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DIGITAL THREAD:

WEBINARS 2025 COPE WITH COMPLEX SYSTEMS DEVELOPMENT

»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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DIGITAL THREAD:

WEBINARS 2025 COPE WITH COMPLEX SYSTEMS DEVELOPMENT

»Consequences of complex systems development

» Multiplication of heterogeneous tools that need to be interconnected

> Iterative 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

4

TOOL

INTEROPERABILITY:
DIGITAL THREAD: Digital Thread + universal
SSoT + Traceability data exchange operations:

» Global impact analysis » Copy

] » Merge
SYNCHRONIZED » Synchronization

SOURCES OF » Migration
Stage | TRUTH :

» Conversion
SSoT

» Universal (Life Cycle
wide) Configuration
Management

Scattered Toolchain:
Tool-centric approach
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DIGITAL THREAD:
COPE WITH COMPLEX SYSTEMS DEVELOPMENT

WEBINARS 2025

5 » Use case #1: Connection to Capella model
g TooL » Use case #2: Connection to Polarion
INTEROPERABILITY:
5 & DiomaL Tingap:  DifeTireds il |
- Globl mpackanyss > P project
l SYNCHRONIZED : Sy?\l;gtfr'onization
4 Stage | rRuTH > Comversion
Scattered Toolchain: | SST » Use case #3: Traceability Capella — Polarion

Tool-centric approach widle) Configurstion

Management

» Use case #4: Model-based requirements

engineering (model-req consistency)

— » Use case #5: Model-req synchronization

—
POLARION

» Use case #6: Remote connection
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SSOT:

WEBINARS 2025 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....
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SSOT:

WEBINARS 2025 THE FOUNDATIONS OF THE DIGITAL THREAD

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

. Feasibility Study Operations Changes :
s (o™ | e | e
Exploration '\\ Maintenance  Upgrades

—
Lifecyle Processes Concept of \\-4- __ System Validation Plan 5> System

Validation

o\ Opseions
' \

i . —— Sygtem Verification Plan Bfsom
m stem Acceptance
® Syste "‘LL-—L—L"Veriﬁcaﬁon&

_ i \
Requirements Subsystem
: Verification Plan
Hligh-Level \(Sybsystem Acceptance) SSubsystem
Design . Verification
_-——-—\Unit/ Device
- \ i i
Detagled Y kst_Plz_ag Unit/Device

Design Testing >
‘\*j R e [ Fiardware Document/Approval Stage 1
Development .
|>< Field Installation e car omaneh

Implementation
Development Processes

ol
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WEBINARS 2025 SSOT:

THE FOUNDATIONS OF THE DIGITAL THREAD

...To Stage 2: Synchronized Sources of Truth

* Universal configuration management for
all the assets.

e Back-up copy

A\ 74
Operations  Changes ooy
and and h 1
Maintenance _ Upgrades Replacomen
Conceptof\_  _ System Validation Plan_ _ System

X \  System Verification Plan System
_ System \7 {System Acceptance) o &

) b y D 3
: \  Verification Plan
, \, | HigliLevel \(Suseysom Accotnce) | Sisystem
T |Jnit / Device
23 Detailed '\ Tgs! Plan  UnitDevice ;
3 Design Testing

] SYNCHRONIZED SOURCES
OF TRUTH
SSoT
» Universal (Life Cycle
wide) Configuration

Stage 1

Do mlpma Ed e DocumentiAppeoval Scattered Toolchain:
; .
Fio nsgtaon Tool-centric approach Management
Implementation
Time Line Development Processes
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WEBINARS 2025 SSOT:

THE FOUNDATIONS OF THE DIGITAL THREAD

»» The concept of universal connector

Transformation SRL
M rules
Text E

UML/SysML @
Modelica ‘
Simulink

Linking: data, information &
knowledge
Tool j System Centralized
Knowledge Assets
Base Repository

0 a All rights reserved © The REUSE Company 2025 @ @
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SSOT:

WEBINARS 2025 THE FOUNDATIONS OF THE DIGITAL THREAD

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

DMS KM

/8V  Traceabilty Interoperabilty  Repx

Connections ~ PWM  Change Management
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Total We ducts: 585
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SSOT:

WEBINARS 2025 THE FOUNDATIONS OF THE DIGITAL THREAD

b b | E}-
Change in Source o source
Source
status
l Suggested

Updated aCtlon

T

SES Repository status

. ‘ ) Update SES Repository Content with Source content

Source & Repository
synchronized!

