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Andrey’s Background
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= EXperience

" Project Manager, Coordinator — 14 years

= Worked for

= SWsoft, AIRBUS, SOFTEAM MSc MIPT
= \Worked with PhD AIRBUS / Sorbonne Uni.

MBA HEC Paris

= Areas of Interest
= Distributed Systems

= European Space Agency
= Thales, Scania, Volvo, Nokia, SAP, Bombardier, ATOS, IBM,

SIEMENS, EDF
= Model-driven Engineering applied ...

= Software and services
= Cyber-physical systems
= Digital Innovation
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Outline
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= Why documentation?

= MegaM@Rt2 project

= Documentation for Requirements, Architecture, Roadmap and Traceability
= Modelio Demo

= Conclusion and discussion

= Backup

= Requirement Management Approach

= Architecture Management Approach
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Introduction
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How much (%) of project time do you spend on
documenting?
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Why documentation?
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What are the main difficulties in documenting your
project?
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Why documentation?

Purpose

= Communication

= Requirements
= Architecture
= Design

= Test plans

= Reviews and reports

= (Contractual, legal means
= Required by process to
instill quality

Model-Based System Engineering in Practice: Document
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Properties

= Readers / Stakeholders

= Reading style — story or dictionary
= Traces and references, diagrams

= Formats

www.dilbert.com  scottadams®@aol.com
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Problems with the documenting
Takes productive time/cost!

irnvopolis
LE.Nrurer5ltL.|

= Consistency and synchronization
= (Qutdating
= Maintaining references

= Formatting and presenting
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Model as a blueprint to produce things
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= Models

= Descriptive

= Prescriptive

=  Fowler distinguish models as

=  Sketches — for communication
= Blueprints — for development

" Programs — for execution

= Why modelling in software engineering?

" |ncrease in productivity
= Lesserrors

= Cutcoding

= Drivers

= More complex software to be developed including
" |ncreasing need to evolve the software
" Lack of software engineering skills

" Need to understand the domain problem to support with soft

©Andrey Sadovykh et al.
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We can produce documents from models too

Mapping,

Model transformations

p

Requirements

and refinements

a N
“ e SysML Reqgs
e UML Use
Cases
\ J

-

Mapping,
Model transformations
and refinements

~

Architecture

e UML
Components
e and Classes
e Behavior
e Simulations
traceability
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Code generation,
Automated resource allocation
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Automated deployment

&

Design

/
e Refined

Classes

e or Domain
Specific
Language

N

\

/

traceability,
evolution
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e Java, C++,
Frameworks
\ /

Implementation

traceability,
reverse
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MegaM@Rt2 project and its challenges ECSEL JU
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Scope - MegaM@Rt2 tool box:

Models W
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= Design time:

u . . . .
Implementation Holistic system engineering

= Team collaboration over distributed
Execution Platforms

Design time

models

" Global traceability

Continuous evelopment

Runtime validation

= Runtime:

= Tracing / Monitoring

= Models@Runtime
ECSEL JU
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Size

| LEs: SOFT, TRT
SMEs: SMA, CSY
| Res: ARM, UPAU

LEs: ATOS, SMEs: FTS
Res: UCAN, UOC/ICREA
IKER

S -
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LEs: TEKNE, INTECS
SME: Ro
Res: Uni Aquila

SMEs: AINA, SSF, CON
Res: ABO, VTT
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Collaboration, Complementarities and Differences

Imﬂljﬁ?lherzllzq
Case study providers Technology providers (Tools and Methods)
TRT |CSY IKER|TEK NOKNCE| BT CAMIAINA| SOFT| SMA | ARM [UPAU | ATOS |UCAN| UOC [FTS| UAQ | INT RO [ABO|SSF |VTT |CON|MDH SICS| BUT

