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Model-Based Systems Engineering

= Models for engineering of
modern cars, aircrafts...

o ldentify problems +
optimize the system
* Early in the design process
* Without physically building it
e Multidisciplinary models

* By simulations + testing +
optimization
E.g. virtual crash tests,
virtual test scenarios

v
NVH and dynamics

Crash and safety

o ,,Model-in-the-loop” Bt :

* Virtual software crashes ._ —J “5‘
Image source: < _r b
http://virtualperformance.esi-group.com/ o

Irterior acougtics Norrlinear kinematics



Motivation: Early validation of design rules

SystemS|gnaIGroup de5|gn rule (from AUTOSAR)

P ) | a TN 1

Mapping ISlgnals to IPDUs

o AUTOSAR:

3

BNy [Sana e standardized SW architecture
FA &_sigredalPosition A~ sigPedalPosition . .
3 & sospeedvlue - sgSpeedvalu of the automotive industry
EF4 ch_sigEngineTemperature J|,z— sigEngineTemperal .
() ch sigigtion - siglantion e now supported by modern modeling tools
B3 ch_sigrpm A sighpm - -
S B s st Design Rule/Well-formedness constraint:
ch_status_cchctive skatus_cchctive

4| e each valid car architecture needs to respect
Postion ofSianals nthe selected 1700 e designers are immediately notified if violated
%h_status_ccﬁpeedl_l %h_status_cc.ﬁ.ctive %h_status_ C ha I Ienge :

” e >500 design rules in AUTOSAR tools

[ Modelree | @ 5ystem edtor: demosysten £¢ .o >1 million elements in AUTOSAR models

® Sk desripton | L models consta ntIy evolve by designers

} errars, 2 warnings, O others

Descripkion =

B @ Errors (4 iems) /
3 I5ignal of a grouped Svskem Signal should be mapped ta an IPdu along with the grur the System Signal Group  demo_swc, arxml lalma frootP,..  AUTOSARP...
3 I3ignal of a grouped Svstem Signal should be mapped ta an IPdu along with the ISignal of the System Signal Group | dema_swe, arxml falma frootP,..  AUTOSARP...
@ 15ignal of a grouped System Signal should be mapped ko an IPdu along with the ISignal of the System Signal Group | demo_swi,arxml falma frootP,..  AUTOSARP...
@ peference iPduTimingSpecification has invalid multiplicicy! (Must be in: [1, 1T demno_swi, arxml lalma JrootP...  AUTOSARP...

L I CUR W PSP SR . - S |

Similar challenges at: Thales, NASA JPL, CEA, Ericsson, ThyssenKrupp ...



Metamodels and (Instance) Models

i o [0.7] sensors
mLLLBF™  Enumeration Class/

= - ind) - ' (Node Type)

y [1.1]entry |
H Rroute e ] semaphore B sensor o
[ J £ 1 T signal : Signal = FAILURE } [ : ( Agg regatlon
[2..2] between I fO,.‘:1 elements ( E d ge Ty p e )
Refe re n Ce EQ TrackElement *1 /conn o
( Ed T ) J > position [0--["] sc]:nulrc: . D e rive d
e e — FAILURE 0.1] rightTarget
g y p = LEFT [0.1] leftTarget 2 Fe at ure
[0.7] follgws = RIGHT | 4}‘

0.*] positions [ B switch

[1.1] switch L T’ currentPosition : Position = FAILURE |

[ Q SwitchPosition

T position : Position =

Attribute o
Generalization J
(Type)



Metamodels and (Instance) Models

.[ E RailwayContainer

Mathematically:

-4 Signal [0..7] routes J
" 10.] semaphores * Many engineering models =
i [2..*] definedBy .
£ | typed, attributed graphs =
v [1.1]entry [
Q RO T > Q Semaphore ]
2] T signal : Signal = FAILURE J
’ h [0..1] sensor
[1.1] ropite p 4 [2..2] between [0.7] elerments
,’ EQ TrackElement [0.] fconnectsTo
P4
k-1 P}fon [0.1] source
- F mRE [0.1] rightTarget
~EFT [0..1] leftTarget
[0.7] follgws Y { RIGHT
R4 |
[ = SwitchPositio;/’ LO“*] positions [ E switch ]
L T position: PositioI; FAILURE J [1.11 s.witch$‘?I currentPosition : Position = FAILURE J
£ s
—————— B L L R ‘ B B B BN N B
P s
4
4
’

