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» Complex organizations

» Complex toolchains
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DIGITAL THREAD:
COPE WITH COMPLEX SYSTEMS DEVELOPMENT

WEBINARS 2025

»-Digital Thread & Digital Twin

»>Need to extend the digital thread beyond the physical world

Digital Twin \

This Photo by Unknown Author is licensed under CC BY-SA
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WEBINARS 2025 DIGITAL THREAD:

COPE WITH COMPLEX SYSTEMS DEVELOPMENT

»Consequences of complex systems development

»Multiplication of heterogeneous tools that need to be interconnected

> Ilterative processes reinforcing the challenge of change impact analysis with an

extended spectrum

> Digital Thread for Enhanced Knowledge management that helps anticipate :
» Potential changes & their related risks
»» Make proactive decisions

»» Maximize the Opportunity / Risk ratio
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WEBINARS 2025 DIGITAL THREAD:

COPE WITH COMPLEX SYSTEMS DEVELOPMENT

»-Path to reach an extended / universal digital thread

vl
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INTEROPERABILITY:
DIGITAL THREAD: Digital Thread + universal
SSoT + Traceability data exchange operations:
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DIGITAL THREAD:
COPE WITH COMPLEX SYSTEMS DEVELOPMENT

» Use case #1: Connection to Capella model

» Use case #2: Connection to Polarion

project
»- Use case #3: Traceability Capella — Polarion

» Use case #4: Model-based requirements

engineering (model-req consistency)
» Use case #5: Model-req synchronization

» Use case #6: Remote connection
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WEBINARS 2025 SSOT:

THE FOUNDATIONS OF THE DIGITAL THREAD

»SES ENGINEERING Studio implements the notion of Interoperability hub
(SSoTl - Synchronized Source of Truth):
»>No one-to-one connector: every tool connects to the hub. Destroying silos

»>No wipe-out approach: each individual source synchronized in SES remains the
Authoritative Source of Truth (ASoT)

»-Source tools from many different disciplines: textual, modelling, code editor,
testing....

’MM@ ROIESFSY e D<
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SSOT:
THE FOUNDATIONS OF THE DIGITAL THREAD

WEBINARS 2025

From Stage 1Scattered SE tool-chain : Tool-
centric approach...

( _ Feasibility Study Operations  Changes (
/ Concept and and
Upgrades

Retirement /
Replacement

Regional '
Architecture(s) Exploration Maintenance
e \
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- Concept of\\<_ __System Validation Plan_ -l System
EI " Operations Validation
‘_—'}\ System Verification Plan
System '\ _(SystemAcceptance)
" Requirements

System
Verification &
Subsystem
. Verification Plan
High-Level \(Subsystem Acceptance) Sy bsystem
« Design Verification

% Unit / Device

Detailed '\ TestPlan Unit/Device
Design "\\\ Testing >
I l T e—
J Software / Hardware Document/Approval Stage 1
Development S
R cattere oolchain:
K Field Installation Tookcentric approach

Implementation
Time Line Development Processes

-
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SSOT:
THE FOUNDATIONS OF THE DIGITAL THREAD

WEBINARS 2025

...To Stage 2: Synchronized Sources of Truth

A Universal configuration management for
all the assets.

A Back-up copy

"
.

POLARION

nd nd N
Marssnance  Upgrades ) sz ‘
L oo Systen Veriication Plan

%A Spem \ . [SpkemAgeins) WI s

Subsystem
B\ T \erkcatonPun

®
S I

] SYNCHRONIZED SOURCES

e OF TRUTH
B Ut/ Owice SSoT
‘\ "ﬁ Dusha \1747g Uowicn /3 Stage 1 G Universal (Life Cycle
Schware [ Harowace DocumentiApgroval Scattered Toolchain: wide)€onfiguration

., Tookcentric approach MajgEement

Implementabon
Time Line Development Processes
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»» The concept of universal connector

[t Transformation

rules
Text
UML/SysML X
Modelica
Simulink
Tool | System
Knowledge
Base

SRL

-

Linking: data, information &
knowledge

Centralized
Assets
Repository

THE FOUNDATIONS OF THE DIGITAL THREAD
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SSOT:

WEBINARS 2025 THE FOUNDATIONS OF THE DIGITAL THREAD

» The concept of universal connector: Capella (v7.0 also supported!

