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The term system comes from the Latin word systéma, in turn from Greek olatnua :
"a whole made of several parts or members".

Thales Alenia Space:

Many
stakeholders are
needed to
develop such
systems

Safran
Nacelle
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System Engineering

Mechanical
Structure

Human-
Machine
Interaction

Propulsion
System

Several concerns for
a single system
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System Engineering
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Several concerns for At least one expert
a single system by concern
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System Engineeri

FR51
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x> v}

operations

pperation 1(p1) : Type 2 1
parts

property 1 : Block2

values
property 3 : Integer = 88 {readOniy}
property4 : Real = 10.0

property 5 : Type 1
fittribute : Block 1

Several concerns for At least one expert At least one “model” by concern
a single system by concern (expressed in a DSML)
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‘ VOR :

a system is represented by a set - a Model is an Abstraction of
of functional and non functional a specific Concern/View of a
heterogeneous models | system for a given Purpose

Several concerns for At least one expert At least one “model” by concern
a single system by concern (expressed in a DSML)
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Several concerns for At least one expert At least one “model” by concern
a single system by concern (expressed in a DSML)
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Model Based System Engineering

Airbus 390

property 1 : Block2

: properties operation1(p1 : Type I
property 5 : Type 1 propertios

bittribute : Block 1 propertyl : Type3 I

o i

459

Model Based System Engineering specifies in a model the correspondences
between models from the different concerns, all along the product life cycle.

. mIR@ S MPMA4CPS 2018 in Riga
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Model Based System Engineering
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Model Based System Engineering specifies in a model the correspondences
between models from the different concerns, all along the product life cycle.
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Model Based System Engineering specifies in a model the correspondences
between models from the different concerns, all along the product life cycle.
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Model Based System Engineering

.

Model Based System Engineering specifies in a model the correspondences
between models from the different concerns, all along the product life cycle.
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Model Based System Englneerlng

R |

Model Based System Engineering specifies in a model the correspondences
between models from the different concerns, all along the product life cycle.
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Context

* We consider models that can be interpreted according to their (concurrent and timed)
operational semantics
* We do not want to implement all the tooling for each new language

A Language

DSML /

Syntax

conformsTt

A model

model

. mIR@ S MPMA4CPS 2018 in Riga




UNIVERSITE :a%: /-~
COTE DAZUR - bpzzia—

Context

* We consider models that can be interpreted according to their (concurrent and timed)
operational semantics
* We do not want to implement all the tooling for each new language

- o A Language

xecutable

DSML / T _

Syntax Operational We need to make the
semantics operational semantics
explicit... and as formal
conformsTt as possible

Executable (partially)

model A model implements

Runtime An interpreter
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Context

* We consider models that can be interpreted according to their (concurrent and timed)
operational semantics
* We do not want to implement all the tooling for each new language

Meta- _
|anguages What is a SyntaX
- bl A Language
Xecutaple
DSML / T ol
Syntax OPnF;"f arf;?”a
Semantics Tooling the
meta language
conformsT to avoid tooling
Executabl (partially) each language
m):)edcel'; anie A model implements guag
Runtime An interpreter
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Context

* We consider models that can be interpreted according to their (concurrent and timed)
operational semantics
* We do not want to implement all the tooling for each new language

Meta- _ : : :
languages What is a Syntax What is an operational semantics
- bl A Language
Xecutable
DSML / T o
Syntax Opn‘jf a,ff’”a
semantics Tooling the
meta language
conformsT to avoid tooling
Executabl (partially) each language
m):)edcel'; abie A model implements guag
Runtime An interpreter
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The GEMOC approach

Meta-

languages Ecore
sonforms to

Executable Abstract

DSML Syntax
sonforms to

Executable Model «

model

Runtime
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The GEMOC approach

Meta-

languages KerMeta

conforms to

Executable | Rewriting Rules

DSML &
Runtime State

Executable
model

Runtime

. mIR@ S MPMA4CPS 2018 in Riga

weaves

Two strongly linked parts:
* the data representing the runtime state of the model.
* The actions specifies how the model state is evolving

Ecore

conforms to

Abstract
Syntax

conforms to

A

Model
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The GEMOC approach

It Specifies when the rewriting rules that make the model evolving are called.
It models the (possibly timed) causalities and synchronizations between the rewriting rules

rouages | KerMeta Ecore MoCCML

conforms to conforms to conforms to

Concurrency Semantics

Executable | Rewriting Rules . .
DSML & weaves Abstract imports | | Ma p pI ng imports MoCC

Runtime State Syntax
<4
conforms to
Executable Model «
model
Runtime

. QIR® S MPMA4CPS 2018 in Riga
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The GEMOC approach

rouages | KerMeta Ecore MoCCML

conforms to conforms to conforms to

Concurrency Semantics

Executablel | Rewriting Rules
DSML &

weavgs Abstract #mPCffS Mapp|ng MP MoCC

Runtime State Syntax
— <
conforms to Concurrent and timed
operational semantics
Executable Model «
model
Runtime
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The GEMOC approach