!_ _‘_/—/—( ' s2:Switch
-‘ - 1Y
‘ar , :between
._i " Obiject
\ .sensor

(Node) J S4:Sensor s3:Segment




Validation of Well-formedness Constraints

Domain-specific

modeling languages

+ connected__l

£ signal + mountedTo

ETrackElement

| switch

—

e, KA. |

pattern switchWOSignal(sw) {
- Switch(sw);
= neg find switchHasSignal(sw);

)

pattern switchHasSignal(sw) {
- Switch(sw);
= Signal(sig);

Signal.mountedTo(sig, sw);




Graph Pattern Matchi

ing for Queries

follows
. route: Route =
. L 4

sp: SwitchPosition

8 routeDefinition ..' switch
v a
sensor » . .
R|sensor: Sensor  [¢ .,- D <witch: Switch
: lllll'..Illlnllll-l_.---‘“ J
E - m Match:
E %ﬂ i & om:L=>G
. straight b: 4 = |
E g ) N (graph morphism)
f o CSP:

All sensors with a switch that belongs to a route m

* Variables: Nodes of L
* Constraints: Edges of L
* Domain values: G

o Complexity: |G| AL

ust directly be linked to the same route.



"
Which of the following first-order logic

formula captures the constraint specified by
the graph pattern?

r,Asp,Asw,Ase: Roure(r) A follows(r,sp) A

SwitchPosition(sp) A switch(sp,sw) A A
Swirch({sw) A sensor(sp,se) A Sensor(se) A
routeDef(r,se)

r,Jsp,Isw,Ase: Roure(r) A follows(r,sp) A
follows . " SwirchPosirion(sp) A switch(sp,sw) A B
route: Route sp: SwitchPosition Switch{sw) A sensor(sp,se) A Semsor{se) A
- o i -routeDef(r,se)
routeDefinition switch

¥ | sensor N .
| sensor: Sensor € switch: Switch

r,¥Wsp, ¥sw,¥se: Roure(r) A follows(r,sp) A

SwirchPosition(sp) A switch(sp,sw) A
wirch(sw) A sensor(sp,se) A Sensor(se) = C
-routeDef(r,se)

r,Wsp Wsw,Wse: Roure(r) A follows(r,sp) A
SwirchPosition(sp) A switch(sp,sw) A D

wirch(sw) A sensor(sp,se) A Sensor(se) =
routeDef(r,se)

—

Start the presentation to see live content. Still no live content? Install the app or get help at PollEv.com/app




Graph Pattern Matching (Local Search)

O route: Route
m routeDefinition
v

switchPosition

sensor: Sensor

<€

sensor

sp: SwitchPosition

0 switch

=

straight " M

switch: Switch

= Search Plan:

Al

i
il

o Select the first node
to be matched

o Define an ordering on
graph pattern edges

= Search is restarted from

|ef—t|§é|

scratch each time



Incremental Graph Pattern Matching

switchPosition ; w
route: Route sp: SwitchPosition
8 routeDefinition switch

Y sensor
sensor: Sensor  [€ switch: Switch
@ rl spl swl

straight VM 6“ w&, = Main idea: More space to less time

Cache matches of patterns

Instantly retrieve match (if valid)
Update caches upon model changes

O
O
O
O

Notify about relevant changes

m —
ﬁ ﬁl = Approaches:
o TREAT, LEAPS, RETE, ...

o Tools: VIATRA, GROOVE, MoTE, TCore




VIATRA: Open Source Software Project @Eclipse.org

VIATRA \,‘ii' v

M ECYETEM 1 TERZ

How to improve scalability of modeling tools?

