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Motivation

Systems Engineering — Practice & Perceptions

INCOSE Definition (pre mid-2019) — “What is Systems Engineering”

An(engineering disciplinejwhose responsibility is creating and executing an(interdisciplinary process}to ensure that the customer and stakeholder's
needs are satisfied in a high quality, trustworthy, cost efficient and schedule compliant manner throughout a system's entire life cycle.

(http://www.incose.org/AboutSE/Whatl|sSE)

TeChnica“y Requirements Preliminary Detailed Acceptance Acceptance ProceSS
Focused anaiys:s — — Overhead

Practice & Perception =2 a process
“systematically engineering systems”

A focus on a “progressive realisation of the physical

system” — perceived as just “good engineering practice”
Milestones ‘speciality”

INCOSE Definition (2019) — “What is Systems Engineering”

Systems Engineering is a transdisciplinary and integrative approach to enable the successful realization, use, and retirement of engineered

systems, using[systems principles)and concepts, and scientific, technological, and management methods.
(http://www.incose.org/AboutSE/WhatlsSE)
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Putting the “Sys ram/r“ (back) into the
Engineering of Systems Motivation.....

| Elevate the
understanding of
L the Engineering of
Systems and the
relative-standing of
Systems Engineers
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Paper / Presentation Focus
SR
INCOSEDefinition (2019) — "What is"Systems Engineering”

Systems Engineering is a transdisciplinary and integrative approach 1o enzile the successful realization, use, and retirement of engineered
systen)s,Gsing(systems principlesland concepts, ang scientific, technological, and management methods.
(http://www.incose.org/AboutSE/WhatlsSE)
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Systems Thinking

Problems, Symptoms & Root Causes

THE ICEBERG MODEL e A major outbreak of malaria amongst the
Dayak people in Sarawak, Borneo

) EVENTS ¥
‘ : v e . : Effect of DDT Use in Borneo
What is happening?

In the ecarly 1550°s the people in Borneo, suffered from Moloria the World Heolth
Orgonization had a solution, kill the mosquitoes with DOT. This is what happened

o . B — e,

"PATTERNS OF BEHAVIOR
What trends a¥e there overtime?

Overpopulation of
caterpillars

Byproduct 1
Elmmated the
natural predator
for the thatch
eating caterpillor

SYSTEMS STRUCTURE
JFow are thepaits related?

Whatnfluenges
the pattémas?

Caterpillars ate the
roofs of f the
villager's houses

959
J
/8] BuisesoU|

\

-

‘ ; ‘ : Orginal = ks % As the cats
MENTKI.MODELS 4 purpose: The .y ; died, the raot

! 'y O used esas | ? population
V\lrhil[ values, 4 DOT kill the -~ — " flourished and

R | + and so did on
asspmplions, -+ e . outbreck of

beliefs shape Malara Byproduct 2 DOT eccumulated in 580 Flogue

ti’te W’ Biomagni fication o f Geckos

> DOT poisoning in Eat the aechos

4 . cats caused an ca.p;:gd mqrg DOT
) 4 lwmge Credit — ou'brc;hh;-f‘sﬁm-c J «:::c:::l:x;:?n
donellameadows.org eventually that

killed the wild cots
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Systems Thinking

Problems, Symptoms & Root Causes

THE ICEBERG MODEL R, ., A major outbreak of malaria amongst the
£ Dayak people in Sarawak, Borneo

' EVENTS
‘ What is happening?

|

959
A
/8] BuisesoU|

"PATTERNS OF BEHAVIOR
What trends a¥e there overtime?

7 -

SYSTEMS STRUCTURE
JFow are thepaits related?

Whatnfluenges
) the pattérns?

MENTAL MODELS
What values,
asspmptions, +
beliefs shape |
the system?’
. Image Credit -
donellameadows.org
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575307, Systems Thinking
INCOSE

What is Systems Thinking?

THE ICEBERG MODEL -
Peter Senge = “Systems Thinking is a

conceptual framework, a body of knowledge
and tools that have been developed over the
past fifty years, to make the full patterns clearer,
and to help to change them effectively.”

e EVENTS
‘ What is happening?