SES Connections PWI Change Management Quality Vav Traceability Interoperability Reports DMS KM
=  x
o]
]
E;
8
S
L x
State in repository Name 2 © | Desaription
Loaded “ Temperature_War ~ Artifact info:
Loaded 4[] B3 Temperature_War Name: Description
Loaded » H Operational Analysis [MCB] System Capabilities
Loaded 4 H System Analysis
Loaded 4 [ ] i System Functions -
Loaded ” @ Roat System Function
Loadsd 4 s Regulate Tamparature ) @ .
Loaded ® Register Temperature o ' e ew
Loaded Modify Temperature
Loaded - #  Allow Configuration
Loaded @ Configure Round
Loaded @ Regulale Sysiem Modes
Loaded - & Receive Attack
Loaded @ Manage Temperature Increase
Loaded @ Manage Temperature Decrease
Loaded . & Display Data Rival Syster Administrato s me
Loaded & Display Time m
Loaded @ Display Temperaturs
Loaded & Register Tima
Loaded » 5 |SFBD) Root System Functions
Loaded & Requirements ‘c € c
Loaded a = Capabilities v A .
Loaded » Relations
Loaded @ Recsive Attack N ®
Loaded “ Display Data
Loaded > Allow Configuration ‘c )
Loaded > Regulate Temperature
Loaded © Manage Tempesature Increase ¥ L <
Loaded © Manags Temparstus Daceass (e (< <)
Loaded %> Ragister Temperature o atureDisplay TimeReguiste System Modefonfigure Round
Loaded &> Modify Temperature
Loaded &> Display Temperature
Loaded ©» Display Time
Loaded &> Caonfigure Round
Loaded > Regulate System Modes.
Loaded » v & [MCB] System Capabiliies
Loaded = Interfaces v

Total Workproducts: 985
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THE FOUNDATIONS OF THE DIGITAL THREAD
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. — :}l
Change in Source soUrce
Source
status
l Suggested
Updated cleifely . ® o Update SES Reposito§ontent with Source content

T

SES Repository status

Source & Repository
synchronized!

J 'EI— Loaded
source
Source
status
I

| Updated

T Suggested

SES Repository status clefely ‘ ‘ (] Save SES Repositogontent ANDUpdate Sourcecontent
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THE FOUNDATIONS OF THE DIGITAL THREAD

»Universal Configuration Management:
»-Object versions
> Project baselines

State in repository Mame: £ Description
Loaded 4 v == Temperature_War
Loaded 4 [ Temperature_War =1 Add new Workproduct b
Loaded Fl H Operational Analysis £ Add Vorkproduct with writing assistance ’
Loaded > = Operational Activities
Loaded & Requirements
Loaded » = Operational Capabilities s Change Management )
Loaded = Imerfaces
pym—— -~ Data §° Configuration Management *| B Show baselines for this module
Loaded _. Roles vl Create baseline for this module
Loaded » = Operational Entities {e1) Global Impact Analysis
Loaded Fl H System Analysis
Loaded » k= System Functions
Loaded & Requirements #2 Version 'Funct oy "SESAdminist r' on {04/02/202 'l View Current
Loaded » = Capabilities
Loaded = Interfaces
Loaded . = Data #1 Version ‘Updated model (v1.1)', by ‘SESAdministrato -
Loaded » = Structure
Loaded ~ Missions
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SSOT:
THE FOUNDATIONS OF THE DIGITAL THREAD