Meta-
languages

Executable
DSML

Executable
model

Runtime

. E_AIR®S

KerMeta Ecore

conforms to conforms to

Rewriting Rules
&

Runtime State

weaves | Abstract
Syntax

conforms to

Model

imports

refersTo
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MoCCML

conforms to

Concurrency Semantics

- Mapping ["**“» MoCC
4
gg’:‘:}; ?f(’) c":' instantiates
J L Ana/ys:s ......... :
Execution i Optimization
Model Refinement
conﬁguresg: .....................................

Generic Execution Engine

Symbolic representation of all partial orders, representing
the acceptable rewriting rule schedules in CCSL
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The GEMOC approach

~+ graphical concrete syntax in Sirius,
~which uses a meta-language as well

rouages | KerMeta Ecore MoCCML

conforms to conforms to conforms to

Concurrency Semantics

Executable | Rewriting Rules . _ .
DSML & weaves Abstract imports | | Ma pping imports MoCC

Runtime State Syntax
4
conforms to Automatic instantiates
generation

: " Analysis
Executable refersTo Execution Optimization
model Model <« Model » Refinement
conﬁguresé .....................................

Runtime Generic Execution Engine

. E_AIR®S




UNIVERSITE -7 /
COTED’AZUR %<2~

The GEMOC Studio

= eclipse

Research Consortium
http:/eclipse.org/gemoc

http:/gemoc.org/studio

Language Modeling
Workbench Workbench
Design and compose your Edit and debug
executable DSMLs your heterogeneous models

N o [ ———



Running example:

AS
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Ecore+Sirius

MNamedElerment
name : EString

Place
[1..*] targetPlaces

[0..1] inputTransition

initialMarking . Eint =0

[1..*] sourcePlaces

[0..1] outputTransition

[0..*]lownedPlaces

_MarkedGraph

[0.*

Transition

pwhedTransitions

. QIR@ S MPMA4CPS 2018 in Riga
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Running example: A 5 Lundaed
AS+DSA Kermeta3

tlaIMarLzl:;?Elnt:O [1..*] targetPlaces [0..1] inputTransition . o .
ffffff Domain Specific Action
[0..*]lownedPlaces o " (m Od e I State)
eredoen  The current marking

represents the runtime
state of this simple
language

T ——I—


http://gemoc.org/studio
http://eclipse.org/gemoc

UNIVERSITE -4

Running example: SR 5 Gunda
AS+DSA Kermeta3

MNamedElerment
name : EString

Place Transition
niaMaTking :_Eln_t: 7 [1..*] targetPlaces [0..1] inputTransition - . . .
currentMarking: Elnt ) eourcepaces 0.1] outoutTranstion fi re() D O m al n S p e C Ifl C ACtI O n
(execution functions)
Werceatramn)
def fire(){
_self.sourcePlaces.forEach [

currentMarking — —

]

_self.targetPlaces.forEach [
currentMarking ++

]

T ——I—
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Running example: EGAER 1 onta
AS+DSA Kermeta3

MNamedElerment
name : EString

Place , » Transition
[1..*] targetPlaces [0..1] inputTransition
s e fire() D . S . f A )
[1..#] sourcePlaces [0..1] outputTransition O I I l al n p e CI I C Ctl O n

(execution functions)
Markestraph
def fire(){
_self.sourcePlaces.forEach [

currentMarking — —

]

_self.targetPlaces.forEach [
currentMarking ++

]

IK\MR@S
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Running example: SR 5 Gunda
AS+DSA Kermeta3

MNamedElerment
name : EString

[1..*] targetPlaces [0..1] inputTransition

Place Transition

inftialMarking : Elnt = 0
currentMarking: EInt

[1..*] sourcePlaces [0..1] outputTransition

Domain Specific Action

(execution functions)
VarkeaGrapn
i def fire(){
_self.sourcePlaces.forEach [

currentMarking — —

]

_self.targetPlaces.forEach [
currentMarking ++

]
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Running example: SR 5 Gunda
AS+DSA Kermeta3
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Place Transition
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currentMarking: EInt

[1..*] sourcePlaces [0..1] outputTransition

Domain Specific Action

(execution functions)
VarkeaGrapn
i def fire(){
_self.sourcePlaces.forEach [

currentMarking — —

]

_self.targetPlaces.forEach [
currentMarking ++

]
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Running example: SR 5 Gunda
AS+DSA Kermeta3

MNamedElerment
name : EString

[1..*] targetPlaces [0..1] inputTransition

Place Transition

inftialMarking : Elnt = 0
currentMarking: EInt

[1..*] sourcePlaces [0..1] outputTransition

Domain Specific Action

(execution functions)
VarkeaGrapn
i def fire(){
_self.sourcePlaces.forEach [

currentMarking — —

]

