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CEA key figures

[ CEA Is a major actor in research and innovation.]

» 16 000 people

| Direction of CEA
: » 16 centers in France

Defense Nuclear Key Enabling > Budget : 4,3€ hilions

Security Technologies » 1 600 patents

Military . CEA-Tech » 4 000 publications / year
Applications \

Division » 150 startup created since 1984

Fundamental research

Physical Sciences Division
Life Sciences Division
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The LISE labs in a nutshell

M) [ Correct-by-construction design of safe CPS]

~50 persons

B 30 permanent members + 17 non-permanent members including PhD
students, post-docs ... (2015)

. Modeling Language Engineering

‘ Model-based Formal Analysis (e.g., auto gen. of tests)
Main . Run-time Formal Verification and Monitoring
research @ Model-based Simulation

AoG ks ‘ Model-based Security & Safety Engineering
‘ Archi. Exploration, Configuration & Deployment

‘ Process, Requirement and Variant Engineering




T

Papyrus is the official open-source <
Eclipse UML2 modeling tool: Pap/rus 4%

www.cclipse.org/papyrvs

m Papyrus provides a complete graphical editor for both UML and
SysML standards based on the MDT::UML2 component for its
repository.

m Papyrus addresses the two key features expected from 2 UML2
graphical editor: modeling and profiling.

m Papyrusis highly customizable and extensible enabling DSML
definitions based on standard UML profiles!

m Papyrus provides a supportto MARTE 1.1 (includinga rich text
editor for VSL).




FMI FOR PAPYRUS / PAPYRUS FOR FMI

 Synergy of two complementary standards for Complex system modeling and
simulation

 FMI (Functional Mockup Interface)

Emerging standard for co-simulation
Enables multiple compliant modeling and simulation tools to interoperate

Particularly interesting for designing CPS (Cyber Physical Systems)

« UML in the FMI eco-system
UML (and its variants) can be used to design parts of CPS
E.g., the high-level control logic of an embedded software

Would be nice to have the possibility to assess the relevance of the UML-based parts with respect
to their (simulated) environment

Scenario exploration, early error detections.

 Papyrus now provides FMI tool support
« Based on Moka, the Papyrus module for model execution
« Early results, still in incubation phase



OVERVIEW OF PAPYRUS TOOL SUPPORT FOR FMI
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TUTORIAL OUTLINE

Papyrus MOKA overview
Short Reminder on FMI/FMU

Papyrus as FMI co-simulation Master :

«  FMU modelling in Papyrus
Import of a simple FMU in Papyrus

« Run asimple simulation

« Visualize results

Papyrus as FMU provider :

« Reminder on OMG standards for Executable Modeling
Study and debug a simple UML-based FMU model

- Export FMU

« Analysis of generated FMU

Integration :

« Integration and co-simulation of the newly exported FMU



SYSTEM REQUIREMENTS

 Papyrus is based on Eclipse
«  Most common platforms are supported (Windows/Linux/Mac...)
« Requires JAVA 8
 Papyrus for FMI cosimulation
« JAVA imposes restrictions on 32bits/64bits DLL loading
« DLL should have the same architecture as the running JVM
« =64 bits JVM can only load 64 bits FMUs (and 64 bits eclipse distributions)
« Running mix of 32 bits/64 bits FMUs is not possible
« Butrunning 32 bits FMUs on a 64 bits machine is possible
> Install 32 bits JVM and Eclipse/Papyrus distribution
 Papyrus as FMU provider :
« Generated FMUs can run on Linux 32/64 bits and Windows 64 bits
«  Other architectures may be supported on-demand
« Generated FMUs may requires a JVM on the running machine

* For this tutorial
« We only provide a Windows 64 bits Papyrus distribution and FMU example



TUTORIAL SETUP

« Papyrus.zip : papyrus distribution to unzip on your machine
« Includes pre-installed MOKA FMI plugins
« Run Papyrus.exe after unzip

- Select a workspace where your projects will be saved
« TutorialProjects.zip : zipped projects
« No need to unzip

« In eclipse : File 2Import ... 2EXxisting project ... select archive

& Import = g
e — — =
=l x| j =
S Import — Import Projects @
Select \ Select a directory to search for existing Eclipse projects. A
=]
Create new projects from an archive file or directory.
(7) Select root directory: -
—_— ==
Select an import wizard: @) Select archive file: C:\Prog\papyrus-neon-2.0.2-tutorial' =
type filter text Projects:
4 (= General \: PapyrusFMITutorial (PapyrusFMITutorial) Select All
Lobchia Dile = PapyrusFMITutorial-Result (PapyrusFMITutorial-Result) o
[ = Existing Projects into Warkspace l R
TSy

Refresh
[ Preferences

= Options

Search for nested projects
Copy projects into workspace
["] Hide projects that already exist in the workspace

Working sets

[] Add project to working sets

Diamant - Select...

@ Next > Einish } [ Cancel
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OVERVIEW OF MOKA, THE PAPYRUS
MODULE FOR MODEL EXECUTION




MOKA: OVERVIEW

Papyrus module for model execution

« Help designers to understand/orient their design choices

- Basis for a straightforward, simulation-driven design process:
(Model / Execute / Observe / Refine)+

« Front-end for integration of simulation tools and techniques

Model Debugging capabilities

«  Control (start/stop, suspend/resume, breakpoints)

« Observation (diagram animation, variables, threads)

Complies with standard OMG semantics of UML

« Implements the fUML and PSCS execution models (PSSM coming)

- Experimental tool support for Alf, the standard textual notation of f{UML

Flexible/extendible

« New execution engines can be plugged (to support multiple semantics and UML
profiles)

- Extension points to inject control/execution model libraries (to trigger the execution
of external functions and procedures directly from a UML model)
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C2A CONNECTION WITH THE ECLIPSE DEBUG FRAMEWORK

