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What is a process?

precedes, hasEdgeTo...
 Basic structure: partially ordered set of activities (A, <)

e Typically: one mﬂegnd one flnlsf{orlmnode - lattice

 Workflow?

* Pretty much the same as the process
* Perhaps more emphasis on the repeatable activities (“work”)

e Business context: always processes, often directly associated with business goals for
controlling purposes (PDCA, DMAIC, OODA, etc.) — c¢f. BPMN, BPEL, etc.
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IProcess modeling

Why? We want to be explicit about
the sequence of activities that help
reaching a goal.
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Process modeling

Why? We want to be explicit about Resuers Communicarion

the sequence of activities that help
reaching a goal.
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* Visualization, better understanding
(visual inspection)
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Process modeling

Why? We want to be explicit about i

the sequence of activities that help -

reaching a goal. i

 Visualization, better understanding ™
(visual inspection) o

* Analysis, optimization :

Lender
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12 module org.proxima.metamodels.generator
13
° 14 import org.eclipse.emf.mwe.utils.™
P d | 15 import org.eclipse.emf.mwel.ecore.*
rocess maoaeling
17 var projectName = "org.proxima.metamodels”
18 var processGenModelPath = “platform:/resource/${projectiName} /model/metamodels.genmodel”
19 var enactmentGenModelPath = "platform:/resource/${projecthlame}/model/enactment.genmodel™
? ° ° 28 var codegenGenModelPath = “platform:/resource/${projectName} /model/codegen.genmodel”
Why? We want to be explicit about 21 var divectory - “S{projectiians}/src”
22
t h f t. .t. t h t h I 23 lWorkflow {
e sequence o1 activities d elp ; o - e toncsetun ¢
h M I 25 scanClassPath = true
reaC Ing a goa . 26 platformUri = ".."
27 registerGenModelFile = processGenModelPath
PY Vis u a I izatio n bette r u n d e rsta n d i n 28 registerGentodelFile = enactmentGenModelPath
) g 29 registerGenModelFile = codegenGenModelPath
(visual inspection .
pection)
32 component = DirectoryCleaner {
. . . . 33 directory = directory
* Analysis, optimization :
35
. . 36 component = org.eclipse.emf.mwe2.ecore.EcoreGenerator {
o I m p rOVI n g p rog ra m d ESIg n 37 genModel = processGenModelPath
38 srcPath = “platform:/resource/%{directory}”
48 }
11 component = org.eclipse.emf.mwe2.ecore.EcoreGenerator {
42 genModel = enactmentGenModelPath
43 srcPath = "platform:/resource/${directory}"”
a4 B
45
46 component = org.eclipse.emf.mwel.ecore.EcoreGensrator {
47 genModel = codegenGenModelPath
43 srcPath = "platform:/resource/${directory}"”
A9 }
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Process modeling formalisms

Formalism

L Semanti
anguage + Semantics
NO
-
4 —
E submit Recalva —_
'g Application Reiponie
=l
mustamer 10 E L Applieation Rent + + H
| ' saprovaay = oncrete syntax stract syntax emantics
I I g
I I
L |
I : I
o2 : ———————————————————— 1 1
1 ! 12 module org.proxima.metamodels.generator
Loan Application ! | : 5
t
| | 14 import org.eclipse.emf.mwe.utils.* ch
eck account
| = gand Approval | 15  import org.eclipse.emf.miel.ecore.*
| Notice * | 16
I : 17 var projectName = "org.proxima.metamodels”
Calve Raview var processGenModelPath = "platform:/resource/${projectName}/model/metamodels.genmode.
Racal no | 18 GenModelPath = “platform:/ /${projectiiame} /model del del”
g Appiication Appiication | 9 var enactmentGenModelPath = "platform:/rescurce/${projectName}/model/enactment.genmodel”|
- Autoapprove? R 1 26 var codegenGenlodelPath = “platform: /resource/${projectilame}/model/codegen. genmodel”
an ajecton
Noh]“ ——— LR 21 var directory = "${projectName}/src"
- 2
-
'E 23 Workflow {
- L] 24 bean = StandaloneSetup {
25 scanClassPath = true
26 platformuri = Withdrawal Deposit
z e vES 27 registerGentodelFile = processGenModelPath
H Application \\/ 28 registerGenilodelFile = enactmentGenModelPath
Esternal dudior é 29 registerGentodelFile = codegenGenModelPath
Hi Loan Approvad? . )
j] | 2
32 component = DirectoryCleaner {
Underwriter Databme
33 directory = directory