— o e,

PATTERNS OF BEHAVIOR

What trends a¥e there over fime?

Personal view - Systems Thinking is a framework to make sense of
the world we live in, to deal efficiently and effectively with the
challenges we perceive and to create the reality we desire, while
minimizing the chances of unintended consequences.

SYSTEMS STRUCTURE
How are thepaits related?

What influenees
the pattéms?

=)
)
2
®
o)
W
=)
«Q
-
D
=
12
Q
Q
D

MENTAL MODELS
Whatt values,
assurmptions, +
beliefs shape
the system?

Complimented by Modelling & Simulation
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Systems Thinking

N/ How do we understand a System?

A System

A whole that consists of interdependent parts each of
which can affect its behaviours or its properties

The “DUJU”
Ultralight Arrcraft for Station Inspection

Avionics

Airframe D Subsystem _f Landing

l\_S@ystem { ' M Gear Subsyste .
Wings Tall Nose Gear ' Struts
Fuselage Controls | ropulsion Main Gear

Subsystem { : Subsystem
Yoke Throttle Engine Fuel & QOil

Rudder Propeller
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Systems Thinking

How do we understand a System?

A System

A whole that consists of interdependent parts each of
which can affect its behaviours or its properties

(4NALYS/S) .
STRUCTURE

(Organisational Interdependence)

[ 4 . The “DUJU”
Ultralight Arrcraft for Station Inspection

Avionics

Airframe M. Subsystem __f Landing

D Subsystem " ' Gear Subsyste "
Wings Tall Nose Gear ' Struts
Fuselage Controls | ropulsion Main Gear

Subsystem { Subsystem
Yoke Throttle Engine Fuel & QOil

Rudder Propeller
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Systems Thinking

How do we understand a System?

A System

Is an arrangement of parts or elements that together
(ANALYS/s’ A

exhibit behaviour or meaning that the individual
constituents do not (INCOSE-2019
| -—
STRUCTURE k
(Organisational Interdependence) .
The “DUJSU”’

Ultralight Arrcraft for Station Inspection

I{ NCOS

Airframe Landing
Subsyste A SySte m ar Subsystem

IngS e eiage] A whole that consists of interdependent parts each of JiRRGear
which can affect its behaviours or its properties
Russell Ackoff
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Systems Thinking

How do we understand a System?

MMS
Other Ground
Aircraft EMS Traffic

HoOwW? WHAT? |

(=) ) §

STRUCTURE ENVIRONMENT

lOrganisationaI Interdependence) (Operational Interdependence)
The “DUJI”’

Ultralight Arrcraft for Station Inspection

Ao

Airframe Landmg
Subsyste A SyStem
A whole that consists of interdependent parts each of
which can affect its behaviours or its properties
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Systems Thinking
How do we understand a System?
Other
Aircraft [} A whole that is defined by its essential functions within
a larger System of which it is a part

HOowW? Russell Ackoff WHAT? |

() ) §

STRUCTURE ' ENVIRONMENT

(Organisational Interdependence) (Operational Interdependence)

The “DUJSU”
Ultralight Arrcraft for Station Inspection

A System

Ao

Airframe Landing
Subsyste A SySte m
 Fuselage Ty

A whole that consists of interdependent parts each of Juaif cea
which can affect its behaviours or its properties
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Systems Thinking

How do we understand a System?

GENESIS

Other A Ground
Aircraft HERITAGE & ASPIRATIONS Traffic

(Evolutionary Interdependence)

HoOW?