An Eclipse project

= Incremental e = Reactive model
graph query engine | J transformation framework
o Declarative language e o Event-based + reactive execution
o Incremental graph queries o Internal DSL over Xtend
o Highly scalable o Scalable M2M & M2T
= Easy integration into tools = High-level features

o On-the-fly validation
o Derived features

o Custom views

o Traceability

Tool integration with:

Papyrus UML, Sirius, RMF, — p
Capella, ARTOP, mbeddr ==Ca peIIa

Industrial use at: Thales, CEA, ThyssenKrupp, Ericsson, Embraer, NASA, CERN, ...

o Complex event processing

o Design space exploration
o Reactive transformations

http://eclipse.org/viatra

Official Eclipse project
3 Project leads
10+ Eclipse committers




Industrial Applications of VIATRA

= Goal: Establish navigable traceability links between
o Matlab Simulink < Eclipse-based (EMF) modeling tools

_* Massif: enables hvbrid Eclipse-Matlab modeling toolchain

R LT W=

Model Driven Development of IMA Configs

Model transformation chains: (
» Designer-guided manual steps
* Automated steps
» design space exploration
* optimization
* code generators
* Continuous validation of design rules

SVELYNS- Component
database

Functional Platform
Architecture description

Allocation

Capture
constraints

Integrated
System
Model

Automate Explore
consequences alternatives

Human
decision

EMDW — Executable modeling Early validation of design rules in automotive
o /» SystemSignalGroup design rule (from AUTOSAR)
= Papyrus EMF-UML specification . . .

Mapping ISignals to IPDUs

Integration: ; - - o | AUTOSAR: ,
« One-way incremental synchronization 4 T — * standardized SW architecture
« On-the-fly execution Bommuinn of the automotive industry _
B ch satonen * now supported by modern modeling tools

Design Rule/Well-formedness constraint:
 each valid car architecture needs to respect
« designers are immediately notified if violated

Transformation:
+ Complex transformation chain
« Incremental execution

. - Challenge:
: %%To?ﬁgngg:::fﬁﬁi;nnichamsm Cop « >500 design rules in AUTOSAR tools
EMDW-MC £ Hodliren| @ Sysen ke bt NP 2 + >1 million elements in AUTOSAR models
[ e « models constantly evolve by designers
MOdeI EXECUtlon. i S?ﬁ‘ Platform C++ %‘:E':i;j:”:wnmmmmmmmmmmwmmml o o Mﬂ"m demo_swc.anom Jaima. frooep, Dsnﬁ?
« Incremental Java generation config cource e e T e o s e ey — e s
O 15gnalot 1Pehy akong vith the TSignsl of

. e e T et o Yt iosl e
Output: lm ERICSSON Z nfeiiumnnistend
» Optimized C++ and configuration Query |anUe|‘y|_Q bs
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How to Validate Software Tools?

High-Level €

Requirements

Final Acceptance
) p

Test

Development tools:
* input =» output

\l 7‘ deterministically
Low-Level System * introduce new errors
Requirements | => S
Validation
(System Spec) ﬁ
ystern Sea Verification tools:
- €—>| Integration & * fail to detect errors
Architecture >
Verification
Software Sl e Promises of Tool Qualification
HemEenE: ol ol * reduce development + V&V cost
Design Verification

& f * increase quality and productivity
=» reduce certification costs

Implementation
(Source Code)

Obstacles for Tool Qualification
=>» extreme qualification costs

e complex V&V for graph models?
e graph models as test input?

How to systematically test development and
verification tools used for critical systems?




Automated Model Generation of Test Context

= R3COP & R5COP EU projects:
Testing of autonomous robots

o Generate diverse test context
(with various obstacles)

o Test: Navigable by autonomous robot?




Towards Automated Graph Generators

How to automatically synthesize graph models which are...

. e Correct: All (well-formedness) constraints are satisfied
CO n S I Ste nt e Complete: All (and only) consistent models are derived
[ ICSE’18 ][ ICSE'19 |
. . e Cannot be distinguished from a real graph model
R Ea I I St I C * By removing text+values and evaluating graph metrics

MODELS’16 ][ ICSE’20

8

& o

e Structural diversity within a single graph
D Ive rse * Large distance between any pair of graph models
[ FASE’18 ][ STTT

SC I b | e |n size: the size of the graph grows
a a e * |n quantity: generation time of next graph is stable
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AUTOMATED GENERATION OF
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Input of Model Generation: Domain Specification

Domain Specification: Metamodel + Constraints

Capella (Thales)
Artop (AUTOSAR)
Yakindu (Itemis)

MagicDraw (NoMagic)
Papyrus

Transition

src [1"1] «abstract»
tra [L.1] Vertex
T
Entry State

Metamodel
Concepts + Relations

Basic graph structure

Statechart: Transitions, Entries, States, source, target

Well-formedness constraints
WF1: TrgToEntry WF2: NoSrcFromEntry WF3: MultipleSrc

e: Entry e: Entry e: Entry
Mrg pr——mre—Y | _Asrc _Psrc
t:Transition t:Transition t1 t2
NEG tl#1t2