component = org.eclipse.emf.mue2.ecore.EcoreGenerator {

37

gentodel = processGentodelPath

BPMN

38 srcPath = "platform:/resource/${directory}” Wi Update account
ithdraw amount
39 } balance
BPMN EVENTS 0
41 component = org.eclipse.emf.mue2.ecore.EcoreGenerator {

42 genModel = enactmentGenModelPath
O O @ @ 43 srcPath = “platform:/resource/${directory}”
stan intermedate ond message stan  messageintermedale  message end

}
@ @ @ ® 45 component = org.eclipse.emf.mie2.ecore. EcoreGenerator {
ek dtan ik insmmedie ik eng mutie end mutple s mutle mamedia a7 genModel = codegenGenModelPath
@ @ ® @ 48 srcPath - "platform:/resource/${directory}”
49 }
ime san meimemegate  cancel emedde cancelend errot atermesale wrroe end 5o )
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van der Aalst Workflow patterns

WORKFLOW PATTERNS EVA UATIONS VENDORS ABOUT LINKS YAWL IMPACT DOCUMENTATION CONTACTS

mWorkflow Patterns home page
Welcome to my o

The Workflow Patterns initiative is a joint effort of Eindhoven
Vlrtu al h Ome' Hofstede) which started in 1999. The aim of this initiative is t&u._ _ B tual basis for process technology. In particular, the research provides a thorough examination of the various
L E I ’ p erspectives (control flow, data, resource, and exception handlin: that need to be supported by a workflow lansuage or a business process modelling lansuace. The results can be used for

persp P g PP y guag P g languagy

examining the suitability of a particular process language or workflow system for a particular project, assessing relative strengths and weaknesses of various approaches to process specification,

logy (led by Professor Wil van der Aalst) and Queensland University of Technology (led by Professor Arthur ter

implementing certain business requirements in a particular process-aware information system, and as a basis for language and tool development.

On this web site you will find detailed descriptions of patterns for the various perspectives relevant for process-aware information systems: control-flow, data, resource, exception handling and
event log imperfections. In addition you will find detailed evaluations of various process languages, (proposed) standards for web service compositions, and workflow systems in terms of this

| patterns.

We encourage interactions with interested parties about this research and its applications. For example, vendors can provide self-assessments of evaluations of their products (see the Vendors
Corner). Also, we appreciate any feedback in relation to our evaluations (e.g. errors or inaccuracies).

IMPORTANT ANNOUNCEMENT: EVENT LOG IMPERFECTION PATTERN COLLECTION!

The quality of event data used in a process mining analysis impacts heavily on the accuracy and reliability of analysis results. The
newly added Log Imperfection pattern collection includes 11 event log imperfection patterns, distilled from our experiences in
preparing event logs, that neatly capture some commonly encountered quality issues associated with event logs. These patterns

PO v - - | form the basis for a systematic approach to identitying and repairing event log quality issues which benefits both the process of
W Follow @wvdaalst . : . preparing an event log and the quality of the resulting event log.