Change in SES - —: .=
: '} Loaded
. source
Source
status
M' 1

Updated

T Suggested

SES Repository status clodlely ‘ ® o Save SES Repository Content AND Update Source content
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WEBINARS 2025 SSOT:

THE FOUNDATIONS OF THE DIGITAL THREAD

»Universal Configuration Management:
» Object versions
» Project baselines

u
"

State in repository Name ‘ Description

Loaded 4 Z= Temperatue War
Loaded 4 B Temperature_War = A Wo ’
Loaded 4 H Operational Analysis / Add new Workpro with writing assistance »
Loaded » = Operational Activities
Loaded & Requirements
Loaded > ~ Operational Capabilities ?

S Change Management »
Loaded =~ Interfaces “ i

E Configuration Management VP g 5 5
Coscied -~ Data 5 a q BZ Show baselines for this module
Loudad ~ Roles k Create baseline for this module

= = (=) Global Impact Analysis
Loaded > Operational Entities
Loaded 4 H System Analysis
Loaded » " System Functions .
Loaded & Requirements #2 Version 'Function updates [v1.2]', by ‘SESAdministrator’ on {04/02/202! ~| View Current
Loaded » = Capabilities
Loaded & Interfaces
— B Uodated model 1 ESAdT ’ 4 ) { -

Loaded > o Data
Loaded » = Structure
Loaded = Missions & Show difference: Close
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SSOT
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WEBINARS 2025

Differences Astifact "CAPELLA//D\IYOUSFNTRC\Programs\Capella 7.0\copelis\workspece\ Temperature_ War\Temperature_War.aird//389073eb-c870~4306-946-c27f254Te2f6' - version history = O X
#'] \/erS| O n : I U pd ated m Od el (v1 ' '] ) I A Utho r: | S E SAd m i n i Stratorl Dat Artifact "CAPELLA//D:AYOUSH\TRC\Programs\Capella 7 0\capella\workspace\lemperatureWar\lemperature War.aird//389073eb-c870-430b-9f46-22/12547e216" - version history:
CAPELLA://DAIYOUSFINTRC\Programs\Capella 7.0\cap . CAPELLA;//DNIYOUSFINTRC\Programs\Capella 7.0\capella\w..
shange ¥ Z | Name 4 | TracesZ  Description R
Name: Last modification date (repo) Last r user (repo) Name Last cation date {repo odification user (repo)
Nove iy_Oparations! Activiies Display Temperature 3/31/2025 3:53:14 PM SESAdministrator Display Ambient Tellla/2/2025 11:03:08 AM
None & Requrements
None Operational Capabiliies Conten
None = Interfaces
None Data
None Rolea SHe Tonny
None = Operationzal Entities = m i ORI me -
None | System Analysis
None System Functions
None & Requrements
None = Capabilities
None Interfaces
None = Dato
None = Structhure
None = Missions
None Logical Architecture
None Logical Functions
None #=. Root Logical Function
None » ke Reoceive Attack
None & Register Time
None & Ragister Tamparatura =
None » @  Modify Temperature (to) 2 % v | Hasthanges
None e Supply Power > q
None » 4 Regulate System Modes (@)
None 4 & Configure Round (t=) v Show anly slements with changes {new, deleted, updated) 'v! Compere metadeta v Compare properties
None B i»; Display Data
Updated % Display Time
Updated / 4~  Display Temp Updated %= Display Battle Time
None ’ 4 [LFBD]FBS [ g Updated v/ - Display Ambient Temperature
None & Requrements None ’ = Receive Attack
None Capabilities None - Register Time
None Interaces None ’ L [LFBD]FBS
Total Workproducts: 160 Unselect all rows Total Workproducts: 157
Change Not contains None ? X Change Not contains None s 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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WEBINARS 2025 EXTENDED TRACEABILITY