_self.targetPlaces.forEach [
currentMarking ++

]
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Running example:
AS+DSA

MNamedElerment
name : EString

Place
initialMarking : Eint= 0

[1..*] targetPlaces [0..1] inputTransition

Transition

currentMarking: EInt

[1..*] sourcePlaces [0..1] outputTransition

[0..*]lownedPlaces

[0.*

pwhedTransitions

_MarkedGraph
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Kermeta3

Domain Specific Action

(execution functions)

def fire(){
_self.sourcePlaces.forEach [
currentMarking — —

]

_self.targetPlaces.forEach [
currentMarking ++

ANobody calls the fire() operation.

This is the model of concurrency and

. QIR@ S MPMA4CPS 2018 in Riga

causality that specifies when things
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Running example: SR 5 Gunda

AS+DSA+DSE ECL

MNamedElerment
name : EString

Place ) - Transition flre It DSE
[1..*] targetPlaces [0..1] inputTransition
initialMarking : Eint= 0
currentMarking: Eint flre() -

[1..*] sourcePlaces [0..1] outputTransition

[0.*

[0..*]lownedPlaces - pwnedTransitions Domaln Sp@lelC Events
NarkeaGraph] act as “handles” to the
DSA

. mIR@ S MPMA4CPS 2018 in Riga
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Running example: SR 5 Gunda
AS+DSA+DSE MoCCML mapping

NamedElement
name : EString
i
Place ) - Transition flre It DSE
[1..*] targetPlaces [0..1] inputTransition
initialMarking : Eint= 0
currentMarking: Eint fl re() -

[1..*] sourcePlaces [0..1] outputTransition

[0..*] pwnedTransitions

[0..*]lownedPlaces : Domaln Sp@lelC Events
Vertestraon]_ act as “handles” to the
DSA

@ fire_T1: firelt
@ fire_T2: firelt

fire_T3: firelt
fire_T4: firelt

. mIR@ S MPMA4CPS 2018 in Riga
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Running example: EGAER 1 onta
AS+DSA+DSE+MoCC —

inputTransition.firelt NamedEiement
precedes name : EString
outputTransition.firelt
Place ___ I1. # targetPlaces [0..1] inputTransition|— oo /‘ firelt: DSE
initialMarking : Eint= 0
currentMarking: EInt flre() -

[1..*] sourcePlaces [0..1] outputTransition
[0..*]lownedPlaces 0. H] pnedTranstions The MOCC ConStralnS the
Markestraph DSE and consequently

defines the acceptable
schedules of the actions

@ fire_T1: firelt
@ fire_T2: firelt

fire_T3: firelt
fire_T4: firelt

. mIR@ S MPMA4CPS 2018 in Riga
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Running example: EGAER 1 onta
AS+DSA+DSE+MoCC —

inputTransition.firelt NamedEiement
precedes name : EString
outputTransition.firelt
Place ___ I1. # targetPlaces [0..1] inputTransition|— oo /‘ firelt: DSE
initialMarking : Eint= 0
currentMarking: EInt flre() -

[1..*] sourcePlaces [0..1] outputTransition
[0..*]lownedPlaces 0. H] pnedTranstions The MOCC ConStralnS the
Warkearapn ] DSE and consequently

defines the acceptable
schedules of the actions

fire_T1: firelt
precedes -
fire_T2: firelt
precedes —
fire_T3: firelt
precedes -
fire_T4: firelt
precedes —

. mIR@ S MPMA4CPS 2018 in Riga
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The GEMOC Studio .

Ecore+Sirius
Kermeta3

ECL
MoCCML

Automatic generation

Language ~ Modeling

Workbench Workbench
l @Z\IR@S MPMA4CPS 2018 in Riga 3¢
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The GEMOC Studio

ectExpl ™ ConcurrentlL 2

|Explor = B @ *simple MG Example 2 rvedFromSimu.ved &2

» YleeviiviglBavevime| @ v || oE q

—drlogicalStep [1731409318] ~

MSE_compute2_firelt Transition—>¢
- & LogicalStep [2137302343] eoHasNolden...

MSE_computel_firelt Transition->¢ eoHasNolden...
—drlogicalStep [904225520] eoHasNolden...

MSE_computel_fireIt Transition->c¢

MSE_compute2_firelt Transition->c¢ inputPart2 g eoHasNolden
—dlLogicalstep [1624526186] eoHasNolden...

MSE_acquire_fireIt Transition->: compute2 eoHasNolden
— & lLogicalStep [515164883] 1 0 et

MSE_acquire_fireIt Transition->: inputData fusion getResult eoHasNolden...

