For those transitions the Code = s
aetions.addill (sm.elllContents. cypelelect (Aoetion) cnawe.crg 0 1 axijt actions are inherited, Generator o E'E
events.addill (sm.edllContents.typelelect (Transition) . event too
private create simpleSM::State createState(State 3] @ = Unify action and event -
setMawe (5. name] - elements with the same Recipes E‘
transition=s.addill (s.allfutTransitions|) .createTransition name pe '§ 8
o
private create simplelMN::iction createlction(3tring n)
setlame (1) ;
Model =2
private create simplei3lM::Event createEvent (String n) Transformation 'g .2
setName (n) ; *
private create simplell::Transition createTransition(Transition t,3tate 3)
actions.addill (allictions(s,t.to.concreteitate ()] .name.createdotionl) )l —-= Textual = ..;‘
zetEvent (t.event.createEvent (1] -> Editor % IE
zetTo(t.to.concreteitate (] .createldtate() ) ; »
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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 Bder | ©
able to come up with editors for textual
Syntaxes . Constraints E E
°0
® These editors need to include at least
® Syntax hightlighting Code z 2
Generator EEE
® Syntax error checking
® Semantic constraint checking _ =8
Recipes <G
°¢
Model =2
Transformation '.5';.: l;—:
Textual 3‘3:1
Editor SE
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Model-Driven Development — From Frontend to Code

Textual Editor 11

® We use oAW'’s textual DSL generator framework Metamodel | =
XText
® Based on a BNF-like language it provides: Graphical | i
Editor o
® An EMF-based metamodel (representing the
AST)
. =3
. .- ) c t 2
® An Antlr parser instantiating dynamic EMF- eretens 133
models
® An Eclipse text editor plugin providing olode %E
® syntax highlighting
® An outline view, =8
Recipes .g-g
® syntax checking &
® as well as constraints checking based on a Check .
ﬁle’ as always OAW Trangg?r‘:ulation %E
Textual 3‘3:1
Editor SE
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- T8
® The grammar (shown in ® The generated eCore Metamodel | =
the boostrapped editor) AST model
PAL The first rule = #8 textualsm
literal describes the =~ B CompositeState -+ AbskractStake Grap_hical LEL
“ root element =t skakes 1 AbstrackState Editor ©
"ztatemachine™ nsune=ID "{' of the AST = E AbstractSkate
[entrylotions+=aAction) * = name : EString
(trs.ms1t%nns+=Tra1.151tlnn] * oaF transitions : Transition
(Exitictions+=Action) = Rule names o3 exibAckions : Ackion Constraints = §
. fstates+=ﬂbstract5tate] z will = entryactions @ Action - 5
; become the H state -> AbstractStake
AST classes H action
Abstract Abstractitate = = name : EString
Compositeitate | State; — E Transitian Code E
= skate : EString Generator E a
Atate i