Controlling and Observing executions

& Debug - test/model.di - Eclipse Platform

File Edit 7P Diagram Navigate Search E}Q%Q!l

i 1 & [ I control panel pg
®| @ 0> ] BHLrO - Q@O

o=

Breakpoint Control Panel /

Bl )
Runtime (Variables) state panel

()

=S 9 | - v - Quick Access : 9 | [ Resdwce 72 Papyrus &’ Java (%5 Debug | - N
: =y R
@Debug 2 | S S | O Breakpoints 2 R R R A R | B EG| | @ = 8
4 % Launch configuration for Activity 3 [Moka launch configuration] [7] o CallBehaviorAction2
4 i Moka Debug Target 7] @ or
4 of? Main thread
= or
\ »d Moka runtime process No details to display for the current selection.
7 *model.di 2 \ = B 2= Outline 2 = g
Threads / Stack frames view alq |5 gl v
2 1
result X CallBehaviorAction2
result message
y =
resuk Emphasis on the element
associated with the stack frame
<« m »
$3 Activity 3 52
- Model Explorer 52 =SR-3 \ B Y= 8
4 G5 Activity3 -
&3 Diagram Activity 3
t edge(3)
4 L /node(5) =
(@) "true”
@) "false”
@) or
(@) CallBehaviorAction2 =
Execution Engine Job -—




C2A CONNECTION WITH THE ECLIPSE DEBUG FRAMEWORK

« Multiple execution engines can be registered

i — T T T T — =
& Preferences [ = |ﬂ

type filter text Moka = - =
- QCL -
4 Papyrus ) _
Connection Tools R
55 Therme i () PSCS Execution Engine (multi-threaded implementation)
» Dliagrams E (") PSCS Execution Engine (single-threaded implementation)
Crag and drop W () fUML Execution Engine (single-threaded implementation)
> Embedded Editors @ A dummy execution engine, to understand how the magic happens
Model leading
Moka
Mavigation AL

’F‘.estore D'efaultsl ’ Apply l

1| 1] [ b

@ | ok || canced |

—

Llist



MOKA: OVERVIEW

« NEW : Support for FMI Co-Simulation standard

Export of FMUs from executable UML models

Ability to import and assemble FMUs, co-simulate them with the built-in Moka master, and visualize

simulation traces on XY charts.



FUNCTIONAL MOCK-UP INTERFACE (FMI)

Allows to export each executable model as a standalone unit (FMU)

An FMU has to implement a standard binary interface as a shared library ( dll/.so)

Set Inputs Co-simulation Environment
Get outputs Model Model
_ FMU FMU
Do Step (stepSize) Solver Solver
Master Algorithm

The simulation Master synchronizes and orchestrates the FMUs

Step sizes
hcl hci tcn=tstop
é ....... é ....... 9
tcO=tstart tcl tc2 tci tci+1

\ / - get outputs Y(tci)

Communication - St TE)
points - doStep hci (tci -> tci+1)

- advance time to tci+1

Llist
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PAPYRUS AS FMI CO-SIMULATION
MASTER




FMU MODELING IN ECLIPSE/PAPYRUS

FMU loading/saving integrated in Eclipse Modeling Framework

« FMUs are considered as « Models »
« Automatically unzip/zip FMU archive

« FMUs can be used as inputs or outputs of model transformation techniques

E FMUBUNdl el + sourcefiles El Abstractfite

= + name: String [0..1]
+ documentationFile

+ resourcesFiles

+ wing4Files 4

+ win32Files

[ B )

+ darwin32Files

+ darwinb4Files

]

+ linux32Files

[ K]

+ linuxb4Files

1

4

+ rootFiles
o}

delDescription 1
H FmiModeIDescriptionTy@

7 Chlld;ﬁ/j \

El ArchiveToUnzipInFMU E JavaFileProxy

E FolderToCreatelnFMU

Llist f




EXERCISE 1: OPEN AN FMU IN ECLIPSE

FMUs can be edited with default Ecore Reflective editor

# ) Editor Selection l (=] ﬁ

[t Proj X BE&|e ¥= 8
= I:_’FOJECT Explorer | Choose the editor for opening generator.fmu:
4 = PapyrusFMITutorial _ i i
o @) Internal editors () External programs
> = Input

4 (= sandbox

=l generat
- = PapyrusFMITut

Llist

L W

New

Open
Open With

Copy
Paste

Delete
Remove from Context
Mark as Landmark

F3

Ctrl+C

Cirl+V

Delete
Ctrl+Alt+Shift+Down
Ctrl+Alt+Shift+Up

© [ [

Text Editor
System Editor
In-Place Editor
Default Editor

Other...

ecore

## Ecore to Ecore Mapping Editor
¥4 Ecore to XML Mapping Editor
#] Sample Ecore Model Editor

£ XSD to Ecore Model Editor

) Sample Reflective Ecare Model Editor
] Sample Reflective Ecore XML Model Editor

Browse...

[ Use this editor for all 'generator.fmu’ files

Use it for all *.fmu’ files

Cancel
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ce2 EXERCISE 1: OPEN AN FMU IN ECLIPSE

& generator.fmu &2 = B8

4 5| platform:/resource/PapyrusFMITutorial/sandbox/generator.fmu

+}M&M
% Fmi Model Description Type G-GRE-GRE022730

4 Default Experiment Type 0.0
> 4% Model Variables Type
a < Model Structure Type
> < Fmi2 Variable Dependency

» % Initial Unknowns Type Additionnal files are

complete % Java File Prowy listed

modelDescription.xml | + Java File Proxy
ed itor vathmap://PAPYRUS_MOKA_DATA_VISUALIZATION/datavisualization.profile.uml|

sathmap://UML_PROFILES/Ecore.profile.uml

ﬁ?roper‘ties 22 | J Model Validation % References A ER & ¥ C}\

Property Value
Can Be Instantiated Only Once Per Process = true
Can Get And Set FM Ustate *= false -
Can Handle Variable Communication Step Size L'_
Can Interpolate Inputs 'qtrue
Can Mot Use Memory Management Functions = true
Can Run Asynchronuously "= false
Can Serialize FM Ustate "= false
Max Output Derivative Order =0
Model Identifier "= generator
Needs Execution Tool "= false
Provides Directional Derivative "= false