MSE_compute2_firelt Transition—>¢ acquire split eoHasNolden...
—@logicalStep [1142954719] q 0 eoHasNolden...

MSE_acquire_fireIt Transition->:

MSE_computel_fireIt Transition->¢ inputPart1 datal eoHasNolden...
— dLogicalstep [1523323465] computel eoHasNolden.

MSE_acquire_fireIt Transition->: 1 0 eoHasNolden...

MSE_computel_fireIt Transition->¢

MSE_compute2_firelt Transition->¢ eoHasNolden...

ot v
< > Ved Viewer | vedFromSimu.ved
= MultiBranch Timeline 3 = B EConsole ® B | MBvrovy =08 ® Gemoc Engines Status 2 - =a

¢ 5 Default MessagingSystem console ® %

~

— Transition compute2: fired. simple.markedgraph 2
® Stimuli Manager &2 @@ - 0O Transition computel: fired. :

Sel filter: v Transition fusion: fired.
elect an event filter [ ] Transition getResult: fired.

Clock Transition split: fired.
MSE_split_firelt o1l 23 Transition computel: fired.
MSEifusu;n firelt | Transition compute2: fired.

| Transition fusion: fired.
MSE_compute1_firelt \

| Transition getResult: fired.
MSE_getResult_firelt \ Transition acquire: fired.

: Transition split: fired.
MSE_compute2_firelt geecesescccnccnne Transition compute2: fired.

MSE_eoHasNoldentifier_MarkedGraphimpl_0_initit Transition computel: fired.
Transition fusion: fired.
Transition getResult: fired.
2 3 4 56 7 8 91011 1213 14 15 16 17 18 19
Transition acquire: fired.

L an g ua g e Automatic generation > M 0 d'e Iln g

Workbench Workbench
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The GEMOC Studio

Project Expl ™ ConcurrentL % % ModelExplor = B

@& *simple MG Example =
i g v . o | '

 Université
ice sormna axrirorts

kK

vedFromSimu.ved 2

BvBv il B@vev i met| @ v || o q
—drlogicalStep [1731409318] ~
MSE_compute2_firelt Transition—>¢
- & LogicalStep [2137302343] eoHasNolden...
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MSE_acquire_fireIt Transition->:
MSE_computel_fireIt Transition->¢ inputPart1 datal eoHasNolden...
— dLogicalstep [1523323465] computel eoHasNolden...
MSE_acquire_fireIt Transition->: 1 0 eoHasNolden...
MSE_computel_fireIt Transition->¢
MSE_compute2_firelt Transition->¢ eoHasNolden
ot v
< > Ved Viewer | vedFromSimu.ved
= MultiBranch Timeline 3 = B EConsole ® B | MBvrovy =08 ® Gemoc Engines Status 2 - =a
¢ 5 Default MessagingSystem console ® %
Transition compute2: fired. ~ 5
Bs il ManE e em =0 Transition computel: fired. simplte:nagkedeaph]2g
Select an event filter: v silie Iransff‘fon fufjon:1 fi riifi. )
Clock [t3_2_firelt, t2_1_firelt]
MSE _split
MSE_fusi
MSE_com|
MSE ge' [t3_2_firelt] [t2_1_firelt]
. [wikipedia_0_initlt] [t1_4_firelt]
i o [t2_1_firelt] [t3_2._firelt] [t4_3_firelt]

[t1_4_firelt]
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Model Based System Engineering

e | : F -

Model Based System Engineering specifies in a model the correspondences
between models from the different concerns, all along the product life cycle.
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TFSM

Behavioral Semantics

DSE

(Domain
Specific
Event)

4 CoffeeCoin

when releaseCoffee

| doLock Mode

== =i Behavioral
Interface

—_—

when coin

I 'selectCoffee;

selectCoffee releaseCoffee start  coin

o

. mIR@ S MPMA4CPS 2018 in Riga




TFSM

Behavioral Semantics

DSE

(Domain
Specific
Event)

4 CoffeeCoin

when releaseCoffee

| doLock Mode

== =i Behavioral
Interface

_

when coin

I 'selectCoffee;

selectCoffee releaseCoffee start  coin

o
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activity

Behavioral Semantics

DSA

:

DSE

(Domain
Specific
Event)

E CoffeeAlgorithm

O
l

selectCoffee

[ makeCoffee j

Model

Behavioral
Interface [ releaseCoffee ]
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TFSM

Behavioral Semantics

DSE

(Domain
Specific
Event)

4 CoffeeCoin

when releaseCoffee

| doLock Mode

E Behavioral <~ = = = =
Interface

_

when coin

I 'selectCoffee;

releaseCoffee start coin

o

. mIR@ S MPMA4CPS 2018 in Riga
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activity

Behavioral Semantics

DSA

:

DSE

(Domain
Specific
Event)

E CoffeeAlgorithm &

O
l

selectCoffee

o' )