W Tweetto @wvdaalst | LY - 'v $‘1k

n Wil van der Aalst
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van der Aalst Workflow patterns

Advanced Branching and Synchronization Patterns

if condl then empty else 1 ¢
i condlthen 1'c_ A Here we present a series of patterns which characterise more complex branch:
e ity h- pl n—rp B —rp- p3 n—p D —rb- P4 , patterns are often not directly supported or even able to be represented in many
[cond1 orelse —ao " cie "|'lf Merge, Multi-Merge and Discruminator.
. . | .y e \ In this revision, the Multi-Choice and Multi-Merge have been retained in their prex
~——1t I o been recognized that there are a number of distinct alternatives to the manner i
' S Synchronizing Merge (WCP7), the Acyclic Synchronizing Merge (WCP37) and the Ge
\SEe ey "\ n '—(' “ —" pS : In a similar vein, the original Discriminator pattern is divided into six (6) disti
T ap f "D (WCP29), the Structured Partial Join (WCP30), the Blocking Partial Join (WCP31) an
if cond2 then empty eise 1 ¢ / a more flexible AND-join useful in concurrent processes.
Of these patterns, the original descriptions for the Synchronizing Merge and the Dz
Figure 7: Structured synchronizing merge pattern
6. Multi-Choice
7. Structured Synchronizing Merge
8. Multi-Merge
9. Structured Discriminator
28. Blocking Discriminator
29. Cancelling Discriminator
30. Structured Partial Join
BPMN 1.0 + Supported through f 31. Blocking Partial Jein
XPDL 2.0 + Supported by the O] 32. Cancelling Partial Join
UML ADs 2.0 . Not supported. The 33 Generalised AND:Join

37. Local Synchronizing Merge

38. General Synchronizing Merge

ersite (MR 41. Thread Merge
Université ond Sol;
de Montréal 42, Thread Split




Engineering processes




IEngineering processes (from an MDE POV)

mechanicalDesign
* More emphasis on models, modeling [‘” }

formalisms, levels of abstraction, e
dependencies and traceability... i @design

\ '
( electricalSimulation W

' ﬁ elSimTrace

Process Model
Syntax: UML AD

Université f”\ 11
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IEngineering processes (from an MDE POV)

* More emphasis on models, modeling
formalisms, levels of abstraction,
dependencies and traceability...

Université f”\

de Montréal

(n lectricalSimulation W
b 3l i WM elSimTrace : Trace
typedBy

Process Model
Syntax: UML AD
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Engineering processes (from an MDE POV) l

. . ‘w mechanicalDesign
* More emphasis on models, modeling [ }
formalisms, levels of abstraction, e
dependencies and traceability... AD @ mmmmmmmme- Lo idesign: CAD

<
«typedBy»
«tra nsfow» \
o S Ty '

(n electricalSimulation W
. )

«tra I’]SMTO>> /

lraas Cm=mmm=mmm=m==s = ﬁ elSimTrace ; Trace
<<typed By»

Process Model
Syntax: UML AD

Université f”\ 13
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Engineering processes (from an MDE POV) l

* More emphasis on models, modeling
formalisms, levels of abstraction,
dependencies and traceability...

Université f”\
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( /

CAD b il il W design : CAD
«typedBy
«tra nsfow» \
T T '
R D S electricalSimulation :
T «typedBy» ElectricalSimulation
«tra I’]SMTO>> A/L
Trace b 3l i - W elSimTrace : Trace

«typedBy»

Process Model
Syntax: UML AD

14



Engineering processes (from an MDE POV) l

. . s, <------- y -B """ '(‘w mechani'caIDesi'gn: W
* More emphasis on models, modeling “pedty i MechanicalDesign J
formalisms, levels of abstraction, % e
dependencies and traceability... D e Soamshe @deion a0
«typedBy»
<<transfow» \
CEEID .- .- {yseanmmiaer |
«transfo74To» A/L
Trace b Sl = ﬁ elSimTrace : Trace
«typedBy»

Process Model
Syntax: UML AD

Université f”\ 15
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Engineering processes (from an MDE POV) l

