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Current context in Systems Engineering

= Sailing the V with an intelligent compass: Engineering digitalization through the
automatization of traceability, reuse, and early quality in the development cycle.

= While we cannot say that all you need to do Systems Engineering is a good tool, but clearly process and
skills need to be empowered by a set of suitable tools. Systems Engineering is aiming at addressing
complex problems: the outcome of these projects is increasingly complicated, demanding the integration
of multiple systems into a System of Systems. This makes that this kind of project is not only dealing with
an enormous amount of requirements, also these requirements are prone to evolution and change.

Furthermore, the ecosystems of tools required to fully digitalize such
projects across the “V” model is also incredibly large, demanding the
connection of tools in a toolchain that were not originally designed to be
connected. The underlying necessity of exchanging and linking different
types of artifacts like textual requirements, logical models, physical models,
quality metrics, etc. keeping consistency really represents a challenge to
boost the digitalization of the engineering lifecycle through the
understanding and reuse of embedding knowledge.
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How can we reconcile this lifecycle conceptualization and technical
environment to deliver timely and cost-effective systems?
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= Sailing the V with an intelligent compass: Engineering digitalization through the
automatization of traceability, reuse and early quality in the development cycle.

While we cannot say that all you need to do Systems Engineering is a good tool, but clearly process

and skills need to be empowered by a set of suitable tools.
Skaills 0

-Engineers properly trained

Process

-Properly tailored

o : -Contribute to the evolution
-Big vs Small companies

of the process

Tools e

-Interoperable

-Continuous improvement

-KPI's and scoreboards

-Flexible to be adapted
to process and skills

- Intelligent!!
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Current context in Systems Engineering

= Sailing the V with an intelligent compass: Engineering digitalization through the
automatization of traceability, reuse and early quality in the development cycle.

= While we cannot say that all you need to do Systems Engineering is a good tool, but clearly process and
skills need to be empowered by a set of suitable tools. Systems Engineering is aiming at addressing
complex problems: the outcome of these projects is increasingly complicated, demanding the
integration of multiple systems into a System of Systems. This makes that this kind of project is not
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evolutionandchange.  The evolution of cars
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Current context in Systems Engineering

= Sailing the V with an intelligent compass: Engineering digitalization through the
automatization of traceability, reuse and early quality in the development cycle.

Dp1Cc Mats Berglund (Ericsson)
: v http://www.ices.kth.se/upload/events/13/84404189f85d41aéa7d1cafd0d
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e (and today) of Systems Engineering

Fully Implemented
Y | Digital Engineering

[N,
Goal 1:
Model Use
for Decision
Making

Goal 2:
Authoritative
Source of
Truth

Goal 3:
Tech
Innovation

Goal 4:
Collaborative Goal 5:
Environment DE workforce

SERC Capability Maturity and culture
Transitioned

Transition Needed
Projects Underway
Research Needed

Source:
https://www.researchgate.net/publication/340649785_ AI4SE and SE4AI A Research Roadmap
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The Knowledge Management process

Technical
processes

Technical
management
processes

Agreement
processes

Business or mission
analysis process

Integration process

Project planning
process

Acquisition process

Stakeholder needs &

requirements
definition process

Verification process

Project assessment
and control process

Supply process

System
requirements
definition process

Transition process

Decision
management
process

Architecture

Validation process

Risk management

definition process process
. e Configuration
Design definition . ) y gutre
b z Operation process management
process =
process

Information

System analysis Maintenance
o ‘ management
process process .
process
Implementation . i Measurement
; ] Disposal process i .
process process

Quality assurance
process
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Organizational
project-enabling
processes

Life cycle model
management
process
Infrastructure
management
process
Porttolio
management
process

Human resource
management
Pprocess

Quality management
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X Ll R i BMA | Business or Mission Analysis
* ® E I O SMRD  |Stakeholder Needs & Requirements Definition
X X X o X X SRD System Requirements Definition
% % % | | =% [ = AD Architecture Definition
5] = x| o= | x [= ¢ DD Design Definition
SA 2 [l X | x| = E SA System Analysis
® Nz e RN 2 1 e ?:" IMPL | implementation
3 E R ox ¥ x| % ¥ | ¥ E ® T! INT Intergration
% % x| % T I T % £ [VER |verification
o X » 3 | | o ® [ % ® [ TRAN | Transition
o - » » ] ¥ | o= S - » S VAL Validation
® » o ® »® & ® ] » »® ® OPER Operation
x 4 X H o M » x i X MAINT [Maintenance
H " ol H H| R R E DSP Dispaosal
X i o e X X X X X — PP Project Planring
X (PAC| H X X X E PAC Project Assessment & Control
£ X oM | x x X % 0 DM Decision Management
* *x AM | X x 5 ﬁ RM Risk Management
x X X | cm -—; E CM Configuration Management
x| % x| % = INFOM | information Management
=3
X | % S| = MEAS |Measurement
® | % % | % i aa Quality Assurance
| B I 1 Acquisition
- [l kS || Supply
% § @ |LCMM | Life Cycle Model Management
INFRAM 'g' % INFRAM |infrastructurs Management
X | PM g E PM Portfolio Management
H] ?_:" HRM Human Resources Management
% ‘.-E am Quality Management
%n KM Knowledge Management