§ [Tansportatior e N N I A o B A N D I T e
e e e[| S, B i
S E |Telecom - IO FAL | e | UMz MARTE, | oce | mens
<0 [inustrial Control e S| Froles RAZ | Amshas) | chock
o |Domain specific languages
13__' Requirements modeling Il - - -
5 hspectreted modelng lll.ll I
E MB Verification -
JIITTTENEEE mEEE I
B Simulation -

MB Validation -I I - B

(MB) Runtime verification || N

MB testing (online &offline) - -

Requirements,system traceability . - - - - - - -

MB collaboration and governance -.- - - -

Continuous Development

Anti-pattern detection -Ill- -

Root-cause analysis . -- -

Model Management & Storage -
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Process

Timeline:
MD M6 49 M15 M20) M2 M24 M32 M3 M36

Project Phases ]

BT T
5 Tech. Development Phases:
e f

Epeclf"caunn & Initial experiments Pretiminary evaluation - Final evaluation
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Automating Documentation in MegaM@Rt

Requirement, Architecture, Traceability

lmo&leuk}grs&q
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MegaM@Rt2 Approach

Collects,
synthesizes,
traces

Case Study Traces and
Requirements for [RAUSIULME

Tools
Framework

Requirements

Wish list for SE tools and methods to be
—~:BOMBARDIER

the evolution of mobility e —
\—"/

Innovative features in mind for development
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Tools features

smartesting
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MegaM@Rt2 Approach

Architecture Development

Requirements

PUrpOSes CESEI _Study
Requirement

@ Refines
MMRT

Framework
Requirement

Architecture S atisfies

Level

Conceptual

'"H- EEﬁHES

Realizes @

Realizes @

Solution Development

Tool
Component

Purpose

Saftisfies

Tool Set

Tool Set
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Legend

Work product
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Implicit
relationship
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Basic
activities

O

Future
activities




Individual tools modelling
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= Fach conceptual tool set sub-component and relevant interfaces have been refined

to better satisfy the refined framework architecture and requirements

=] Contract Contract =] XM =] AUTOSAR
profile + contract pro Refinement Import/Export Export
0.1 0.1
+ confract profile”’| 0.1 + confract Refinement | 0.1 + i ImportExport | 0.1 + aUTOSAR Export’| 0.1
1 1 l1
=N CHESS {INT) =] Ada Code
CHESSML E :23 Code Generator Generator
*1 *M ImportExport 1 0.4
Condract profile N
=] CHESSML +cHESSM. | Dependability profile
- WCRT Analysis i
0.1 1 Failure Propagation Analysis ==psesd
State Based Analysis i
Confract Refinement e
*1 Ada Code Generator Compaonent
Component Model - FIMZESM + piMzPsM [ ]  Model -
AUTOSAR Export 0 PIM2PSM
T1 $1
+ dependability profile | g 4 +state B F3jlure Propagation g 4 = wWCRT |0 141
E[)ependability E State Based Failure E WCRT
profile Analysis {l Propagation Analysis

Analysis

0.1]0.1 0.1

+ dependability profile
+ dependability profile

0.1
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CHESSML

M ImportExponrt

Contract profile
Dependability profile

WCRT Analysis

Failure Propagation Analysis
State Based Analysis
Conftract Refinement

Ada Code Generator

AUTOSAR Export

Component Model - FIMZPSM
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= |Model Import/Export Facility
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Import/Export
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Document generation

v T3 MegaMESF2 Aschitecture
v 3 Conceptual Tool Set
v 2] MegaMEr Framework
*S] System Engineering Tool Set

*2 ] Runtime Analysis Tool Set

Szste glement

*2] ConformiqDes &3 jmpot/Export
“S ] PauWare (LPAL

‘2] CeshyzsMy) & Checkmodel
s 2] Cestifiyk MBeetl
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Demo with Modelio
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Conclusions and discussion
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c
MegalVicRt" ° |
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Discussion of the MegaM@Rt approach

|munF:nL =
meerE.ulzq

Advantages Limitations
= Technical coordination support

Requirements traceability

= Very high-level modelling

Live architecture document = | eq rning curve
Single model for everything o . .
= Managing integrity of the project " Synchronizing contributions

