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> Webinar rules:
You'll be muted all along the Webinar

There’s a Question section to ask your questions or send your comments when
you want

If you have any technical issue, please use the chat box (not the Question)

The Webinar will be recorded. A link to the recording will be sent to you in

few days
All rights reserved © The REUSE Company 2022 |
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> Introduction to The REUSE Company and the speaker

» Basic concepts about traceability management

> What is semantic traceability

> End-to-End traceability: all along the Systems Engineering Lifecycle

> Live demo
> Q&A
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WHEN

The company was
established in 1999

As a spin-off of a
University in Madrid

02

WHO

System +
Software
Engineers

Smart combination
between Company

staff and R&D
from Academia

03

Headquarters:
Madrid (Spain)

International offices:

Stockholm (Sweden)
TOk)'O (Japan) Delegation

2022:
USA
Chicago/Detroit/Miami

All rights reserved © The REUSE Company 2022

Introduction to The REUSE Company
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WHY

To promote a
reusable, scalable and
global solution to a
smart and
interoperable
Systems Engineering
environment, by
offering a semantic
knowledge centric
approach.
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The REUSE Company is a tool
vendor specialized in the
application of
semantic technologies and
artificial intelligence to improve
the digitalization of the
Systems Engineering life cycle.

!
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The Systems ENGINEERING Suite
> RQA — QUALITY Studio

> RAT —AUTHORING Tool

> TRACEABILITY Studio

> V&V Studio

KM — Knowledge Manager
SES ENGINEERING Studio

All rights reserved © The REUSE Company 2022 7
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José Fuentes

Current Position: Chief Sales Manager of The REUSE Company
Former Product Manager of RQA and the Systems Engineering Suite
INCOSE CSEP Certified

Graduated in the INCOSE Institute for Technical Leadership
Member of the board of AEIS —The Spanish chapter of INCOSE
Active contributor to the INCOSE Guide to Writing Requirements

Other certifications: ITIL

Other interests: Project Management, Business Analysis, Risk Management

All rights reserved © The REUSE Company 2022 8
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@ R_EUQ“% WEBINARS 2022 What is traceability?

The capacity to find where a product was made
What raw material and added components were used
How it was produced

Where it was stored

How it has been released

All along the logistic chain

From beginning to end

All rights reserved © The REUSE Company 2022
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5y - “A software requirements specification is traceable if
- (i) the origin of each of its requirements is clear and if
(ii) it facilitates the referencing of each requirement in

future development or enhancement documentation”

Source: ANSI/IEEE Standard 830-1984

“ A requirement is verifiable if, and only if, there exists
some finite cost-effective process with which a person or
machine can check that the software product meets the
requirement”

Source: ANSI/IEEE Standard 830-1984

All rights reserved © The REUSE Company 2022 [
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@ R=EUSE  WEBINARS 2022 Basic traceability: traceability matrix

B

Sample traceability matrix V Might be gOOd as a first step
Requirement  Re sl REQ1 REQ1 ﬁEQ’IfREQ’I?REQi'REQ1.:REQ1l REQ1“REQ1.:REQ‘1l REQ1:REQ1l'REQ1...REQ'1. y
g s fd= Uc uc uc | ue |uc  uc | ue | uc | uc UG | UC TECH TECH TECH . 3
ldentifiers Tested) 14 12 | 13 | 21 | 22 231232233 24 31 32 | 114 | 12 13 Allows to check where every requirement comes from
| Test Cases ::321 _‘ 3 2 '. 3 t] 1 _‘ 1 1 1 1 2 3 1 1 1
Tested Implicitly | 77
a1 V Allows you to check completeness of tests
1.1.2 i 2 X X
s 12 |3 : V Ensures that implementation meets specification
1.1.4 1 X
1.1.5 . 2 . X X
116 | 1 x ‘, V Enough for some projects (e.g. SW)
1.1.7 1 X
1.2.1 2 X X . .
122 2 : x x Not enough in complex projects
1.2.3 . 2 _ | X X
1.3.1 1 X o . .
T : X No support to req. decomposition or design
1.3.3 . 1 . b4
tas | 1 X X Doesn’t satisfy standards like: ARP4754, DO-174,
1.3.5 1 X
DO-254,15026262...
etc....
ss2 (| 0 [ [ [ [ [ [T T [ [ [ [«