-—--mmem -}Behavioral
[ releaseCoffee ]

Interface
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Behavioral Semantics

DSE

(Domain
Specific
Event)

3

System
Designer N o,
N
3 ¢ @S
4 CoffeeCoin S
when releaseCoffee
| doLock Model
: Behavioral <~ = = = =
Interface
—_—
when coin
I 'selectCoffee;
selectCoffee releaseCoffee start  coin

. mIR@ S MPMA4CPS 2018 in Riga
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activity

Behavioral Semantics

DSA

:

DSE

(Domain
Specific
Event)

E CoffeeAlgorithm &

O
l

selectCoffee

[ makeCoffee j

Model
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[ releaseCoffee ]

Interface
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Behavioral Semantics

DSE

(Domain
Specific

selectCoffee

A

<<Conforms To>>

Event) ~ ‘
)}
‘e ~ ,>/ BCOoL
- Specification
o
°.
&7
- / .
L . o
(qv)
>
®
q
5
System 0p)
Designer
4 CoffeeCoin
when releaseCoffee
| doLock
B Mode Model of
: Behavioral <~ = = = = - .
Interface oordinatio
when coin

I 'selectCoffee;

releaseCoffee start coin

. mIR@ S MPMA4CPS 2018 in Riga

-

= = = = = = = Behaviora

UNIVERSITE :a%: /-~
COTE DAZUR - bpzzia—

activity

DSE
o= =] G
Event)
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Behavioral Semantics

Behavioral Semantics
*
OSE <<Conforms To>> DSE
; - (Domain
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- Specification
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.Q .
&
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- E CoffeeAlgorithm &
%
System v .
Designer l
4 CoffeeCoi seIéctCoffee
OoTTteeCoin

when releaseCoffee

( makeCoffee J
| doLock
e Model of
oordinatio releaseCoffee ]
when coin
I 'selectCoffee;

selectCoffee

releaseCoffee start coin
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Event) ‘

Event)
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.
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- Specification
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.
.Q .
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. / .
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®
@
- E CoffeeAlgorithm &
=
System (‘(% .
Designer l
4 CoffeeCoi seIéctCoffee
offeeCoin
makeCoffee
when releaseCoffee ( J
| doLock
Model of
oordinatio ‘ releaseCoffee ]
when coin e :
| IselectCoffee; :
selectCoffee releaseCoffee start  coin e @
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FSMEvent::occurs

Behavioral Semantics

DSE

(Domain

DSA Specific
Event) L

Conforms To:

Locked:entering
<+ CoffeeCoin 1

Locked:leaving

I
when releaseCc [ ocked:entering
I doLock

Locked Unlc-)-cb

Locked leaving

when coin
| 'selectCoffee;

selectCoffee releaseCoffee start  coin|

. EAIR®S

selectCoffee:occurs

reIeaseCoffee occurs

BCOoL

A
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BCOoL

Specification
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Action::startAction
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activity

Behavioral Semantics

DSE
o™ =>>|  (ooman DSA

selectCoffee:startAction

makeCoffee:startAction

makeCoffee:finishAction

releaseCoffee:startAction

releaseCoffee:finishAction

Event)

Conforms To

E CoffeeAlgorithm &

O
l

L selectCoffee
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Behavioral Semantics

Action::startAction

FSMEvent::occurs

DSE

(Domain
Specific
Event)

A

<<Conforms To>>

<= = ~

Event)

Conforms To:

4 CoffeeCoin

when releaseCc
| doLock

| 'selectCoffee;

selectCoffee releaseCoffee

. K AIR®S =

@ @
when coin

‘ -

SyncFSMEventsAndActions.bcool

ImportInterface tfsm;
ImportInterface Activity;

Operator FSMEventsandActions
(FSMEvent::occurs, Action::startAction)
When(occurs.name = startAction.name);
CoordinationRule:
| Rendezvous (occurs, startAction) |
- End Operator; J

. selectCoffee:startAction
Locked:entering

|
Locked:leaving

I
Locked:entering

makeCoffee:startAction

makeCoffee:finishAction

releaseCoffee:startAction

Locked leaving releaseCoffee:finishAction

selectCoffee:occurs
Start coin |

reIeaseCoffee occurs
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-

CoffeeAlgorithm
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releaseCoffee
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TFSM
_ _ FSMEvent::occurs Action::startAction
Behavioral Semantics A
<<Conforms To>>
DSE
‘Domai : '>
DSA Comein  |<= = s "
Event) L N : Y 4

Conforms To:

SyncFSMEventsAndActions.bcool

ImportInterface tfsm;
ImportInterface Activity;

Operator FSMEventsandActions
(FSMEvent::occurs, Action::startAction)
When(occurs.name = startAction.name);
CoordinationRule:
Rendezvous (occurs, startAction)

