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Overview

1. Some examples of (Multi-Formalism) Modelling

2. Domain-Specific (Visual) Modelling — DS(V)M
e What/Why of DS(V)M (and DS(V)Ls) ?

3. Building DS(V)M Tools Effectively
(a) Specifying syntax of DS(V)Ls:
e abstract (meta-modelling)

e concrete (visual)

(b) Modelling Reactive Visual Modelling Environments
e multi-formalism
e nesting/scoping of behaviour

e glue reactive behaviour, syntax check and layout

(c) Specifying DS(V)L semantics: transformations
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(d) Modelling (and executing) transformations: graph rewriting

4. DSVM examples
e step-by-step, in a tool

e Formalism Transformation uses
5. Semper Variabilis: dealing with evolution

6. Conclusions
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Available Information,

Questions to be Answered, ...
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Need Multiple Formalisms: Power Window
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The Model

Check Heguirement &
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Window Swilches

Control

Window Hechanics

Obstacle Effects

Visualirationl

www.mathworks.com/products/demos/simulink/PowerWindow/html/PowerWindowl.html
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Semantics of Coupled Models

e Super-formalism subsumes all formalisms
e Co-simulation (coupling resolved at trajectory level)

e [ransform to common formalism
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Multi-formalism coupled model:
co-simulation

I Msub_3 I

CoupledModel
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Co-simulation of multi-formalism coupled

Hans Vangheluwe

models

Sub-models simulated with formalism-specific simulators.
Interaction due to coupling is resolved at trajectory level.
Loss of information.

Questions can only be answered at trajectory level.

Speed and numerical accuracy problems
for continuous formalisms.

Meaningful for discrete-event formalisms (beware of legitimacy !).
Basis of the DoD High Level Architecture (HLA)
for simulator interoperability.
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Multi-formalism coupled model:
multi-formalism modelling

I Msub_3 I

CoupledModel
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Formalism Transformation Graph

PDE

Process Interaction
Discret Event

Sysiem Dynamics
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state trajectory data (observation frame)
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Multi-formalism modelling # co-simulation

Hans Vangheluwe

. Start from a coupled multi-formalism model. Check consistency of

this model (e.g., whether causalites and types of connected ports
match).

. Cluster all formalisms described in the same formalism.

. For each cluster, implement closure under coupling.

Look for the best common formalism in the Formalism
Transformation Graph all the remaining different formalisms can
be transformed to. Worst case: trajectory level (fallback to

co-simulation).

. Transform all the sub-models to the common formalism.

. Implement closure under coupling of the common formalism.
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Domain-Specific Modelling Example

— = -

NATQO's Sarajevo WWTP

www.nato.int/sfor/cimic/env-pro/waterpla.htm
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DS(V)M Environment

T WEST Experiment - cost
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www.hemmis.com/products/west/
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Why DS(V)M ?
(as opposed to General Purpose modelling)

e match the user’s mental model of the problem domain

e maximally constrain the user (to the problem at hand)
= easier to learn
= avoid errors

e separate domain-expert’'s work
from analysis/transformation expert's work

Anecdotal evidence of 5 to 10 times speedup
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DS(V)M Example in Software Domain
smart phones, the application

_— LConference
swr-@registration

Daily pa..
Sa 104
i T2: Jackson
Z T3: Holland
.| T4: Cohen
.| TT: Dawson
[:, Cancel

MetaEdit+ (www.metacase.com)
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DS(V)M Example: smart phones,
the Domain-Specific model

Lt Application: Conference replstratbon. May 26, 2004, 14:19
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Model-Based Development:
Modify the Model

small modification

model transformation —— | _app

\/

Hans Vangheluwe

model’ transformation —— | app

hv@cs.mcgill.ca
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Model-Based Development:
Modify the Transformation

model transformatio} app

small modification

\/

model transformation ——— | app’

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework



Divide and Conquer:
Transformation may be multi-step

Usual advantages ...

Hans Vangheluwe
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Building DS(V)M Tools Effectively ...

development cost of DS(V)M Tools may be prohibitive !

we want to effectively (rapidly, correctly, re-usably, ...)
1. Specify DS(V)L syntax:
— abstract = meta-modelling

— concrete (textual/visual)

2. Modelling Reactive Visual Modelling Environments
— multi-formalism
— nesting/scoping of behaviour
— glue reactive behaviour, syntax check and layout

3. Specify DS(V)L semantics:
transformation

4. Model (and analyze and execute) model transformations:
= graph rewriting
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Hans Vangheluwe

= model everything
(in the most appropriate formalism,

at the appropriate level of abstraction)

hv@cs.mcgill.ca

Old and New Bits and Pieces of a CAMPaM Framework
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Dissecting a Modelling Language

{ Modelling Language }

(Formalism)

Semantics
T

{Semantic Mapping } -

Concrete

= [~
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Modelling Languages as Sets

Meta-Models

Transformations

model of transf

model of

model of [[.]]

Semantic Domain

model of

model of

Concrete Syntax

Abstract Syntax (set A) model of

([.1]
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Hans Vangheluwe

Last year’s (more complete) version
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Hans Vangheluwe

value : FLT

value=EXP

:Signal

name=STR

hv@cs.mcgill.ca

var
[ISTR]]
abs=T

:Signal

name=y
vals=[...]

|

:Const

:Signal

:Delay l

value=2

name=c
vals=[...]

1

:Signal

name=u

vals=[...]