Collaboration support

= Styling of documents

Common understanding
Common tool

=  Still manual effort needed

Single reference

= Synchronization among WPs

Sharing specification approaches Conclusions: Overall useful

Sharing document generators

sharing document structures = Can be used in many other similar projects
= Useful tools

Document generation = Uniformity, consistency for many contributors

Document templates

Traceabilty live view = Approach is implementable in many tools
Model-Based System Engineering in Practice: Document ©Andrey Sadovykh et al.
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Thank you

= Contact info:

= andrey.sadovykh@softeam.fr

System
Models

B T e

= a.sadovykh@innopolis.ru

i
)

—
'_._.—I—._-
—

Implementation

= Useful links:

Execution Platforms

= https://megamart2-ecsel.eu/

Continuou evelopment

Runtime validation

= More about tool

= http://www.ModelioSoft.com

= http://www.modelo.org

S T = )

% \/ECSELJU S=CR

2
M%ﬁ- aMcRt

ased System Engineering in Practice: Document
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Conclusions: Overall useful
= (Can be used in many other similar projects

=  Uniformity, consistency for many contributors

=  Approach is implementable in many tools

Future work

=  Specifying integration means

= Specifying tool chains for validation
scenarios (eg BPMN)
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MMRT Framework Requirements Specification

IO |:|-|:||.|5
LT

S~
A Top-Down approach A Bottom-up approach
= From Case Studies Requirements = Tools Components Purposes
(a total of 106 CSRs (28 tools with a total of 223 different
from 9 case study providers ) TPs)
= To MMRT Framework Requirements = Realise MMRT Framework
= Additional input form: Requirements
initial proposal, SOTA Reotirement = Framework requirements (FRs) bridge between

MMRT

CSRs and TPs =[P ETS

Refine :
@ Requirement
MMRT
Framework Realise @
Tool

Requirement
Component
Model-Based System Engineering in Practice: Document ©Andrey Sadovykh et al. Purpose 27
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Meet in the Middle

IO |:|-r:||.|5
Uirnve

= Framework requirements (FRs) bridge between CSRs and TPs Purposes

Refine

R0 Eereeteetnt ettt e eet el el et et et A E e R e aes e TOOl
Component
Purpose

Case Study

Requirement Yivi=an

Framework Realise

Refine

Requirement

= Refinement iterations @i j@

= Tool support:

= Modelio modeling tool to collect CSRs, TPs, create traceability matrices, and generate documentation

Model-Based System Engineering in Practice: Document ©Andrey Sadovykh et al.
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Mapping requirements by traceability matrix

0] @ | Ry RTA-00004 RTA-00005
7y NeoEMF-040

gy AIPHS-010

H5-020

H5-030

5-040

H5-050

H5-060

% HepsyCode-010

% HepsyCode-020

% HepsyCode-030

% HepsyCode-(40

Iy JTL-010 7

Iy JTL-020 A

ey JTL-030
7oy JTL-040
ey JTL-050
35y JTL-060
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Gap Analysis

|r-.r~4nan|i=p
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= | ooking for: MODELIQ-020 e Sl e
_________ o fraces o TEK_04
= (CSRs coverage COLLAB-050 oo LRI S E- C/S_()50)](?2
_________ olraces S VCE 05
CODESIGN-020  -eveeeer LS LI

= Multiple tools satisfying a requirement: alternative available

= Unsatisfied CSR to define mitigation actions (e.g. sharing results from other projects, including additional tools,

etc..)