MODEL-REQUIREMENT CONSISTENCY

From Stage 2: Synchronized Sources of Truth

e Universal configuration management for
all the assets.

e Back-up copy

A\ 74
Operations  Changes ooy
and and h 1
Maintenance _ Upgrades Replacomen
Conceptof\_  _ System Validation Plan_ _ System

X \  System Verification Plan System
_ System \7 {System Acceptance) o &

) b y D 3
: \  Verification Plan
, \, | HigliLevel \(Suseysom Accotnce) | Sisystem
T |Jnit / Device
23 Detailed '\ Tgs! Plan  UnitDevice ;
3 Design Testing

] SYNCHRONIZED SOURCES
OF TRUTH
SSoT
» Universal (Life Cycle
wide) Configuration

Stage 1

Do mlpma Ed e DocumentiAppeoval Scattered Toolchain:
; .
Fio nsgtaon Tool-centric approach Management
Implementation
Time Line Development Processes
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EXTENDED TRACEABILITY

WEBINARS 2025 MODEL-REQUIREMENT CONSISTENCY

...To Stage 3: Digital Thread

* End-to-end traceability

* Global Impact analysis and suspect links
detection

s
(S

Operations  Changes f  poioreny)
and a0 ) Replacement
Maintenance _ Upgrades J

X \  System Verification Plan
System |\ (SysfemAcceplance)

\  Verification Plan
High-Level \(Sybsystom Acceplance) (Sibsystem
\ Unit / Device
5\ || Detaled '\ TestPian UntDevice / /S
\ W > Lot &
$
0 —————

Q

DIGITAL THREAD:

SSoT + Traceability
> Global impact analysis

Software / Hardware
ot SYNCHRONIZED
Implementation SOURCES OF TRUTH

Development Processes SSoT
» Universal (Life Cycle wide)
Configuration Management

All rights reserved © The REUSE Company 2025 @ @
23



EXTENDED TRACEABILITY

WEBINARS 2025 MODEL-REQUIREMENT CONSISTENCY

SES Connections PWM Change Management Quality V&V Traceability Interoperability Reports DMS KM
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WEBINARS 2025

Transformation
rules

System
Knowledge
Base

Ontology

EXTENDED TRACEABILITY
MODEL-REQUIREMENT CONSISTENCY

Control

Temperature Warrior Initialization

System Temperature == c\w_g\jimperamre War Subsystems are loaded and operating
Registration — R s - F:_i‘  Authentication Mode |
SySte m |  ®Configuration Mode  fe— e [region) I
[region] [

Heatl ng \'\W.L-gfxl Configuration Parameters are input
Power Temperature B T
m e #)Validation Mode |
Systemn ) Syste L
Yy Warrior region; ‘
|nf0rmati0n Sensor | #)Ready Mode | o </v—-~"”‘_/\"/d+:E‘N Configuration Parameters are va...
Visualization g fregion] =
System WHEN) Start Combat 3 = ‘
command is executed e Sy £ Combat Mace |
[region] ’
1 Post-combat mode W_ﬂﬂ__,,-«-—*""‘-_'ﬂ“_-—- : :
|[region] [ = WHEN) The Combat Rounds are finished
(WHEN) <> e Y
/ )
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SNy~ Finish Operation

Data Dictionary
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EXTENDED TRACEABILITY

WEBINARS 2025 MODEL-REQUIREMENT CONSISTENCY

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

All rights reserved © The REUSE Company 2025 @ @
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MODEL-REQUIREMENT SYNCHRONIZATION:

WEBINARS 2025 UNLOCKING INTEROPERABILITY

From Stage 3: Digital Thread

* End-to-end traceability

* Global Impact analysis and suspect links
detection

s
(S

Operations  Changes f  poioreny)
and a0 ) Replacement
Maintenance _ Upgrades J

X \  System Verification Plan
System |\ (SysfemAcceplance)

\  Verification Plan
High-Level \(Sybsystom Acceplance) (Sibsystem
\ Unit / Device
5\ || Detaled '\ TestPian UntDevice / /S
\ W > Lot &
$
0 —————