WEBINARS 2025

Differences Artifact "CAPELLA//DAYOUSFNTRC\ProgramstCapella 7.0\capella\workspace'\Temperature_War\Temperature_War.aird//389073eb-c870-430b-9f46-27f254722f6' - version history - [m] X
#1 \/e rSIO n . 1 U pdated model (\/1 .‘I) 1 Autho r : 1 S E SAd m | n l St ratorl Dat Artifact ‘CAPELLA://DAIYOUSFI\TRO\Programs\Capella 7.0\capella\workspace\TemperatureWar\Temperature_War.aird//389073eb-c870-430b-%{46-e27f2547e216" - version history:
CAPELLA://DNYOUSFNTRC\Programs\Capella 7.0\capella\w... CAPELLA://D\IYOUSFATRC\Programs\Capella 7.0\capella\w...
‘ha::;E ] kit . — Operational Activities £ imoncey Dowrpon Name: Last modification date (repo) Last modification user (repo) Nl-z-re. . Last madification date (repo) T-:rst modification user (repo)
Display Temperature 3/31/2025 3:53:14 PM SESAdministrator Display Ambient Te... 4/2/2025 11:03:08 AM SESAdministrator
None & Requirements
None » Operational Capabilities Gt T
None i Interfaces
n
::(: z::zs Label Format Label Format
= > T i Cyseatin Sie . | e s B e e e .
None K H System Analysis
None » ks  System Functions
None & Requirements
None » ~; Capabilities
None i Interfaces
None ’ i Data
None ’ = Structure
None = Missions
None 4 # Logical Architecture
None 4 ke Logical Functions
None 4 & Root Logical Function
None » @ Receive Attack
None ir: Register Time
None & Register Temperature - -
None ’ @ Modify Temperature () v| | HasChanges ¢ X v| | HasChanges s X
None ir: Supply Power r b < s
None » & Regulate System Modes (to2)
None ’ @ Configure Round (o) /] Show only elements with changes (new, deleted, updated) [v"] Compare metadata [w] Compare properties
None 4 &r: Display Data
Updated & Display Time G
Updated v @  Display Temp - Updated = Uisplay Batie Time 7
None » | A [LFBDJFBS g\ Updated v & Display Ambient Temperature
None & Requirements None » i~ Recsive Attack
None = Capabilities g;-' None ir Register Time
None i Interfaces L None ’ 4 [LFBD]FBS o
Total Workproducts: 160 vinsetect all.rovs Total Workproducts
Change Not contains None 7 X Change Not contains None 2 X
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SSOT:

WEBINARS 2025 THE FOUNDATIONS OF THE DIGITAL THREAD

» Use case #1: Connection to a Capella model (v7.0)

»> Use case #2: Connection to an ALM Tool project (SIEMENS Polarion)

All rights reserved © The REUSE Company 2025 @ @
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EXTENDED TRACEABILITY
MODEL-REQUIREMENT CONSISTENCY

WEBINARS 2025

From Stage 2. Synchronized Sources of Truth

A Universal configuration management for
all the assets.

A Back-up copy

"
.

POLARION

nd and N
Mairtsearcs  Upgrades ) Résiscsnent ‘
— Gyt Verfcabon Plan

Spiem \ o, [SiemAccectings)_ ,, [ Syen
= A
\ T e )d  SYNCHRONIZED SOURCES
Hoh-Lowe L Subsysten &

S ¥

Doon & OF TRUTH
’ — (Jrit | Device SSoT
‘\ ‘ Design N Testing f Stage 1 U Universal (Life Cycle
Seltware [ Hardwirs DocumentiApproval Scattered Toolchain: wide) Configuration

., Tookcentric approach MajgEement

Implementabon
Time Line Development Processes
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EXTENDED TRACEABILITY
MODEL-REQUIREMENT CONSISTENCY

WEBINARS 2025

...To Stage 3: Digital Thread

A End-to-end traceability

A Global Impact analysis and suspect links
detection

A\ 7
Operators Charges ﬁ
. d & (.\ Retremont /
\ Marssnancs  Upgrades ) v
Comosgtal\ _ _ SyvenWidco P f Sysen ‘

= Systen Verification Plan
s,_w- - ﬁnh:%w.;a]_-wg“”" L
Reqaremects Subsystem f ‘
— \lerEC AN Pl
) HghLavel \[=bapviem Accestancy) £
DIGITAL THREAD:
SSoT + Traceability

Desgn .f U Global impact analysis

., SYNCHRONIZED
— SOURCES OF TRUTH
Development Processes SSoT
0 Universal (Life Cycle wide)
Configuration Manage ment
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Navigation
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Logical Model -> System Requirements
Staksholder Requirements > System R.

