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Overview

1. Computer Automated Multi-Paradigm Modelling (CAMPaM)
= Domain Specific (Visual) Modelling — DS(V)M

e What/Why of DS(V)M (and DS(V)Ls) ?
2. Building DS(V)M Tools Effectively
(a) Specifying textual/visual syntax of DS(V)Ls: meta-modelling
(b) Specifying DS(V)L semantics: transformations

(c) Modelling (and executing) transformations: graph rewriting

3. Traffic, a domain specific modelling formalism
e Modelling a Traffic-Specific Modelling Tool

e Various Transformations

4. Conclusions and Future Work
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Computer Automated Multi-Paradigm Modelling
(CAMPaM)

1. Different levels of abstraction
Mixing different modelling formalisms (coupling, transformation)

Modelling classes of models (formalisms) by meta-modelling

= W N

Modelling model transformations explicitly

Pieter J. Mosterman and Hans Vangheluwe.

Computer Automated Multi-Paradigm Modeling: An Introduction.

Simulation: Transactions of the Society for Modeling and Simulation International,
80(9), September 2004. Special Issue: Grand Challenges for Modeling and

Simulation.
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A Simple Example to Demonstrate Concepts:
Model /Analyze /Simulate Traffic Networks
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Approach: Domain Specific (Visual) Modelling
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Why DS(V)M 7
(as opposed to General Purpose modelling)

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

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

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

e re-use transformation knowledge
(e.g., in variations of a domain specific formalism)

WSC 2004, 5 December, Washington, DC CAMPaM for Analysis and Design of Traffic Networks 6/54



Building DS(V)M Tools Effectively ...

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

e we want to effectively (rapidly, correctly, re-usably, ...)
specify and generate/execute:

— Domain Specific (Visual) Languages (DS(V)Ls)
— (reactive) behaviour of DS(V)M environments/tools

— model transformations (for analysis, optimization, simulation

)

= model everything
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How to Build DS(V)M Tools Effectively 7

1. Specify textual /visual syntax of DS(V)Ls:
meta-modelling

2. Specify DS(V)L semantics:
transformation

3. Model (and analyze and execute) transformations:
graph rewriting
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A Tool for Multi-formalism and Meta-Modelling

atom3.cs.mcgill.ca
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Specifying textual /visual syntax of DS(V)Ls

e abstract syntax:
— syntax grammar (text grammar, AToM? Graph Grammar) or

— meta-model (~ type graph)

e concrete syntax:
— textual (lexical specification) or

— visual (AToM?® “icons” + connections)
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Meta-modelling (OMG-style)

: *Instance of*
L ] y

4 ore Meta-metamodels

MOF

M3

DAE

Meta-Models

M2

Emplovee Boss

ERD [ | DFD | | UML

M 1 Ann Cooper -]
John Sroith—
Peter Wallcer A

Car Models

% Iary Black
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Meta-modelling: model-instance morphism

eével M2: model

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

tran2pl
Y _
PNPlace PNTransition
name type=String init.value= name type=String init.value=
tokens type=Integer init.value=0
[
pl2tran

evel M1: data

a Petri Net,
an INSTANCE of the Petri Net formalism

transition

©
place2
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Un-timed and timed Traffic Formalism

meta-model
(a model in the UML Class Diagram Formalism)

Capacity
+ name: String
+ capacity: Integer

1.
,,,,,, CapacityOf
+ updated: Bool
yO0..* _ .
Source 0.1 Source2Section 0.* RoadSection Section2Sink Sink

+ name: String
+ num_vehicles: Integer

. - Qtri A 0.* o
ControlledSection 0..1] + hame: String + name: String

bo o

+ num_vehicles: Integer * + num_vehicles: Integer
+ infinite_supply: Bool + state: {normal, added
, removed} FlowTo
oL |
0..1 .
: — . . 0.*
TimedSource TrafficLight | TimedRoadSection |« TimedFlowTo
+ inter_arrival_time: Float + State: {green, red} < 0.x "~ | + length: Float
Zﬁ 01 0.1 + velocity_limit: Float
Synchronized
TimedTrafficLight
+ timing_red: Float
+ timing_green: Float
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Traffic Concrete Syntax (the Capacity Entity)