< | 11 /

cda I

Llist
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EXERCISE 1: ADD AN ARCHIVE IN RESOURCE
FOLDER OF FMU...

i *generatorfmu 2 - o AR 5 i
4 5 platform:/resource/PapyrusFMITutorial/sandbox/generator.fmu s Dessin
44 FMU Bundl —!
4 % Fmi Mo MNew Child » Model Description Fmi Model Description Type
4 Defal ¢ Undo Delete Cirl+7 % Resources Files Folder To Create In FMU
. 4 Mod Redo Ctrl+Y ‘¥ Resources Files Archive To Unzip In FMU
T Resources Fies Java File Proxy
4 % Modi or cut £ Win32 Files Folder To Create In FMU
+ g copy # Win32 Files Archive To Unzip In FMU
>+ Ind [ Paste £ Win32 Files Java File Proxy
+ <C08 ¢ Delete £ Win64 Files Folder To Create In FMU
+ Java Filg - £ Win64 Files Archive To Unzip In FMU
+ JavaFilg ~ Validate ¢ Win64 Files Java File Proxy
> &) pathmapy//PA  Live Validation £ Linux32 Files Folder To Create In FMU
- &) pathmap://U Control.. ¥  Linux32 Files Archive To Unzip In FMU
- & pathmap://U Run As v | %€ Linux32 Files Java File Proxy
- &) pathmap://U Debug As y | & Linux64 Files Folder To Create In FMU
. &1 nathmant /11 Team N £ Linux64 Files Archive To Unzip In FMU
= Pro ; ) £ Linux64 Files Java File Proxy
perties ¥ Compare With " |98 Darwin64 Files Folder To Create In FMU
Property FEETEE R *| 44 Darwins4 Files Archive To Unzip In FMU
ocL ' % Darwin64 Files Java File Proxy
Load Resource... % Darwin32 Files Folder To Create In FMU
¥ Darwin32 Files Archive To Unzip In FMU
fasa % Darwin32 Files Java File Proxy
Show Properties View ¥ Documentation Files Folder To Create In FMU
Remove from Context Ctrl+ Alt+Shift«Down ¥ Documentation Files Archive To Unzip In FMU
¢ Documentation Files Java File Proxy
¢ Source Files Folder To Create In FMU
‘£ Source Files Archive To Unzip In FMU
£ Source Files Java File Proxy
¢ Root Files Folder To Create In FMU
Tl m i Root Files Archive To Unzip In FMU

Lisx

Root Files Java File Praxy



EXERCISE 1: ADD AN ARCHIVE IN RESOURCE

FOLDER OF FMU...

4w generator.fmu 2

platform:/resource/PapyrusFMITutorial/sandbox/generator.fmu
4 FMU Bundle
4 4 Fmi Model Description Type G-GRE-GRE022730
4 Default Experiment Type 0.0
: 4 Model Variables Type
4 < Model Structure Type
» <= Fmi2 Variable Dependency
> < Initial Unknowns Type
4 <coSimulation= Co Simulation Type generator
4 Archive To Unzip In FMU test
4 Java File Proxy

[iiiE

b

4 Java File Proxy
- #| pathmap://PAPYRUS_MOKA_DATA_VISUALIZATION/datavisualization.profile.uml
- #| pathmap://UML_PROFILES/Ecore.profileuml
- #| pathmap://UML_METAMODELS/UMLmetamodel.uml
. @1 nathman /1ML PROET FS/Standard nrafile nimil

[ Properties 2 | f Model Validation 5 References g R v =
Property Value

Archive File "= C\Prog\papyrus-neon-2.0.2-tutorial\Papyrus-FMI-Tutorial\TutorialProjects.zip

Name "= test

Llist



EXERCISE 1: ADD AN ARCHIVE IN RESOURCE
Cea FOLDER OF FMU...

Result after saving : open the FMU file as an Archive (out of eclipse)

-a new folder named « test » is created inside FMU resource folder
- It contains the contents of the archive

Ch\Users\sr246418\workspace-papyrus-tutorial\PapyrusFMITutorial\sandbox\generator.fmu\resources\test\ l = | (=] Iﬁj
Fichier Edition Affichage Favoris Outils Aide
| o = ~7 00> = ® i
Ajouter Extraire Tester Copier Déplacer  Supprimer Informations
7 il C:RUser5h5r246418hwmrkspace—papyrus—tutmrial\Papyru5FMlTutDrialhsandbmx{generator.fmuhrESDurces‘\teﬂ\ ] -
Mom Taille Compressé Modifié le Créé le
| EPapyrUSFMHutnrial 159 642 a0 235

| PapyrusFMITutorial-Result 27 219 247 26 638 068

4 | [

0 objet(s) sélectionné(s)

Llist
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REPRESENTING FMU IN UML: THE FMI PROFILE

Papyrus first class citizen are UML model elements
«  We must provide a mechanism to represent FMUs as UML model elements
« Thisis the purpose of the FMI profile

A profile allows to extend standard UML concepts with domain
specific attributes

FMI profile :

- Adds to UML elements FMI specific concepts

« Not afull one to one translation : only useful concepts for UML display/handling
« Includes a direct link to in-memory original FMU model

FMU import in Papyrus

. model transformation from FMU metamodel to UML + FMI profile

FMU generation

« model transformation from UML + FMI profile to FMU metamodel
. generation according Moka computation mechanism

t : Ex : only discrete variables
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FMI PROFILE OVERVIEW

« FMUs are represented as a special kind of Class

Class it
FMuU

C5_Graph
+ startTime: Real [1]
+ stopTime: Real [1]
+ stepSize: Real [1]
+ tolerance: Real [1]
+ toleranceDefined: Boolean ...
+ stopTimeDefined: Boolean ...
+ computeSetupExperiments...