« End Operator;

selectCoffee:startAction

4 CoffeeCoin

when releaseCoffee
| doLock

—
_—

when coin
I 'selectCoffee;
start

selectCoffee releaseCoffee

. K/AIR@ NY VPMA4CPS 2018

makeCoffee:startAction

releaseCoffee:startAction

selectCoffee:occurs

coin

releaseCoffee:occurs
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# CoffeeAlgorithm )

selectCoffee |

\ v
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makeCoffee ’
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DSA omain [<= = ="
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SyncFSMEventsAndActions.bcool

ImportInterface tfsm;
ImportInterface Activity;

Operator FSMEventsandActions
(FSMEvent: :occurs, Action::startAction)
When(occurs.name = startAction.name);
CoordinationRule:
| Rendezvous (occurs, startAction)
~ End Operator;

selectCoffee:startAction

selectCoffee

4 CoffeeCoin

when releaseCoffee
| doLock

—

—_— |

when coin
I 'selectCoffee;

releaseCoffee start

. K/AIR@ NY VPMA4CPS 2018

makeCoffee:startAction

releaseCoffee:startAction

selectCoffee:occurs

coin

releaseCoffee:occurs
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TFSM ‘ BCOO L activity

FSMEvent::occurs Action::startAction

Behavioral Semantics Behavioral Semantics

A

<<Conforms To>>
DSE

DSA il Sl I .= G
Event) L 4 Event)
N SyncFSMEventsAndActions.bcool
con  ImportInterface tfsm; :
nro. N N :
oo ImportInterface Activity; { Conforms T
Operator FSMEventsandActions
(FSMEvent: :occurs, Action::startAction)
’ When(occurs.name = startAction.name);
CoordinationRule: :
| Rendezvous (occurs, startAction) | - : N
" End operator; CoffeeAlgorithm
selectCoffee:startAction l
p selectCoffee
4 CoffeeCoin k /|
makeCoffee
when releaseCoffee ‘\ J
| doLock
releaseCoffee:startAction
Y L releaseCoffee
when coin selectCoffee:occurs
I 'selectCoffee;
selectCoffee releaseCoffee start  coin
N y,

releaseCoffee:occurs
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— SyncFSMEventsAndActions.bcool

ImportInterface tfsm;
ImportInterface Activity;

! Conforms T

Operator FSMEventsandActions

4 CoffeeCoin

when releaseCoffee
| doLock

—
_—

when coin
I 'selectCoffee;
start

selectCoffee releaseCoffee
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(FSMEvent: :occurs, Action::startAction)
When(occurs.name = startAction.name); Ont()logy 77
CoordinationRule: ‘ :
| Rendezvous (occurs, startAction) | - N
CoffeeAlgorithm
« End Operator; |
selectCoffee:startAction l
‘/ selectCoffee |
\ v
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" makeCoffee ’
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TFSM ‘ BCOO L activity

FSMEvent::occurs Action::startAction

Behavioral Semantics

Behavioral Semantics

A

<<Conforms To>>
DSE

DSA Comein 1= - o= = o DSA
Event) ‘ ' Event)
N SyncFSMEventsAndActions.bcool
con  ImportInterface tfsm; :
nro. N N :
oo ImportInterface Activity; ! Conforms T
Operator FSMEventsandActions
(FSMEvent: :occurs, Action::startAction)
When(occurs.name = startAction.name);
—> CoordinationRule:
| Rendezvous (occurs, startAction) | - { N
CoffeeAlgorithm
. End Operator; :
selectCoffee:startAction l

p ‘/ seIéctCoffee |

4 CoffeeCoin L )
( makeCoffee 2
when releaseCoffee Rendezvous ‘\ /’
I doLock
releaseCoffee:startAction
— ‘ releaseCoffee
S L
when coin selectCoffee:occurs
I 'selectCoffee;
selectCoffee releaseCoffee start  coin Rendezvous
N y,

releaseCoffee:occurs
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Behavioral Semantics A
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DSE :
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N SyncFSMEventsAndActions.bcool

Confo.

ImportInterface tfsm;
ImportInterface Activity;

Operator FSMEventsandActions
(FSMEvent: :occurs, Action::startAction)
When(occurs.name = startAction.name);
CoordinationRule:
| Rendezvous (occurs, startAction)
~ End Operator;

4 CoffeeCoin

Hetero geneous selectCoffee:startAction

Execution
In the GEMOC Studio

when releaseCoffee
| doLock

—
_—

when coin
I 'selectCoffee;

selectCoffee releaseCoffee start

. K/AIR@ NY VPMA4CPS 2018

Rendezvous

releaseCoffee:startAction

selectCoffee:occurs

Rendezvous

coin

releaseCoffee:occurs
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Implemented into the GEMOC studio