improvement) EMFTOCSP-020  -oneseremme oot o

CODESIGN-020 oo tTACE2 o
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Gap Analysis Results - Overview

irvopolis
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#FRs FRs not CSRs not TPs not
mapped to | satisfied by ¥ mapping to
any CSRs any TPs any FR
WP2 37 3 1 0
WP3 39 4 1 10
WP4 15 0 0 2
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Roadmap Analysis

iropolis
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" Project management can have a global vision over the tool sets
"= Tool providers can plan their developments in the project

= (Case study providers can plan the evaluation of tools

ID Baseline (MO) Initial (M15) Intermediate Final (M32)
(M20)
RTA-00001 | MODELIO-150 PAPYRUS-170, PAU-020, PAPYRUS-

MODELIO-130 180, MODELIO-140

RTA-00002 | CERTIFYIT-07/0, MBEETLE-010, PAU-
CQDESIGN-020, 020
CQDESIGN-110

RTA-00003 | CERTIFYIT-010, RCRS-| LIME-010, LIME-030, RCRS-| MBEETLE-010,
010, RCRS-020, LIME-020 050, RCRS-080 MODELIO-100,
RCRS-030, RCRS-040 LIME-040, RCRS-

060, RCRS-070
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Architecture Management Approach

INVDPDUS
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Approach for high-level architecture

|munan 1=
ur-.:wer5||:-_|

= Major element = Tool component Framework
System Engineering Tool Set

Traceability and Model Management Tool Set

= Services Runtime Tool Set
= Purposes /@\
= Functional interfaces Reglises / \
= Subordinate components Individual tools
Modelio
. CHESS
= Integration means and Deployment
Collaboro
= |nterfaces/ data exchange EMFEtoCSP
= Deployment Papyrus
S3D
= Relation to the Framework

Model-Based System Engineering in Practice: Document ©Andrey Sadovykh et al.
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Framework Modelling

IO |:r|:|!.|5.
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= MegaM@Rt Framework highlight interfaces to support tools integration and

traceability to requirements to guarantee and allow checking model consistency

f__;;*Qf_:H-‘F-IM I = | Metamodel and Support
T fsess T ZSUses
II,*’-'::’-E|:|-5.|_:,-:=-:=- ! - 1
;" 5 |Design Specific Languages
I o , 22
i ': Standard Modelling Languges & |~ T
IF-UML2 i t, 2] E— cSatisfy>»
IF-DSL 1
_____________ 'O O ~., SYS-010100
T F |
'\-\._x-ﬁ '“.h"%". |!I
F-SysML e xzyse=> -= : - . =
Standard [T L 3@ QR TRuse ", ’- T]  Design Specific LANQUAQES  |__--ceoomimmmmmeed ==
i e Z=US "-’53’*’:._‘ <<Batisfy = E[ e
Eﬂ?ﬁ:g‘;ﬂ M ARTE “re--...>/% |Document Generation e
& Profiles R sruserz 3Y5-010200
""""""" : :Q -:{US:;_:,-;:--*"'J .
P 7] Document Generation _
IF-TUML,.— IF-DOC L e e . =3
UO O sehatisfy =z N H
SY5-010400
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Individual tools modelling
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= Fach conceptual tool set sub-component and relevant interfaces have been refined

to better satisfy the refined framework architecture and requirements

=] Contract Contract =] XM =] AUTOSAR
profile + contract pro Refinement Import/Export Export
0.1 0.1
+ confract profile”’| 0.1 + confract Refinement | 0.1 + i ImportExport | 0.1 + aUTOSAR Export’| 0.1
1 1 l1
=N CHESS {INT) =] Ada Code
CHESSML E :23 Code Generator Generator
*1 *M ImportExport 1 0.4
Condract profile N
=] CHESSML +cHESSM. | Dependability profile
- WCRT Analysis i
0.1 1 Failure Propagation Analysis ==psesd
State Based Analysis i
Confract Refinement e
*1 Ada Code Generator Compaonent
Component Model - FIMZESM + piMzPsM [ ]  Model -
AUTOSAR Export 0 PIM2PSM
T1 $1
+ dependability profile | g 4 +state B F3jlure Propagation g 4 = wWCRT |0 141
E[)ependability E State Based Failure E WCRT
profile Analysis {l Propagation Analysis

