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Its all about Models....

“Remember, always, that everything
you know, and everything everyone
knows, 1s only a model. Get gour mode/
out there where it can be viewed.
Invite others to challenge your
assumptions and add therr own.”

Donefla Meadows : Thinking in Systems

Copyright © 2023 by Jawahar Bhalla



Good

The Island of Borneo — 1950...

A major outbreak of malaria amongst the Dayak
neople in Sarawak, Borneo

Effect of DDT Use in Borneo

In the early 1950's the people in Borneo, suffered from Malaria the World Health
Organization had a solution, kill the mosquitoes with DDT. This is what happened.
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Unintended
Consequences!




Systems Archetypes - “Fixes that Backfire’

A major outbreak of malaria amongst the

We need to do
Dayak people in Sarawak, Borneo

something now!

~
=
=

Symptom Effect of DDT Use in Borneo

Correcting
Process

he early 1950's the people in Borneo, suffered from Malaria the World Health

Int
Organization had a solution, kill the mosquitoes with DDT. This is what happened.

Overpopulation of
caterpillars

Byproduct 1 S "ﬁ(”&’

Eliminated the s e e,
natural predator — P ke Mﬁ@r’.——"

Problem Balancing Symptomatic ' Wi LT For thd Rt
. . il oh eating caterpillar
Symptom Cycle “Quick Fix” gt W5\ —

Kallad poisitic Caterpillars ate the
roofs off the
villager's houses

Temporary
Symptom
5\ As the cats

Relief Orginal i 8
rpose: e T, 2 Y w1 died, I'I(’.‘l‘ﬂ .
Good "o uaed IS L0, e Unintended
oy B~ 7 | et
Consequences!

it
mosgitoes outbreak of

ninten : 3
U te ded Intentlons ey S DDT accumulated in ?z_zf‘; plague

fhalaria Byproduct 2
Biongpnificaﬁon of Geckos

Consequences — iomagnification
1 pmson:jng in . 2 Eating the geckos

cats caused an caused more DDT

to accumulate in

Make the original outbreak of sylvatic i
plague. ? the cats that
Problem Worse! cventually that

killed the wild cats
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A major outbreak of malaria amongst the

We need to do
Dayak people in Sarawak, Borneo

something now!
-
-
Symptom

Correcting
Process

Problem Balancing Symptomatic ,:' -.
Symptom Cycle “Quick Fix”  gf,"

Temporary
Symptom
Relief
s Unintended

Good
Unintended Intentions
Consequences —
Make the Original
Problem Worse!

Consequences!
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Systems Archetypes - “Fixes that Backfire’

We need to do
something now!

Symptom
Correcting

Symptom
Relief

Unintended
Consequences —
Make the Original
Problem Worse!
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Cobra

Population

Bred Cobras

Released

a _ N
Rewards Claimed

> T R0 $

Scheme Cancelled!
\_ )

[

British in India —
Concerned about the

number of venomous
Cobras in Delhi...

Good
tentions

Consequences!

“Entrepreneurs” Start

to Breed Cobras to
claim the reward
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We need to do
something now!

Symptom
Correcting

Symptom
Relief

Unintended
Consequences —
Make the Original
Problem Worse!
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CBbta

Population

“Tail-Less”

Rats

8% $

Schemeréasmélledl

a . N
Rewards Claimed

French Colonial Rule in

Vietnam — Concerned

about the number of
Rats in Hanoi...

" Unintenuey
Consequences!

“Entrepreneurs” Cut
the Rats tails off and

released them to breed
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We need to do
something now!

Symptomatic

“Quick Fix”
Qeactive “Fire Fighting'f

Symptom Temporary Balancing Symptom
Correcting Symptom Cvel Correcting
Process Relief ycle Process

“Band-Aid” Solutions

Problem Balancing Symptomatic Problem
Symptom Cycle “Quick Fix”
Temporary -
Symptom Holistic Balancing Causc?
Relief Problem Correcting
C . Cycle
orrection Process

Unintended
Consequences —
Make the Original
Problem Worse!