Old and New Bits and Pieces of a CAMPaM Framework
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From now on: tool view using AToM?*

@Tool for Multi-formalism and Meta-Modeli@

\\@lr logos are mc@ 3

hitpffatom3.cs.megill.ca

Jfatom3.cs.meal
Aftributes:
8 T = String
(Zonstraints:

Attributes:

ar |- To=trng

Actions:
=

: A2 : A0 M2 hyled

Visit MSDL at http://msdl.cs.mcgill.ca -
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Hans Vangheluwe

A model in the PacMan Formalism

Your score ‘
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Modelling Abstract Syntax (meta-model)

Cardinalities:
- To gridNodeCenter: 0 to 1

- From gridNodeCenter: 0 to 1

\7

gridNodeCenter

Cardinalities:
- To gridNodeCenter: 0 to 1
- From gridNodeCenter: 0 to 1

Cardinalities:

- To gridBottomV3: 0 to N

- From gridBottomV3: 0 to N
- From pacLinkVv3: 0 to N

- From foodLinkV3: 0 to N
- From scoreLinkV3: 0 to N
- To gridLeftV3: 0 to N

- From gridLeftV3: 0 to N

- To gridRightV3: 0 to N

- From gridRightV3: 0 to N
- TogridTopV3: 0to N

- From gridTopV3: 0 to N

- From ghostLinkV3: 0 to N

ghostV3

ghostLinkV3

Cardinalities:
- To ghostLinkV3: 0 to N
Cardinalities:
- To gridNodeCenter: 0 to N
- From ghostV3: 0 to N

gridRightV3

Cardinalities:
- To gridNodeCenter: 0 to 1
- From gridNodeCenter: 0 to 1

Cardinalities:
- To gridNodeCenter: 0 to N
- From pacmanV3: 0 to N

pacmanV3

Cardinalities:
- To pacLinkVv3: 0 to N

Hans Vangheluwe

gridBottomV3

Cardinalities:
- To gridNodeCenter: 0 to 1
- From gridNodeCenter: 0 to 1

hv@cs.mcgill.ca

scoreLinkV3 ScoreBoard
Attributes:
Cardinalities: - score :: Integer

Actions:
> create
Cardinalities:
- To scoreLinkV3: 0 to N

- To gridNodeCenter: 0 to N
- From ScoreBoard: 0 to N

foodLinkV3

Cardinalities:
- To gridNodeCenter: 0 to N
- From pacFoodV3: 0 to N

pacFoodV3

Cardinalities:
- To foodLinkV3: 0 to N

Old and New Bits and Pieces of a CAMPaM Framework
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Modelling the Scoreboard Entlty

(v Editing Class3

naime

cardinality

attributes

Constraints

Actions

display
Ahstract
QOCA

Graphical_Appearance edit |

|S|::|:|reEh:|ard

Edit scorelinkV3 dir= Source, min= 0, max=I

~|

Hew ||score type=Integer init.value=0

Edit

-~

Mewr

Edit

-~

Hew |/create : from pacCo

Edit

-~

edit

L

edit

oK Cancel
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Synthesis of Code from this Desigh model

class ScoreBoard(ASGNode, ATOM3Type):

ASGNode.__init__(self)
ATOM3Type.__init__(self)
self.graphClass_ = graph_ScoreBoard

def __init__(self, parent = None):

self.isGraphObjectVisual = True

self .parent = parent

self.score=ATOM3Integer(0)

self.generatedAttributes = {’score’: (’ATOM3Integer’ ) }
self.directEditing = [1]

def clone(self):
cloneObject = ScoreBoard( self.parent )
for atr in self.realOrder:
cloneObject.setAttrValue(atr, self.getAttrValue(atr).clone() )
ASGNode.cloneActions(self, cloneObject)
return cloneObject
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Meta-modelling: model-instance morphism

Hans Vangheluwe

Y
PNPlace
name type=String init.value=
tokens type=Integer init.value=0

or ...

evel M2: model

a model of the Petri Net formalism,
an INSTANCE of the Entity Relationship formalism

tran2pl

pl2tran

PNTransition
name type=String init.value=

hv@cs.mcgill.ca

transition

evel M1: data

a Petri Net,
an INSTANCE of the Petri Net formalism

©
place2

Old and New Bits and Pieces of a CAMPaM Framework
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Meta-meta-...: Meta-circularity

Meta-Models

Transformations

model of transf

model of

model of [[.]]

Semantic Domain

model of

model of

Concrete Syntax

Abstract Syntax (set A) model of

([.1]
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Modelling Ghost Concrete Visual Syntax

b icon Editor - AToM3 [=]x

Fle Edit Scripting

Rl=|/7|0 &

_____

> | [

— Vi
P~ | -

T HEENCT TR NN RN
!!&....;ﬂﬁ!ﬂu..rr-.... y
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Hans Vangheluwe

PacFoodLink Concrete Visual Syntax

# Get nl, n2 end-points of the link

nl =

n2 =

o
N
il

self.in_connections_[0]
self.out_connections_[0]

and g2 are the graphEntity visual objects
self.graphObject_ # the link
nl.graphObject_ # first end-point
n2.graphObject_ # second end-poing

# Get the high level constraint helper and solver

from

oCc =

Qoca.atom3constraints.0OffsetConstraints
import OffsetConstraints

OffsetConstraints(self.parent.qocaSolver)

# The constraints
oc.CenterX((gl, g2, g0))
oc.CenterY((gl, g2, g0))
oc.resolve()

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Synthesize + Customize Buttons model

New: Edit New Help

New gridNodeCenter W

New ghostV3 New pacmanV3 New pacFoodV3 1 New ScoreBoard

Note: create vs. execute
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<Reset>

(create)*

Default

DChartActions

<Composite Button>
<Create>*

Composite Mode

<Orthogonal Button>
<Create>*
(0]

rthogonal Mode

<State Button>
—
7 <Create>*

State Mode

<History Button>

<Create>*

History Mode

|[opow Jnoiaeyaq suoling



Hans Vangheluwe

Can now build valid PacMan models ?