CS_FMU

+ canHandleVariableCommunicationStep5i...
+ canlnterpolatelnputs: Boolean [1]

+ canRunAsynchronuously: Boolean [1]

+ maxQutputDerivativeOrder: Integer [1]

+ needsExecutionTool: Boolean [1]

+ startTime: Real [1]

+ stopTime: Real [1]

] R

+ step5Size: Real [1]

(] T

+ fmiVersion: String [1]

+ modelMame: String [1]

+ quid: String [1]

+ description: String [1]

+ author: String [1]

+ version: String [1]

+ copyright: String [1]

+ license: String [1]

+ generationTool: String [1]

+ generationDateAndTime: String [1]

+ variableNamingConvention; String [1]

+ numberOfEventlndicators: Integer [1]

+ sourceFiles: String [1]

+ canBelnstantiatedOnlyOncePerProcess: Boo..
+ canGetAndSetFMUstate: Boolean [1]

+ canNotUseMemoryManagementFunctions: ...
+ canserializeFMUstate: Boolean [1]

+ providesDirectionalDerivative: Boalean [1]
+ needsExecutionTool: Boolean [1]

+ modelldentifier: String [1]

+/ modelDescriptio

]

=4 | FmiModelDescriptionType

1
1 [7]
+ fmuBundle | = FMUBundle

ME_FMU

= + completedintegratorStepMotiNeeded: ...

(R 7

+ tolerance: Real [1]

list




C2A FEMI PROFILE OVERVIEW

« Scalar Variables are represented as a special kind of
Class attributes

Property 7]

1

+ fmiVariable ScalarVariable
& 1 = + description: String [1]
= + variability: VariabilityKind [1]
E Fmi2ScalarVariable = + initial: InitialKind [1]

= + valueReference: Elnt [1]

Port (2]

IR

CalculatedParameter Local Port

= + direction; FlowDirection [1]

Parameter Independent

Llist




THE EMI MASTER FUNCTIONNALITY

« fmu » « fmu » « fmu »
—)| A.\-[;x‘l‘u]& —)| —> Dymolal— —> OpenModelica —>|
SIMULINK
. « fmi master » Assembly h
. )
.4 Moka MA Orchestration
M&ka Tracing

- Key features:
« Ability to import FMUs from FMI 2.0 compliant tools

- Definition of the co-simulation graphs (i.e., assembly of FMUs +
configuration of simulation runs)

- Master algorithm specified by an executable UML model, along with a
dedicated model library

Fixed step size, no usage of rollbacks, but we have some plans to go further...
« Visualization of co-simulation results with XY charts

Llist



C2A EXERCISE 2 : PAPYRUS FMU IMPORT

Create a new Papyrus project

[?5 Project Explorer &2

- i2 PapyrusFMITutorial;
= PapyrusFMITutorial-Result

New » [ Project..
Show In Alt+ShiftsW* | 7?2 Papyrus Model
=? Papyrus Project
Copy Ctrl+C e
Copy Qualified Name ™ Example...
L Paste Cirl+V |9 Other.. Ctrl+N
Delete Delete
ia  Import.
B Model Exp &1 Export.
Refresh F5
CSS Theme r

Llist



C2A EXERCISE 2 : PAPYRUS FMU IMPORT

Select UML -> next -> name the poject and the model
file

7 New Papyrus Project p— | O] - # ) New Papyrus Project ==y X
Select the language of the new diagrams E [_;3

Choaose your project path and the model name

Diagram Language: Project name: Cosimulation

UML core:

) \t UML Use default location

= C\Users\sr246418\workspace-papyrus-tutorial\Cosimulation Browse...
‘t Profile
Model file name:
cosimulation
2 < Ba . Next Finish Cancel _
@ - | Ned> | [ = l l ___ @ < Back " Next > l [ Finish l l Cancel




PAPYRUS FMU IMPORT

et o =SS Select FMI simulator model

Initialization information —)
o~ template and finish

Select root element name and diagram kind

Root model element name:

RootElement

Select a Diagram Kind: 9predef|ned K« ready torun »

Diagram name MName Quantity
" &+ Activity Diagram

Dl fctiy Digr ‘ Simulator model

™3 Communication Diagram

™ & Component Diagram

| ™ @ Composite Structure Dia...
™ % Deployment Diagram

™ " Inner Class Diagram

" # Interaction Overview Di... N

You can load a template:
FMI simulator with Simple Master

Choose a profile to apply

l Browse Workspace ] l Browse Reqistered Profiles ]

@ Next > [ Finish ] l Cancel ]




C2A EXERCISE 2 : PAPYRUS FMU IMPORT

Open Simulator architecure diagram

~¥ cosimulation.di 2

General Notation Views
Private editor page layout filter
Remember last active page View Context
Languages: l Simulator Architecture = Simulator
Name Version £3 Start Simulation 52} startSimulation

UML 250

Related Views

is| Properties View
B Model Explorer
J Model Validation

Llist
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[25 Project Explarer 2 BE&|® = B
4 = Cosimulation
> <P cosimulation
» = PapyrusFMITutorial
» & PapyrusFMITutorial-Result

B Model Explorer 2 = B # R B E Y= 0
4 [= RootElement
3 Instances
- «CS_Graph= Simulator
» B2 SimpleFMiMaster
» BY «EPackage, ModelLibrary= UML Primitive Types

g= Outline 22

e uE =0

~¥ cosimulation.di

EXERCISE 2 : PAPYRUS FMU IMPORT

«CS_Graph=»
H simulator

Empty composite
structure diagram

4

& Welcome | [B Simulator Architecture 2

[ Properties % Model Validation % References
H «CS_Graph» Simulator

UML Applied stereotypes:

CS_Graph stereotype
allows to configure
simulator settings |

-

00

Comments - C5_Graph  (from FMIProfile)