”ROOt-Cause" Solution®
Fundamental
Solution
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PROBLEM SYMPTOM

An Addiction-Cycle of Symptomatic Quick Fixes
Apply | m
E Fix

The longer we delay focusing on

the fundamental solution, the
more complex and harder it gets
from unintended emergent
consequences from our
symptomatic “quick fixes”

EzuQU-ofldc

Symptomatic

“Quick Fix”
qeactive “Fire Fighting ~

Temporary
Symptom
Relief

Symptom
Correcting
Process

Unintended
Consequences

Balancing
Cycle

“Band-Aid” Solutions
Problem

Holistic
Problem
Correction

Cause
Correcting
Process

Balancing
Cycle

Undermine
Efforts

”ROOt—Cause” Solutions
Fundamental
Solution
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https://youtu.be/Ezu0U-ofIdc

An Addiction-Cycle of Symptomatic Quick Fixes

PROBLEM SYMPTOM

The longer we delay focusing on — 3% — &8 YN o ot
the fundamental solution, the Ld T W @Zf:}ff’.
more complex and harder it gets | ‘ 7
from unintended emergent
consequences from our
symptomatic “quick fixes”

. lmageCredlt - }me.edu

EzuQU-ofldc
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https://youtu.be/Ezu0U-ofIdc

An Addiction-Cycle of Symptomatic Quick Fixes

M

The longer we delay focusing on
the fundamental solution, the
more complex and harder it gets
from unintended emergent
consequences from our
symptomatic “quick fixes”

https://voutu.be/EzuQU-ofldc
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The longer we delay focusing on
the fundamental solution, the e ! =4
more complex and harder it gets i AR\ | : A propaganda
. e, - poster encouraging
from unintended emergent the Killing of the

consequences from our —  § /~,\ 1 ;Lo:v:i;:‘egs;sf;,t::hild
symptomatic “quick fixes” : = —H ‘ \. sparrows he has
SRR ande (17 y X killed, a truck load

of dead sparrows

— ~ 600 Million SPdV‘V‘OWS Killed paraded through
https://voutu.be/EzuQU-ofldc : o  w— the streets
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Systems Archetypes - “ Shifting the Burden’

Great Chinese Famine 1958 ~50© Million Lives

An Addiction-Cycle of Symptomatic Quick Fixes

The longer we delay focusing on
the fundamental solution, the
more complex and harder it gets
from unintended emergent
consequences from our
symptomatic “quick fixes”

)

~ 600 Million Sparrows Killed
https://youtu.be/EzuQU-ofldc —
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Symptomatic
“Quick Fix”

Temporary
Symptom
Relief

Balancing
Cvcle

An Addictio

Holistic
Problem
Correction

Balancing
Cycle

”ROOt-Cause” Solution®
Fundamental
Solution
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Symptom
Correcting

Correcting
Process

Oq /s

Unintended
Consequences

Undermine
Efforts
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Systems Archetypes - “ Shifting the Burden’

Symptomatic Are we understanding and dealing with our challenges holistically?
“Quick Fix”
?\eactive “Fire Fighting"

Temporary Balancing Symptc?m Unintended
Symptom Cvele Correcting Consequences

Relief

PTOM

nergent Longer
rm Side Effects

PROBLEM SYM

Holistic Balancing T Undermine
Problem Cvel Correcting Efforts
Correction yele Process

Root-Cause” Solution®

Fundamental
Solution

Are/will we leave a “quick-fixes” legacy for future generations ?
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Systems Thinking...(Understanding Systems)

Peter Senge =2 “Systems Thinking is a , @
and that have been developed over the past fifty years, to
, and to help to o

Personal view =2 Systems Thinking is a
of the world we live in, to deal and effectively with the
and
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THE ICEBERG MODEL

The Iceberg Model is a Systems Thinking tool that helps us discover
and deal and with “events” through understanding
patterns of behaviour, structures/architectures and underlying mental models,
helping identify the greatest leverage solution options for holistically solving

problems while minimising unintended emergent consequences.