Analysis

0.1]0.1 0.1

+ dependability profile
+ dependability profile

0.1
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CHESSML
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Contract profile
Dependability profile

WCRT Analysis

Failure Propagation Analysis
State Based Analysis
Conftract Refinement

Ada Code Generator

AUTOSAR Export

Component Model - FIMZPSM
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= |Model Import/Export Facility
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Import/Export
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Questions?
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D1.2 Architecture specification and roadmap
- initial version

Imﬂl_l?r'-l-.:]'l!-'.-lfgrzllzq

u F Framewo I‘k Milestones:

= Conceptual tools as described in the FPP @ @

" Individual tools by partners

. N

= PrO pe rtleS : [ Requirements ] :
| analysis :

= High-level requirements help to identify the features, goalsand ~ ° [ Architer:ltureand ] !

\ Roadmap fl

objectives '
J | W2, WP3, WP |- — —.

= Functional interfaces and services Tech. development

= Subordinates

= Deployment

Case Study definition and b
experiments
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Specification process

NS Ersity

Architecture Solution

. ‘Satisfies

Architecture
Level
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Tooling

'MELEEII"—J'gTEIh_I

= Modelio

= Analyst

= Document publisher

Web Analyst
Requirements

= Constellation

= Collaborative modelling

= Configuration management
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Requirements editing
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v '@ MMRT Frmework Rec UML Sy=ML MESTE FUML UTP) 2nd profie customisation capasiiy. =l
» ‘5 System Engimess Y
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v 3 MegaMER1? Archdecture 16 SYSO303%1 T&SEMM«MM@W&(MW Hgh v~ Basdne -~
v ‘23 Concephual Tool Set 7 SYSI30401  The SE must support the system vaniability modeling Hgh ~ Badme -~
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Architecture

2« Modehe 36
Fle ot Configuaton Viens Help

A IXINTERVIVVRI mR|

SR LT T

" Modet 17  H e
v B MegaMaRliecheectureD
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Traceability
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Example: System Development Lifecycle

|munF:nL =
meerE.ulzq

e Who are the stakeholders? What is their business? How new system can
: improve this business?
Analysis: . .
e What is their current system? What system do they need?
e |nitial design and a prototype
< /

~

e How the system should operate?

Design: e Programs? Hardware? Networking?
Databases? User Interfaces?

.
e Development,

ntegration, Testing
e Deployment

\_ e Support

Implementation:
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Spiral Model

J ImﬂﬂraﬂgFEH:q

Risk analysis

Planning

Customer

communicatior

Project entry
point axis

Engineering

/
/

Customer /

evaluation Construction & release

Product maintenance projects

Product enhancement projects

New product development projects

Concept development projects

Roger 5. Pressman’s "Software
Engineering, a Practitioners

Approach”
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System engineering
Overall approach m— "
Spec. el polis
ur-.lrurer5lt|._.|
Models . import /
e ‘ - updates
\ —- |
Eehavios
System deviations ‘ Factory automation engineering practices
L’rﬂtem model Automotive engineering practices
Traceability management ‘ Railway engineering practices
Engineering practice 1..n
| e | Scalable model
management : :
| Design I<7 Requirements
Provenance
Deviation information + traces 'l ¥
5

cification for tests, probes and monitoring

. w

Runtime analysis L
Traces Tests, Probes
analysis injection
Traces
-
p  Traces collection Online testing
+
fa A )
[\ AN Rustime verr. Black-box manitaring
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Work packages

WP7: Management

WP1: Case Study Requirements Analysis and Architecture Specification
(TEK)