All rights reserved © The REUSE Company 2022 12
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1 Listed below are the processes the supplier should provide to show they are meeting the ARP4754A
objectives:
Requirements management process, including traceability and allocation processes
Requirements validation process
Requirements verification process
Safety analysis process
Configuration control processes (for DA data)
Change management process (covering change impact and regression analysis)
Problem reporting process

PA (audit/assessment process to verify adherence to the processes)

Source: DOT/FAA/TC-16/39
Safety Issues and Shortcomings With Requirements Definition,Validation, and Verification Processes Final Report

All rights reserved © The REUSE Company 2022 13



TH=

=R=LJS= WEBINARS 2022

COMPANY

Traceability in complex projects: ARP4754

1 The following objective statement is from ARP4754A, Section 5.3.1.1, Safety Requirements:

“Requirements that are defined to prevent failure conditions or to provide safety related functions should be
uniquely identified and traceable through the levels of development. This will ensure visibility of the safety
requirements at the software and electronic hardware design level.”

Requires to prove that requirements’ sets are sufficiently correct and complete so that the
final product will meet the customer’ needs.

Functional Safety: IEC 61508
- EN 50128 Railway

- |EC 60601 Medial Equipment
- IEC 61511 Process Industry

- |EC 62061 Machinery

- EN 60880 Nuclear

- ISO 26262 Automotive

Similar requests with
regards to traceability

All rights reserved © The REUSE Company 2022 14
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Source: INCOSE Systems

Enterprise/system of systems
Engineering Handbook, Ed. 4

Concepl definition
Business or mission

Foet Sysiem analvsis and
i - . decision manacement
Recursion "N
Stakeholder needs and N
requirements definition N
¥ - :
System of

=
VS o e

Syslem )
requirements definition interest
: i -
. ; 7 e de fmihon
= Architecture definition T 777 Budiness o mission
3 . ) .
= ¥ LT '5'|:|1_Er;;=.'.-1¢r'n§:_7ﬁ¢?_5_r}1"' T
o ar require ments defmtion :
— Design definition | | 2=  ———— s e R
System definition — Systemn
® ™ requirements definition

Requirements definition

. \_.

[Leration

: Architecture definition
Tl 1T
fie + ___,-""f T TLE i1
e Design definition T

S -

FIGURE 3.5 lteration and recursion. Reprinted with permission from Garry Roedler. All other rights reserved.

All rights reserved © The REUSE Company 2022 15
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Project Map:

;’ Unstructured Document: TW - Projec...

Database:D:\TRC\ROS-ConsultancyProjacts...
Project:D:\TRC\RQS-ConsultancyProjects\P...
Provider:OSLCKM

Workproducts:6

i) csysTC
Database:0:\TAC\ROS-ConsultancyProjects...
- Controf System Test Casesadsm
CEL
Requirements:10

21. Control System Requirements tested by Integration tests [0

[} Control CSyRS

Database:36677@ DELL-IMFUENTES

Project:Temperaturs War - Requirements 5.

Provider:DOORS
Objects:18

19/10/2022

WEBINARS 2022

Traceability in complex projects: traceability map

RC\RQS-ConsultancyProjects...

Project:TW - Risks xlsm
1 SysRS Provider:ZXCEL
Database:2667T@DELLIMFLENTES 03, System REET?_TE“E threatened by Risks {11 Trace(s]) 10

Project:Temperature War - Requirements 5. ==

Provider:DOORS

% StRS
quirements {99 Trace(s))

0. Goals derive into Stakeholer requirements (50 Trace{sl) Re\ROS-ConsultancyProjects.. 02. Stakeholder Requirements to Sy

Project:TW - Stakeholder Requiremeants xlsm
Provider:EXCEL
Requirements:&1

04. System Requiremearits validated by Acceptance Tests {10 Trace(s})

A Twsy=TC
Natahase:NATROYWROS-ConsultancyProjects
05. System requirements realized by Model elements {0 Tracefs]) .y, o warrior Test Cas...