/

1
‘ I_IIIIEII_I_IIIIIIII_IIII
L IIIZDIEI!II_II_ZEEEIEI_IIIIH—I
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The generated Traffic visual modelling
environment
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The GUI's reactive behaviour in action

| Mnen bdetamodel ’ \
+ | Statechart Virtual Machine - Thomas (Nov. 2003) = F X
Enabled Events | Output | Edit Arrow
Delete [EVEMTI > Start
Dane [EWVEMT] > Edit Arrow
Exit [LEVEMTI > Insert FPoint Arrow Editor
Motion dit Arr
Move Down Inzert Poin
Move Label Tozzle Detault Select Paint & ctive Foint
Move Left
Mowe Right
Move Up Donhe
Reset Fopup ey Deleta
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-
it Fraperle Move Len
- WOWE Cahel Toggle Move Rignt
Command |
| | tdove Up
fl hove Down
/| Show State Hierarchy ||napsh| Mave Label Toggle
|
Place OtherPlace

current work: what is the optimal formalism to specify GUI reactive behaviour ?

WSC 2004, 5 December, Washington, DC CAMPaM for Analysis and Design of Traffic Networks 17/54



Modelling Traffic's Semantics

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

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

e operational: procedure to execute/simulate model

... may act as a reference implementation

e note: need to prove consistency between denotational and
operational semantics if both are given !
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Traffic, the Big Picture

simulate

Timed Transition Petri Nets
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Traffic (timed)
simulate
Traffic (un-timed)
simulate describe semantics
analyze by mapping dnto
simulate
Place-Transition Petri Nets
pmpute all
possiple behayiours
analyze:
reachability,
coverability, ...

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

e need a meta-model of Traffic (shown before)
e need a meta-model of Petri Nets (shown before)

e need a model of the mapping: Traffic = Petri Nets
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Graph Transformation for Model Transformations

Ehrig, H., G. Engels, H.-J. Kreowski, and G. Rozenberg.
Handbook of graph grammars and computing by graph transformation.
1999. World Scientific.

Tools:
AGG, PROGRES, GME, AToM?, Fujaba, ...
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A very simple Traffic model

segment2

apacity
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Traffic to Petri Net Graph Transformation rules

I'NI TI AL ACTI ON:
for node in graph.listNodes["RoadSection"]

node. vehi cl esPNPI aceGener at ed=Fal se
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Traffic to

Petri Net Graph Transformation rules

// T\ CONDITION: e \\
node = LHS. nodeW t hLabel (1) 1
<4_NY> return not node. vehi cl esPNPl aceGener at ed <CQPIED>
<ANY> <COPIED>
rule1: RoadSection2PNPlace
2
ACTI ON: <S ED>LHS. nodeW t hLabel (1)) . nane
node = RHS. nodeW t hLabel (1) SPECIFIED> LHS. nodeW t hLabel (1)) . num vehi cl
\Q—HS / node. vehi cl esPNPl aceCenerated = True \RHS ° (1)) num.vehi es/
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Road Sections converted to Petri Net Places

segmenti segment2
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Traffic to Petri Net Graph Transformation rules

> )
<ANY> <CQPIED>
<ANY> <COPIED>
6
rule 2: Flow2PNTransition
D>
COPIED>
0
\Q_HS Y, \.RHS //
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Traffic Flow to Petri Net Transitions

segmenti
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Traffic to

Petri Net Graph Transformation

rules

4 D
CONDI TI ON:
return LHS. nodeWthLabel (1).in_connections_ == []
1 1 2
<@> ) <COPIED 3¢ Q@ED> _______ |
<ANY> rule 3: Capacity2PNPlace OPIED> PECIFIED> __ 1
LHS. nodeW t hLabel (1)) . capaci ty: :
LHS RHS LHS. nodeW t hLabel (1)) . name - - - -
D 7
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Traffic Capacity to Petri Net Place

©
capacity

segmenti
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Traffic to Petri Net Graph Transformation rules