| Tailoring




FIGURE?Y.T PO diagram for the knowledge management process. INCOSE SEH original figure created by Shortell and Walden.
Usage per the INCOSE Notices page. All other rights reserved.
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The Knowledge Management process

The purpose of the Knowledge Management process is to create the capability and assets
that enable the organization to exploit opportunities to re-apply existing Knowledge

KM is a broad area that transcends the bounds of SE and project management

Includes the identification, capture, creation, representation, dissemination, and exchange of
knowledge across targeted groups of stakeholders

Includes both, explicit and tacit knowledge
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Knowledge Management Strategy
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Definition of the ground truth
O Reasoning Info

A combination of rules,
tasks and groups to infer
information from existing
text

e I

0 4 Formalization

Information about how can
the text being matched by
the patterns be represented
using graphs
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Vocabulary / Terminology

Controlled Organizational and
Project Vocabulary for a common
understanding among stakeholders

Terms Relationships

Relate the terms in different
way representing semantic
relationships:

- Relationships between terms
(Thesaurus)

- Clusters of Terms

Textual Patterns

Represent text structures in a
way it is possible to do Pattern
Matching within the text



Definition of the ground truth: Upper ontologies ~ SysML Metamodel

T
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Vocabulary [ Aircraft | [ A380 J[ A350 ]] [ System || Operate || Minimum | [environment] | pressure |

rempmm]} E]

) “Operation Range_"“[

[Temperature | [-602C , +602C] ]

[ <Action> ]

[ Environment]

"

~

Architectures - [ System ] - ( - N |
Conceptual model ( ) 4 / - [Temperature]{ Pressure ]
i - L ' -T Aircraft I \ \, Lan <Operatlon - -
: - : . : : S m ,"' “Greater than (>) “
[Fuselage}[ Wing ][Landing gear'J [ A380 ] [ A350 J P
——r——gc——— 2 0 =0 @ T J
' _ ™y
Patterns [ The H System (*) ]{Shall J[ <Operation> ][At ][ Minimum ][ Environment (¥*) ][ Of ][ NUMBER ” MEASSSEMENT J

The A380 shall operate at a minimum

Formalization {Empeiifive of -702.8

[ Temperature ]

“Greater than (>)"

[ )

b

If | NUMBER | Lower than (<)[ -602

Reasoning

-

Greater than (>] +602 I oC J -
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Definition of the ground truth

= Reasoning layer: understanding requirements

StR0168 <

SyR0451 <

StRO168 -The:targets shall be|detected|by the [Electromagnetic sensor}Nith a frequency not lower than][l 0 units per second

SyR045 | —The: Rada shaIIA' i [at a minimum rate of][IO units per second

The targets shall be
detected by the
Electromagnetic
sensor with a
frequency not lower
than 10 units per
second

The Radar shall identify
hits at a minimum
rate of 10 units per
second

! ! <Min.
» l Radar | l Target | l 10 | l SIS [P |
second
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Definition of the ground truth : reuse
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Definition of the ground truth

» Reasoning layer: understanding requirements

2
< T
¢ Suggested traces
E
-
" Whe';f/"‘-‘“e’/' { [Condition] | { <Subject> | { shall {<Action> {<Obied>
f A
<Detect> Vaulue>
—_— ——
cor || o | |0 | [ niere
m Suggested traces
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Ontologies and the digital thread

= Basic traceability

Project Map:
£= Risks
Database:0:\TACYROS-ConsultanoyProjects...
Project:TW - Rizsks zlsm
/' Provider:ExCEL