. ] e W <- - - - -t- -d-B ----- -(w mechanicaIDesign: W
° MOre em phaS|S on mOdGIS, mOdeI | ng e «typedby>» L MechanicalDesign J
formalisms, levels of abstraction, %

/

dependencies and traceability... AD S mmmmmmmmen “- i idesign: CAD

«typedBy»
«tra nsfow» \
S A J

transformation | __... stypedBy» 9\_) /)< _______________ electricalSimulation :
\ J o _ «typedBy» ElectricalSimulation
«transformatfnTos
l T JD — ] i «transfo74To» L )
LA MS TN Ed By e
stypedBy» — T
ﬁ artifact : formalism [e===== e £ formalism _,.: /

lraas C-fmmmmmmmmm==s = ﬁ elSimTrace ; Trace
<<typed By»

Typing relationships

Formalism Transformation Graph Process Model

FTG+PM Syntax: UML AD

) . " Lucio, L., Mustafiz, S., Denil, J., Meyers, B., & Vangheluwe, H. (2012). The formalism transformation graph as a guide to
Unéveﬁltét Al model driven engineering. School Comput. Sci., McGill Univ., Tech. Rep. SOCS-TR2012, 1. 16
€ ontrea



Application #0: Multi-paradigm modeling (MPM)

‘ ‘ Transformation between formalism has different uses.
Firstly, certain questions about a system can only be answered in certain formalisms,
necessitating model transformation to the appropriate formalism.
Secondly, to elicit the meaning of a coupled model consisting of sub-models in different
formalisms, transformation of these sub-models to a common formalism is appropriate.

Formalism Transformation Lattice
Bond fjrafh ﬂ-cnusal;

- - "
Svystem Dwnamics Bond Graph causal ! ] ,
r ' Process Interaction

\ : Discrete Event

i  DAE a-causal set
l F:mtr: State Automata

i &
. DAE causal set \

DAE causal sequence [SIJ]'[L'EI]
' -F- DEVS

¥ % data Ly ¥ ¥

r”‘ Vangheluwe, H., and Vansteenkiste, G.. "A multi-paradigm modeling and simulation methodology: Formalisms and languages."
Un:l‘:aeﬁggtréal In Simulation in Industry, Proceedings 8th European Simulation Symposium, pp. 168-172. 1996. 17



PDE
Bond Graph a-causa

1
KTG Cellular Automata

DAE non-causal set
Process Interaction
Discrete Event

System Dynamics Statecharts

Petri Nets

3 Phase Approach
Discrete Event

Bond Graph causall

DAE causal \sete—sTransfer Funiction

{

DAE cau

Activity Qca

| skquence (sorted) Discrete\Evant

vent Schedulin

Timed Ayto Discrete Event

—

scheduling-hybrid- DAE DEVS&DESS™

Difference Equations

state trajectory data (observation frame)

. " ‘_”‘ de Lara, J., and Vangheluwe, H. (2002, October). Computer aided multi-paradigm modelling to process Petri-nets and Statecharts.
U“é‘fﬁgﬁ tréal In International Conference on Graph Transformation (pp. 239-253). Springer, Berlin, Heidelberg. 18



) DEVS MODEL CONSTRUCTION AS A REINFORCEMENT LEARNING PROBLEM
DEVS as a Common Denominator

for Multi-formalism Hybrid Systems Modelling Lstvan David
Eugene Syriani
Department of Computer Science and Operations Research (DIRO) — Université de Montréal, Canada
istvan.david @umontreal.ca, syriani @iro.umontreal.ca

Hans L.M. Vangheluwe

School of Computer Science, McGill University
McConnell Engineering Bldg. room 328
3480 University Street Context (Validity frame)
Montreal, Quebec, Canada H3A 2A7
hv@cs.megill.ca
®
Produces