Your score 0 ‘
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Model the GUI's Complete Reactive

Behaviour !
in the Statechart formalism

Olnmal

Start

Active Event Loop

Mation

ah Selecion Add To Belection

/ inish Selection Mew Selection
V4 /_i_/CQMmmn
// Fimah Seleoton Remove From Selection

N - Matinn
Finish Drag
N Drag Modes

Delete

\\—————_—_CD Motion
Finish Scale

Scale Entity

Motion

Enahbled Events

Reset Scale

Mation
Finish cale Reset Scale
Scale Text
Postscript
Select Paint
Maotinn
Bounding Box Edit
et AT O Arrowy Editor’
Sha Edit Arrow
h Points Wotian
Default
Rollback Insert Point )
Drap Paint Select Paint Active Point
Toggle Snap
hole Snap Popup Menu )
Edit Properties Mation
Move Label Toggle Mowve Label Toggle
Motion Smooth hove Do
Rollback mnve Hp ot
i Drop Point ove Rig
OE"“ Mo Gnap Mowe Left

hv@cs.mcgill.ca

Additive Selection
Arraw Optimizer
Clear Canvas
Close Metarmadel
Copy

Copy Attributes
Create Mew Arrow
Cut

Delete

Deselact All

Edit Arraw

Edit Properies
Exit

File Menu

Force Layout
Fresh Selectian
Layout Menu
Madel Action
Model Menu
Mation

Move Down

Maove Left

Move Right

Move Up
Megative Selection
Open

Open Metamodel
Options

Paste

Paste Attributes
Popup Menu
Fostscript
Reboat

Recent Metamodel
Recent Model
Redo

Reset

Save

Save As

Seale Selection
Select All

Show Console
Smooth

Smooth Default
Snap Grid Toggle
Source Paths
Spring Layout
Start Drag
Toggle Label Drag
Trans. henu
Undo

Zoom Layout

[EVENT] = Start

[EWERT] > Create Mew Arrow
[EWENT] = Toggle Snap
[EWENT] = Mation

[EWENT] = Mation

[EVENT] > Drop Paint
[EVENT] » Reset

[EWENT] = Additive Selection
[EWENT] = hation

[EWENT] = hation

[EWENT] = Finish Selection
[EWENT] > Pastscript
[EVENT] = Select Paint
[EVENT] = Mation

[EWENT] > Done

[EWENT] = Done

Old and New Bits and Pieces of a CAMPaM Framework
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The GUI'’s reactive behaviour in action

| Mnen bdetamndel ! \
Statechart Virtual Machine - Thomas (Nov. 2003)
Enabled Events | Output | Edit A
Delete W [CEVENTI > Start
Done [EWVEMT] > Edit ﬂrrow
Exit [EWEMT] > Inszert Point Arrow Editor
Motion it &)
Move Down Insert Poirn
Move Label Tozzle Defadlt Select Paint
Move Left
Move Right
Mowve Up
Reset Fopup rend
_| zmooth
/ it Fropertie
= MiwE CaRel Toggle
Command |
7| |
[~ Show State Hierarchy ||napsh
|
Place OtherPlace

challenge: what is the optimal formalism to specify GUI reactive behaviour ?
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Optimal formalism: need more modularity !
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Example with nesting: DEVS

ﬁ{ﬁ“ﬂi’epr it value=
'b.m-lnllq-ur inkiralue=0 st 'ﬁ-!-;:‘c..-,-,w INF

r Inftvaluo=0 s TEI\ iy iaﬂ'.q-u:uer-.-:ﬁc fi
l.w-u- Inheges inlt yakie=0 -

gk \qum}n-ﬂ

bsize - sl timeElapsed

b
sl ke sai OUT, PR STon)
urts Cre A M, gm%ﬁuﬁﬁg Iy s e guattue - sl nk\J DI'E*HF.‘I}
T
ierlpm:a'-‘;i:i':ﬂ_ﬂ. Jiobi saii 521, 5!!5.“” aell peka{$sL DISCARD, selqueve]-1]] {seliqueve)=0

BEpot

pi

generaior
! Procossor

 Generabar

ARD
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Example with nesting: DCharts

mmpg
Mﬁ
WiistWatch T AFTERI) I "’”*';“'F""Ef:c,]] T: AFTER(1)
T AFTER[1) T: AFTER(1) A
A: (DU

Az [OUMPrel

A [DUMBFThrontsyefresh’)]

T: wpRightPressad
P sab e,

QoD gt

T stop ffor_adit
T: stop{chrano T: stop_chrpno_refresh

T: start_chrpno_refresh

T: start_from_edit T- AFTERY

A: [DUMPulsatindigo” 0y ressed
T: start} chrono

sindigo)
T: AFTER{1.5)
A: [EVENT( stop_tme_refresh”)]
[EVENT{"stop_for_edit™)] L
Ftop [contraller. stanSelaction()] T: AFTER(D.3)
Erono A: [EVENT( stop_chrona_refresh’)] Drat Tt
[EVENT{"stan_time_refrash’)] Hispley Timeiriam

ezal
c #[contraller resatChrono()]
: [DUMPresetChrano’]]

T: bottomLgitReleased T hctn}fiprc'ssc-:

(el bty
= [EVENT{"stop_time_refresh’)]
< [EVENT{ =tart_chrono_refres)
- #[controller.refreshChronoDisplay()]

- [DUMP"cantrollar. refreshChronoDispla

T: bottomRightPressed

\ Editing
\ T: bottom

T: AFTER(5)

T: bostom RightRefeased pased

piftRefeased
; bottomleftReleasaed

T: boftomLefth
Az [controller.refriyg
[controller. setAlarmi)]

T: exitfdit M =tar_from_edt

T: bottomPightPressad T: botemRightReleased
A: [EVENT{ top_chrana’)] \

T: AFTER(2)

mmDisplay()]

LefiReleased
hhitPressed
T: bottomRightReleased

A: |[EVENT(stop_fime_refresh’]]
A: [EVENT{ start_chrora™]

[controller. stanSelaction()]

Hans Vangheluwe hv@cs.mcgill.ca
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Modelling Reactive
Visual Modelling Environments

e multi-formalism, encapsulated
e nesting/scoping

e glue reactive behaviour, syntax check, and layout

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Scope Hierarchy

Scope A

Scope B

Scope C

Scope E

Scope F

Scope D

Hans Vangheluwe hv@cs.mcgill.ca
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Hans Vangheluwe

Nested Event Propagation

Scope A
T

Scope B

/N
Scope C Scope D
/ \
Scope E Scope F
wOcs megilca Old and New Bits and Pieces of a CAMPaM Framework
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YA