J# Unstructured Document; TW - Projec... j’ SysRS
03 i by Risks {11 {s)) 1
D ATRCVRQS-Ce rojeas Databass:3557 7@ DELLIMPUENTES Sl ke =
Project: 0: TRCYVROS-ConsuitancyProjects\P vl Project:Temperature War - Requiramants 5. =
3 = 3 : : ~—_
Provider:0SLCKM ——— w71 SRS Providen:DODRS e
Warkproducts:6 01. Geals derive into Stakeholer requirements (50 Trace{s)}-relrnsConsutansyProjects 02, Requi o Syst (99 Trace(s}) ‘-\\“‘\
H\‘\. Project:TW - $taksho'der Reguirements.xlsm ___.—-—-—'—'_'_'_'_—'_'— // \
Provider:EXCEL
Requirementsis1
04, Systarm Rogqui i by Tosts {10 Tracafs]}
|
|
\ i TWsysTC

Natahaze: M TRV ROS-ConsultznoyProjects...
\ OF. System raqui fizad by Madal slements (0Tracelz)) .oy re warmor Tas cas..
Provider:ENCEL
Requirements:10

i

13. Systam Requirements derives nto ion System i {0 Trace(s)}
¥ esysTC
Databass:D:TROVRAS-Conssltarcy Projects... 14, System Requirements Cerives Into gl Bystem {0 Traceis)) ‘ Temperature War - Model [v5.0]
Project:T'W - Contral System Tesm Cases.dsm / \ \ Database:D:\TROROS-ConsultancyProjects..
ProvidenSXCEL . A . \ Project: DA TROVROS-ConsultancyProjecis\p L
Requirements:10 10, System Requirements derives inte Control SystenyRequirements (0 Trace({s]} y s
/ / Workpraducts:103
\ |
11, System irements derives into Power System Requirementa0 Trace(s))
21, Control System i tested by ion tests (0 Trace(s}) }
- 12, System Requirements derives into System Requi Trace(s))
ii Control CSyRS / }'j Tempersture Registration RTSyAS O = ) v S
’ ro E nagame
Database:3567T@DELL-INMFUENTES / ‘ Temperature Actuation TASyRS Database:3657 7@ DELL-IMFUENTES / . § - = . -
ProjectTemperaturs War - Requirsments 5. = EEIAFEEYT Praj perature War - Rzguirements S.. - Database:https://dnz.reusecompany.com:3.. Database:25677 @DELL-IMFUENTES
" e DL L IME BN TES : Project:Tamperaturs War - ONG | Temparat... Project:Temperature Var - Requirements ..
Provider:DOORS ProjectiTamparaturs War - Ragquirsmants £... ProviderDODRS Pronider:ONE Brovider:DOORS
Object=18 Provider:DOORS Objects:) Requirementsil Objects:0 .
Object=:0
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= Basic traceability

Project Map:

£ Risks
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Project:TW - Rizsks zlsm

" ProwdenEsCEL

03 Syatem Regqui by Risks {11 Trace{s)) L0

) SysRS
abase:26577@ DELL-IMFUENTES

J Unstructured Document: TW - Projec...
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Pm]e.n. _\ Stakehoider Requiremedts N \
Provider:ZXCEL o shal sreet the I
Requrements:sl
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™~
DA, Systam i i by Accap

AN
\.\ \ - wspic

Natahase: M TROWENS-ConzultznoyProje

Tasts (10 Traca(s)}

\ 05, Systam - lized by Madel slements (0Tracels)) e warmar Tes: cas..
Provider:ENCEL
| Requirements:10

%
System i [0 Trace(s)} % h Y
\

13, System Requirements derives mto
J Temperature War - Model [v5.0]

Ragisiranion Yystem Requirements (0 Trace|s))
| Database:D:\TRC\ROE-ConsultancyProjects...

14, System Requirements o:

Database:D:ATRC\RQS-Consultancy®rojects_.
Project:T'W - Contral System Tesm Cases.dsm
Providen=XCEL fect: C’ 5 cyProjects’
gl 10, System Requirements derives into Control SystenyRequirements (0 Trace{s]) g A z'ojet:"n AT \:?S'CD"'”'L‘"L"F o
rovider: »
Workproducts:109

Fequirements:10
/ / .
1. Power System Requirement3{( Trace(s))
|

21, Control System i tested by Integration tests (0 Trace(s]) / 1
/ ¥ Requiremants derfves into Syztem

{0 Trace(s)}

-} Manzzament MSyRS

2o

_;} Tempersture Registration RTSyAS

\ gl /

} Cantrol CSyRS
Database:35677 @ DELL-MEUENTES / ) Temperaturs Actuation TASyRS Database:3657 7@ DELLIMFUENTES _/ e " i :
ProjectiTemperturs Wer - Requirements S... Database: 36577 @DELL-IMFUENTES Froj pecate far: Requirements 5. s:;-tat.-[, “GT::" Tﬁfﬂgf;ﬁ :f:?’rjn:m: 5
Provider:DOORS ProjectiTomparatura War - Raguirsmants §... Provider:DODRS o ulv i, perat.. pfrz:u;;-og% o quirements ...
Objects15 Provider:D00FS hgerrsl Fequirement Objects
Object=:0
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Ontologies and the digital thread

= Semantic traceability

Project Map:

J Unstructured Document: TW - Projec...