Learning environment

Instrumentation

Physical asset

Digital twins

Cold storage or shipping out

Adaptation
campanent

DEVS as a Semantic Domain
for Programmed Graph Transformation

Eugene Syriani and Hans Vangheluwe

MecGill University, School of Computer Science, Montréal, Canada,
{esyria,hv}@cs.megill.ca




Bond Graph a-causal

KTG\‘ @uj‘ar Automata
\

DAE non-causal set

Process Interaction

Discrete Event

Bond Graph causgl

~—

System Dynamics Statecharts

Petri Nets

3 Phase Approach
Discrete Event

L 1

DAE causal \sete—sTransfer Funiction

Activity Qca

Discreta\Evant

DAE causql s§quence (sorted)
Event Scheduling

Timed Ayto Discrete Event

scheduling“hybrid-DAE : DEVS&DESS—™

' Difference Equations

state trajectory data (observation frame)

. " f”‘ de Lara, J., and Vangheluwe, H. (2002, October). Computer aided multi-paradigm modelling to process Petri-nets and Statecharts.
Ungl‘éeﬁgﬁtréal In International Conference on Graph Transformation (pp. 239-253). Springer, Berlin, Heidelberg. 20



Bond Graph a-causal

DAE non-causal set

KTG\‘ @uiar Automata

Process Interaction

& t

Model everything explicitly,
at the most appropriate level(s) of abstraction,
using the most appropriate modelling formalism(s)
and processes.

‘l‘

 Difference Equations

state trajectory data (observation frame)

. o r”\ de Lara, J., and Vangheluwe, H. (2002, October). Computer aided multi-paradigm modelling to process Petri-nets and Statecharts.
Un(li‘éeﬁgﬁ tréal In International Conference on Graph Transformation (pp. 239-253). Springer, Berlin, Heidelberg. 21



Other applications



Model transformation chains

* Analysis, optimization, execution

* Reuse, traceability, certification, etc

IProcess space exploration

Process rewrite rules

Performance evaluation metrics

#Hinconsistencies
| S
transit time

Objective function

Inconsistency Performance
T 1t rules | impi rules

P(1) = Uy,e,r(Py)

P(2) = Uyrer, pepiy)(P) S

FTG+PM: An Integrated Framework
for Investigating Model Transformation Chains

Levi Licio!, Sadaf Mustafiz!, Joachim Denil®-!, Hans "l."emghcluwug'l._
and Maris Jukss!

! School of Computer Science, McGill University, Canada
{levi,sadaf, joachim.denil,hv,mjukss}@cs.megill.ca
2 University of Antwerp, Belgium
{joachim.denil, hans.vangheluwe}@ua.ac.be

® pn
2 ActivityState El Enactment [1..1] enactedProcessModel =] Processiodets)
: -

~ READY ’;ID—J
= RUNNING
= DONE [0.*] token
| E Token
[0.* Hrocess
' state : ActivityState = READY
= : EBool = false
T 0.1] subTokenOf
[0..1] currentMode
[0.*] subToken
‘ @ Node IE‘| [0.*] node E Process L
—

Université f”\ ! G Activity @'! ! % contral @'!
de Montréal ' ) )

DY EeFEn~ARGE20 BEE A » M=k @00 HE@©
FTG FM
. Ie:;h_ualF}gq i ‘TextualReq
. ModelPlant Env  ModelControl _
PlantDSL ||  EmvDSL ControlDSL ;
) ) G —_—t
| Enca::sulatedWNet :Encapsu

CombinePN
: |

PetriMet |

| 23




The Power Window case study

* Goal: development of a Power Window software controller
* Complex embedded system: time-critical, safety-critical, hard real-time

* Characteristic elements: requirements, architecture, plant-environment-control,
verification via PN, hybrid behavioral simulation, deployment (AUTOSAR SWCs), code
gen for ECUs

Université f”\

de Montréal
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Figure 8: AUTOSAR Software Component Model
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DEVS as a Semantic Domain
for Programmed Graph Transformation