TC_BChar

[awbures:

‘Composie_bock : LayoutType
~Orhogonal_block - LayoutType
globalAtibutes : GlobalAtrutesType
fontPaints._per_pixel : Foat
horizontal_text_scale : Foat
Vertica_text_scale - Float
defautStateColr : Sting

- normalStateColor : Sring

Float

nomalsateStpple : Sring
HiddenComposieColor : Sting
shownCompositeColor - Sting
IMutipiciies:

To DC_DChanContains: 010 N

ToDC_Orthogonal: 1101
From DC_Composie: 1 (0.1

5C_DChartContains
utiprees

To DC_StckyNote: 010 1
From DC_DChart: 0to 1
To0C_Composite: 0101
ToDC_Basic: 0101
ToDC_Port 010 1
ToDC_Senver: 0101

o orogonal

[Fpures:
name : Sting
hidden - Hidden
IMutipicies:
From DC_Orthogonaly: 010
ToDC_Contans: 0

1

Do Bae

001

[pioutes:

IMutplcites:
From DC_Contans: 010 1
From DC_StclsTo: 010 N
From DC_DChaContans: 010 1
From DC_Hyperedge: 010 N
ToDC_Hyperedge: 01o N

From DC_Composie: 010 1
From DC_Orthogonal- 010 1
To0C_History: 0101
00C_Basic: 0101

Ipibutes:
name - Sting
vigger : Sting
proty - Ineger

DCHston

broadeast o' Strng

[Rbutes:
name : Strng

- star : Boolean
useSimpleicon - Boolean
idden : Hidden
IMultpiciies:

- From DC_Contans: 0101

- From DC_Hyperedge: 010 N

multle_transiions - Lis
| -contuercon - percgerype
IMuttpicies:

ToDC_Basic: 0101
From DC_Composite: 010 1
From DC_Basic: 010 1
ToDC_Composie: 010 1
ToDC_History: 0101

5C_Composite

[rcrbures:

IMutipicites:
~To DC_Orthogonaliy: 010 N

To DC_Hyperedge: 010 N

- From DC_Hyperedge: 010N

oCpar

[prbures:

From DC_DChartConiains: 010 1
From DC_SiicksTo: 010 N

connecion

swing

FromDC_Port 1101

D Server

[Frbutes:

IMutipicies:
From DC_Serverport: 01o N
From DC_DChartContains: 010 1
From DC_SicksTo: 010N

iem : Sting

BC_STeRyNoE

DC_SicksTo: 010N
- From DC_DChartContains: 110 1

oC._SicksTo

olipreTes
TobC_Composite: 0101
~From DC_StickyNote: 010 1
To DC_istory: 010 1
ToDC_Basic: D101
ToDC_Server: 0101
TooC_Port: 0101

swiea8el( sse|D) ul [ppow-edw suey)(



Hans Vangheluwe

Overall DChart Modelling Environment

Behaviour

Create DChart Entity+

MNew Arrow

<layoutRequest:

<Control-ButtonPress-3= [Done]

(create)* <layoutRequest=

Default serviceLayoutRequest+

zControl-ButtonPress-1=*

<DCharSelect-"

<Edit="

<Arrow Created>*

Rollback®

<Any-Motion=*

Drop Point”

Snap Points® Drop Foint

Toggle Snag

Toggle Snap®

No Snap" Drop Point

[Done]

<Any-Maotion=* Drop Point2

Rollback®

hv@cs.mcgill.ca

Old and New Bits and Pieces of a CAMPaM Framework
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Hans Vangheluwe

“DChart Transition” Behaviour

<Edit>*

(create)

Default*

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework

49



“DChart Composite” Behaviour

[didConnect]

Default* hierarchicalConnect* hierarchicalDisconnect*

(create)

[disconnected]
[stayedConnected]

Idle requestLayoutOnOldParent* requestLaypoutOnParent*

(loadModelCreate) dNotConnect]

<layoutRequest> (loadModelConnect)

NoParent

rent [notDropRoot]

History

[Done] <DChartSelect>*

<DChartDelete>

>0

Request Drop* finalLayoutRequest*

[Request drop]

serviceLayoutRequest+ <DChartDrop>

14
<Edit> Edit*

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework



“DCharts (Force Transfer) Layout”
Behaviour

|dle

Default O\

<Create=*

<applyLayout=

[requestParentLayout]

FTA® shrinkWrap® requestLayoutOnParent™

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Graph Grammars
to Specify Model Transformations

Rationale:

Models are often graph-like = natural to express model transformation
by means of graph transformation models.

Ehrig, H., G. Engels, H.-J. Kreowski, and G. Rozenberg.
Handbook of graph grammars and computing by graph
transformation.

1999. World Scientific.
Tools:

GME/GReAT, PROGRES, AGG, AToM3, Fujaba, GROOVE, ...
First two used (and Fujaba) in large industrial applications.
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Model Operational Semantics using GG

v Editing GraphGrammarEdit M

WARMIMG: Mame must use Python variable syntas
Hame \pacGrammar

Hew | pacDie 1
pacEat 2
Rules Edit | pacMoveRight 4
pacMovelp 4
LB | pacMoveDown 4

InitialAction _| Enabled?

FinalAction _| Enabled?