Université
Nice sorms axtironr

|=) syncproducttfsmwithfuml.bcool &3

SyncProductTfsmwithfUML

ImportLib "platform:/resource/org.gemoc.bcool.example.productfumlandtfsm/operator/facilities.bcoollib"
ImportLib "platform:/resource/org.gemoc.bcool.example.productfumlandtfsm/operator/bcoollib.ccslLib”

ImportInterface "platform:/plugin/org.modelexecution.operationalsemantics.gemoc.ecl/model/ActivitiyDiagramv2.ecl" as ad
ImportInterface "platform:/plugin/org.gemoc.sample.tfsm.eclmoc2as/ecl/TFSM.ecl" as tfsm

= Spec test

~“Operator MatchingandCoordinationSharedEvents (dsel : tfsm::occurs, dse2 : ad::executelt)
“MatchingCorrespondance: when dsel.name = dse2.name ;
CoordinationRule:
facilities.RendezVous(dsel, dse2)

end operator;

Editing facilities
by using Xtext

M Concurrent Logical Steps Decider &2 & *CoffeeCoin & & *com

@ Qv o2vE v|$ v v @ Q1s0% | v || E E
' LogicalStep [963192193]

A
=]
(=}

MSE_Unlocked entering

@ =
MSE_makeCoffee executeIt .init CoffeeAlgorithm

v & LogicalStep [837141265]
MSE_Unlocked entering

when releaseCoffee
/
dolLock

~ &% LogicalStep [770047604] when start
MSE_localclk ticks /
MSE_makeCoffee executeIt dolnit
v o LogicalStep [482013118]
MSE_localclk ticks
v & LogicalStep [92429118]
MSE_makeCoffee executeIt
~ &% LogicalStep [442559956]
MSE_Unlocked entering

MSE_localclk ticks SR el releaseCoffee
e ~ heldTokens =0

makeCoffee
heldTokens =0

MSE_makeCoffee executeIt

v & LogicalStep [691567303]
MSE_Unlocked entering
MSE localclk ticks

when coin
/
IselectCoffee;

MPMA4CPS 2018 in Riga
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Implemented into the GEMOC studio

|=) syncproducttfsmwithfuml.bcool &3

SyncProductTfsmwithfUML

Université
Nice sorms axtironr
K

B

ImportLib "platform:/resource/o

ImportLib "platform:/resource/o . lib
Schedule space exploration

ImportInterface "platform:/plu ecl/mode

ImportInterface "platform:/plu as tfsn

|~

Coordinated Heterogeneous tionSharedEvents (dsel : tfsm::occurs, dse2

. dsel.name = dse2.name ;
Execution
us(dsel, dse2)

t Logical Steps Decider &3 @ *CoffeeCoin 2 & *computeValueBis Activity Diagram 52

@ Qv o8 vE v v v @ @ [150% |v || @ B 4 o8 v B v [ v v OO}
" LogicalStep [963192193] i
MSE_Unlocked entering - ~

MSE_makeCoffee executeIt .init CoffeeAlgorithm

v & LogicalStep [837141265] ‘
MSE_Unlocked entering F

when releaseCoffee
/
dolLock

v & LogicalStep [77004704] when start
MSE_localclk ticks /
MSE_makeCoffee executeIt dolnit

v o LogicalStep [482013118]

MSE_localclk ticks

~ &% LogicalStep [92429118]
MSE_makeCoffee executeIt

v & LogicalStep [442559956]

MSE_Unlocked entering ‘
MSE_localclk_ticks \ —
MSE makeCoffee executelt

v o LogicalStep [691567303]
MSE_Unlocked entering
MSE localclk ticks

g AlRes

makeCoffee
heldTokens =0

releaseCoffee
\ heldTokens =0

when coin
/
IselectCoffee;
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*MSE_T2_2_ STARTED

*MSE_ME_T2S_20_messEnd_occurs
= MSE_Receive_Call_Message_Call_PP_26_messEnd_oc =
*MSE_Send_Call_Message_Call_PP_18_messEnd_occur [44)
“*MSE_ME_PPS_28_messEnd_occurs — =
+MSE_T2_2_ACTIVATED o J‘*"

g == -

I

X I
I

[o:0] \
PP to T2

= MSE_ME_T2S_20_abstractEnd_occurs
““MSE_T6_4_SUSPENDED
- HSE?PreProcess‘ingfsfsusPENDED
*MSE_System_Analysis_9_ms
MSE_Send_Call_Message_Call_PP_18_abstractEnd_c
= MSE_PreProcessing_5_ACTIVATED
= MSE_Receive_Call_Message_Call_PP_26_abstractEr
“MSE_ME_PPS_28_abstractEnd_occurs T6te 17