Eugene Syriani and Hans Vangheluwe

MeGill University, School of Computer Science, Montréal, Canada,
{esyria,hv}@cs.mcgill.ca

[rpe—————
Figure 6: Power Window: Petri Net for Driver Win-

Application #0: Multi-paradigm modeling (MPM)

® © ——

,"~
Sk

-8 &8 -8—- T

‘ ‘ Transformation between formalism has different uses.
Firstly, certain questions about a system can only be answered in certain formalisms,
necessitating model transformation to the appropriate formalism.
Secondly, to elicit the meaning of a coupled model consisting of sub-models in different
formalisms, transformation of these sub-models to a common formalism is appropriate.

L

&

Figure 7: Power Window: Causal Block Diagram
(CBD) for Plant Model

= =
[ .

Formalism Transformation Lattice

Bond Graph a-causal;

System Dynamics Bond Graph causal Procia liicion
\ g Disergte Event
H GE)
DAE a-causal set i .
1 iFaite Sate Automata D unguage (@ manuai © automatic
DAE causal set H l
DAE causal soquence (sorted) \‘ et
. M
. S .
$ model manual awtomasc A
antact acavity actviy
o r“\ Vanghelae, H., and Vansteenkiste, G.. "A multi-paradigm modeling and simulation : and | Figure 8: AUTOSAR Software Component Model
Univensite (i) In Simulation in Industry, Proceedings 8th European Simulation Symposium, pp. 168-172. 1996, u o




T | h t t » Transformation transformation
OOl orcnestration oo, Transformation
relationship
s - —~_ has-a -
Formalism (__ formalism /_,) Capability
_
“melements i mplementation

1

o DesignPlatform |

> mechanicalModel :
e Matlab

stypedByz~ ~

-
-

& ° «transformedBy»

RELIE

mass > 0

Matlab

O SelectMotor

‘o’ ’__-_--'—---
g «typedBy»

«transformationTo»

~ ek
-~ - -
-~ -

Legend “eu Appeanes

O SelectBattery

-

e—)y  Control flow Sag

«typec;B}w e

s> Object flow NG .

Formalism .
e= == = Typed by s

el Transformation (by/to)
= e= «p |ntent

— Relationship link

3 DesignPlatform Activity (automated)

Object (Model)

..- mechanicalModel

assignMass Transformation o AssignTotalMass

B Constraint

Attribute

g totalMass

il

27
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Performance evaluation of FTG+PM instances

* Activity execution time

~ Coupled
PML tran\sjlate DEVS
del i
Vo i e
model
Metrics
Language| simulate DEVS

pm:PMLf:::::
Atranslate

:Coupled].—

DEVS [~

merge

| :Atomic
"| DEVS

*simulate)..

.
perfMet:Metrics

Language

* Rule

* Execution time evolution
* Rule

Gaussian distribution
80% of the estimations within the

20% error range: t(a)=N(u, 0.15625u)

?

Define
requirements

2.

Create/update

multi-body mode

L

e ~1/0.7L (j: iteration)

* Resulting values

1.0, 0.2397, 0.05743, 0.01376, 0.00329... T |

Evaluation of the [ =

* Decision function

* Manually set
* 0.99,0.90.8,0.5,0.2,0.1

HIL simulation

Model checking

Activity exec.
time estimate

Exec. time

results

evolution function

e
N
e

Decision
function

l. David, Y. Van Tendeloo, H. Vangheluwe: ,, Translating Engineering Workflow Models to DEVS for Performance
Evaluation”. In Proceedings of the 2018 Winter Simulation Conference, pp. 616-627. IEEE Press, 2018.
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Tool support

Dy esdEBn"hav>0 BEHE 4> HinE 5 ——— PO
FTG PM
ToxkiaRoq | T TextualReq
s .0 _ 0 =TEs '
' |
P\z:H]SL | EmvDSL ControlDSL

CombinaPN
PetriNet ‘

> [O]