1 Case Study Requirements (TEK)

2 Case Study Definition (TRT)

3. Case Study Baseline Experiments (IKER) | |_,

WP2: MegaM@Rt System Engineering (INT)
1. Foundations (UOC)
a standard techniques, paradigms
b, collaborative modelling (DSLS, viewpoints, facets)
2. Systems modelling (INT)
a Requirement,
b. Functional,
s NFP
d. Platform-specific models (Software, Hardware Platform)
e Integration of engineering practices
3. Verification and Validation (UCAN)
a Static analysis
b. Simulation
. Case studies support and feedback analysis (INT)

NS

L v ¢

WP3: MegaM@Rt WP4:. MegaM@Rt Global Model and
Runtime Analysis (SMA) Traceablility Management (ARM)

. : 1. Foundations (ARM)
| Foundatl_ons (ABO) . 2. Scalable model management (ARM)
2. Automatic code generation and i srenEmaREinG

model execution for runtime 3. Scalable model-based techniques (ARM)

(SOFT) | > a scalable transformations
3 Runtime verification and online b iterative verification and validation

testing (ABO) < - Traceability / Provenance (UAQ)
«  Traces analysis (VTT) - Mmetamodels, formats _ -
] Case studies support and feedback b. techniques for horizontal and vertical traceability
| analysis (SMA) 3 continuous development and patterns detect

WOFT)

WP5: Integration, Case Study Development and Evaluation (NOK)

1 MegaM@Rt framework integration (ATOS)
2 Case Study Development (NOK)
a, Case Study Evaldation(NEXHO

WP6: Dissemination and Exploitation




Phases

Timeline:
MO M6 Md M15 M20 M22 M24 M32 M34 M36

IO F olLis
rvErsiky

Project Phases ]

Specification & Prototypes E Consolidation & Integration Validation & Finalisation

Tech. Development Phases_

Tech development phase 1

\ Case studies Develnpment and 'H’alldatmn Phases \

Epemf‘cannn & Initial experiments Preliminary evaluation -
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Process
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Timeline:

M0 M6 M9 M15 M20 M2 M24 M32 M34 M35
: [ Project Phases ]
Specification & Prototypes |> cmmidmmn rntegmuun |>l validation & Finalisation >
| | Tech. Development Phases ]
Tech dnel-npmem phase 1 > Tech development phne 2 >
§ | Case studies Development and ‘H‘alidatiun Phases |
Specification & Initial experiments > Preliminary evaluation > Final evaluation >
e 5 2 ' ™
Milestones: : [ F'rnject Antwltles and Hllestunes
MO M6 M9 MIE :2 r.m sz M34 M36
==3t
I 1 ; :
.[ hreecture and | |
b ———— " . .
B X Y LT e :
f ; -_ '
! [F'ﬁ':n‘:“ Tech. development \
l
: Twer ) .
: | “1 | ] |
Case Study definition and baseline 1
i experiments : : [
. - o |
I )I-[ Case Study development H :
i 5 == b]
""""u'p{ip;;p]l' : :
Tech. development [—_L
: : r [ Final integration & J h‘;
i consolidation I
—){ Case Study development ]f L‘ H E
) | - Final I
. : : o :_L.“__’|__'=_"'_“1i°2_]‘
ey M6 MO urAndrey Sadgyykh efal. oy M32 M34 M6

Tt = Pr'-l-?il'-'.-lr

EF5I|:I_|
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Next steps for MegaM@Rt modelling approach

Imﬂl_l?r'-l-.:]'l!-'.-lfgrzllzq

= Matchmaking for Case Studies and Tools

= Baseline experiments and refinement of requirements, purposes, roadmap and
architecture

= Tracing status on features delivery

= Planning integration

= (Case study requirements coverage monitoring
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Hackathon session

Iwﬂﬂrﬁﬂgr5lh_|

= Boost collaboration
= Speed-up baseline experiments and prototyping
= Base for validation scenarios activities

= Early evaluation and results

= Feedbacks to design
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