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Models have always been
central to understanding
systems and in the
engineering of systems,
whether captured in text
and/or graphics in a
document or digitally,
typically labelled MBSE

12/12/2024

Motivation...

“4. Model-based systems
engineering, integrated with
simulation, multi-disciplinary

analysis, and immersive
visualization environments is

standard practice.”

INCOSE SE Vision 2035

The future of systems engineering is model-based, leveraging next generation
modeling, simulation and visualization environments powered by the global digital
transformation, to specify, analyze, design and verify systems (Vision 2035)
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“Remember, always, that
everything you know, and
everything everyone knows,
is only a model. Get your
model out there where it
can be viewed. Invite others
to challenge your
assumptions and add their
own.”

Donella Meadows : Thinking in Systems
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']9 there 'C)n@ model to
rule them all, one modef to
‘/;'n([ them, one model to
‘ /;*ume them all, and

v zfry/l“eme

lf/l‘ém. '

The scarcest resource is not oil,
metals, clean air, capital, labour, or
technology. It is our willingness to
listen to each other and learn from

each other and to seek the truth
rather than seek to be right

th hern.
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“Remember, always, that
everything you know, and
everything everyone knows,
is only a model. Get your
model out there where it
can be viewed. Invite others
to challenge your
assumptions and add their
own.”

Donella Meadows : Thinking in Systems
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Concepts

from M&S

State Transition
EventA

State C
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Event D

Models in SE

Concepts from M&S
|
Systems Thinking
|

Categorising Systems Models

_—
A “MoSM” Construct
|
Key Points
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Systems
Thinking

Stakeholder
Requirements

Categorising
Systems Models

Subsystem 1
Specification
System/Subsystem|
Design Document

Structure & Acknowledgement

A “MoSM”
Construct

System

Specification

(CSCl)
Software

[System/Subsystem

Design Document
Subsystem 2
Specification

Interface
Requirements

Interface
Requirements
Specification

Interface
Design
Document

Specification od

Product
Specification

Material
Specification

Process
Specification
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R
Specification

Software
Design
Document

i 1
Interface

Design
Document

Database
Design
Document

SE has always been
“Model-Based”
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SysML .
Modelling Languages
Behaviour Requirement Structure
Diagram Diagram Diagram

Activity Sequence State Use Case Block Internal Package

Diagram Diagram Machine Diagram Definition Block Diagram

Diagram Diagram Diagram

Define various kinds of elements that enable the visualization
and communication of essential aspects of a systems’ design -
structure, behavior, requirements and parametrics.

Parametric
Diagram

12/12/2024 Copyright © 2024 by Jawahar Bhalla

Concepts Systems Categorising A “MoSM”
!‘4. nty, from M&S Thinking Systems Models Construct
.b‘,[/
Physical Model Mixed Model Digital Model

Formal Model Informal Model
Logical Quantitative Geometric Surrogate (Informal) Flowchart Table
Model Model Model Model Diagram Sketch

A Taxonomy of Systems Models — Figure 3.10 “Systems Engineering Handbook” [5 Ed]

12/12/2024 Copyright © 2024 by Jawahar Bhalla 12
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What is a Model? What is a Simulation? What is a Simulator?

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

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

A Map (model) of Sydney

Real-Time GPS navigation
(simulation) using “map models”

12/12/2024 Copyright © 2024 by Jawahar Bhalla

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

A Simulation

All models are wrong, but some are
useful.

— Gesrge E. P. Box —

A Simulator & The Tool that Executes the Simulation

12/12/2024 Copyright © 2024 by Jawahar Bhalla
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Concepts
from M&S

What is a Model? What is a Simulation? What is a Simulator?

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

Image Credit — Jan Vosek from Pixaby

VR (Simulated Environment)

A Simulator & The Tool that Executes the Simulation
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Concepts
from M&S

Real Participants Simulated Participant/s
operating in a real-world subjected to a real-world
environment environment

Real Participants Simulated Participants
operating in a simulated operating in a simulated

environment environment C,;

" Image Credit — Bohemia Interactive Simulations

12/12/2024 Copyright © 2024 by Jawahar Bhalla
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Concepts
from M&S

rticipants
in a real-we ‘ld

BLENDED/MIXED

Typical Example of VIRTUAL
and
AUGMENTED REALITY (VR/AR)

operating in a simui ating in a simulated
environn. © ~ wonment

12/12/2024 Copyright © 2024 by Jawahar Bhalla

Concepts Systems Categorising A “MoSM”
from M&S Thinking Systems Models Construct

Making it “real”...

m P =

L K o

ABSTRACTION
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Concepts Systems Categorising A “MoSM”
from M&S Thinking Systems Models Construct

Making it “real”...