First order graph predicates (Graph Patterns / OCL)
Entry is invalid if:

= WF1: Has incoming transition

= WF2: Has no outgoing transition

=  WEF3: Multiple outgoing transitions




Output of Consistent Model Generation: Models

Domain Specification

Transition

Metamodel
src [1"1] «abstract»
tra [L.1] Vertex
—
Entry State

SAT

Well-formedness constraints
WF1: TrgToEntry WF2: NoSrcFromEntry WF3: MultipleSrc

e: Entry e: Entry e: Entry
Mrg pr——mre—Y | _Asrc _Psrc
t:Transition t:Transition t1 t2
NEG tl#1t2

Model

Generator

~N

Instance Models

J

UNSAT

el: M, t2:
Entry Transition
src src trg
t1: trg sl:
Transition State
sl: M, t3:
State trg | Transition
src src
t2: trg s2:
Transition J State
sl: M3 t2:
State Transition
src src trg
t1: trg s2:
Transition State

>

Mn+1x




Model Generation Setup: Logic Solver

Language Specification Instance Models
t2:
Transition

=
Challenge 2:
Logic solvers tend to create similar,
highly symmetric models (Copy-Paste)

Metamodel

Challenge 1:
Existing solver-based techniques are
unable to generate models for
industrial modeling languages

Model
Generator

* Alloy (MIT): 50-100 objects
e Z3 (Microsoft): 10-12 objects l w

Logic Solver

Approach: create a logic solver that FNPYEINE(VID)

operates natively over graphs Z3: SMT (Microsoft) >
Graph solver

* No diversity guarantee
e Biased sampling

I trg
tl: o s2:
State

Transition




Challenges in Model Generation

Representing graphs as predicates introduce a large number of
variables

o 1variable for each object and type (Transition, Vertex Entry, State)

o 1 variable for each object pair and reference type (src, trg)

o For 100 objects: more than 20k Boolean variables

Ce—s

Quantified well-formedness constraints are 3 e )
unfolded into complex FOL constraints C_/\
o Each quantified variable is checked for each object

o —3e, t: Entry(e) A Transition(t) A src(t,e) 2
30k atomic expressions for 100 objects

Existing solvers fail to generate graphs with more than 100 nodes




SAT Solver Overview: DPLL Algorithm

(A VBV C)/\(—|C VBV D)/\(—|A VBV C)/\(_IA V-aBV —|C)
DPLL: Well-known SAT-algorithm,

basis of most modern solvers [ 1 I

(Davis—Putnam—-Logemann— | [ '—'—'—]

Loveland)

Refines partial variable binding

Decision rules + Y A 4

Unit propagation =[ [1 0 ] [1 1 1]
)) ) )) )

Search Strategy:
Backtracking +
Backjumping +
Random restarts \ 4 \ 4

[ w103 )| ool J [ [Lo11]

H

Our approach: Boolean variables =2 Graphs




Overview: 3-Valued Partial Models as States

. (- rc )
Graph Solver: Entry Je.... Transition
. . r -
1) Based on classic SAT-algorithm sieA . ftrg
: g i «new» l<
2) Refinement of gy
3-valued partial graph models \ /
(r e ————\ f rc )
Entry e Transition Entry Transition
src trgA  tre A e,
L e 118 T
e J \ .~
(_ rc ) [ rc ) [ rc
Entry Transition Entry Transition Entry Transition
r r
src trg"‘ ‘l,trg src trgf“ & src trgA &
prenseainanas src prenseainaneas src prenesadnaneas src
i «new» trg State : «new» trg State : «new» trg State
\ o..~l“' ) \ .'.~-“. ) \ .'.~-“. )




3-Valued Partial Models as States

. (/- rc
Graph Solver: Entry |e.... Transition
: : _ g :
1) Based on classic SAT-algorithm A ! trg il
. trg :...i «new» k-: =
2) Refinement of gy
3-valued partial graph models
= Uncertain properties are z - cquivalence — )
S Bty g Transition
explicitly represented: 7 : oA g
: 2 PRI
1. e H—— P
1| 0| %: Unknown R i:; — trg -+ cnewn
o~ J \_ S J