Provider:EXCEL
Requirements:10

13. System Requirements derives into Temperature Actuation System Requirements [0 Trace{s]]
|
14. System Requirements derives into Temperature Registration System Requirements [0 Trace{s)}
|
Database:D:\TRCYWROS-ConsultznoyProjacts...
‘ Project:0:\TRC\ROS-ConsultancyProjects\PL..
Provider:OSLCKM
| Workproducts:109

uirements derives into Power System Requiremen’
|

§ J Temperature War - Model [v5.0]

10. System Requirements derives into Control SystenyRequirements {0 Trace{s))

0 Trace(s))

Trace(s)] ]
12. System Requirements derives into Management System Requirements (0 Trace(s))

; Temperature Registration RTSyRS
¥ Managament MSyRS

Database:35677@DELL-JIMFUENTES
Project:Temperature War - Requiremants 5.
Provider:200RS

Objects:0

0 root

Database:https:/ /dng. reusecompany.com:3...
Project:Tempsaraturs War - DNG | Temperat...
Provider:DNG

Requirements:1

Database: 36677 @DELL-IMFUENTES
Project:Temperature War - Reguiremeants 5.
Provider:DOORS

Objects:0'

4 Temperature Actuation TASYRS

Database: 26577 & DELL-IMFUENTES
Project:Temperaturs War - Requirements 5...
Provider:DOORS

Ohjects:0

All rights reserved © The REUSE Company 2022
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Project Map:

) Unstructured Document: TW - Projec...

:D:\TRCYROS-ConsultancyPrajacts...

|

RC\ROQ:S-ConsultancyProjects\P...
Provider:OSLCKM
Workproducts:6

—

—_— % StRS

0. Goals derive into Stakeholer requirements {60 Trace{s]) -pc\qghs-
Project:TW - Stakefold)
Provider:EXCEL
Requirements:&1

13, System Requiremgnts derive!
i) csysTC
Database:0:\TAC\ROS-ConsultancyProjects...
- Controf System Test Casesadsm

CEL
Requirements:10

21. Control System Requirements tested by Integration tests [0 Trace(s]]

[} Control CSyRS
Database:36677@ DELL-IMFUENTES
Project:Temperaturs War - Requirements 5.
Provider:DOORS
Objects:18

1 Temperature Actuation TASYRS
Database: 26577 & DELL-IMFUENTES
Project:Temperaturs War - Requirements 5...
Provider:DOORS
Ohjects:0

19/10/2022

10. System Requirements derives into Control Syste:

Madium —————= SyR-001
The car shall have an antena

wtthe  High

The car shal| have an angine

Thie car shal| have 2 fusl tank

Whan the start bution i presses the

car shall start the gnition

e er. | Tracels])

.
\

3 Temperature Registration RTSyRS
Database: 36677 @DELL-IMFUENTES
Project:Temperature War - Reguiremeants 5.
Provider:DOORS
Objects:0'

Mediurr

Heah
High

High

2 Temperature Registration System Requirements [0 Trace{s)}
|
' %
\

L

All rights reserved © The REUSE Company 2022

RC\RQS-ConsultancyProjects...
Project:TW - Risks xlsm
Provider:EXCEL

ysRS
35877 @DELLIMFUENTES 03, System Requirements threatened by Risks {11 Trace(s]) L0
fempgrature War - Reguirements 5.
:DOORS
=)

04. System Requiremeris validated by Acceptance Tests (10 Trace(s}]

A Twsy=TC
Matahase: N\ TROVANS-ConsultancyProjects...
05. System requirements realized by Model elements {0 Tracefs]) .y, o warrior Test Cas...

Provider:EXCEL
Requirements:10

|
§ J Temperature War - Model [v5.0]

Database:D:\TRCYWROS-ConsultznoyProjacts...
Project:0:\TRC\ROS-ConsultancyProjects\PL..
Provider:OSLCKM

Workproducts:109

s derives into Power System Requirements${0 Trace(s))
|

7, System Requirements derives into Managemant System Requiremeants [0 Trace{s])

j Managament M5yRS
Database:36677 @DELL-IMFLENTES
Project:Temperature War - Requirements 5...
Provider:200RS
Objects:0

Ecompany.com:S.
MG | Temnperat...
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Vocabulary

] Controlled Organizational
O Reasonlng and Project Vocabulary for a
common understanding
A combination of rules, among stakeholders
tasks and groups to infer
information from
valuable assets O 2 SCM/Architectures
Recreate and capture the
system architectures
represented in views and
models. Stablish relationships
among system and system

elements

e HIHH Patterns

Represent requirements
similarities and enable formal
representation, automatic
recognition and aid authors