(4NALYS/S,

STRUCTURE J ENVIRONMENT

(Organisational Interdependence) (Operational Interdependence)

[ | The “DUJIU”
Ultralight Arrcraft for Station Inspection

Avionics

Airframe \_%W' , Landing

\-\%ystem ' Gear Subsyste '
Wings Tall Nose Gear ' Struts
Fuselage , Controls p ropulsion Main Gear

Subsystem ' Subsystem
Yoke Throttle Engine Fuel & Oil

Rudder Propeller
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Systems Thinking

Understanding Systems...with “

=

GENESIS

w

A whole that consists of interdependent parts each A whole that is defined by its essential functions

of which can affect its behaviours or its properties HERITAGE & ASPIRATIONS within a larger System of which it is a part
(Russell Ackoff) (Evolutionary Interdependence) (Russell Ackoff)

HOW? WHY? WHAT?

(A NALYS/S’

1

A, 2
axn @ _’r ENVIRONMENT

(Operational Interdependence)

STRUCTURE

(Organisational Interdependence)

SISATVNV

Ultralight A/rcra/‘i‘ /or 5 tation Inspection
A System

A whole who's behaviours are a result of its evolving Structural and Environmental Heritage & Aspirations (Personal Refinement)

Analysis answers “HOW” questions to Genesis Answers the “WHY” questions
provide “Knowledge” focused Inside the by “understanding” the heritage &
System to understand “HOW the aspirations of the System and explains
System works” and “WHAT the System its behaviours as a result of its evolving
does” Structure and Environment

Synthesis Answers the “WHAT the
System should do” question by
“‘understanding” the operational context
within which the System exists
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Modelling & Simulation

Motivation — Why?

- Compliments
. ecide xplore L
“all-pervasive” “Systems Thinking”

Rehearse

[ ¥
Learn . - ‘ Communicate

Simulation
2 3 ! ¥ .
» 24 » h, {, Entertain
R A3
"“* ‘A i o) Vi
Safety Manage

@ Resources
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Modelling & Simulation

Definitions — What?

Simulation = + Execution

is a Physical, Mathematical or Logical abstraction for a particular purpose (i.e. focused/targeted
fidelity), of a System, Entity, Phenomenon, Activity or Process (i.e. a suitable representation)

A Simulation is an Enactment (Method of Implementing) a over Time

Examples of Simulations

A of a vehicle that
moves across a of
terrain over time

A Slmulator = The Tool that Executes the Slmulatlon
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Modelling & Simulation

Definitions — What?

“9

(N4 *
| JL.
= -
23 S
2, &
Sy .

’LGS

Fidelity = Breadth of Scope (forms, properties, functions) and Associated Resolution (granularity/detail)

is a Physical, Mathematical or Logical abstraction for a particular purpose (i.e. focused/targeted
fidelity), of a System, Entity, Phenomenon, Activity or Process (i.e. a suitable representation)

over Time

All models are wrong, but some are
useful.

— Gesrge €. P. Box —

po7 o) . T0% e
T Lihada, s AZQUOTES
o T LA

(i e B

A Simulator & The Tool that Executes the
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Modelling & Simulation

Definitions — Fidelity (How?)

INCOSE

19/07/2020 Copyright © 2020 by Jawahar Bhalla 19



Modelling & Simulation

Definitions — Fidelity (How?)

= Lift Floor Tone I@Re-Use 1@ I@Re-Use 1@ >
arying
=7 m Home Theatre IR TE T Protection

i

Formats

™

Amplitude Fixed-On Fixed-On/Off Variable Range Fully Replicated INCREASING FIL
- ~ : —r e '

Frequency
Frequency Fixed-Pitch Representative Replicated Range

,,,,,,

Dlrectlon Mono-Phonic Stereo-Phonic Stereo-Surround Fully Repllcated
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Presentation Structure

Principles & Conce

* Systems Thinking

r.}_.:

* Modelling & Simulation
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* The Engineering of Systems

* Key Points & Recommendations

& Conclusio
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The Content of our Minds
INCOSE

Why do we see things differently?

It is really confusing!!!

Image Credit — Timeline Photos

We are all in agreement then.

Image credit todayifoundout.com
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The Content of our Minds

How do we Understand / Create our Reality?

("

“doing” in an “environment”!)