Q

DIGITAL THREAD:

SSoT + Traceability
> Global impact analysis

Software / Hardware
ot SYNCHRONIZED
Implementation SOURCES OF TRUTH

Development Processes SSoT
» Universal (Life Cycle wide)
Configuration Management
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WEBINARS 2025 MODEL-REQUIREMENT SYNCHRONIZATION:

UNLOCKING INTEROPERABILITY

...To Stage 4: Extended Interoperability

* Information Exchange: Copy/Merge/Synchronize
e Object Binding

Synchronigation

Operations ~ Changes ( Rel f
and and " Replacement
Meintenance  Upgrades J

A ato l\
Conceptof\_ _ System Valiaton Plan_ _ __ | Sysiem
Operations "+ > Vaication
\  System Verificati

g Plan System
\ tem Al
?’{:, _ System - ASystem Acceptance) SR

% \ Y en
] 9 Verification Plan .
Transformation Q"% High-Level \Suosyvem Rccpianes S system TOOL INTEROPERABILITY:
> T - - a-A a
3 Design Verfication Digital Thread + universal data
2 \Unt Devis 88 exchange operations:
. 5 %‘5) g \IstPig g DIGITAL THREAD: > cOp?/ P
SMEIH:W Document/Approval eSOl Tra(_:eablhty . » Merge
Development » Global impact analysis > Synchronization
Field Instaliation oy
> Implementation > Mlgratlo_n
Time Line Development Processes » Conversion
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+50 tools: RMS, MIBSE, ALM, PLM tools, PDF, MS Office...
Semantic parsing of unstructured sources

THE PILLARS
OF THE

Interoperability 4
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Digital thread

without frontiers
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THE PILLARS
OF THE

Interoperability
HUB

Digital thread

without frontiers

CONNZ=CTIVITY

+50 tools: RMS, MIBSE, ALM, PLM tools, PDF, MS Office...
Semantic parsing of unstructured sources
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WEBINARS 2025 MODEL-REQUIREMENT SYNCHRONIZATION:

33

UNLOCKING INTEROPERABILITY

Transfer:

O Copy

O Merge

O Synchronize

Transformation SRL Transformation Output artifact

rules rules (and tool)

Text

Text
SysML

SysML
UML UML
Simulink ‘ Simulink
Linking: data, information & \
knowledge
Tool j System System Assets System Tool k
Knowledge Store Knowledge

Base
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THE PILLARS
OF THE

Interoperability
HUB

Digital thread

without frontiers

CONNZ=CTIVITY

+50 tools: RMS, MIBSE, ALM, PLM tools, PDF, MS Office...
Semantic parsing of unstructured sources

TRANSFORMING WORK PRODUCTS

Change of metamodel between source and target work products
Textual requirements to models, SysML to Capella...




MODEL-REQUIREMENT SYNCHRONIZATION:
UNLOCKING INTEROPERABILITY

WEBINARS 2025

Transformation Use Case #1:

— » Requirements synchronization between Req
TRANSFORMING WORK PrRODUCTS Mgmt Tool & MBSE tool (“zig-zag”)

Change of metamodel between source and target work products
Textual requirements to models, SysML to Capella...

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 j System System Assets System Tool k
Knowledge Store Knowledge

Base
Base All rights reserved © The REUSE Company 2025 @ @
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MODEL-REQUIREMENT SYNCHRONIZATION:

WEBINARS 2025 UNLOCKING INTEROPERABILITY

»/Zig-zag model : The Requirements - MBSE Trade-off

Source: SYSMOD-
https://mbse4u.com/2012/03/26/the- Zigzag-Pattern
sysmod-zigzag-pattern/

Link to our latest webinar about the zig-zag pattern:

MBSE zig-zag pattern: A theoretical and practical approach

MBSE ZIG-ZAG PATTER

A THEORETICALAND
PRACTICAL APPROACH

All rights reserved © The REUSE Company 2025 @ @
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WEBINARS 2025 MODEL-REQUIREMENT SYNCHRONIZATION:

UNLOCKING INTEROPERABILITY

Transformation Use Case #2:
TRANSEO2MING WORK PR0DUCTS > Model conversion between MBSE Tools

Change of metamodel between source and target work products
Textual requirements to models, SysML to Capella...