Profile - = startTime: Real [1] = 0.0

Llist

» @ stopTime: Real [1] = 100.0
- @ stepSize: Real [1] = 10.0
- & tolerance: Real [1] = 1.0E-6

- = toleranceDefined: Boolean [1] = true
- & stopTimeDefined: Boolean [1] = true

Advanced

-

m

startTime

Exercise: set

simulation step to
0.01




C2A EXERCISE 2 : PAPYRUS FMU IMPORT

From model explorer root : right click, Moka, FMI,
Import FMU for co-simulation

B Model Explorer 2| & G- % 2§ ¥ = O
4 B2 RootElement

1% Moka » “? Modeling Utils *
s 8 « Navigate v |E  Import CSV
» B3 Simg New Child b |y ExpOrt SV - —
. B .EDd ] ] X “? FMI > Export FMU for co-simulation
= HED R?Iatmnshlp Run 2| Import FMU for co-simulation
3
.+ New Diagram Debug
El New Table 'l e Breakpoints b [Impor‘t FMU for co-simulation
Delete Delete
<! Undo Ctrl+Z
Redo Ctrl+Y 1
s Welcome | [B3 Simulator Architecture &2
Cut Ctrl+X
8= Qutline| 2 Copy Ctrl+C |= B [ Properties & Model Validation Reference
P A -
aste cu=v E2 RootElement
Profiles »
~3 Refactor , UML Profile applications

Llist



C2A EXERCISE 2 : PAPYRUS FMU IMPORT

Model Library is useful to group several FMUs

#J Enter a name for your Model Library ﬁ

Model Library Name: | FMULibrary

l OK l l Cancel

Select generator.fmu from
workspace/PapyrusFMITutorial/input

73 Select FMU to be imported — -

@va. » REVOL Sébastien » workspace-papyrus-tutorial » PapyrusFMITutorial » input v‘%” Rechercher dans : input Pl

Organiser ¥ Nouveau dossier B J] 9

| ssh i Nom Modifié le Type Taille
| .subversion
L. swt

| genera tor.fmu 02/02/2017 13:50 Fichier FMU 81 Ko

| tooling |§|
| VirtualBox N
| AppData

Wy Bureau

&y Contacts

I, Favoris

L git

W Liens

¥ Ma musigue

-
I’ Nom du fichier: generator.fmu - [*.fmu ']
[ Ouvrir ‘V] [ Annuler ]




EXERCISE 2 : PAPYRUS FMU IMPORT

We obtain a new Class named « generator » with an
ouput port called « Outl »

B Model Explorer @ E B R B S ¥ = O
4 B2 RootElement x
£3 Instances
+ H «C5_Graph» Simulator
4 B3 FMULibrary

4 B3 generator

11

B3 generatorDependencies
4 | «CS_FMU= generator
o Qutl:Real
» B SimpleFMIMaster
. BY «EPackage, Modellibrary= UML Primitive Types B

4

» B «EPackage» modeldescription B - ;
ge= 1 ) nptt i Welcome |[B8 Simulator Architecture 2

. B® [Dackanow frnmetamadel

5= Outline 52 » 5[ v = g DOProperties 2 | J Model Validation %’ References
= & Qutl : Real
UML Applied stereotypes:
Comments | £~ = Port (from FMIProfile)’ N\ -
Profile » = direction: FlowDirection [1] = out
Advanced = description; String [1] = null L

» & variability: VariabilityKind [1] = continuous
» = nitial: InitialKind [1] = exact
» =l valueReference: Elnt [1] = 0
\_ | & fmiVariable: Fmi25calarVariable [1] / i




C2A EXERCISE 2 : PAPYRUS FMU IMPORT

Drag and drop the class into the diagram, and select
FMU-specific Papyrus drop strategy

Drop type as typed property
Create a composite part from FMU and create graphical view

Change the default strategy 3

We get a new FMU instance

= + generatorl: ge..

[ {{P r-t}}
ﬂ@ [ ] +%ut1: Real [1]

Llist
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Cea EXERCISE 2 : PAPYRUS FMU IMPORT

R R N -T il B

Create a new Moka Run configuration

Run As 4
E Run Configurations...

Organize Favorites...

#J Run Configurations «+ & « . - . TE . . . . . ﬁ
Create, manage, and run configurations : ;
S —+I
HEx | H P~ Name: Cosimulation
type filter text #= Moka Main . & Common
& Eclipse Application
pse App [ UML Model )
F5 Java Applet
I3 Java Application platform:/resource/Cosimulation/cosimulation.uml
Ju JUnit \ y
Ju JUnit Plug-in Test [ Element to be executed )
4 # Moka launch configuration [Activity] RootElement:Simulator:startSimulation -
# Cosimulation - y
Ot Expresson [ Execution Engine (if no selection, the default engine is used) )
Operational QVT Interpreter : : :
) ) org.eclipse.papyrus.moka.fuml.cosimulation -
& 0SGi Framework
Jti Task Context Plug-in Test \ o
Juy Task Context Test
Filter matched 12 of 12 items neven APPY
@' Run J [ Close

Lleist



C2A EXERCISE 2 : PAPYRUS FMU IMPORT

If everything is ok....
#J Simulation success - ﬁ

‘ .’.- . -.\.
[ |
vy

Successfully Simulated 10000 steps in 93.0 ms

A new simulation trace appears in project explorer
(after refresh, press F5)

[75 Project Explorer &2 F&|s ¥ = O

4 = Cosimulation
> [=» FMULibrary
Ez.’ fmi_simulation_trace.csv
» “J cosimulation