INTEROPERABILITY

12/12/2024 Copyright © 2024 by Jawahar Bhalla 19

Concepts
from M&S

ABSTRACTION INTEROPERABILITY .

12/12/2024 Copyright © 2024 by Jawahar Bhalla 20
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Concepts
from M&S

Lift FloorTone [l 1 8 10 Re-Use 1l
1l Re-Use e Home Theatre 1l Re-Use 1l

Fixed-On Fixed-On/Off Variable Range FuIIy Repllcated

i M g LA

Fixed-Pitch Representative Sensed Range Fully Replicated

A v

Mono-Phonic Stereo-Phonic Stereo-Surround Fully Replicated

ABSTRACTION - INTERGPERABILITY
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Concepts
from M&S

N Z .

Ho 1e Theatre

Fixed-On Fixed-On/Off Variable Range FuIIy Repllcated

- — = = s e e

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

S — =
Mono-Phonic Stereo-Phonic Stereo-Surround Fully Replicated

ABSTRACTIC)N - INTERC)P ERABILITY
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Concepts
from M&S

Systems
Thinking

Categorising
Systems Models

A “MoSM”
Construct

“Fixes that Backfire” Peter Senge = “Systems Thinking is a conceptual

“Shifting the Burden”
framework, a body of knowledge and tools that have

We need to do
something now!

Symptom
Correcting
Process

Problem
Symptom

Temporary
Symptom
Relief

12/12/2024

Symptom
Correcting
Process

HOW?

Temporary
Symptom
Relief

12/12/2024

been developed over the past fifty years, to make the full
patterns clearer, and to help to change them effectively.”

Symptomatic
“Quick Fix"

Concepts
from M&S

natic
& Fix”

€ longer we
delay, the harder
i |
Symptomatic lt getS.
o ok i

To manage a system effectively, you
might focus on the interactions of
the parts rather than their behavior
taken separately.

AZQUOTES

Fundamental _
Solution

Copyright © 2024 by Jawahar Bhalla

Systems
Thinking

Categorising
Systems Models

A “MoSM”
Construct

Personal view =» Systems Thinking is a conceptual framework and methodology
to understand and make sense of the world we live in, that helps us deal
and effectively with the challenges we perceive and to

Emergence is a fundamental systemic property that explains a systems
properties and behaviors as a balance between internal and external
forces from internal and external interactions, resulting in (intended

and unintended) unique outcomes (a WIP!)

Copyright © 2024 by Jawahar Bhalla
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Systems
Thinking

Personal view = Systems Thinking is a conceptual framework and methodology
to understand and make sense of the world we live in, that helps us deal
WHAT? and effectively with the challenges we perceive and to create the
reality we desire.

i? o
ATTERNS OF BEHAV!OUR
Ant:crpate‘nds are there over t[rpe'?

=R HOW?
.S\YSTEMS STRUCTURE

“Hhw afe the parts relatégl?
"nﬂuences the Batterns?

3 Emergence is a fundamental systemic property that explains a systems
/ . . .

MENTR}L C properties and behaviors as a balance between internal and external
Whatiygluesrassumptio i . forces from internal and external interactions, resulting in (intended

Transformhabe the systems : i i '
and unintended) unique outcomes (a WIP!)
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Systems
Thinking

b
//\\ W
React vhat js happemng?
:—,l/" ﬁf

Y A4
PATTERNS OF BEHAVIOUR Behaviour / Dynamics MODELS
Anticipaternds are there over fime» -

= How? :
B e o Frameworks / Architecture MODELS

Hay arc the parts relatéd?
Des:gn _nfluences the pattc’?ns

Composition Classification Communication
(Aggregative) (Hierarchical) (Schematic)
MODELS MODELS MODELS

S13A0ON
SAIlRWIOSURY]