DOING! Wisdom : ‘ ~TIVENESS ’ Wisdom SYSTEMIC

Understanding Explanatio

Knowledge Instructions — “how-to” Skills & Competenc,

“

Data —"who, where when, what, ho ” Descriptior-

X
~

EFFICIENCY

<formation . :
Validated” Models

(Abstractions) of Reality

“Verified” Models

(Abstractions) of Reality Data Raw - Symbols, k.

Effectiveness is
Doing the right thing

Efficiency is

Doing things right KNOWLEDGE Vs WISDOM

lmage credit todayifoundout.com

Efficiency improves when we “know-how” Effectiveness improves when we “know-why”
things are to be done = “depth of knowledge” things are to be done = “breadth of understanding”
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The Content of our Minds

How we Understand / Create our Reality...

V4

“A and building on and

SYSTEMS ENGINEERS GENESIS SYSTEMS ENGINEERS

HERITAGE & ASPIRATIONS
(Evolutionary Interdependence) Expla N atlon

HOW? _ WHY? WHAT?
(A NALYSIS) = n

STRUCTURE ENVIRONMENT

(Organisational Interdependence) [Operational Interdependence)

Understanding

A
A
A
A

”~

LEARNING
SYSTEMATIC

ENGINEERS
SPEACILISTS
SPEACILITIES

mbols, Properties

Efficiency is

Doing things right ENGINEER SYSTEMS

Knowledge = “Analysis” Wisdom = “Synthesis & Genesis”
Efficiency improves when we “know-how” Effectiveness improves when we “know-why”
things are to be done = “depth of knowledge” things are to be done = “breadth of understanding”
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{8?'\; W 30 y&/y

The Content of our Minds

& yc;
INCOSE
15’4 &

%6 5ysres 29

How we Understand

<

reade our Reality...

aumshs ag
“adeus sppnaq
_ + ‘suonduanisse
b VAzdler: . {sanyen e
Visdon / STICOW TVLNIW

—]
Understandir- 1 F Jdanatio

¢suiaued a2l ‘

| saguanyum U _

(porelar spred ol o1 MGH: 2% Competenc
TIALONYULS SWILSAS

o~ /iptior-

L
Knowle

‘.Forma' “« . ”
Validated” Models

Q’y bols. b, (Abstractions) of Reality

\ 4

“Verified” Models

(Abstractions) of Reality Date

ZOWIT) 19A0 21913 9FB Spua1l el M
HOIAVHIL 3O SNYALLYd

Efficienc B .cctiveness is
Doing things ¢buruaddey st yeym J} 9 the ﬁght thing

SLNIAT

Knowledge =» “An W Synthesis & Genesis”

}

Increasing ['g,,
efag
e

Efficiency improves when®™® . broves when we “know-why”
things are to be done = “depth o TIAOW O¥IF3IOI FH.L > done = “breadth of understanding”

Ty
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9°307,3 The Content of our Minds
INCOSE

W D\
%6 5ysres 29

Why we see things differently...

It is really confusing!!!

Image Credit — Timeline Photos

Only love expands intelligence. To
live in love is to accept the other
and the conditions of his existence
as a source of richness, not as
opposition, restriction or limitation.

We are all in agreement then.

Image credit todayifoundout.com

“We don’t perceive the world we see, we see the

world we perceive” - Humberto Maturana
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The Engineering of Systems

s Motivation for Systems Engineering

* A framework to deal with complexity and risk * Builds in the quality, saves money and

* Provides a bridging between user needs and reduces risk

the solution that best delivers these needs * Provides a framework for measuring progress
across stakeholders through project phases

* Maximises the chances of the delivered * Provides traceability through development
solution meeting the intended need and decision making
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The Engineering of Systems

The Essence of “Engineering Systems”

INCOSE

* A framework to deal with complexity and risk * Builds in the quality, saves money and
reduces risk

3 bridging between user needs and
hat b —

olders Enabled by Systems Thinking (GAS)
Build the(Right -S‘.\!ﬁ;’ggm nt

Systems Engineers enable the efficientand ~ =~ realization,
sustainment fmd retirement of Cczrr[)/ ffrf;fryt/m:ﬁ,ﬂ

Buﬂd the System nght

e chances ¢
Effectiveness g the ig

\
\
\\
S
-

Efficiency




The Engineering of Systems

What is our Underlying Intent ?