@.HS

<ANY>
<ANY>

<ANY>

&
<ANY>

rule 4: Capacity2PNPEb

4
<CQPIED>
<COPIED>
1
<COPIED 3¢ OPIED>
OPIED> ZCOPIED>

\\RHS
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Traffic Capacity to Petri Net Place (links)

4
capacity
1
segment1 3 gment2
9.
apacity :
segmenti segment2
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Traffic to Petri Net Graph Transformation rules

2 2
1 .
<@ 3¢ @ rule 5: Capacity2PNPlaceCleanup <D>
LHS <ANY> <ANY> RHS <COPIED>
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Traffic Capacity to Petri Net Place cleanup

capacity
1
segmenti gment2
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Traffic to Petri Net Graph Transformation rules

CONDI Tl ON: e

’ 6
cap_pl ace = LHS. nodeW t hLabel (6) 1
out _trans = LHS. nodeW t hLabel (4) <CQPIED> 7
capacity_transition_absent = True COPIED>

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

\\RHS

|

>

@D
_Zcopieps

<COPIED>

=
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Capacity Constraint on Place to Transition

capacity

segmenti gment2

Segment1 egmen’[2
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Traffic to Petri Net Graph Transformation rules

/ CONDI TI ON: \
/ 1 cap_pl ace = LHS. nodeW t hLabel ( 6) / 6 \
in_trans = LHS. nodeW t hLabel (4) <CQE|ED> 7 ®D>
capacity_transition_absent = True 2
for out_link in cap_place.out_connections_: COPIED> H <COPIED>
for in_link in in_trans.in_connections_:
if (in_link == out_link) and
isinstance(in_link, pl2tran): 3
capacity_transition_absent = Fal se A
2 br eak
return capacity_transition_absent 4
2
rule 7: CapacityConstraintOnTr2PI <@
<COPIED>
<ANY>
<COPIED>
\Q_HS \RHS //
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Capacity Constraint on Transition to Place

capacity
p 1
segmenti gment2
égmenﬂ egmen’[2
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Traffic to Petri Net Graph Transformation rules

\\LHS

<4yY>

<ANY>

&
<ANY>

4 2
1

\\RHS

<CGPIED> <SED>
ZcoPiED> ZCOPIED>

1

rule 8: InitialCapacity initial _numvehicles = LHS. nodeWthLabel (1).numvehicles 1
capacity_tokens = LHS. nodeWt hLabel (2).tokens '

return capacity_tokens-initial_numvehicles <“------

_______
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Model Initial Capacity (applied rule twice)

capacity

2 1
/tegmenﬂ tﬁgmentZ
segmenti segment2
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Traffic to Petri Net Graph Transformation rules

7
<ANY>
<ANY>
rule 9: RemoveRoadSection
LHS RHS
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Removed Traffic Road Section, now only Petri Net

capacity

@egmenﬂ segment2
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Static Analysis of the Transformation Model

The transformation specified by the Graph Transformation model must

satisfy the following requirements:

e Convergence:
the transformation process is finite

e 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.
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Constraints on Behaviour can be Guaranteed

NAC RoadSegment Ty afficLight

+ state: green

@

\

@ N 4
@ Drection

TrafficLight RoadSegment
state: green

FlowTo ‘ ‘. Direction
RoadSegment CoftrolledSection
fg FlowTo - Y ‘I
RoadSegment RoadSegment
Controll tion
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Un-timed Analysis

simulate

Timed Transition Petri Nets
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Traffic (timed)
simulate
Traffic (un-timed)
simulate describe semantics
analyze by mapping dnto
simulate
Place-Transition Petri Nets
ompute all
possible behaviours
analyze:
reachability,
coverability, ...