Mod... | Project Server

Traceability

e B

Module Map Security

Graphics view  Security Management

Trace types | Security Traces
Realizes 606
Derives 29

Interoperability Reports

Evaluat..
Loaded
Loaded

Traced Ite...

StRS | TW - Stakeholder Requ D:MYOUSFNTRC\Consulting\Projects\Temperature Warrior\Temperature_War\ E 31.82%
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System Requirements -> Control Syste..

Mod... | Project Server
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Contro Termperature War - Sy 36677 @localhost
System Requirements -> Management...

Mod... | Project Server

Tempe Termperature War - Sy 36677 @Ilocalhost
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System Requirements -> Power System...

Mod... | Project Server

Tempe Termperature War - Sy 36677 @Ilocalhost

Power Termperature War - Sy 36677@localhost
System Requirements -> Risks

Mod... | Project Server

Tempe Termperature War - Sy 36677@Iocalhost

Risks = TW - Risks.xlsm
System Requirements -> Temperature R...

Mod... | Project Server

Tempe Termperature War - Sy 36677@Iocalhost

Tempe Termperature War - Sy 36677@Iocalhost
System Requirements -> Test Cases

Mod... | Project Server
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Allocates | Der 16
Allocates | Det 41
Allocates | Det 24
Threatens 1

Allocates | Der 29

Verifies 1
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Loaded
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Loaded
Traced lte...
| 16.56%
[ 4128%
Loaded
Traced Ite...
|| 8.61%
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Loaded
Traced Ite...
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Loaded
Traced lte...
[71] 9.27%
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Loaded
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0.66%
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EXTENDED TRACEABILITY

MODEL-REQUIREMENT CONSISTENCY

Transformation
rules

System
Knowledge
Base

25

Control

System

Temperature
Registration
System

Power Temperature
System Warrior

Heating
System

|

Visualization

Information
System

Ontology

Data Dictionary

‘ Sensor \

Temperature Warrior Initialization

L]

) Temperature War Sulbsystems are loaded and operating
an's - '
L ) e
WHEM) <= a— W Authentication Mode
e —3 —
v — e [region]
#Configuration Mode  — Mo
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""'%:_EH Conf ._-...|.1'.icr Parameters are input
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[region)

 Ready Made —[WHEMN) Configuration Parameters are va

| 1
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26

MODEL-REQUIREMENT CONSISTENCY

»- Use case #3: Polarion — Capella traceability
»» Semantic traceability

»» Changes in Source / Target and suspect links
»-Use case #4: Requirement-model consistency |

»Requirements authoring assisted by models elements (DOORS / Capella) with
RAT

»Completeness check before / after changes
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MODEL-REQUIREMENT SYNCHRONIZATION:
UNLOCKING INTEROPERABILITY
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From Stage 3: Digital Thread

A End-to-end traceability

A Global Impact analysis and suspect links
detection

v
(S

= Systen Verification Plan
s,_w- v SRR AN S‘I“"‘ 3

Q

-——— =

DIGITAL THREAD:
SSoT + Traceability
U Global impact analysis

28

Freld intaaton SYNCHRONIZED
Trplemertaton SOURCES OF TRUTH
Development Processes SSoT

0 Universal (Life Cycle wide)
Configuration Manage ment
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WEBINARS 2025 MODEL-REQUIREMENT SYNCHRONIZATION:

UNLOCKING INTEROPERABILITY

...To Stage 4: Extended Interoperability
A Information Exchange: Copy/Merge/Synchronize
A Object Binding