React EVENTS W HA T2

%! What is happening?

)

- O -

~ "™PERNS OF BEHAVIOR

A” f/C/paf'g are there over time?

§_, uiseaou|

S

SYSTEMS STRUCTURE
3 thepairts related?
Design
'.J

Aatinfluences
the pattéms?

9be 5,

MENTAL MODELS
Tt values,

Transformjeess W/ V?

_ fs shape
the system?

Personal view =2 Systems Thinking is a to
of the world we live in, to deal and effectively with the

Image Credit — and

donellameadows.org
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React EVENTS W HA T2

%! What is happening?

AT IR T TS g SGR

~ "™PERNS OF BEHAVIOR

A” f/C/paf'g are there over time?

4

MENTAL MODELS
Tat values,

Transform)sioss i WIHV?

fs shape
the system?

Image Credit —
donellameadows.org
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Modelling & Mental / Conceptual Framework / Transformative
Simulation MODELS Architecture MODELS Process MODELS

+ Execution

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

is an Enactment (Method of Implementing) a over Time

Image Credit — giphy.com

-

A Map ( ) of Japan

Real-Time GPS navigation
) using “map

A Slmulator -) The Tool that Executes .
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Modelling & Mental / Conceptual Framework / Transformative
Simulation MODELS Architecture MODELS Process MODELS

+ Execution

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

is an Enactment (Method of Implementing) a over Time

Image Credit — giphy.com

Purpose /

Intent _sapan

__/e\

- \icmmt
Abstraction / <G r") na Sensed /
(\“Representatlop’ JSINE "M, Perceived

A Slmulator -) The Tool that Executes thue
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Modelling & Mental / Conceptual Framework / Transformative f/\

Simulation MODELS Architecture MODELS Process MODELS
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MODg;

, L]
Santiago theory of cognition “We don’t perceive the world we Mental Models are deeply ingrained
5 ) . g .
“The living system reacts with its environment see, we see the world we P ef;ce've lacijﬁlergﬁ:)tﬁ?ni geesnﬁir:zflﬁvizloennséeozg:ve:ve
to bring forth a sense of awareness.....” - - Humberto Maturana P 9

understand the world and how we take
/‘ “t BB O action.”- Peter Senge
AP IEAATRD :’?\

“When one human being tells another human being
what is real, they are actually making a demand for
obedience” — Humberto Maturana

AR
“Autopoiesis”

Only love expands intelligence. To v E i A learning organization is an
live in love is to accept the other Abstraction / Sensed / P B4 organization that is continually
and the conditions of his existence Representation Perceived ~ expanding its capacity to create its

as a source of richness, not as

future.
opposition, restriction or limitation.

Humberto Maturana

— Peter, Senge —

— HNumberts Moturana, —
- g
- )

o

VIEN TTAL Moc

AZ QUOTES AZQUOTES
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Modelling & Mental / Conceptual Framework / Transformative fﬁ\

Simulation MODELS Architecture MODELS Process MODELS

, L]
Santiago theory of cognition “We don’t perceive the world we Mental Models are deeply ingrained
5 2) . - .
“The living system reacts with its environment see, we see the WOV'Id we P erceive assumptions, generalizations, or even

e e - Humberto Maturana’ p{'ctures of images that influence how we

Humberfo Matur=" *nd the \}/vor/Id and how we take

P
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Prc 8d Data — wh AN, what ho ny”
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Raw - Symbols, P Meaningless

ct+
Undere+ag

Knowledge

ding
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Vil
.