Everything has been created twice
once on a mental plain and once on
a physical plain

Analysis Design

Draft
FBL

RTM Svstem Definition

PRI e iicient & fcctive

Environment

Integration Testing -10C

woupTEs ; Test Final

)

PBL Config Config PBL

Svstem Realisation

Needs to Solutions

Baselines &
Configurations

Operational

Validation

nzOo0—4H4Crowm

Verificatior?L

Verification #
Validation

<-4 - —®X>» o>

Everything is created twice, first in
the mind and then in reality.

-

Clasa
fn YaAme

Mandated
Reviews

AZQUOTES
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The Engineering of Systems

Always (at least) Two Creations...

Everything has been created twice
once on a mental plain and once on
a physical plain

)
Requirements ' Acceptance
Analysis ovatl i ;
y

AL QUOTES

PBL

Baselines &
Configurations

Operational
RTM

_Of. . Actually we create 4 models — 2 of
System-Of Efficient & Y

these being SE constructs....

Verification Validation

Interest

Environment

C
O
N
C
E
P
T

Verification ”.
Validation

< == =—W>T>O0O

Everything is created twice, first in
the mind and then in reality.

Mandated

Clasa
fna Y aAme

Conceptual . Tangible
Model of the Sol (Fielded) Sol
[C-SBS] [As-Built]

A QUOTES
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The Engineering of Systems

Baselines / Configurations

Actually we create 4 models — 2 of

eve,opmem these being SE constructs....
Analysis g Design Design

I“?equirementf .

Use Case y I"?equiremen';‘. : | HWCI 1 Dev
y . o Specification
Use Case Requirement . ¥ vy ’

J = f HW — Product HW — Product

Use Case [ Requirement‘. | | HwCI 2 Dev Specification Specification
P || » Specification
Use Case ) ‘ I F}equ"ement“ ‘ HW — Product HW — Product
AP R Specification W~ < Specification
(' el A M\ 'S*p"ig'ﬁga?;: » System Realisation ¢
Y\ Requirement . | ovors— | NN I CIMOTS -
Use Case ‘ “i - £ L Procurement Procurement
)\ Requirement . '.‘ SWCI 1 Dev
Ny “ | Specification .7/
! Lo Requirement _ "\ SW - Product SW - Product

Use Case e { Specification _ _ Specification
\ Requirement SWCI 2 Dev 2 3

’\ A e Validation
Use Case AR || Specification T . T —

Specification - Specification

Use Case . |

I Damitiramar ke

Specification Specification
Use Case

C
O
N
C
E
P
T

f ‘: Requirement ,
Use Case \ é |
» Requirement ./ 4 SWCI3Dev

Use Case _ © — | Specification
= Requirement &

< == =—W>T>O0O

Allocated

_ Functional Baseline (draft) Product [ 'R TRR 7o (Final) Product
Scenarios I Baseline [RBS] [ [ABL] Baseline [PBL] S B Baseline [PBL]
64 'y - . o A N

ManA atad

Conceptual ' | | | Tangible
Model of the Sol (Fielded) Sol

[C-SBS] [As-Built]
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The Engineering of Systems

I{NCOSE
A\ Four Models of each System Created

>
© SYSTEMS

4 Actually we create 4 models — 2 of

3 :
. T these being SE constructs....
Analysis | isign Design De gn . l

‘ B / { : - Diases
Use Case , Nt 2% | HWCI1Dev : Ny c[nt‘;g v CTeS:
ma GOalS o Use Case 1 || [ Specification onfig “onfig