L_LA

Ok Cancel

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework



PacMan Die rule

‘W Editing GG ruleEdit m X
WARMIMG: Mame must use Python variable syntax
Hame pachie
Order 1
TimeDelay 2
subtypes Matching? _|
LHS Edit
RHS Edit
Condition _| Enabled?
Action _| Enabled?
OK Cancel

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework



Hans Vangheluwe

PacMan Die rule LHS

hv@cs.mcgill.ca

Old and New Bits and Pieces of a CAMPaM Framework
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Hans Vangheluwe

PacMan Die rule RHS

hv@cs.mcgill.ca

Old and New Bits and Pieces of a CAMPaM Framework
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Hans Vangheluwe

PacMan Eat rule LHS

hv@cs.mcgill.ca

Old and New Bits and Pieces of a CAMPaM Framework
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PacMan Eat rule RHS

1
IIIIII IIIIII 2

scoreBoard = None
scoreBoards = atom3i.ASGroot.listNodes[’ScoreBoard’]
if (not scoreBoards):
return
else:
scoreBoard = scoreBoards[0]
scoreVal = scoreBoard.score.getValue()
scoreBoard.score.setValue(scoreVal+1)

scoreBoard.graphObject_.ModifyAttribute(’score’,scoreVal+l)

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Hans Vangheluwe

PacMan Move rule LHS

hv@cs.mcgill.ca

Old and New Bits and Pieces of a CAMPaM Framework
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Hans Vangheluwe

PacMan Move rule RHS

hv@cs.mcgill.ca

v

Old and New Bits and Pieces of a CAMPaM Framework
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(+)
(+)

(+)

Hans Vangheluwe

Specifying /Executing Transformations

using Graph Grammars
Models are often Graph-like

Visual specification (documentation)
For insight/debugging: execution + visual display
For performance: execution on data structures in memory

Little or no programming knowledge required (allows
understanding/modification by domain-experts)

Does it scale up ?
Yes, need to use modular GGs (e.g., GReAT, PROGRES)

Performance is bad ! (due to sub-graph matching)

But sometimes no alternative

— model transformation for graph-like models

— don't want to code matching yourself

But give (domain-specific) hints to kernel (Marc Provost’s thesis)
But use as specification for manual implementation

— executable specification = reference implementation

— automatic generation of unit tests

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Modular Graph Rewriting:
Control Structures

Transformation ExpressionRef Expression
<=Folder=> |e =<=Reference>= » <=Model>>
D--* |
0"y | |
CompoundRule Test PrimitiveRule
<<zModel>> 0.%| ==Model=> |e <<Model=>>
-
ForEach - bool ForAll : boal
| | [
Block ForBlock Rule Case
==Moda|>= <=hoda|== o= == ffodal== 5= ==Modal>>

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework



GReAT Control Structures: Sequence

EIR

P |
| @ (al=T ) | R CRE
[.IP‘ 4 o tgp - ﬂtﬂ]

Rule1 Rule2

(a)

< [E ‘ R|R|[R
oo losle
l“m L 2

Lllui orld
o= = ccil lﬂu’ ed ou:-ﬂ]

Rule1 Rule2
(b)
SREEEER
i ::] [il - Do g D Dy | Py Py
R (6 = iR OR
o= P nr:l:Jl tum b
Rule1 Hulez

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework



Hans Vangheluwe

GReAT Control Structures: Nesting

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Hans Vangheluwe

Current work:
use DEVS as control framework

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Formalism Transformation Example:
Model/Analyze/Simulate Traffic Networks

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Un-timed and timed Traffic meta-model
(a UML Class Diagram)

Capacity

+ name: String
+ capacity: Integer

1.*
,,,,,, CapacityOf
+ updated: Bool
yO0..*
Source 0.1 Source2Section 0. RoadSection Section2Sink Sink
+ name: String ControlledSection 0.1 + hame: String 0.1 0-* 4 name: String
+ num_vehicles: Integer » +num_vehicles: Integer | 5 « + num_vehicles: Integer
+ infinite_supply: Bool g 0 f + state: {normal, added [«
k3] - , removed} FlowTo
2 o |
0.1 0|0.*
- — X . 0.*
TimedSource TrafficLight ‘ TimedRoadSection }<— TimedFlowTo
+ inter_arrival_time: Float + State: {green, red} < 0.* "]+ length: Float
Z% 0.1 0.1 + velocity_limit: Float
Synchronized
TimedTrafficLight
+ timing_red: Float
+ timing_green: Float
Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Hans Vangheluwe

Traffic Concrete Syntax
(the

Ic 1 Editor - ATohs

File Edit Scripting

Capacity Entity)

/

‘ I_IIIIEII_I_IIIIIIII_IIII
O O OO OO

I

L Zoom: 100% 2i0.000 241.00 J

hv@cs.mcgill.ca
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Synthesized Traffic
Visual Modelling Environment

AToM3 0.2 2berliner using: Traffic

File Model Transformation Graphics

Traffic Model ops Editentit_l,ll Connect | Delete | Inzert model | Expand model Exitl
; Smooth | Insert point | Delete paint | Change connectar

road_section

1

ekil_to_Morth
.source’

-

_.‘ID ] 4 ﬂ/@

T Length [Km)i0.1
sink

“Wel. Limit [Kmsh) 50.0
@pacity

Length [Km]0.1 T Lenath (Km)05
capacity of &l Limit [K.m/h) 5.0 el. Limit [Km/h) 50.0

GREEM 1

O+
cle_source \
: I IAT k0.1

To Petri Nets Length (Kfoos  INterSEEtion_capacity
{untirmed) Vel Limit [Kmgg) 30.0

@4‘ i

Ta Petri Nets hd

i
{timed) -
exl_to_South
[ ]

Simulate!

Length [Km)0.025
el Limik (Kmédh) 30.0

i

|Edi1ing transf. Monamed' (hot rmodified) in file TWonam

|Editing i _mdlpy (mmodified)

Hans Vangheluwe hv@cs.mcgill.ca
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Hans Vangheluwe

Modelling Traffic’'s Semantics

choices: timed, un-timed, ... (level of abstraction)

denotational: map onto known formalism (TTPN, PN)
... good for analysis purposes

operational: procedure to execute/simulate model

... may act as a reference implementation

note: need to prove consistency between denotational and
operational semantics if both are given !