04 Formalization

Representation of assets
semantic through SRL —
System Representation
Language

All rights reserved © The REUSE Company 2022 19
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R=US= WEBINARS 2022 Domain | Generic Semantic traceability: an ontology
specific English
( D
VocabUIary[ Aircraft ] [ A380 ] [ A350 ] [ System ][ Operate ][ Minimum ][Environment][ Pressure ] [Temperature]
- J
/ llO t' R o \
eration Range - :
[Temperature} > & [ [-602C , +602C] ] [ SAGS ] [Envnronment]
. Connect
Architectures - | system | Take off
Conceptual model _ [Temperature][ Pressure ]
Aircraft ] [ <Operation> ]
.
[ ] “Greater than (>) “
. . Operate
[Fuselage][ Wing ][Landlng gear] [ A380 ] [ A350 ]
S Y
( 2
Patterns [ The ][ System (*) ][Shall ][ <Operation> ][ At ][ Minimum ][ Environment (*) ][ Of ][ NUMBER ][ MEASllJJI\R“F:rMENT ]
- Y,
( R
Formalization The A380 shall operate at a minimum — [ T ] [ 70 ][ oC ]
L temperature of -702 C “Greater than (>)° )
-
Reasoning If Lower than (<)[ -602 I oC ] Or Greater than (>)[ +602 I oC ] x
\_
All rights reserved © The REUSE Company 2022 20



WEBINARS 2022 Semantic traceability: formal representation

Inputs and outputs:

SR0254:“When ice is detected, the car shall show an ice icon in less than 0,5 s from its detection”

{When / AfterJ[ [C Ondltlon] <Subject> Shall <Action> [Constraint]

Semantic formalization
<Ti
(knowledge graph): l <Event> ! e restriction>
1
l \l Detect \l Display \l Ice icon \l \l Second l Detection \

All rights reserved © The REUSE Company 2022 21
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WEBINARS 2022 Semantic traceability: formal representation

Inputs and outputs:

SR0353:“The maximum weight of the engine shall be 54 kg”

/= 1)

{ Max/min J [<Property>J [ <Subject> J { Shall be J { NUMBER J [ <Unit>

Semantic formalization

(output property):

<Property> <Operator>

* Engine * 54 * Kilogram

All rights reserved © The REUSE Company 2022 22
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Semantic traceability
Project Map:

4 Unstructured Document: TW - Projec...

=

ATRCYROS-ConsulizncyProjects...
Project:D:\TRC\ROS-ConsuttancyProjects\P.._

—_—
Provider:OSLCKM

Workproducts:e

i seRs
01. Goals derive into Staksholer requirements {50 Tﬁ(gis}?'HC'\RQSC
Project:TW - 5ta)
Provider;EXCE

Requirementy/%

02 Stakeholder Requiny

StRO19- The
driver@shall be

Driver: the
person who
drives the car.

control the
temperature
of the car.

13. System Requirements derive: Sture Actuation System Requirements (0 Trace(s))

Semantic traceability: the digital thread

7= Risks
Database:D:\TRC\ROS-Consultanoy Prajects..
Project:T\W - Rizks.xlsm
Provider:EXCEL
Rigls (11 2
o

i} Sysks

2573 5677@DELL-IMFUENTES
Semperaturs War - Requirsments 5.

03, System Requirements threatened br
=

04, system Requiremerits validated by Add

&=

05, System requirements realized by Model efsg)

Provid® -
Requirementsiil

14. System Requi

1}. System Requirements derives into Control SystenyReq g Trace(s])

remants [0 Trace(s]) ) Temperature War - Model [v5.0]

Databa
N :

11, System Requirements derives into Power $ysteln Reqs dalil

X csysTC
Database:D:\TRC\ROS-ConsultancyProjects... \
Project:TW - Control System Test Cases xlsm
Provider:EXCEL
Requirements:10
21. Control System Requirements tested by Integration tests (0 Trace(s))

1) Control CSyRS
Database:26577@DELL-IMFUENTES
Project:Temperature War - Requirements S...
Provider:DOORS
Objects:18

|} Temperature Registration R

/4

3 Temperature Actuation TASYRS
Database:26677@DELL-IMFUENTES
Project:Temperaturs W
Provider:DOORS
Objects:0

Database:36577@DELL-IMFUENR
Project:Temperature War - R
Provider:DOORS
Objects:0

SyR871- The
thermostat
shall regulate
the
temperature

ar - Requirements S...