REUS=

£ Risks
Database:0:\TACYROS-ConsultanoyProjects...
Project:TW - Rizsks zlsm
~  Provider:iEXCEL

03, System Reguirements threstened by Wigks (1
——

Rz 265772 DELL-IMFUENTES

D ATRCVAOECe rojecs...

Project: 0: TRCYVROS-ConsuitancyProjects\P... | \&moeraturs Wer - Requirsments 5.
3 —— = L 5tRS

Provider:0SLCKM L gns

Woerkproducts:6

Project:TW - Staksjp?
Provider:ZXCE
Requiremen

User01-

¥ esysTC
Database:D:ATRC\RQS-Consultancy®rojects_.
Project:T'W - Contral System Tesm Cases.dsm
Providen=XCEL

Requirements:10

01. Goals derive hto_Sta!nehnlerlEquire’nems (50 Trace(s)}-pe| pos Comees

r

StRO19-

The driver

02. Stakeholder Requig

thermostat!
SyR212-
The car shall

of the car.

13. System Requirements derives i

1. System Requirements derives into Control SystemyReq

person who to control control the
drives the the ~_temp...
car. temperature T —

/
Sture Actuztion System Requirements [0 Trace(s)}

\

14, system Req gerives into

0 Trace(s]}

irements (0 Trace(s))

tests (0 Trace(s])

21, Control System

tested by Integ

\ i

4 Temperature War - Model [v5.0]

Database:D:\TRC\ROS-ConsultancyFrojects
ject: DA TRCVROS-ConsultancyProEos\Po

D
7

j} Control CSyRS ) Temperstue Ragistea O o nt MSyRS
s roe apdFimel
Database:3567 7@ DELL-IMFUENTES / * Temperature Actuation TASyRS Database: 3657 7@ DELL-IMF oy _ X . 7, . -
ProjectiTemperturs War - Requirements 5. Database: 6677 EIELI-IMFUENTES ProjectiT=mperature War The DE‘_E‘JE52’“ms--’r'rdni-fu*fﬂ_'maw-fﬁ'"-9--- N\ BOE '-;-JNFUENT:S
Provider:DOORS ProjectTamparatura War - Requiremants &... Providern DODRS h Project:Temyperaturs War - DNG | Temparat... Project: | \ \:’e \War - Requirements 5.
Objectsi18 Adzpibitlin Objects:d thermostat ProviderDNG Provider:C,
D’:_“" e"é Requiremenizil Object=:0 LA
fei shall
regulate the
temperature
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Definition of the ground truth: conclusions

= “The truth is in the models” x

= “The truth is in the ontology...
.. the ontology gathers knowledge from the MBSE Tools...
... both sources of truth can be blended in real-time... V
.. elicits knowledge also from other textual sources...
.. and keep coherence among all the work products:

Ontologies to maintain the digital thread (allowing engineers to sail the ‘V’ model)".
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User-stories: sailing the V

= Semantic transformations:

Input artifact  Transformation SRL Transformation Output artifact

(and tool) rules (engineering rules (and tool)
knowledge graph)

i Text i Text
| UML/SysML | UML/SysML
i Modelica . Modelica
i Simulink i i Simulink
: : . Linking: data, information &
: : : knowledge
| Tool j : System : System Assets Tool k
Knowledge Store Knowledge
Base Base
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User-stories: sailing the V

» Semantic transformations: Example #1

« Arequirements specification produces

and maintains Models during its
development:
= You have struggled to produce a good
requirements specification.

= Why shouldn’t you automatically
produce Models out of them?

= Perhaps physical Models in Modelica?
= Could | do it the other way around?

= Generate Requirements from my very
mature models

= Could | dream with automatically tracing
the models (and their elements) with the

originating requirements on the fly?

2021-09-23
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@ 'Drone subsystem' current 0.0 in /RQS Examples/Slides examples (Formal module) - DOORS —
File Edit View |Insert Link Analysis Table Tools Discussions Authering user Regtify RG8.2 Change Management Help

(9 R=U

X

HOE [ mam | fF@pien [oxgeg
View | Standard view v | Allevels  ~ &£ 4 ¢ Sdloi £ F T + A% 24
= D_r\:une subsystem D | E
= 1 Introduction 2 =
(1.1 Scope 1 Introduction
1.2 Architecture 4 1.1 Scope
. Drone subsystem '

A drone subsystem shall be designed to provide services to the overarching AUV system
requested by the Navy to detect enemy ships in the proximity of the border.