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Place-Transition Petri Net Abstract Syntax
(UML Class Diagram formalism)

PetriNet
+addPlace()
+addTransition()
+addArc(weight:int=1)
+draw()
unique name B' unigue name |Sl
y: 2
laCes s iti
Place 0.5 <€ = - Transition 0ra£3|t|ons
+name: String - " V +name: String
+numTokens (marking): int =0 | k +enabled: Boolean
+draw() 1 | V 0 +draw()
| .
1 |
Arc
+weight: int =1
+draw()

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework



Place-Transition Petri Net Concrete Syntax

placel

transition

é place2

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Petri Net Behaviour

State Transition Function f of marked Petri net (P, T, A, w, xg)
f:N*"xT — N"
is defined for transition ¢; € 1" if and only if
z(pi) > w(pi, t;), Vpi € I(t;)
If f(x,t;) is defined, set x" = f(x,t;) where
7' (pi) = x(pi) —w(pis t;) + w(ty, pi)
e State transition function f based on structure of Petri net

e Number of tokens need not be conserved (but can)

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Hans Vangheluwe

Behaviour: Fork

t1

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Hans Vangheluwe

hv@cs.mcgill.ca

Behaviour: Join

tl
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Hans Vangheluwe

Behaviour: Conflict, choice, decision

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Hans Vangheluwe

Behaviour:

hv@cs.mcgill.ca

Concurrency

t2

Old and New Bits and Pieces of a CAMPaM Framework

7



The Big Picture: Transformations

simulate

TimedTraffic

simulate
DEVS
simulate
simulate
analyze )
map onto simulate
map onto Timed Transition Petri Nets

Place-Transition Petri Nets

pythonDEVS desgribe semantics

by mapping gnto cpmpute dll

possiple behayiours

simulate analyze:
simulate reachag_lll_ltty,
analyze coverability, ...

DEVSJava

Coverability Graph

TINA

simulate

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework



Hans Vangheluwe

Traffic's (un-timed) semantics
in terms of Petri Nets

need a meta-model of Traffic (shown before)
need a meta-model of Petri Nets (shown before)
need a meta-model of Generic Graph (glue)

need a model of the mapping: Traffic = Petri Net

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Hans Vangheluwe

A very simple Traffic model

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Traffic to Petri

Net Graph Grammar rules

I NI TI AL ACTI O\
for node in graph.listNodes["RoadSection"]:
node. vehi cl esPNPI aceCGener at ed=Fal se

Hans Vangheluwe hv@cs.mcgill.ca
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Traffic to Petri Net Graph Grammar rules

// "\ CONDITI ON: e \\
node = LHS. nodeW t hLabel (1) 1
<4_NY> return not node. vehi cl esPNPl aceGener at ed <CQPIED>
<ANY> <COPIED>
rulel: RoadSection2PNPlace
2
ACTI ON: <S ED>LHS. nodeW t hLabel (1)) . nanme
node = RHS. nodeWthLabel (1) SPECIFIED> LHS. nodeW t hLabel (1)) . num vehi cl es
\Q—HS / node. vehi cl esPNPl aceCenerated = True \RHS (1) ~ /

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework




Road Sections converted to Petri Net Places

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Traffic to Petri Net Graph Grammar

rules

// 1 ™\ cooi T o 4 1 \\
<ANY> o <ANY> node = get Mat ched( LHS. nodeW t hLabel (1)) <CQPIED> <CQPIED>
/<ANY> 14 f<ANY> return node.in_connections_ == [] COPIED> ZCOPIED>
6 5 6
3 . 3
@» @ rule 2: Flow2PNTransition
<
<ANY> <ANY>
ACTI ON:
node = RHS. nodeWt hLabel (1) 0
\Q—HS / node. capaci t yPNPl aceGenerated = True \RHS //

Hans Vangheluwe
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Hans Vangheluwe

Traffic Flow to Petri Net Transitions

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Traffic to Petri Net Graph Grammar rules

LHS

1 2
_ <c ED> _______
rule 3: Capacity2PNPlace OPIED> SPECIFIED> _ |
1
LHS. nodeW t hLabel (1)). capacity! :

RHS LHS. nodeW t hLabel (1)).name -- -

Hans Vangheluwe
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Hans Vangheluwe

Traffic Capacity to Petri Net Place

©
capacity

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Traffic

to Petri Net Graph Grammar

rules

( . )
<ANY> <CGRIED> G
<ANY> <COPIED>
5 rule 4: CapacityZPNPgb
1 2 1 2
<A 3¢ ANY <c€fmgh 3¢ OPIED>
ZANY> <ANY> OPIED> COPIED>
LHS RHS
\\ N j/
Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Traffic Capacity to Petri Net Place (links)

capacity

segmentl ¥

&
apacity

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Traffic to Petri Net Graph Grammar rules

2 2
1 @ rule 5: CapacityZPNPla:@ <D>
LHS <ANY> <ANY> RHS COPIED>

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Traffic Capacity to Petri Net Place cleanup

capacity

segmentl

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Traffic to Petri Net Graph Grammar rules

<ANY>
<ANY>

<ANY>

CONDI Tl ON:

cap_pl ace = LHS. nodeW t hLabel ( 6)

out _trans = LHS. nodeW t hLabel (4)
capacity_transition_absent = True

for in_link in cap_place.in_connections_:

for out_link in out_trans. out_connections_:

if (in_link == out_link) and
i sinstance(in_link,tran2pl):
capacity_transition_absent = Fal se
br eak
return capacity_transition_absent

rule 6: CapacityConstraintOnPI2Tr

. 6 N
<CQPIED> 7 CPRDs
COPIED> W\F COPIED>
\[RHS <COPIED> y)

Hans Vangheluwe
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Capacity Constraint on Place to Transition

capacity

segmentl segment2

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Traffic to Petri Net Graph Grammar rules