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

Base
Base All rights reserved © The REUSE Company 2025 @ @
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WEBINARS 2025 MODEL-REQUIREMENT SYNCHRONIZATION:

UNLOCKING INTEROPERABILITY

Transformation Use Case #3:
TRANSEO2MING WORK PR0DUCTS » Generation of requirements from models

Change of metamodel between source and target work products
Textual requirements to models, SysML to Capella...

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

Base
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WEBINARS 2025 MODEL-REQUIREMENT SYNCHRONIZATION:

UNLOCKING INTEROPERABILITY

Transformation Use Case #4:
TRANSEORMING WORK 2R0DUCTS » Generation of models from requirements

Change of metamodel between source and target work products
Textual requirements to models, SysML to Capella...

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

Base
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Digital thread

without frontiers

CONNZ=CTIVITY

+50 tools: RMS, MIBSE, ALM, PLM tools, PDF, MS Office...
Semantic parsing of unstructured sources.

TRANSFORMING WORK PRODUCTS

Change of metamodel between source and target work products
Textual requirements to models, SysML to Capella...

1
4

5 ~_=MOT= CONN=CTIVITY

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




MODEL-REQUIREMENT SYNCHRONIZATION:
WEBINARS 2025 UNLOCKING INTEROPERABILITY

~_R=MOT= CONN=CTIVITY

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

Interoperability between
departments of same organization

s 4t g
TSR
T
/ 00y ECOSYQ;;\:: =
\ Interoperability between different Organization B

: organizations:
ot "Mooy OEM-Tier

— . —a Collaborative Development

TOOL Eco SYW;;\:\‘,:: 5. e P

Organization A

Organization C '
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MODEL-REQUIREMENT SYNCHRONIZATION:

WEBINARS 2025 UNLOCKING INTEROPERABILITY

_R=MOT= CONN=CTIVITY USE CASE 1: REMOTE ACCESS

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

SOURCE SITE
TOOLS ECOSYSTEM

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

Proper content of
the Source tool

VPN Access
As GATEWAY/

PROXY

|\

Repo in
Proxy
Server

Repo in
Client

The information is accessed from the Client
- Synchronized content
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MODEL-REQUIREMENT SYNCHRONIZATION:

WEBINARS 2025 UNLOCKING INTEROPERABILITY

USE CASE 2: COLLABORATIVE

R=EMOT= CONNE=CTIVITY
(MERGE/SYNC) WORK

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

A NORMAL Connection in SITEI

application is configured to be Merged or SOURCE, SITE

Content. synchronized with a REMOTE Connection TOOLS ECOSYSTEM
merged with pointing to SITE 2
Original
CLIENT SITE COICEE
TOOLS ECOSYSTEM l l —
@ T

umn@ [ o S{éénfm‘

oy . e Send Demand

AN22004 40T X2 P A - 3 - SATNM 92115 PM content content

O—( ® Proper content of

the Source tools
VPN Access

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/synNChroNiZe) | ———————

All rights reserved © The REUSE Company 2025 @ @
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Resources v Support Company v Contact v O

s —
R — o ENABLING SMART
_US— SYETEMS ENGINEEIING

Software Tools for Digitan.. ., «ie¢ 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

A suscrito

The REUSE Company

INICIO VIDEOS EN DIRECTO LISTAS COMUNIDAD CANALES INFORMACION

SES ENGINEERING Studic P Reproducir todo

SMART MoRs
Technical Management E INTEROPERATE
DIGITALIZATION =
-]
Boosting MS Word with Syst gRigor i Interoperability In SES i controlling the values of your } iguration Management  :
Requirements Management. ™ eroperability ENGINEERING Studio 5 technical ENGINEERING.
—

www.reusecompdany.com

@thereusecompany
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llyes Yousfi

Senior Consulting Engineer
ilyes.yousfi@reusecompany.com

+34 627 08 66 01
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