All rights reserved © The REU

12, System Reffuirements derves into Manage {

ment M5yRS

Database:nittps://dng.reusecompany.com:3... 5 0.7 @DELL-IMFUENTES

Sl
Project:Tempsrature War - DNG | Temperat... Project: i re \War - Requirements 5.
Provider:DNG Provider:Dl, g7y

Reguirements:1 Objects:0 '

23
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N4
o

AN 4

TARGET

Suggested traces > - [ ©O=CF

SOURCE I m

TARGET

Suggested traces

All rights reserved © The REUSE Company 2022 24
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&) SMART Traceability for su

x |

v = (i} x

o~ (& 8 reusecompany.com/webinars/amart-traceab

ty-the-core-of-a-successfiil-systems-engineering-discipline Q @2 % » 0O o H

rR=US=

Services Resourees RC Forum  Support  Company

ARP-4754, DO-254, DO-178, ISO 26262 and Traceability between heterogeneous environments

Description

Traceability is 2 core ach

sthin the Systema Development Lifecycle. and if's a must when aiming fo cope with ARP-4754, DO-254, DO-178, 1S0 26262, and ofher

gudelnes and bes! praclices in different indusires (acrospace. defense, aulomofive. healthczre I's a key practce, but also a tedious and lime-consuming ore.

cally when the lroces involve items coming Fom different discplines and lodls. Therefore. teams must be provided with tools [hat sllow connection to
heterogencous environments, allowing easy access (o lhe diferent configuraton items, the definition of traces among them. generation of traceability matrices and

impact analysis. and providing also semantic analysis features o suggest missing traces and smartly manage suspect links after changes

In

rebinar, The REUSE Company will present @ new version of the tool TRACEABILITY Studic. This tool. fully integrated with the Systems Engin Suife

features conncciors to some of the mos

nidely-used too's in fhe systems enginzering field; fhis
TRAC

cludes requirements management faels, medelling iocls, festing

~use answer to 2ll the chalienges mentioned above. making this demanding

simulation, and even connectors to MS O

ABILITY Studio provides an ca

y
aclivity casy end affordsble for companies of al sizes
Agenda.

A bnef miroduction to The REUSE Company ana the Systems Enginsering Suite

1ain chaleng icent raceabiiity process

Wednesday March 17, 2021, 4:00 PM CET (Madrid¥ 8:00 AM PDT (Los Angelea¥11:00 AM EDT (Detroit

Thursday March 18, 2021, 9:00 AM CET (Madrid) 5:00 PM JST (Tokyo)/ 7:60 PM AEDT {Sydney,

Download presentation
SMART Traceability - the core of a successf.. ”
(TR g :

All rights reserved © The REUSE Company 2022 25
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@ R=EUSE  WeBINARS 2022 End-to-End Traceability: regular ALM tools
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Management of some key entities:
Requirements, tests, and risks
Aside from other optional ones: release management, issue management
Version control, configuration management, change management...
Quality management is “well implemented”:
Based on the completeness of traces
Connection to testing platforms (JUnit, NUnit, Cucumber...)

V > This closes the loop between requirements and tests

o + But

Integration to other tools is normally done in a one-to-one fashion

What about the integration with non-structured sources: e.g. high-level needs, regulation, standards...
Connection to modelling tools: simulation, logical and physical modelling

Connection to source code

Information inside relational databases

All rights reserved © The REUSE Company 2022 27
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Disconnected Silos

" Environmental
Compliance

Quality CAPAs
Documents | & Separate
Procedures

Source: https://beyondplm.com/2014/07/22/pIlm-implementations-nuts-and-bolts-of-data-silos/

All rights reserved © The REUSE Company 2022 28
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@ R=EUSES  weaiNars 2022 End-to-End Traceability: complex ecosystems
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@ R=EUSES  weaiNars 2022 End-to-End Traceability: changes

With all these
changes, import and

export is not a good
option!!