» (= PapyrusFMITutorial

+ = PapyrusFMITutorial-Result

Llist



C2A EXERCISE 2 : PAPYRUS FMU IMPORT

Import CSV into Papyrus Model

% Model Explorer 2 E B IR B E Y= 8

4 |\E= RootElement -
E3 Instan & Moka »| %2 Modeling Utils  *
. B «Cs.c Navigate v |E  Import CSV
4BIFMULL  New Child | = Bxport CS{import csv |
«Bge New Relationship v 4 ;Tr:
= New Diagram » Debua
4« 5B NewTable e Breskgoints >
Delete Delete
; E«a S:i]jp{g'h' < Undo Ctrl+Z
: F_A'a «L:'L:m:m- Redo Ctrl+Y 4
B ePackac . i@ Welcome | Simulator
. % . IDArk Cut Ctrl+X

A new « DataSource » appears in model explorer

i B2 RootElement
£ Instances
- H «CS_Graph» Simulator
a B3 FMULibrary
4 B3 generator
£ generatorDependencies
4 = «CS_FMU» generator
o Qutl : Real
4 i+ «DataSource» fmi_simulation_trace

Ii’t = time : Real
= generatorl.Outl : Real




C2A EXERCISE 2 : PAPYRUS FMU IMPORT

Create a new graph from the data source

EOUULL o medl |

4l «Da-taSc:urce» fmi_sim 2 Moka » |3 Modeling Utils
= time : Real Navigate v || Create Graph
=l generatorl.Outl : F Imoo \
» B3 SimpleFMIMaster New Child ’ =Y Expmq CreateGraph
> BY «FPackage, ModelLibrary. New Relationship "1~ EMI v |
» B¥ «EPackage» modeldescrif New Diagram ' Run
» B «FPackage» fmumetamo Ed New Table ' Debug
. B9 «Modellibrary» Ecore Prij % Delete Delete | Break;:mints , jure
» B2 AssertionLibrary << Undo Ctrl+Z  jag 52 ndel Validation

Select the traces to display
-"? Selection Needed { |E| Iﬁq

Select the series

time

generatorl.Outl

| SelectAll || Deselect Al

I i ’ t @ | OK ‘ | Cancel




C2A EXERCISE 2 : PAPYRUS FMU IMPORT

XY graphes are new kinds of Papyrus Diagrams

~¥ cosimulation.di 2 = g
el ]| nmlul#[2a[% 83| 4[] &)
CSV-Graph
5,5;
3
1
@
=
i
3 -
5 ] |
—6,6:"'I‘"'I""I'“'I'"'I'"‘I""I'"‘I'"‘I""\""\""I""I""I""I""I'"'I'"‘I'"‘I""I'"‘I'"'\""\""I""I""I""I""I""I""I'"‘I'"'I""I'"'I'"'\‘"'\""I""I""I""I""I""I""I'"‘I'"'\'"'\""\""\""I""I""I
104 14 18 22224 28332 3638442 456 552 56 66264 68772 76 8 82 86 992 96 10 104 108 11,18
time
i Welcome | @ Simulator Architecture || CSV-Graph
= Properties 2 Model Validation References e ¥ =08

XY Graph Descriptor CSV-Graph

xygraph Title CSV-Graph

Advanced | vigiple traces @@

generatorl.Outl

Llist



PART Il

PAPYRUS AS FMU DESIGNER




EXECUTABLE UML OMG SPECIFICATIONS

Syntax Semantics

\ )
[ | [ |

/UML l \\
TN

f

\

\ 4
PSSM o™ A
) t\(l

< » Execution -

Model EfUM:T
Pscs )| Execution

) Model
< » EXxecution
/ \ Model A )

PSSM

fUML

\
f

PSCS

N

Y

\ _\___‘/)

Semantic
mapping

Alf (Action Language for fUML):
- Textual surface notation for the fUML subset

Llist



KEY SEMANTIC ASPECTS

Structure =<

Instantiation of
an active class

Instantiation of a
composite structure
Implies instantiation of

E Game

its constituents

+b:B[1]
P

1
«Signals «Signal= «Signals I
Ping Pong Start
«Interfaces «Interfaces I
2 Ping = 1Pong I
3 uSignal» Ping 3 «Signals Pong
T A ,
! | wuses
- - I +arAfl]
H pingPongimpl I P
| Ea | =E |
483 ccreates AQA 48 «creates B(:B
48 «Signal» Start 45 «Signals Start I
45 «Signal= Pong 45 «Signals Ping
I 1.Class diagram (~ BDD) N
.L_________*_I
1 AN

2. Composite structure diagram (~ IBD)

implies starting
of its behavior

Behavior —=

AcceptEventActions

enable to specify
reactive behaviors

(" A Classifier Behavior

B Classifier Behavior

\

> - |

This

Pong

3. Activity diagrams

SendSignalAction enable to
specify asynchronous

communications, which will flow
through ports and connectors

Event dispatching occurs at Run

To Completion (RTC) steps




THE FMU EXPORT FUNCTIONNALITY

MODELING AND SIMULATION OF REACTIVE ASPECTS

521 AClassifierBehavior

An FMU is an fUML Active Object
with a classifier behavior
described with and Activity
diagram
(state-machine support on-going)

Introduced Change
Event and Time Event
as fUML extensions

change on x

«CS_FMU= After 0.5
FMU
«=Port» {direction=in} x:Integer
«Port» {direction=out } y: Boolean

compare( in threshold: Integer): Boolean

target
‘...._.......,,,, . :
callCompare [ ] ~-
esult
threshaold

Time event

true b .. {emmmmmmmmmmemesemsmmamamemm—————— -n----

false

0.0

(]
B
o
o +
Ly
3
1]

stepSize = 0.1

—  \/alues observed by the master



FROM RESEARCH TO INDUSTRY

Clatech EXERCISE 3:: PAPYRUS FMU DESIGN

Open PapyrusFMITutorial/input/SimpleFMU UML model

[ Project Explorer &2 B%|® =08 cosimuationdi  ~? SimpleFMUdi 5

=)
)
5

4 2 Cosimulation
= FMULibrary

= fmi_simulation_trace.csv FMU StI’UCtUI’e can be
<P cosimulation l «C5_FMUs ' descrlbed |n a