Coverability Graph
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An un-timed Traffic model

¢
r _CQP p_CAP
turn2 ‘ tp. N or W
‘ V' N
0
N2S
2 0 0
cars ’ Ibgt W2E # urni
(1
ot CAP
fn1_CAP

¢
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the Petri Net describing its behaviour
obtained by Graph Rewriting

top_S2W_dep

top_arr

bot_ W2E_dep

bot_N2S_dep
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Analysis: a Coverability Graph for 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] Q—/////
top|_arr = arr
top_S2N_dep
[turn1_CAP, cars, bot_CAP, turn2_CAP, to_N_or_W] [turn1, bot_ W2E, top_CAP, turn2_CAP]
top_S2W_dep = arn topl arr top_S2N_dep
top_S2N_dep
[turn1_CAP, turn2, cars, bot_CAP, top_CAP] [turn1_CAP, bot_W2E, turn2_CAP, to_N_or_W]

top_S2W_dep bo
[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_S2W_dep
top_S2N_dep

[turn2, turn1, bot_CAP, top_CAP]

bot_N2S dep
bot_N2S_arr

[turn1_CAP, turn2, bot_CAP, to_N_or_W]

[turnt, top_CAP, tum2_CAP, bot N2

bot_N2S_arr top! arr

bot N2S dep

top—S2N_dep [turn1_CAP, turn2_CAP, bot_N2S, to_N_or_W]

top_S2W_dep

bot_N2S_dep [turn1_CAP, turn2, top_CAP, bot_N2S]
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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[turni] +
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

WSC 2004, 5 December, Washington, DC CAMPaM for Analysis and Design of Traffic Networks 48 /54



Timed Semantics by mapping onto TTPN

simulate

%
%
C‘(’.
%
2% simulate

Traffic (un-timed)

Traffic (timed)

simulate

desdribe semantics
analyze

by mapping gnto

simulate

Timed Transition Petri Nets

’ Place-Transition Petri Nets ‘

compute all

p s
analyze:
reachability,
coverability, ...

’ Coverability Graph ‘

Juan de Lara, Hans Vangheluwe, and Pieter J. Mosterman.
Modelling and analysis of traffic networks based on graph transformation.

Formal Methods for Automation and Safety in Railway and Automotive Systems.

December 2004. Braunschweig, Germany.
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Traffic Network

AToM3 w0 2 Z2berliner using: Traffic

File Model Transformation Graphics

Traffic Edit entit_l,ll Connect

Delete | Inzett model | E=pand model Exitl
] Smooth | Insert paint | Delete point | Change connectar

road_section

1
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.suurce'

.

=) | * -

Length (Km) 0.1
el Linait (Krnfh) 50.0

sink
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capacity of
e

Length [km) 0.1
el Limit [F.rn/h) 5.0

Length (Km]0.5
&l. Lirnit [F.mh) 50.0

RE
GREEN 1 0
S > »
cle_source Length [Km)0.025
: I AT (k101 Wel. Limit (K] 30.0
interSEttion_capaci
To Petri Mets Length [KmJ0.05 ~capaciy
funtimed) el, Limit (Kmd§) 30.0
of |
To Pekri Mets h

i
(timed) -
el to_South
[ ]

Simulate!

2

|E|:Iiting dc_mdl.py' (modified) |E|:|iting transf. Monamed' (not modified) in file ™Monam
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Converted to TTPN
(ready for analysis/simulation)

g 1 15,7
T9 .30
int_2
T10 - 30
/ | ,24
ource  T0,360  vehicle Tg o t_1 T1,3  comer 1
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lterative Simulation

simulate

Traffic (timed)

simulate
analyze

Timed Transition Petri Nets
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(Executing GG)

simulate
Traffic (un-timed)
describe semantics
by mapping gnto
simulate

Place-Transition Petri Nets

possiple behayiours

analyze:

Coverability Graph
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reachability,
coverability, ...
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Conclusions

Demonstrated feasibility of rapidly and re-usably building
Domain Specific Visual Modelling, Analysis, Simulation tools
using meta-modelling and graph rewriting.

model everything
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Future Work

simulate

Traffic (timed)

simulate
Traffic (un-timed)
DEVS
simulate desgribe semantics
by mapping gnto
simulate simulate

analyze

Timed Transition Petri Nets Place-Transition Petri Nets

compute gl
possible behayiours
analyze:
reachability,
coverability, ...

| Coverability Graph

...and add hierarchy
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