"_- = . 5 . Reguired
- ~—- for
£ av final
" . B e delivery
: Ll > Onginal Origtnal requirements
: i 5 regquesis
e, |
Because change happen —
ek I '
i'v'.‘;‘."“ __.f'-/ |
. L Deleted requirements |

Changes in the environment
»

Prepare for changes (impact analysis):

FIGURE 59 Requirements changes are inevitable. Denved from (Forsberg et al., 2005) Fagure 9.3, Reprinted with permission
from Kevin Forsberg. All other nghts reserved.

All rights reserved © The REUSE Company 2022 30
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SES ENGINEERING Studio has implemented the notion of Interoperability hub:
No one-to-one connector: every tool connects to the hub
Source tools from many different disciplines: RMS, MBSE, PLM,ALM, MS Office, PDFs, DBMS
No wipe-out approach at all, those source remain as the Authoritative Source of Truth (ASoT)
Changes in the source are notified in the SES ENGINEERING Studio and arise the notion of suspect links
Removed elements in the source are also shown, and arise alerts in traces
Changes in the SES ENGINEERING Studio are persisted in the corresponding source tool (ASoT)

SES ENGINEERING Studio orchestrates and synchronizes all the ASoT within the Interoperable Hub:

@ & N % m ‘VTEAMCENTE x
’ s Excel [ E I @
[ 43 { {

Interoperability Hub

MATLAB
SIMULINK

All rights reserved © The REUSE Company 2022 31



Traceability in complex projects

Pros

It's a must in complex and safety critical projects
/I Requested by standards and good practices: 1SO26262,ARP4754...
DDD Provides visibility in complex projects

I
Cons

It's normally a tedious and manual task
Involves connection of tools that are not easy to connect

It has to be aware of changes and the evolution of the project



i
" .

Demonstration
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End-to-End Traceability: Steps:

|.  Open MSWord to parse PDF documents .- |
(Goals, Regulatory documents) e

2. Connect the SES ENGINEERING Studio

3. Establish traces between items in those
PDFs and requirements in DOORS

4. Create a connector to a Capella model

ia

5. Trace requirements to Capella elements

Create a connector to code in Visual Studio S
and 3D models in Solid Works ’

7. Trace all these elements

8. Generate a dynamic impact analysis report

All rights reserved © The REUSE Company 2022 34
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@ ~R=LJS = WEBINARS 2022 Next webinar

Connecting the Dots: Interoperability between your favourite Systems Engineering

tools
With the connections established and traces completed, you will now be able to INTEROPERATE between them.

Generating different types of models from textual requirements, transforming a model of specific type into a
divergent one, automatic re-writing of Requirements to meet specific writing rules, etc.

Dates: November the 2"d and 3", 2022

All rights reserved © The REUSE Company 2022 38
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DANKSCHEEN

f ) GRACIAS T
R=US= g_}u;%{“_q_;guzgv.r gANK

\_ ) g BOLZIN MERCI

[José M. Fuentes

( )

jose.fuentes@reusecompany.com
.

( )

L+34 91217 25 96

@ReuseCompany
https://www.linkedin.com/in/josemiguelfuentes/
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The REUSE Company PRENUMERERAR [

265 prenumeranter

HEM VIDEOR SPELLISTOR KANALER oM Q

RQA - QUALITY Studio P SPELA UPP ALLA

RQA - QUALITY Studio allows you to define, measure, manage and improve the quality of your

requirements, models, documents etc
- . 2N Yo CONSISTENCY ASPROACH .
3 INCOSE CHALLENGES ¢ T

Model Based =
| Reqyirerqems n Requirement's >
Engineering T N completeness What is

RQA for

1:00:20 | emm ! A6 47 1:12:01 |

SES ENGINEERING Studio for Raise the ante: high-quality How to generate a quality Why Challenging the INCOSE Completeness: tips and tricks Improve the quality of your
Requirements models is the only way... report of your requirements... Consistency metrics might... for high-quality... requirements using advanc...
The REUSE Company The REUSE Company EUSE Company The REUSE Company The REUSE Company

45 visningar * 113 qgar * 1186 visningar « for 1 ar sedan

10 manader sedan ader sedan

for 5 manader sedan

The REUSE Company in Youtube:
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