\Q_HS

<ANY>

CONDI Tl ON:

cap_pl ace = LHS. nodeW t hLabel ( 6)
in_trans = LHS. nodeW t hLabel (4)
capacity_transition_absent = True

for out_link in cap_place.out_connections_:

for in_link inin_trans.in_connections_:
if (in_link == out_link) and
i sinstance(in_link, pl2tran):
capacity_transition_absent = Fal se
br eak
return capacity_transition_absent

rule 7: CapacityConstraintOnTr2PI

\\RHS

<CQPIED>

7

6

COPIED>

g

>

&
COPIED>

<COPIED>

Hans Vangheluwe
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Capacity Constraint on Transition to Place

capacity

segmentl segment2

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework

95



Traffic to Petri Net Graph Grammar rules

// ™\ 4 2 \\
1 2 1 N .
<4NY> 3 @ <C@pIED> <s ED> .
<ANY> <ANY> <COPIED> COPIED> :
1
rule 8: InitialCapacity initial _numvehicles = LHS. nodeW t hLabel (1). num vehicles 1
capaci ty_tokens = LHS. nodeW t hLabel (2).tokens '
return capacity_tokens-initial_numvehicles <“------
\\L HS J \(RHS )

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework




Model Initial Capacity (applied rule twice)

capacity
2 1
segmentl gment2
segmentl segment2

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Traffic to Petri Net Graph Grammar rules

1
<ANY>
<ANY>
rule 9: RemoveRoadSection
LHS

RHS

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Hans Vangheluwe

Removed Traffic Road Section,
now only Petri Net

capacity

@segmentl Segment2

hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework
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Static Analysis of the Transformation Model

The transformation specified by the Graph Grammar model must
satisfy the following requirements:

e Termination:
the transformation process is finite

e Convergence/Uniqueness:
the transformation results in a single target model

e Syntactic Consistency:
the target model must be exclusively in the target formalism

These properties can often (but not always)
be statically checked/proved.

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework 100



Un-timed Analysis

simulate

Traffic (timed)

Timed Transition Petri Nets

Hans Vangheluwe hv@cs.mcgill.ca

simulate
analyze

simulate
Traffic (un-timed)
describe semantics
by mapping gnto
simulate
Place-Transition Petri Nets
compute gll
possiple behaviours
analyze:
reachability,
coverability, ...

Coverability Graph

Old and New Bits and Pieces of a CAMPaM Framework
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An un-timed Traffic model

¢
' —C’SP 8p_CAP
turn2 ¢ tp_N_or W
< -~

0
N2S

2
— -
cars t W2 urnl
\Q)t_CAP

N

ml_CAP

Old and New Bits and Pieces of a CAMPaM Framework 102
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the Petri Net describing its behaviour
obtained by Graph Rewriting

top_S2W_dep

turn2

bot_N2S_arr

E arr bot_N2S

bot_ W2E_dep

bot_N2S_dep
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Analysis: Coverability Graph of the Petri Net

[turn1_CAP, cars(2), bot_CAP, top_CAP, turn2_CAP]
bot_ W2E_arr
[turn1_CAP, cars, bot_W2E, top_CAP, turn2_CAP] <
bot_WRE_dep
[cars, turn1, bot_CAP, top_CAP, turn2_CAP] ‘A’/’///
top|_arr - arr
top_S: dep
[turn1_CAP, cars, bot_CAP, turn2_CAP, to_N_or_W] [turn1, bot_W2E, top_CAP, turn2_CAP]
top_S2W_dep an top_arr top_S2N_dep
top_S2N_dep
{tum1_CAP, w2, cars, bot_CAP, top_CAP] [turn1_CAP, bot_W2E, turn2_CAP, to_N_or_W]

bot_N2S_arr

[turn1_CAP, cars, top_CAP, turn2_CAP, bot_N2S]

[turn1_CAP, turn2, bot_W2E, top_CAP] [turn1, bot_CAP, turn2_CAP, to_N_or_W]

bot_WRE_dep top_S2wW_dep
top_S2N_dep

[turn2, tumn1, bot_CAP, top_CAP]

bot_N2S_dep
bot_N2S_arr -

[turn1_CAP, turn2, bot_CAP, to_N_or_W] [turnd, top_CAP, turn2_CAP, bot_N2S]

bot_N2S_arr top! arr
bot_N2S_dep

top S2N-_dep
P —Cep-

[turn1_CAP, turn2_CAP, bot_N2S, to_N_or_W]

top_S2W_dep

bot_N2S_dep [turn1_CAP, tum2, top_CAP, bot_N2S]
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Liveness Analysis

[turn1_CAP, cars(2), bot_CAP, top_CAP, tum2_CAP]

bot_ W2E_arr

[turn1_CAP, cars, bot_W2E, top_CAP, tum2_CAP]

<
bot_WRE_dep
[cars, turn1, bot_CAP, top_CAP, turn2_CAP] ‘A/’//
top_arr - arn
top_S: dep

[turn1_CAP, cars, bot_CAP, tum2_CAP, to_N_or_W]

[turn1, bot_ W2E, top_CAP, tun2_CAP]

top_S2W_dep

top|_arr top_S2N_dep

top_S2N_dep
{tum1_CAP, w2, cars, bot_CAP, top_CAP] [turn1_CAP, bot_W2E, turn2_CAP, to_N_or_W]

bot_N2S_arr

[turn1_CAP, cars, top_CAP, turn2_CAP, bot_N2S]

[turn1_CAP, turn2, bot W2E, top_CAP]

[turn1, bot_CAP, turn2_CAP, to_N_or_W]

bot_WRE_dep top_S2wW_dep
top_S2N_dep

[tum2, turnl, bot_CAP, top_CAP]

bot_N2S_dep
bot_N2S_arr -

[turn1_CAP, turn2, bot_CAP, to_N_or_W] [turn, top_CAP, tun2_CAP, bot_N2S]

bot_N2S_arr top! arr
bot_N2S_dep

top S2N-_dep
P —Cep-

[turn1_CAP, turn2_CAP, bot_N2S, to_N_or_W]

top_S2W_dep

bot_N2S_dep [turn1_CAP, tum2, top_CAP, bot_N2S]

Hans Vangheluwe hv@cs.mcgill.ca
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Conservation Analysis

1.0 x[turnl CAP] + 1.0 x[turnl] = 1.0

1.0 x[cars] + 1.0 x[bot_W2E] + 1.0 x[turnl] +
1.0 x[to N or W] + 1.0 x[turn2] + 1.0 x[bot_N2S] = 2.0