( N ( Irc N ( rc N

Entry = Transition Entry Transition Entry Transition
re re
src trgA \l,trg src trgA src trgA
e e e
: «new» utel State T «new» vl State T «new» vl State
(--: ------- CELLY trg J (..: ....... eeet trg J (..: ....... eee trg J

UEGYETF_MI?8



1)
2)

Partial Model Refinement

Graph Solver:

Based on classic SAT-algorithm

Refinement of

3-valued partial graph models

Uncertain properties are
explicitly represented:

1| 0| %: Unknown

Generation as monotonou
partial model refinement:

%> 1|0

Decision +
Unit prop. 2

Graph
Transformation

~ rc )
Entry |e.... Transition
Src A rg :
' amaccerasen.n2 s trg
trg "saam «new» k-:
'l--' ------- [ L]
\. it J
(r e ———\ (- rc )
Entry e Transition Entry Transition
: SIC A rg g
S,ts,ff,e,‘, _____ el i P :
E «new» ----- State " : «new» o
R cassans e trg llla’: IIIII :|
~1“ \ MY
( : - e ertain edge refineme
Entry ' Transi . 0
src trgA : s x 5 . . 0
] ((new)) ;"' C C - C State ((new» : ------ a e
Pernasnnnes peee g Y | " aeest L[S “rerassnenes 2o rg




Approximated Constraint Evaluation

. (~ rc =)
Graph Solver: Entry Je..... Transition
” . rg 3
1) Based on classic SAT-algorithm SICR  eeereern, P trg
) g L «new» i<
2) Refinement of R

3-valued partial graph models

3) Constraint evaluation by (- rc ) rc )
incremental Entry_J..(Transition e Entry “
h : src,trg® e s STc'Z &
graph query engine a4 S trg iz
) 1 «new» el State t-Transition
= Constraint evaluated on L trg - -

partial solutions

=  Monotonous [/ _ . - S -
reasoning o tft Constraint evaluation respects refinement:
= |ncremental WF1 is violated in P =
constraint ey WF1 will be violated in all refinements of P N

reevaluation

Approximated constraint evaluation is

= monotonous (despite the use of negation)



Overview of Refinement and Approximation

+ ovenview of refinement & - S
(with P>Q)

constraint apprOX|mat|on 1 1 Inconsistent,
backtrack
0 0 Consistent
b 1 Inconsistent,
backtrack
% 0 Consistent
(corrected)

V7, ) Unknown




Equivalence Partitioning

. (- rc =)
Graph Solver: Entry Je.... Transition
. . r .
1) Based on classic SAT-algorithm irc’i\ ......... & ! trg
2) Refinement of L engrenannes )
3-valued partial graph models
3) Constraint evaluationby (7 rc ) # rc )
incremental Egriry 'Fg" Trans.ltlon Eriry rg TranSition
: 1t Etr SrC A
graph query engine PG orc v '® g | gy
) o«new» e State . :<new>'> !
4) Equivalence et 16 o
:
detection
by graph . ~\
. . Irc s
isomorphism Entry Transition
src trg"‘ ‘l,trg
.............. ore
] State encodln :...«.r.‘.e.w.».. .:c.r.g. ST
g \ 0,.~l‘¢ )




Equivalence Partitioning

. ~ rc )
Graph Solver: Entry Je.... Transition
. . r .
1) Based on classic SAT-algorithm SICA & ! trg
. trg L..i «new» l<
2) Refinement of . e )
3-valued partial graph models
3) Constraint evaluationby (7 rc ) # rc )
: Entry Je..... Transition Entr Transition
incremental y
. src trg"‘ 8 :trg STCA rg
graph query engine [T srreeerieeeeen ore 4 trg &, g
4) Equival i «new» trg State ':‘new»'
u|va ence v....:: ----- ::-- ’0..~l".l
auve \ y q y
detection
by graph - - B - Ic B\
isomorphism Entry Transition Entry Transition
rg
src trg"‘ ‘l,trg » src trg“ «
vt I ore rirenidnenas ore
Stat dingl st trg State i, newy o State
| | ate encodingl e et g —=] | e 4ee
g \ ’0.~l“ ) \ .'HNI“ )