4 = PapyrusFMITutorial imple

4 & input Composite Structure
> B SimpleFMU g
= genzrator.fmu «Pofik: q@ dlag ram

(= sandbox :

laaa + out: Boolean [1]
> (2 PapyrusFMITutorial-Result +in: Real [1

B Model Explorer 2 | £ B BB 5 7= 0
< = SimpleFMU

» % <Package Import> FoundationalModellibrary

4|H «CS_FMU=» SimpleFMU

> @ in:Real

Byt Boglean
igt FMU behavior

» dii compare

£2 Diagram Main behavior

4 B3 Events

> Fa Change on port in

Diagram FMU Definition

> BY «EPackage, Modellibrary» UML Primitive Types

4

(@ Welcome |[E FMU Definition 52 | £z Main behavior| £z compare

» B2 FoundationalModelLibrary [ Properties &2 Model Validation References
«EPackage» modeldescription

H «CS_FMU»> SimpleFMU

Package» fmumetamodel

3 «ModelLibrary» Ecore Primitive Types UML Name SimpleFMU
Comments | Qualified name SimpleFMU:SimpleFMU
Profile Is abstract Ctrue @ false l s active @) true l' false
Advanced
Visibility public

Owned attribute

o in:Real
o out:Boolean




Clatech EXERCISE 3:: PAPYRUS FMU DESIGN

« FMU Class key aspects :
 Should be an active class

« Should be stereotyped with FMIProfile::CS_FMU stereotype
No need to feel stereotypes attributes, they will be filled by Moka at export time
« Can own several behaviors

Only one should be referenced as Classifier behavior
Other behaviors can be called from the Classifier behavior

H SimpleFMU

UML Property Value
Comments ZaliM). - . - .
: Classifier Behavior RRP < Activity = FMU behavior
Profile
—Txtension
Style Is Abstract "% false
Appearance Is Active B true
Rulers And Grid Is Final Specialization M false
Advanced Is Leaf i false
Name *= SimpleFMU



Clatech EXERCISE 3:: PAPYRUS FMU DESIGN

« FMU Port key aspects

* Should be stereotyped with FMIProfile::Port stereotype

direction (in/fout) and valueReference (unique ID) should be specified
Other attributes will be generated at FMU export

* Ports should have a type
Only UML standard primitive types (Integer, Boolean, String, Real)

* Ports should have a default value
Only UML primitive types values (Literalinteger, LiteralBoolean, LiteralString, LiteralReal)

* Multplicity must be setto 1

O Properties 32 | Jf Model Validation %" References

@ in: Real
[
UML Name in
Comments Is behavior Otrue @ false Is derived Otrue @ false
Profile Is derived union ) true @ false Is ordered Otrue @ false
Style Is service @true ) false Is conjugated Ctrue @ false
Appearance
(OPPEAIANEE | \isibility public
Rulers And Grid —_—
Advanced Default value |ﬁ -10 = Multiplicity 1
Type & Real B
———




Simple FMU behavior

Unfinite loop
Waiting on input changes

And comparing the input versus 0

Write true on output if input greater or equals to O

InitialNode

AcceptEvent Action
Triggered by a
ChangeEvent

Change onin

caIIComparq,l_I

CallBehaviorAction

11

g5 compare

ReadSelfAction \

ReadStructural
Feature\Action

result

AddStructuralFeature
ValueAction

ValueSpecification
Action

[

CallBehaviorAction
(to fUML standard library)




« Switch to Moka Debug Perspective

v i Quick Access |

#J Open Perspective l =

2= CVS Repository Exploring
3+ Debug

[ Git

& Java

" Java Browsing

2! Java Type Hierarchy
i%Moka Debug Perspective!
“¥ Papyrus (default)

(0 Planning

<k=Plug-in Development
I'= Properties View Customization
75 Resource

&°Team Synchronizing

111

ral

Link

Event




FROM RESEARCH TO INDUSTRY

Clatech EXERCISE 3: PAPYRUS FMU EXPORT

* Create new Moka run configuration

#J Run Configurations . . e . A LA A ; . b &J
Create, manage, and run configurations ; J
b & 3C| SIE Name: FMU Debug

type filter text #= Moka Main [ Commaon
Eclipse Application
= P PP UML Model
El Java Applet
&1 Java Application platfarm:/resource/PapyrusFMITutorial /input/SimpleFMU.uml
Ju JUnit
Ji JUnit Plug-in Test Element to be executed Select the FMU Class (not
4 & Moka launch configuratior [Class] SimpleFMU:SimpleFMU | the activity!)
# Cosimulation
£ New_configuration Execution Engine (if no selection, the default engine is used)
) ——————————————————————
ocL E:(Fressmn org.eclipse.papyrus.moka.fmu.engine.debug < Select the F_MU debuQ
Operational QVT Interpret engine

# 05Gi Framework il
Jit Task Context Plug-in Test
Juy Task Context Test

< | i | » [

Filter matched 13 of 13 items e I l Apply I

@) l Run l l Close l




FROM RESEARCH TO INDUSTRY

Clatech EXERCISE 3: PAPYRUS FMU DESIGN

* FMU controller allows to :
 Change inputs

Configure size and run FMI steps

~? SimpleFMU.di 22

ol (e
. InitialNode A(D\" ERINLRIES
~3 FMU Controller [
Step size: 0.1
Current time: 0.0
Name Value
inputs: in -1.0 object
Change on in result
Name Value | =louE
75 outputs: out false
)
« e » <
- “ ||| 8 compare
@ ItiaiNode ( 3
e,
7 FMU Controller [
Step size: b.l
Current time: 1.7000000 result
Name Value =
inputs: in 2 el T object
2 X
Change on in readln . result result
call>=
Name Value SEOE
outputs: out true 0 ¢
:
caIICompar(;h
T