Synchronigation

AN /4
Operetions Changes ( Retirement /
and an
. ‘\ Maintenance __ Upgrades l Replacement ﬁ
: CEp‘Of\d— System ValidationPlan_ ___ = System
Operations Validation
\
e System Verification Plan .
System \ L’Sy_emgcep_a'lge)__ /s
Requirements Verrﬁcanon & £

Ver f cauon Plan

Transformation TOOL INTEROPERABILITY:

Desgn Veification ' / % Digital Thread + universal data
T Jnit / Device 5
\ e S exchange operations:
- e /H DIGITAL THREAD: T
\ -
\ g + o
Software / Hardware = Document/Approval ?SO-II— b'll'raceabllltyl ) U Merge
Development R U Globalimpactanalysis U Synchronization
Field Installation = X .
Implementation U Migration
Time Line Development Processes U Conversion
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WEBINARS 2025 MODEL-REQUIREMENT SYNCHRONIZATION:

UNLOCKING INTEROPERABILITY

Transfer:
C Copy
C Merge
C Synchronize

Transformation SRL Transformation Output artifact

rules rules (and tool)
Text Text
SysML SysML
UML UML
Simulink ‘ Simulink

Linking: data, information & \
knowledge
Tool | System System Assets System Tool k
Knowledge Store Knowledge
Base

Base
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1 I Connectivity '
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Semantic parsing of unstructured sources
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Change of metamodel between source and target work products _
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WEBINARS 2025 MODEL-REQUIREMENT SYNCHRONIZATION:

UNLOCKING INTEROPERABILITY

Transformation Use Case #1.:

U Requirements synchronization between Req

Transforming work products Mgmt Tool & MBSE tool (“zig-zag”)

Change of metamodel between source and target work products
¢SEudzaZf NXBIldZANBYSyYyua uz Y2

Transformation SRL Transformation Output artifact

rules rules (and tool)
Text Text
SysML / 4 Arcadia / Capella
UML SysML
Simulink UML

Linking: data, information & Simulink
knowledge
Tool | System System Assets System Tool k
Knowledge Store Knowledge
Base

Base
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»Zig-zag model : The Requirements — MBSE Trade-off

Source:

https://mbse4u.com/2012/03/26/the-
sysmod-zigzag-pattern/

SYSMOD-
Zigzag-Pattern

Link to our latest webinar about the zigag pattern:

MBSE zig-zag pattern: A theoretical and practical approach

MBSE ZIG-ZAG PATTERN

A THEORETICAL AND
PRACTICAL APPROACH
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Transformation Use Case #2:

: U Model conversion between MBSE Tools
Transforming work products

Change of metamodel between source and target work products
¢SEudzaZf NXBIldZANBYSyYyua uz Y2

Transformation SRL Transformation Output artifact
rules rules (and tool)
Text Tt
Sysl\/IL\ / Arcadia / Capella
UML T SysML
Simulink UML
Linking: data, information & Simulink
knowledge
Tool System System Assets System Tool k
Knowledge Store Knowledge

Base
Base All rights reserved © The REUSE Company 2025 @ @
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Transformation Use Case #3:

: U Generation of requirements from models
Transforming work products

Change of metamodel between source and target work products
¢SEudzaZf NXBIldZANBYSyYyua uz Y2

Transformation SRL Transformation Output artifact
rules rules (and tool)
Arcadia Text
SysML / Arcadia / Capella
UML SysML
Simulink UML
Linking: data, information & Simulink
knowledge
Tool System System Assets System Tool k
Knowledge Store Knowledge

Base
Base All rights reserved © The REUSE Company 2025 @ @
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Transformation Use Case #4:

: U Generation of models from requirements
Transforming work products

Change of metamodel between source and target work products
¢SEudzaZf NXBIldZANBYSyYyua uz Y2

Transformation SRL Transformation Output artifact

rules rules (and tool)
Text Text
SysML Arcadia / Capella
uMmL / SysML
Simulink UML

Linking: data, information & Simulink
knowledge
Tool | System System Assets System Tool k
Knowledge Store Knowledge
Base

Base
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THE PILLARS
OF THE

Interoperability
HUB

Digital thread

without frontiers

Connectivity
bpn G22fay wa{>X a.{9% ![aX t
Semantic parsing of unstructured sources.