AToMPM

https://atompm.github.io/

http://proximatools.org/

Université f”\
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PROxIMA

Modelverse specification

Yentl Van Tendeloo
Bruno Barroca
Simon Van Mierlo
Hans Vangheluwe

August 31, 2016

2.1
22
23
24
25
26
27
28
29
210
211

Axiom I: Forever Running
Axiom II: Scalability . . . . .
Axiom III: Minimal Content
Axiom IV: Model Everything .
Axiom V: Human Interaction .
Axiom VI: Test-Driven . . . .
Axiom VII: Multi-View . . . .
Axiom VI1II: Multi-Formalism
Axiom IX: Multi-Abstraction .
Axiom X: Multi-User . . . . .
Axiom XI: Interoperability . .

29



http://proximatools.org/
http://proximatools.org/

Some limitations and open questions



Potential topics to work on

* Inheritance/conformance in the FTG
* DEVS-based enactment

* Change management FTG

* Shortest path problems

* Process inference via the FTG
e Process recommendations, process reuse

* FTG for machine learning
* For the better understanding and generative construction of ML pipelines

Université f”\

de Montréal
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Process modeling formalisms

Formalism

Language + Semantics

Concrete syntax + Abstract syntax + Semantics

Engineering processes (from an MDE POV)

echanicalDesi
MechanicalDesign

MechanicalDesign ]

* More emphasis on models, modeling
formalisms, levels of abstraction, .
dependencies and traceability... ao e

.
@l afoct: formatsm |- = formalism /
- Trace e ] W elSimTrace : Trace O

Typing relationships typediys

rmatienTes

@ desion - can

' i slectricaSimulation:
ElectricalSimuiation

Process Model
Syntax: UML AD

Formalism Transformation Graph

FTG+PM

Lucio, L., Mustafiz, 5., Denil, J., Meyers, B., & Vangheluwe, H. (2012). The formalism fransformation graph as a guide fu
mode| dmen engineering. School Comput, Sci., MeGill Univ., Tech. Rep. SOCS-TR201Z, 1

lJndm:rmlu I‘“’l

e Montréal

¥
Cellular Automata

Process Interaction
Discrete Event

Petri Nets
3 Phase Approach
Discrete Event

vent Scheduling
Discrete Event

n o
schedulingfybrid-DAE | DEVS&DESS— | s

| Difference Equations

state trajectory data (observation frame)

i de Lara, J., and Vangheluwe, H. (2002, October). Computer aided multi-paradigm modelling to process Petri-nets and Statecharts.
U";':m:w]l In International Conference on Graph Transformation (pp. 236-253). Springer, Berlin, Heidelberg. 19
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e v @
Cellular Automata

Process Interaction
Discrete Event

Statecharts

Petri Nets
3 Phase Approach
Discrete Event

Event Scheduling
Discrete Event

schedulingTiybrid-DAE | DEVS&DESS™

E Difference Equations'

state trajectory data (observation frame)

de Lara, J. and Vangheluvie. H. (2002, October). Computer aded mull-paradigm modeling 1o process Petri-nets and Statecharts
raph . 239-253). Springer. Berlin, Heldelberg 2

Modelverse specification

Yenil Van Tendeloo
Bruno Barrees
Simon Vin Micrlo.
Hans Vinghebewe

Tool support

Univrsie

le Montréal
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Asiom V: Human Interaction
Asiom VI: Test-Driven
7 Axiom VIE: Malti-View
# Asiom VI Multi-Formalism
9 Asiom IX: Multi-Absiraction
0 Aviom X: Molti-User
1 Axiom XI: Interoperability

AToMPM

PROXIMA

https://atompm.github.io,
http://proximatools.or

Universite th "

Université

de

Montréal

Process modeling, analysis and enactment with the FTG+PM formalism. Istvan David - istvandavid.com = hello@istvandavid.com

de Montréal

32