1.2 Architecture

The drone system st 5
The drone system st
The drone system st 3

The drone shall hav
13
Tho drone shall haw 1.2.1 Drone subsystem
2122 Camera 7 | The drone system shall have a drone

i The camera should 8 | The drone system shall have a drone control system
- The camera should 9 | The drone system shall have a drone dock

10 | The drone shall have a heat sensor

11 | |The drone shall have a camera

12 1.2.2 Camera

14 | The camera should be a standard FFDS Camera
15 | The camera sjould be a Higend FFDS Camera

£ >

Usemame: jmfuentes Exclusive edit mode

ture] f?ﬁf:‘i.ugaﬂruduc: Tree without bound references ]—J
=) ¥

«Subsystems
Drone subsystem

[<biocks | | ablocks ablocks |
_Dl"ml_n {Drone control system ‘Drone dock |

heat se%_:ac_r_L_O. 1 cameraiﬁ. 2
[ sblocks | | sblocks
Heat sensor | |Camera |
D ——
i «biocks i sbiocks
| Standard FFDS Camera ‘Highend FFDS Camera
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User-stories: sailing the V

= Semantic transformations: Example #2

= Based on bi-lingual dictionaries... and patterns represented in both source and target lancuage

Pattern #1: <SYSTEM
SRV Shall be NUMBER

English

. <ELEMENT
Patterr! #2: DU Doit &tre NUMERO
Francais SYSTEME>

Pattern #3:
HAREE
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Other user-stories (1/2)

= Sailing the “V” with a SMART Compass: Requirements

2021-09-23

Requirements
Engineering
As requirements engineer

I want to identify and
extract requirements from

legacy documents.

So that | can automate
requirements population.

Requirements
Engineering

As requirements engineer

I want to classify
requirements automatically
from legacy documents.

So that | can speed up the
process to respond to
tenders.

Requirements
Engineering

As requirements engineer

I want to write
requirements based on
patterns and ontologies.

So that | can improve
consistency between my
requirements and other
workproducts
(requirements, models...)

Reuse

As domain engineer

I want to exchange
information between
tools, find similar system
artifacts (e.g. models)
and recover traces.

So that | can reuse
existing knowledge
embedded in system
artifacts.

R=US=
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Q

Quality

As quality manager

I want to check quality of my
system artifacts: models,
requirements, etc.

So that | can ensure high-
quality artifacts from early
stages of my project, thus
reaching the CCC objectives.
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Other user-stories (2/2)

€

= Sailing the “"V"” with a SMART Compass: traceability and more B

@ Digitalization
As systems engineer
Simulation

I want to maintain a complete

MBSE & As systems engineer digital thread repository.
Requirements I want to have a human So that | can successfully
friendly environment forthe ~ manage my projects with
Requirements As domain engineer engineering process. complete dashboards.
Engineering I want to populate So that | can share all
models from information and data with
Project As requirements engineer  requirements. my colleagues in different
disciplines.
Management I want to automatically So that | can keep
create derived or allocated  consistency over time
y As project manager requirements from higher ~ and make my system
Requlrements level requirements. artifacts executable.
Engineering I want to automatically
detect missing traces. So that | can save time Keep data links alive and
As requirements engineer fmd not fofBl ol COnEEIERE
So that | can save time important requirement
I want to trace ?nd not forget af andiiresss
requirements at different e ortant requigggient
and trace.

levels of abstraction.

So that | can maintain
the digital thread.
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This MINI presentation has shown how Artificial Intelligence, ontologies, and a
semantic approach can be applied to leverage activities all along the “V” model, thus
making it feasible to meet the demanding success criteria that these projects
normally face.

Sailing the V with an intelligent compass: Engineering digitalization through the
automatization of traceability, reuse and early quality in the development cycle.

If you want to see the full presentation, please request it here:

https://share.hsforms.com/1Q7CyalWXSwKFGJxbgikvuQ2Ipn5 0. /

$ u‘lfu”

If you want to book a SES Engineering Studio tools demo,
please request it here:

https://www.reusecompany.com/demonstration

NOSE TOUR 2021


https://share.hsforms.com/1Q7CyalWXSwKFGJxbqikvuQ2lpn5
https://www.reusecompany.com/demonstration
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