Reo' ““ment

Use Case \ (| | HwCI2Dev
» Specification
Use Case

Use Case { |/ HWCI3 Dev

el System Realisation

Use Case

I Damitiramar ke

4 SWCI 1 Dev
Use Case | | Specification

Use Case /| 1
\ SWCI2 Dev
Use Case y | || Specification |

f

Use Case ) | y
=g Goals /" SWCI3 Dev
Use Case #* =1 specification
int
A Allocated » ,
_ ¥ Fulm®nal &  Baseline Wi (draff) Pfodue. » ~_Final) Product
Scenarios " Bas RBS] [ABL] Baseline [PBL] ” Baseline [PBL]
o= ; - i

C
O
N
C
E
=
T

Validation

r>O0O—W0W<ITDT
rFr>00O—W0W<ITDT

<= =—m2>»7T2>O0

Manr] atad

Conceptual Functional Physical Model Tangible
Model of the Sol Model of the Sol of the Sol (Fielded) Sol
[C-SBS] [F-SBS] [P-SBS] [As-Built]
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5° 307, The Engineering of Systems

lrgcos A temic Methodology

Implementation Agnostic Implementation Specific

Needs c=ments Preliminary Detailed Design Accept 1 Utilisation
Assessment Em Design & Development Trans’ «© Use Through Life

= SDR PDR e
Effectiveness (Validation)
Building the Right Model/s
‘Concept Capture”

“Architectural
Of the S-O-l Design & Development Integrity” the S-O-l
Traceability / Allocation
Integrity

{

S TmMmOZ00

A
Efficiency (Verification) L
Building the Model/s Right

AE———

Essence of Engineering Systems

Conceptual Functlonamysmal Model Tangible

> Z (%S aY) = C T
L - == 2>T>XO

Model of the Sol Complete | Model of the Sol Correlated of the Sol Consistent (Fielded) Sol
[C-SBS] [F-SBS] [P-SBS] [As-Built]
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The Engineering of Systems

A Systemic Methodology

Needs Requirements Preliminary Detailed Design Acceptance & Utilisation
Assessment Elicitation Design & Development Transition to Use Through Life
SDR PDR
F /
Effectiveness (Validation)
U -

. The primary purpose of the System Design Review (SDR)

I' NICOSE

c
SYSTEMS E\

“Concept Capture”

ofthe SE9 is to verify and valicdate the Engineered Functional Model

(F-SBS) of the Sol as a suitable abstraction of the users
intended concept and establish this as the project FBL

- TmMmOZ00
<==-r=—m2>»7T2>O0

\ \ / Bundmg the Model/s nght j\ /

Essence of Engineering Systems

Conceptual | Functlonamweal Model Tangible
Model of the Sol Complete Model of the Sol Correlated ) of the Sol Consistent (Fielded) Sol
[C-SBS] [F-SBS] [P-SBS] [As-Built]
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The Engineering of Systems

I' NICOSE

A Systemic Methodology

Needs Requirements Preliminary Detailed Design Acceptance & Utilisation
Assessment Elicitation Design & Development Transition to Use Through Life

PDR

r SDR

© ' Effectiveness (Validation) a/
E Building the Right Model/s

H ..to validate the P-SBS of the Sol

The primary purpose of the

Pralimineiny Desizn Fevizn (POY) i as a suitable abstraction for
is to verify the allocation of the pesien &,DeveIOpm?nt e :
; ) Traceability / Allocation further definition in the detailed
FBL requirements (F-SBS) into : , ) :
] : Integrity design phase to establish the
the architected Physical Model . :
£ the Sol (P-SBS) and N project Allocated Baseline (ABL).
of the Sol (P-SBS) and ... A Efficiency (Verification)

| / L Building the Model/s Right \ Y
Essence of Engineering Systems

Model of the Sol Complete Model of the Sol Correlated ) of the Sol Consistent (Fielded) Sol

[C-SBS] [F-SBS] [P-SBS] [As-Built]
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The Engineering of Systems

& %
INCOSE

A Systemic Methodology

1 Needs Requirements 3 Preliminary Detailed Design 4 Acceptance & Utilisation
Assessment Elicitation Design & Development Transition to Use Through Life
CDR