Transforming work products

Change of metamodel between source and target work products _
¢CSEudzr f NBIldzZANBYSyua uz Y2ZRS

5 Remote connectivity

Collaborative access to the content of a repository even from an external
infrastructure.
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MODEL-REQUIREMENT SYNCHRONIZATION:

WEBINARS 2025 UNLOCKING INTEROPERABILITY

Remote connectivity

Collaborative access to the content of a repository even from an exte
infrastructure.

Interoperability between
departments of same organization

Interoperability between different
organizations:
OEM-Tier
Collaborative Development
etc

Organization B

Organization A

Organization C

All rights reserved © The REUSE Company 2025 @ @
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Remote connectivity USE CASE 1: REMOTE ACCESS

Collaborative access to the content of a repository even from an exte
infrastructure.

SOURCE SITE
TOOLS ECOSYSTEM

A remote Connectionin
Client application is
connecting to a local
connection in SES PROXY

jeiggyey

Proper content of
the Source tool

e
% SES Remote .
M

VPN Access

As GATEWAY/
PROXY
‘|'
Repo in
Proxy
Server

The information is accessed from the Client
- Synchronized content
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. USE CASE 2: COLLABORATIVE
Remote connectivity

Collaborative access to the content of a repository even from an exte (M ERG E/ SYNC) WORK
infrastructure.

A NORMAL Connection in SITEI

application is configured to be Merged or SOURCE SITE

Cuntent_ synchronized with a REMOTE Connection TOORaNsIEH
merged with pointing to SITE 2
Original
CLIENT SITE content
TOOLS ECOSYSTEM l = =
/ Eh_.,,,m,, . & sss'nmr ) -
Y . - Send Demand
// 411272024 4:07:32 PM 5172024 S21:15PM content content
Proper content of

the Source tools
VPN Access

| SITE I Application

Proper content of

the Source tools ;
Repo in

SITE 2
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EXTENDED TRACEABILITY

WEBINARS 2025 MODEL-REQUIREMENT CONSISTENCY

» Use case #5: Zig-zag (Polarion <-> Capella)

»*Requirements pushed into the model

»Modification and synchronization from model to
Polarion

» Use case #6: SES Remote connector

» 6.1 — Remote access

> 6.2 — Collaboration between separate repositories
(merge/synchronize)

SERVER = s == |
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ENABLING SMART

SVETEME BNORENG Resources v Support Company v~ Contact v O

REUSE

Software Tools for'Digitaii...., «ic Systems Life Cycle
Management

Inter-connecting the complete Tools Ecosystem of your organization

Enabling digital supportto all the Technical Management processes (ISO 15288) for the engineering
items of your tools ecosystem

Integrating document gentric (Documentation), knowledge driven (Reuse) and model-based (MBSE)
approaches in one Hub

Systems Engineering Tools and Solutions for
System Life cycle Management based on
Connectivity, Interoperability and Reuse

reuse company

The REUSE Company

1eREUSECompany

INICIO VIDEOS EN DIRECTO

SES ENGINEERING Studio P Reproducir todo

Technical Management

DIGITALIZATION

i system Life Cycle
with SES...

The REUSE Compa

Boosting MS Word with

SMART

‘A suscrito

LISTAS COMUNIDAD CANALES INFORMACION
s MORE
INTEROPERABILITY ~ONNECTION
FRAMEWORK Y MAKING THEN
o - e INTEROPERATE
= m Life Cycle leve 1:06:56
i Systems Engineering Rigor i Interoperability in SES i Controlling the values of your i Configuration Management
needs an i Studio signals in technical...

with SES ENGINEERING...

The REUSE Company

www.reusecompany.com

@thereusecompany
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llyes Yousfi

Senior Consulting Engineer
ilyes.yousfi@reusecompany.com

+34 627 08 66 01
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