—drLogicalStep [466692462] “s
“*MSE_PreProcessing_5_STARTED b acancaaaad &
“*MSE_T2_2_STARTED
*MSE_ME_T25_20_messEnd_occurs
*MSE_Receive_Call_Message_Call_PP_26_messEnd_oc
*MSE_Send_Call_Message_Call_PP_18_messEnd_occur !
*MSE_ME_PPS_28_messEnd_occurs
*MSE_T2_2_ACTIVATED
*MSE_ME_T2S_20_abstractEnd_occurs
*MSE_GPP1_8_isWorking | <
*MSE_T6_4_SUSPENDED
*MSE_PreProcessing_5_SUSPENDED
*MSE_T2_2_isRunning Select an event filter: |
*MSE_System_Analysis_9_ms Clock
*MSE_Send_Call_Message_Call_PP_18_abstractEnd_c ¥ MSE receiveFromT6 ta T5 29 abstractEnd occurs
“*MSE_PreProcessing_5_ACTIVATED ¥ MSE_sendSensorData_25_messEnd_occurs
TMSE_Receive_Call _Message Call_PP_26_abstractEr| v MsE Send_Call_Message_Call_AP_16_abstractEnd_occurs
= MSE_ME_PPS_28_abstractEnd_occurs ¥ MSE_ME_PPS_28_messEnd_occurs
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*MSE_T6_4_isRunning
#MSE_DD1 9 SeWnrking | “ (] (] (a) |I
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B4 controlCommand

BET6 0 _T7

BlsensorsDats

eqniralCommandk

O Properties (2 Problems @ Error Log @ Javadoc © Console <> Interpreter ™ Stimuli Manager = )@ ®m = O | ®Gemoc Engines Status ™ MultiBranch Timeline 2 . Constraint View =i Progress % Debug = O
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Making the Capella language executable....
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= MSE_PreProcessing_5_ACTIVATED
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*MSE_Send_Call_Message_Call_PP_18_messEnd_occur
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A generic execution engine
Only configured by the semantics !
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Tested on several languages

* ArduinoML * Deployed temporal and modal MSC
e UML * MuVArch
* SMcube
* Sequence Diagram .

Communicating FSM
* State Charts * TimedFSM
* Inra DSL for cow management

* ComponentModel and TFSM

* Activity diagram

(challenge winner)
* HW language for bus analysis

* Capella
* MarkedGraph
* Temporal scenario, * SDF (+deployment)
functional architecture and * AADL
deployement * Communicating real time tasks

* ArduinoML and Sequence Diagram

* EAST-ADL

* Mode automata and
functional architecture

Video:

« Simulation and trace checking on the Capella system engineering language:
https://www.youtube.com/watch?v=ESIX2PFGIiDU

e Simulation of Multi communication Arduino boards:
https://youtu.be/dtJZyK1RM2A

 BCOoL: https://youtu.be/-06DAzIgIMw
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Conclusion http://gemoc.org

* We provided meta languages for:
* The modeling of executable languages

* The modeling of coordination patterns

* We tooled the meta languages so that;
* A modeling workbench with debugging facilities is generated from the language specification
* An heterogeneous execution engine is generated from a coordination pattern and specific models

* Generic analysis is possible

* We are currently:

* Applying such techniques to study interaction in model-based system engineering solutions (with
Thales and Safran)

* Extending the approach to support continuous time models
* Studying how this co modeling can be used to generate co simulation masters (based on FMI standard)

* Transferring the technology in a company that uses Connected Objects and loT standard to monitor

senior daily live activities environment in a non intrusive way.

l mIR® S MPMA4CPS 2018 in Riga
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Conclusion http://gemoc.org

* We provided meta languages for:
* The modeling of executable languages
* The modeling of coordination patterns
* We tooled the meta languages so that;
* A modeling workbench with debugging facilities is generated from the language specification
* An heterogeneous execution engine is generated from a coordination pattern and specific models

* Generic analysis is possible

* We are currently:

* Applying such techniques to study interaction in model-based system engineering solutions (with
Thales and Safran)

* Extending the approach to support continuous time models
* Studying how this co modeling can be used to generate co simulation masters (based on FMI standard)

* Transferring the technology in a company that uses Connected Objects and loT standard to monitor
senior daily live activities environment in a non intrusive way.
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Conclusion http://gemoc.org

* We provided meta languages for:
* The modeling of executable languages
* The modeling of coordination patterns
* We tooled the meta languages so that :
* A modeling workbench with debugging facilities is generated from the language specification
* An heterogeneous execution engine is generated from a coordination pattern and specific models

* Generic analysis is possible

* We are currently:

* Applying such techniques to study interaction in model-based system engineering solutions (with
Thales and Safran)

* Extending the approach to support continuous time models
* Studying how this co modeling can be used to generate co simulation masters (based on FMI standard)

* Transferring the technology in a company that uses Connected Objects and loT standard to monitor
senior daily live activities in a non intrusive way.

l mIR@ S MPMA4CPS 2018 in Riga