Transformative

NIENTAL MODELS
whatva[uos a;sumptlons beliefs

A\
Transform hape the/system? : Mental / Conceptual MODELS
V-

—
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13



12/12/2024

u. 'y, from M&S Thinking
"

DOING! EFFECTIVENESS SYSTEMIC

“Why” ) Explanatory

’ [N v
v

Understanding

Fm

Instructions — “how-to” Instructive

Ahoa T

2d Data—"who, where, when, what, hov ny” Descriptive

Data Raw Symbols, Properties Meaningless

Efficiency is _

Doin thinas riaht KNOWLEDGE Vs WISDOM

Knowledge

EFFICIENCY

Information

A

Mental Models are deeply ingrained assumptions,
generalizations, or even pictures of images that influence how we
understand the world and how we take action.”- Peter Senge

Mental / Conceptual MODELS

12/12/2024 Copyright © 2024 by Jawahar Bhalla

!'4. 'y, from M&S Thinking
vy

DOING! SYSTEMIC

 “When one human being tells another
human being what is real, they are
actually making a demand for
obea’/'ence” — Humberto Maturana

Efficiency is KNOWLEDGE Vs WISDOM

Doing things right

o g . Bl onlylove expands inceligence. To :
__santiago theory of cognition T e oot “We don't perceive the world we
“The living system reacts with its ‘ 2 the conditlons of

as a source of rict as B
environment to bring forth a sense of ' oppositon, restrict . see, we see the world we

)
awareness....”’ — Humberto Maturana ?;’ g o B . Z:r‘ perceive’ - Humberto Maturana

12/12/2024 Copyright © 2024 by Jawahar Bhalla
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Systems
Thinking

N WHAT?

b
EVENTS.
<ig hAappeni’rfg?‘l 0
R )

Wisdom i f /\
React

=S
-y W ]
PATTERNS OF BEHAVICf;)LllR
RO - e there ov=" “~F

,_ How?
|SYSTEMS STRUCTURE
S aFe the parts related?
Design | ences the Battens?

DOING!

Understanding

Knowledge
Information

Data

Efficiency is
Doing things right

Santiago theory of cognition
“The living system reacts with its

environment to bring forth a sense of
awareness....”" — Humberto Maturana
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Systems
Thinking

“Autopoiesis’

DOING!

Understanding

(e lfJﬂllE(I | s3a0 lla"
Des:gn SRR CoTy UER ES
34N 10NY1S SINILSAS)

Knowledge

Information

—= WHA D

Sy

Our Mental Models are our

belief systems - of how we

perceive and interact with
the world around us...

D & R
ata eact
Y_

Efficiency is
Doing things right

Santiago theory of cognition
“The living system reacts with its
environment to bring forth a sense of
awareness....”” — Humberto Maturana

12/12/2024

Wisdom SYSTEMIC

Explanatory
Instructive
Descriptive

Meaningless

on dud e sanjea
' Wisdom Hmn#or‘m’s!é@?oﬁhhnﬁ%ﬂ WHY?! Wisdom ‘
> -

“We don’t perceive the world we
see, we see the world we
perceive”’ - Humberto Maturana

SYSTEMIC

Explanatory
Instructive
Descriptive

Meaningless

“We don’t perceive the world we
see, we see the world we
perceive”’ - Humberto Maturana

Mental / Conceptual MODELS

12/12/2024 Copyright © 2024 by Jawahar Bhalla
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Systems
Thinking

W
Peact EVENTS {\~
€act  vhatjs Happening?
prr ¥~ ~
= ,,\_- . T I_\r’F
- PATTERNS OF BEHAVIOURS Behaviour / Dynamics MODELS
Anticipatemds are there over time?s -

T m—— e Frameworks / Architecture MODELS

“hwy afe the parts related?
Des:gn _nfluences the p’attc;’;ns?

Composition Classification Communication
(Aggregative) (Hierarchical) (Schematic)
MODELS MODELS MODELS

SAIlRWIOSURY]

MODELS

MENTAL MODEIS IS

= / | \ N
Walues assumptio

Transfokniﬁ!\@;éoﬁhc'i stem? : : Mental / Conceptual MODELS

J WA

Transformative

12/12/2024 Copyright © 2024 by Jawahar Bhalla

Systems
Thinking

Frameworks / Other Systems e Infrastructure, Utilities iomposi:i Communication
Architecture MODELS %? & Faciliies (Agoredets ™ schematic)
MODELS

Temperatures @ ‘ .