PART IV

FMU GENERATION




THE FMU EXPORT FUNCTIONNALITY I i’ t

- ~ \

/" Moka FMU ST T T T T T T T T RN
’ Moka RCP vV
! ! LI
I : |
APIFMI__ | | 1
N FMU " o
[ Wrapper I Wrapper : :
: (impl. C++) | (impl. Java) 1o
I : Moka Engine : |
1 | I :
: ! (I
| A [

| 1 Q‘n )
\ \ /I I
\ \\ _______________________ -’ /I

\\ __________________________________ td
[ XML S
Q Provided interface {[> FMU metadata

Synchronous communication /‘» .uml model of the FMU
{gi'fc:)} Execution
 No code generation
* Only the modelDescription.xml is generated
*+ The generated FMU includes the UML model a minimal Moka interpreter

« And ageneric DLL implementing the FMI interface and interacting with Moka



Clatech EXERCISE 4 : PAPYRUS FMU GENERATION

« From the FMU Class : right click, Moka, FMI, Export FMU for co-simulation

B Model Explorer 2 | &= B % B S ¥ = 8
4 = SimpleFMU -

+ %4, <Package Import> FDundatiDnaIMDdelLibral_‘
4|5 «CS_FMU» SimpleFMU )

- @ in:Real % Moka »| “? Modeling Utils arey
. @ out: Boolean Navigate ’ Import C5V
- 451 FMU behavior - Export CSV
Mew Child *
4 &% compare o “? FMI | £] Export FMU for co-simulation
° : New Relationship ' Run Import FMU for co-simplatinn
e {DbJ_ECt Flow> New Diagram 4 Debua Export FMU |
+» <Object Flow>| 3¢ pelete Delete m |
» »2 <0Object Flow:=
‘ < Undo Ctrl+Z e |[Bd FMU Definition | £z Main behavior &
» » <Object Flow:= - e



* Provide an FMU name (FMI model identifier)
» Select the target directory
« Select the target platform

Currently only win64, Linux32 and Linux64 are supported

*  Other platforms can be supported on demand
* Optionally : a JRE can be embedded in the FMU

Can be a minimal JRE (example Linux Embedded )

» Useful if target platform doesn’t have a JRE installed

"~ Export FMU

FMU name: SimpleFMU

| Select target directory| CAUsers\sr246418\Desktop

Target platform:

Include JRE: ]

Select JRE path

||

Cancel




FROM RESEARCH TO INDUSTRY

Clatech EXERCISE 4 : PAPYRUS FMU GENERATION

4 | SimpleFMU | ' modelDescription.xml
4 | binaries
I winbd & SimpleFMU.dII

4 | resources

> J. model SimpleFMU.umil

* FMU structure and
4 L rcp

modelDescription.xml | configuration @ eclipsecexe

%‘fmu_rcp.exe
@] Tmu_rcp.ini

> p2

> L. plugins

k?xml version="1.0" encoding="utf-8"?2>
l<fmiModelDescription fmiversion="2.0" generationDateRAndTime="2017-02-06T22:29:56.9204+01:00" generationTool="Moka FMU exporter" guid=":

<CoSimulation canBeInstantiatedOnlyOncePerProcess="true" canGetAndSetFMUstate="false" canHandleVariableCommunicationStepSize="true"
| <ModelVariables>
| <5calarVariable causality="input" initial="approx" name="in" valueReference="0" variability="discrete">
<Real start="-1.0"/>
</ScalarVariable>
| <5calarVariable causality="output" initial="exact" name="out" valueReference="1" variability="discrete">
<Boolean start="false"/>
</ScalarVariable>
</ModelVariables>
|  <ModelStructure>
| <Outputs>
<Unknown index="2"/>
</outputs>
</ModelStructure>
</fmiModelDescription>



Clatech EXERCISE 4 : PAPYRUS FMU GENERATION

* Import generated FMU in first co-simulation model (cf exercise 2)

« Connect generator output to SimpleFMU input

«CS_Graph» “ | 5¢ Palette >
E simulator l\ @ &Ll

| % Nodes @
E Class
E Property
@ Port

11

“* Collaborati...

& + generatorl: ge.. = + SimpleFMUL: S... 5 Collaborati...
= Collaborati...

B Comment
Connectorl
Port: P «<Port»
[] « » [:] «+ ?r:-:bﬁeal 1] I::| + out: Boolean [1] | {heewrsin:
+ Outl: Real [1] —!| & Edges
===z
< Connector

/ Generalizati..

a iy
~" Realization

& Substitution

~ | & Abstraction



Clatech EXERCISE 4 : PAPYRUS FMU GENERATION

« Re-run simulation

# 1 FMU Debug
# 2 Cosimulation

Run As »
Run Configurations...

Organize Favorites...

 Re-import new CSV

~P *cosimulation.di 2 | 72 SimpleFMU.di 8
K| 4[| fu|ufHxala]or]] o|s]| S|

CSV-Graph

Values

—5- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
6,65 6,7 675 68 685 69 695 7 705 71 715 72 725 73 735 74 745 75 755 76 765 77 775 78 785 79 795 8 805 81 8,18
time

|—generator1.0ut1 —SimpleFMUl.out |




Ceatech REMAINING WORK

* On Master Side :
«  FMU parameters configuration (almost there!)

« Simulation debug (breakpoints at time, at port value, step by step simulation, runtime values
visualization...)

» Delegation to external master (Cosim or Model exchange)

* Improve logging interface (select values to be logged, direct graph generation without CSV import)

.mat file simulation trace support

* On Slave Side :
+ State machine support (almost there!)
* Rollback support
* Performance improvement

* New target platform support

« Part of these features will be developed in OpenCPS ITEA project
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GETTING STARTED WITH MOKA:

VIDEO TUTORIALS :



https://wiki.eclipse.org/Papyrus/UserGuide/ModelExecution
https://www.youtube.com/channel/UCxyPoBlZc_rKLS7_K2dtwYA