PDR

f 3

The primary purpose of the Critical Design Review (CDR) “Architectural
‘ is to verify completeness of allocation between the F-SBS Integrity”jthe S-O-I

and the P-SBS, and to va'icate the P-SBS as a suitable
abstraction for implementation of the Sol as the draft
project Product Baseline (PBL)
\ y -7\ / Building te odel/s ight
—

Essence of Engineering Systems

Conceptual Functionamysical Model

e

Effectiveness (Validation)

- TmMmOZ00
<==-r=—m2>»7T2>O0

Tangible
Consistent (Fielded) Sol
[As-Built]

Model of the Sol Complete | Model of the Sol Correlated ) of the Sol
[C-SBS] [F-SBS] [P-SBS]
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The Engineering of Systems

A Systemic Methgalology
1 Needs Requirements - TH’ 0’ Acceptance & Utilisation
Assessment Elicitation | Transition to Use Through Life

“Architectural
Inteohity” the S-O-I

“Concept Capture
of the S-O-I
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Conclusion

Summary of Key Points
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Tiking ystams
T Pri !

ive realisation of the pl
uslt "good engineering

is a Physical, Mathematical or Logical gbstraction for a particulor purpase (i.e. focused/targeted
fidelity), of a System, Entity, Phenomenon, Activity or Process (i.e. a suitable representation)

Is an Enactment (Method of Implementing) a

"Architctural
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Efficiency (Verification)
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Efficiency

(o 77
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things are to be done = “Breadth of understanding”
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Conclusion

INCOSE '
d Summary of Key Points

A Personal Definition on the “How” of Engineering Systems

The application ofisystemic principles and concepts (ST-GAS in alsystematic whole-of-life framework]that facilitates an

efficient and leffective/definition and realisation of Systems, their delivery into service, ensures their ongoing utility through life, their
transition out of service and their eventual disposal.

Systematic Process

Technically Voasrerwrn e Datad e Sy Acieptasie ., Accerarce Process
F':'CUSQU Aravynn Dwaaary D - Al Yisgratcs 1i < (:)Ver"ead
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*ConceptCapture”
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' Design & Development
§  Traceshility / Allocation
Integrity

Efficiency (Verification)

Typlnl Systems Engineerlng Pracess Buiicing the Modals Rioht

r»2Z0--0

A focus on a “progressive realisation of the physical
ystem”™ — perceived as just "good engineering practice”

plete ) Nedel ol the Sol
{#-585)

INCOSE Definition (2019) — “What is Systems Engineering”

Systems Engineering is a transdisciplinary and integrative approach to enable the successful realization, use, and retirement of engineered
systems, using[systems principles)and|concepts, and scientific, technological, and management methods.
(http://www.incose.org/AboutSE/WhatlsSE)
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Conclusion

Recommendations

A Personal Definition on the “How” of Engineering Systems

The application of(Systemic principles and concepts (S1-GAS, M&S)in a[systematic whole-of-life framework]that facilitates an
efficient and leffective/definition and realisation of Systems, their delivery into service, ensures their ongoing utility through life, their
transition out of service and their eventual disposal.

SE-BOK Reference Architecture Models
Systems Thinking, Modelling and Simulation recognised as a& Definition (and evolution) of Reference (Functional and
foundational SE competencies v Physical) Architectures (models) - a mandate for INCOSE WG's

DIGITAL TRANSFORMATION

a) establishment of open modelling b) establishment of open modelling c) Adoption of standards for sharing d) SE Tools that comply with adopted
formats (form/fit) enabling scope and dynamic behavior (function) enabling model state information where IP Modelling Standards enabling sharing
detail enhancement and sharing sharing/consistency of performance constraints limit model content sharing | of models and their state-information

Formats Standards (Form/Fit) Behaviour Standards Standards for Sharing Properties Standards Compliant SE Tools

INCOSE Definition (2019) — “What is Systems Engineering”

Systems Engineering is a transdisciplinary and integrative approach to enable the successful realization, use, and retirement of engineered
systems, usinglsystems principlesland concepts, and scientific, technological, and management methods.
(http://www.incose.org/AboutSE/WhatlsSE)
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