‘ System of

Herifage

Rain, Ice, Chemicals
Snow, Dust Immersion

Phase Out

12/12/2024 Copyright © 2024 by Jawahar Bhalla
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Systems
Thinking

Compositi

(Agaregati Communication

Frameworks /

Architecture MODELS - MODEL  (Schematic)

Mission System

MODELS

33
”SM OF INTEREST” 1

Enabnng (vanagement) sysiems

. ’ Phase Out I
92 = "ENABLING” SYSTEMS = I

54

LN 8 B F B F F F ¥F ¥F F ¥y ¥F F ¥F ¥y F F §y F §y § §F §N §F |
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Systems
Thinking

Communic

Frameworks / s . : o
C it

Architecture MODELs |2 €OMpositional (Aggregative) Systems View (Scheme el
MODELS

System Enabling Heritage

of 5} (Management) “parent”
Interest Systems T 4 Systems

Develop Architectures
] Technologies
m érastructure, Utilities
. . & Facilities Standards
", . ” “ B ” ! 4 g B ” g B ”n
Operating Interacting : Enabling Influencing

12/12/2024 Copyright © 2024 by Jawahar Bhalla
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React
=l

L 2 | AL
PATTERNS OF BEHAVIQUR
Anticipatemus are there over fime®

hatjs Ha emn |
/ PR g

: i How?
SYSTEMS STRUCTURE
Yy are the parts relatéd?

Design nfluences the pattqns?

‘IVI'ENTIAL MODELS

What vat\ueg assu m)tlons beliefs!
Transform./lape ‘the systom’
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: e\ﬁ WHAT?

ﬂ\ W
EVENTS

What is happenmg?
b

Behaviour / Dynarhics
MODELS
J— 'r -
Anticipate EMS STRUC™ |,

oW ar are the parts re/lau“ ;
m}wt mﬂuences the patteﬂ

Systems
Thinking

Behaviour / Dynamics MODELS

Frameworks / Architecture MODELS

Composition
(Aggregative)
MODELS

Transformative
MODELS

Communication
(Schematic)
MODELS

Classification
(Hierarchical)
MODELS

S13A0N
aAlewWwIOjSuURY|

Mental / Conceptual MODELS

—————————————————J
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Systems
Thinking

Machine Learning
MODELS —

e [, =
o P T2
P‘f—w_o = *ngfg

Symptomatic
“Quick Fix"
gh

Symp
causal Unders standing
Holistic \
Problem
Correction

Fundamental
Solution

12/12/2024

Copyright © 2024 by Jawahar Bhalla

35

Image Credit — Gerd Altmann, Pixabay

Sooo—d 8071 T80

fai =27
ﬂz‘%@j@@z?g

i)

e ——ry,

Systems Dynamics and
Operational Analysis
MODELS

12/12/2024
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Systems
Thinking

React

hatis happemng?
- sl By

PATTERNS OF BEHAVIQlUR
Anticipatemds are there over fime®

. How?
SYSTEMS STRUCTURE
“ay ate the parts relatéd?

Des:gn _nfluences the pattems

Transformative
MODELS

IVIENTAL MODELS

\What: va[ues assumpuons beliefs

Transform haoe the Sstem? WHY?

Behaviour / Dynamics MODELS

Frameworks / Architecture MODELS

Classification
(Hierarchical)
MODELS

Communication
(Schematic)
MODELS

Composition
(Aggregative)
MODELS

SAIlRWIOSURY]

Mental / Conceptual MODELS
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———————————————————J
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Concepts
ﬁ from M&S

Needs
Assessment

N\
} Requirements
/ Elicitation

“Conceptual Integrity”
of the S-O-I

Preliminary
Design !