= Partial order reduction




VIATRA Solver: An Open Source Tool

= Standard EMF as input and output|
Configuration language | Visualization

—

#node = 5, S N i A
F Ar -

|FunctionTypeqnm= 1 ) Funcic = ImMnm&i‘:;:m: IJ (FunctionTypegum=1)  FunctionTypeenum= 1 }

#{Functianalarchitecture::h =0..3

= rootElements; s rootElements grarence
} e A
H Function ( s ) [ % b
Ju'r Ju'r S0 l wer = _.':';.1 l D}-’ 5 0 l wer . i Functiongisss =1 Functiongjass =1
URCTIonRalArcRimectureiviode unctionalElement;jpes= 1 unctionalElement, zes= |
H Functicnal&rchitectureModel
interfaceraronce elementgierance

solver = ViatraSolver )
H FuncticnalData

config = { H FuncticnalElement
H Functionallnput

untime = 18000,
‘g-level = normal H Functionallnterface

B FunctionalOutput

L1}
' 2 FunctionType

= |ncremental Query Engine:
o Constraint language: VIATRA Query \#VIATRA

o Internally uses: Incremental constraint reevaluation, DPLL as VIATRA DSE

= QOpen source: github.com/viatra/VIATRA-Generator



https://github.com/viatra/VIATRA-Generator

Scalability Measurements

Maximal model size Example comparison (FAM)
Largest model (#Objects) . 40
Graph Solver | Satd] | MiniSat "ﬁ"
FAM+WEF 6250 58 | 61 g %0
FAM-WF 7000 87 92 = )
Yak+WF 1000 — — o
Yak-WE 7950 36 90 5 10 15 20 25 30 35 40 45 50
FS 4750 87 89 Model Size (#Objects)
Ecore 2000 38 41 —&— Graph Solver —#— Alloy+Sat4;
FAM: Industrial, Avionics Yakindu: Industrial, Statemachine +Alloy+MiniSat

FS: File System example of Alloy Ecore: Metamodelling language
5 min timeout

Our solver generates ~two orders of magnitude larger models
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Conclusions

Validation of Well-formedness Constraints Towards Automated Graph Generators
How to automatically synthesize graph models which are...

CO A t t « Correct: All (well-formedness) constraints are satisfied

n S I S e n * Complete: All (and only) consistent models are derived
Icse'18 ||| IcsE'19

: —

: pattern switchHasSignal(sw) {

[ switch [ Segment ¢ Switch(sw); : R E 2 0 » Cannot be distinguished from a real graph model
alistic

Meta- : Signal(sig); ) « By removing text+values and evaluating graph metrics
model Signal.mountedTo(sig, sw);

| MoDELS'16 :'E ICSE'20 |

D I * Structural diversity within a single graph
Ve rse * Large distance between any pair of graph models
FASE’18 | STTT
S C I b I * In size: the size of the graph grows
a a e * In quantity: generation time of next graph is stable

Output of Consistent Model Generation: Models Generation of Diverse Models

B Y N vy W g o1,]

Domain-specific
modeling languages : pattern switchWOSignal(sw) {
¢ Switch(sw);

i neg find switchHasSignal(sw);

)

+ connected

! signal + mountedTo = TrackElement

Domain Specification Instance Models I Constraints |—
el: I M, | t2: g
Metamodel E“,ﬁ”’ T”,Tf‘,‘lif" [L[ﬁj Language Specification BaCRe;:TI}:g{lf,ysflver Instance Models
[ Transition ]%[ “c,h*"m” ] ’ — [+ tri — s1: = + Graph Solver
fertex ias -
R [Tfan:f-cn — ) = Testing Challenge:
[ swe ] T e [I,’fF‘“"" :]tb High coverage = Diverse set of graph models
Well-formedness constraints Generator Trar:szi:non . s:::e | | . i i i
LT e o S . C1: Lack of diversity metrics for graph models
[ State ] 3 [ Transition ] E . . . .
eeniy || [ eemny | f[eeniy 1 T T = C2: Logic solvers provide poor quality test suites
T rc rc tl: try 52
(EEE e = S1: Introduce diversity metrics for graphs
NEG tl=t2 -

$2: Guide solvers to generate diverse test suites



THANKS FOR YOUR ATTENTION

Links to tools:
VIATRA: https://www.eclipse.org/viatra/
VIATRA Generator: https://github.com/viatra/VIATRA-Generator



https://www.eclipse.org/viatra/
https://github.com/viatra/VIATRA-Generator