1.0 x[top_CAP] + 1.0 x[to_N_or_W] = 1.0
1.0 x[turn2 CAP] + 1.0 x[turn2] = 1.0

1.0 x[bot_CAP] + 1.0 x[bot_W2E] + 1.0 x[bot_N2S] = 1.0
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Hans Vangheluwe

Timed Traffic Network

state:
red

timeleft:
10

direction:
fromNorth

@00

hv@cs.mcgill.ca

length: length: length: length: length:
40 40 40 40 40
capacity: capacity: capacity: capacity: capacity:
* P % P )(’) P )é P )6 P )6
length: length:
40 40
capacity: capacity:
‘ P 36 p: )6
length: length: length: length:
40 40 40 40
e i
capacity: capacity: capacity: capacity:
‘ 0 * 1 0 1
length: length: length:
40 40 40
capacity: capacity: capacity:
* P % * P )é p: )6
length: length: length: length: length:
0 40 40 40 40
capacity: capacity: capacity: capacity: capacity:
P Sé P 3(/) * P )i p: )6 p: )i
length:
40
capacity:
oy
globalTime:
length: length: length:
40 40 40 0
~aff— ~aff—

capacity:
0

capacity:
0

capacity:
0
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Mapping onto DEVS for Simulation

performance Analysis)

simulate

TimedTraffic

simulate

Traffic (un-timed)

DEVS S

simulate

describe semantics
by mapping anto
simulate

simulate
analyze .
map onto
map onto ‘ Timed Transition Petri Nets ‘
Place-Transition Petri Nets
descfribe sema tics
ythOﬂDEVS cpmpute gll
possiple behayiours
simulate analyze:
simulate reachability,
analyze coverability, ...

DEVSJava TINA Coverability Graph

simulate
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Timed Traffic mapped onto a DEVS model

Hans Vangheluwe

COPTED;

COPIED

Constraint name: + PREcondition
AtrSpeify e

. i W = gelf.getMatched(graphlD, self.LHS.nodewit!
i phode 2 = self.getMatched(graphID, self.RHS.nodeWitl

str_return = self.length = " + str(node 1.l
)+ chr(l0) + " self . veloeity limit = " + st (n
limit.getValue()) # i f queue = []
self.traffic 1] ﬁ gzama L) +
atug = \lempty\™ + chr(10) + " self.changed =
r(i0) + " self.current_time = 0" + chr(i0) +

str_return

= 95999 + chp(l0) + " gelf.capacity = 99999"

[

hLabe
hLabel(2

ngth.getvalue
ode_1.velocity '
"+ chr(10) + "

self.ahead st
\'falge\"" + d
gelf.time
+ chr(10)

Lqust
£
tles Srcar ot

1 lenem = setsy rer Tab |2
+ POSTomaton [CREATE ot paces ror |
Conmecr 1

n ﬁmafr e

g
g
g
and (self.changed == "fal K
<t
o]
arz)

17 current_tine + seif.cinegflore
v

Editing ATOMZConstraint

4 POSTcondition |CRE

LA

Spaces Per_'l

TimedTraffic -“— DewsW2 ﬂ

Hew Edit I HMew RoadSection Hew Source Hew Sink Hew Capacity New TrafficLight | Hew Edit New i Hew Hew p Hew ﬂ Gen |'
= v difing ATOM3Co =

—E

This is the time-advance function for th
# By defaunlt it returns INFINITY

if self.chan

return sel Tm@_&avance

=1if self.changed e

furn INFINITY

2 PREcondition |Savt
 POSTEondiion
cor

o
S21E current. —tim
Se1f!time 1eTt
Pltuin Tras

roturn False

S~

esponding input ports

?]nal transmon

) o (sciE
= inport_vai
c ol E Current cime + o

ent) and (self.

IS
Gotaver [17

— =
hv@cs.mcgill.ca

=17

= R ———————__ vy

Forr
Acuonname: |~ bHEacuon |SAVE ]
Sl Speaes Pur Tt [[a T, Euitr Musms
fombas  + PoaTaction [cHLALL v J

but_function for this e

Sgh UATNAS Ta Fha eNEDIE DOFES

e the output ports ars assimsd
essed by its name.

lue —

info_sut:
capacit

ﬁ&t functlon

selL poke(outport buudle, oulport valus)

and (len(self.gusus) < self.capacity)

x

|

S I,
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Timed Traffic mapped onto a DEVS maodel

ClosedTrafficSystem

0adl
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Semper Variabilis: Model Evolution

e model evolution
e meta-model evolution

e semantics evolution
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Model Evolution poor man’s approach:
Backward Links

I Soamers | el [2 o

.
|
®tc-:meﬂ'i

oM ErE
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Model Evolution (Version Control):
need Model Comparison

al=1

B D
k2=1 d=2

M-old M-new

express difference as sequence of creation, removal, attribute change
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Meta-model evolution

new concepts
new relations
deleted concetps

Svzstem Description ——deleted relatiomm————= Svzstem Description
e 2
describe
represent reprecsent
meta-model evolution
Meta-modell = Heta-modelZ2
. defined b
defined by .
/_ model repeositeoryl modsl repository2
ml ‘ ‘ ns mll mzl‘
m3 ‘ m4 k11131 m4l _/
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Cases

Situation 1 Situation 2 Situation 3

Hans Vangheluwe hv@cs.mcgill.ca Old and New Bits and Pieces of a CAMPaM Framework 115



Hans Vangheluwe

Semantics evolution

Meta-Modell

Model1l

JAVAVANE

(Semantic mapping given
by graph transformation)

semantic
domain

hv@cs.mcgill.ca

JA'AN

(difference bestwesn the
old and the new meta-models

GTLl:

VAN

Meta-ModelZ2

(Graph transformation definition medifying

old models so that they’re syntaticly-val
in new meta-models)

GTZ2:

LHS| RHS

id

model2

2pplying GTl on the LHS of GT2 |ysg|pgs

-

JAVAVAND

(Semantic mapping given
by graph transformation)
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Conclusions

m 0 d e I everything !
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