Copyright © 2024 by Jawahar Bhalla

Systems
Thinking

M. Detailed Design 4
& Development

Acceptance &
Transition to Use

“Implementation
Integrity” the S-O-I

“Design Integrity”

of the S-O-I

- TmOZ00

N
A Efficiency (Verification)
L

A
L

Architecting the Model/s Right

Essence of Engineering Systems

Functional
Model of the Sol
[F-SBS]

Conceptual
Model of the Sol
[C-SBS]

Complete

12/12/2024

Physical Model
of the Sol
[P-SBS]

Correlated Consistent

Copyright © 2024 by Jawahar Bhalla
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Utilisation
Through Life

<—Hd=r=—w>»UuT>O0

Tangible
(Fielded) Sol
[As-Built]
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Concepts
from M&S

N\
Needs } Requirements
Assessment / Elicitation

“Conceptual Integrity”
of the S-O-I

- TmOZ00

Conceptual
Model of the Sol
[C-SBS]

Complete
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Concepts
from M&S

\
Needs Reguirements
Assessment / Elicitation

- TmOZ00

Conceptual
Model of the Sol
[C-SBS]

Complete

12/12/2024

A “MoSM”
Construct

Systems
Thinking

Categorising
Systems Models

Acceptance &
Transition to Use

Utilisation
Through Life

]
L
| s

hat js H ing?
What is’ Happening?
i

Functional
Model of the Sol
[F-SBS]

“Implementation
Integrity” the S-O-I

What trends are there over timez,

Tangible
(Fielded) Sol

Consistent

<—Hd=r=—w>»UuT>O0

[As-Built]
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A “MoSM”
Construct

Systems
Thinking

Categorising
Systems Models

Preliminary M. Detailed Design
Design ) & Development

Acceptance &
Transition to Use

Utilisation
Through Life

Physical Model
of the Sol
[P-SBS]

Correlated Consistent

Copyright © 2024 by Jawahar Bhalla

Tangible
(Fielded) Sol
[As-Built]

<—Hd=r=—w>»UuT>O0

12/12/2024
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Systems
Thinking

W

EVENTS
React hat js' Happening?
/’ y’q / P

‘N

PATTERNS OF BEHAVIOUR Behaviour / Dynamics MODELS
Anticipatemds are there over time?s -

T m—— e Frameworks / Architecture MODELS

v ate the parts refated?
Des:gn _nfluences the p’attc;’?ns?

S13A0ON
SAIlRWIOSURY]

Composition Classification Communication
(Aggregative) (Hierarchical) (Schematic)
MODELS MODELS MODELS

Transformative
MODELS

MENTAL MODELS)
‘ \‘MHEE-‘VIB“[LIOS;'QE‘@U[TW ptionsybel icfsh

Tmnsforml!\ewéfﬁm?f WHY? Mental / Conceptual MODELS

12/12/2024 Copyright © 2024 by Jawahar Bhalla 41

Systems
Thinking

Activity sequence ||| oo,
Biaoram isoranm Ramctrs

=
Behaviour / Dynamics MODELS

oS are thercover o

Structure Frameworks / Architecture MODELS

Composition Classification Communication
(Aggregative) (Hierarchical) (Schematic)
MODELS MODELS MODELS

SAIlRWIOSURY]

Transformative

Mental / Conceptual MODELS

—
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/[ EVENTS
React Vhatis h"apg,em"r?g/?_J
- /L 2
'PATTERNS OF BEHAVIOUR
Anticipatemus are there over t"m%c?
: =1 How?
SYSTEMS STRUCTURE
Yy are the parts relatéd?
Design nfluences the ;)attg’?ns?

MENTAL MODELS
Whatjvalues; a}sumptions. beliefs!

Transform !\wapo’n{c System? WHY?

12/12/2024

—Pall= ST -
Behaviour / Dynamics MODELS

WV dl CTeusS alc LHCTC OVe! Ui yies

Frameworks / Architecture
MODELS

¥
What is h“apq,em'ng?
{ -

S13dON
aAjeWIOJSURL|

&

MODELS

MODELS =

Transformative

Mental / Conceptual MODELS
Vi

12/12/2024

Systems
Thinking

Behaviour / Dynamics MODELS

Transformative
MODELS

Frameworks / Architecture MODELS

Communication
(Schematic)
MODELS

Classification
(Hierarchical)
MODELS

Composition
(Aggregative)
MODELS

Mental / Conceptual MODELS
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Anticipate

>
o
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A “MoSM”
Construct

Categorising
Systems Models

and the conditions of his
as a source of richni

Wisdom

Understanding

Knowledge

Information

9AllewJlojsued|

12/12/2024

———————————————————J
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Transformative

Concepts Systems Categorising A “MoSM”
from M&S Thinking Systems Models Construct

MODELS

Only love expands intelligence. To
live in love is to accept the other

“Autopoies{g” - endihe condr

/ HENTS
/What is' happemng7
iy~ [____Meaningless...

Behcwlour / Dynamlcs MODELS

WV Tdl CTCNUS are CCTC OvVe!T L e

Frameworks / Architecture
MODELS

r

n
MODELS

Mental / Conceptual MODELS

12/12/2024

uonewuJoju|

Anticipate
93pajmouy
@ Experiental...

Buipueisispun

Copyright © 2024 by Jawahar Bhalla

2AljewIojsuel|

Concepts Systems Categorising A “MoSM”
from M&S Thinking Systems Models Construct

Information Models

Knowledge Models Wisdom Models

12/12/2024
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Concepts

Systems
from M&S

Categorising A “MoSM”
Thinking

Systems Models Construct

Information Models

Knowledge Models Wisdom Models
T —
Composition Behaviour Transformative Mental
Models Models Models Models
Package
Diagram

R
Use-Case Experientially
s Diagram
Block Definit .
OCD. etinition Stochastic
jagram

Verified &
Reverse
l Activity

Validated
Diagram
Communication

Information
Models
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!u. ;"'ﬁ from M&S Thinking Systems Models Construct
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Applying “Engineering Wisdom” to Engineer Systems

We then apply our SE Wisdom to architect desired systems through definition

and realization, employing our personal SE Information and Knowledge
Systems Reference Models to engineer efficient and effective fielded, safe,

secure and sustainable systems.

Requisite “SE Wisdom”

To Engineer systems, we must first have the requisite “SE Wisdom” (i.e.
personal mental SE Information and Knowledge Systems Models established
through verified and validated experiential learning) to enable
understanding and transformation of desired conceptual needs into safe,
secure and sustainable systems.

Building “Engineering Wisdom” through Experiential Learning
12/12/2024 Copyright © 2024 by Jawahar Bhalla

Applying “Engineering Wisdom” to Engineer Systems
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" Architecture
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To Engineer systems, we must first have the

requisite “SE Wisdom” (i.e. personal mental SE " -,
Representative Representative

Information and Knowledge Models established .
through verified and validated experiential renitectures Systems Models
Representative Dynamic

learning) to enable understanding and r :
; . . Properties & Behaviour Models .
transformation of desired conceptual needs into Operational
safe, secure and sustainable systems. Represented System Data

J

Building “Engineering Wisdom” through Experiential Learning
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Applying “Engineering Wisdom” to Engineer Systems

Simulation Engineered System
Data Systems

Reference Dynamic Properties

“Reference” & Behaviour Models

Systems Models Reference Physical
Architecture

Reference Conceptual
Architecture

Reference “SE Wisdom” Models

Simulated
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Representative “Representative”

Architectures Systems Models

Representative Dynamic
Properties & Behaviour Models

Simulated v Operational
Represented System
Systems Data

Building “Engineering Wisdom” through Experiential Learning
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Applying “Engineering Wisdom” to Engineer Systems
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Building “Engineering Wisdom” through Experiential Learning
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Motivation...

“Remember, always, that
everything you know, and
everything everyone knows,
is only a model. Get your
model out there where it
can be viewed. Invite others
to challenge your
assumptions and add their
own.”

Donella Meadows : Thinking in Systems

Disclaimer - the concepts expressed in this presentation are personal opinions and insights that continue to
evolve based on theoretical and experiential learning and should not be taken as suggesting the truth nor
should any opinions expressed be associated with any organisation that I have been or am affiliated with.
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Systems Engineers enable the and =7 fective realization,
Efficien )

Enébled by Systems Thinking (GAS)
»

sustainment and retirement of complex capabilities!

4 A#If"’ & f,.a - ‘ Complir_’nenteg by Modelling & Simulation
The foundational responsibility of Systems Engineers is to maximise the right emergence while minimising the
wrong emergence and associated unintended outcomes in the engineering of safe, secure, sustainable and ethical

solutions through Systemic and Systematic Thinking, complimented by Modelling and Simulation
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