EFFICIENCY

Effectiveness

Effici : . .
iciency is KNOWLEDGE Vs WISDOM Effectiveness is

Doing things right Doing the right thing
T T R S
B - - Aiedrning organization is an
live in love is to accept the other “ MtOPOl@S'S” ) organization that is continually
and the conditions of his existence — expanding its capacity to create its
as a source of richness, not as T T =L future.
opposition, restriction or limitation. ~";fj,&" NS & 5 , i

— Peter, Senge —
— Humberts Moturana —

AZ QUOTES 5 DA . AZQUOTES
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Modelling &
Simulation

Wisdom

Understanding
Knowledge
Information

Data

Efficiency is
Doing things right

Mental / Conceptual
MODELS

THE ICEBERG MODEL

Reactf‘/ EVENTS

rk‘ What is happening?

~ "™PERNS OF BEHAVIOR

Ant,c,paymc there over time?

SYSTEMS STRUCTURE
theparts related?

Deslgn A: influences
. the pattéms?

MENTAL MODELS
Qt values,
Transfoimgg\;' WHY?
s £
T thesystem?

lmage Credit -
donellameadows.org

WW ST ey
‘4, ((Autopoiesis”
il BT =

Framework /
Architecture MODELS

WHAT?

HOW:

Transformative
Process MODELS

Wisdom

Explanatory
Instructive
Descriptive

Meaningless

Effectiveness is
Doing the right thing

s

a=TER)




Modelling & Mental / Conceptual Framework / Transformative &

Simulation MODELS Architecture MODELS Process MODELS

bao'smopvawy)|aviop -
Wisdom WHY? Wisdom

N A V)
Understanding S 4 - | EXplanatory
iL o esign

FIALONYLS SWILSAS

DOING! SYSITEMIC

Knowledge Instructive

VALUE

=
<\

HOW?

EFFICIENCY

£9WIR IDA0 219} D1 S/AntICIpate

YOIAVHIE 3O SN I

Information Descriptive

LEARNING
SYSTEMATIC

¢buruaddey st yeym

Data WHAT? SINaAT Meaningless

- ’
Efficiency is “INVERTED” ICEBERG Effectiveness is
Doing things right T T T T L Doing the right thing
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Modelling & Mental / Conceptual Framework / Transformative fﬁ\

Simulation MODELS Architecture MODELS Process MODELS

Wisdom PP Wisdom
Understanding : - Explanatory
Knowledge Instructive

Vi
Vil
.

EFFICIENCY

ne
-~
~

Information Descriptive

Data - s Propertie Meaningless

Efficiency is Effectiveness is
Doing things right ) | Doing the right thing

“Verified” Models il [ WSS | “Validated” Models
(Abstractions) of ~ (Abstractions) of
Reality - Reality
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Modelling & Mental / Conceptual Framework / Transformative
Simulation MODELS Architecture MODELS Process MODELS
Knowledge = Knowing “HOW” €= Wisdom = Knowing “WHY"

. % s L_ai
S P Wisdom srecrieness Wisdom

"“'Wheﬁnﬂdman bend ¥
Yl another human being what is real,
W they are actually making a demand

Information Pre y

" for obedience” — Humberto

ALl 0/ 704%7
Efficiency is Effectiveness is
Doing things right KNOWEDGE VS WISDOM Doing the right thing

Understanding

Knowledge

Data

“Verified” Models dyf ([ WSS R 5-" “Validated” Models
(Abstractions) of . (Abstractions) of
Reality o T . Reality
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Modelling & Mental / Conceptual Framework / Transformative
Simulation MODELS Architecture MODELS Process MODELS

Other Systems J Infrastructure, Utilities
%ﬁ . & Facilities
Constraining Systems

Operational Environmen:
— o~

Temperatures Threats
7_/ I System of \{

Interest EM

Rain, Ice, N — Chemicals
Snow, Dust Immersion

\

SN Buljqeus uonisinbay

:
:

Heritage

Disposal Enabling MS
\_/ L

XOX XOX T

Enabling (Management) Systems

Phase-In . - Phase Out
Support (Sustain & Evolve) Enabling MS

/. Use 4 . Maintain 2 . Modify
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Modelling & Mental / Conceptual Framework / Transformative
Simulation MODELS Architecture MODELS Process MODELS

= INTERACTING” SYSIEM S

(== (===n
I

Operational Environmen:

@

Temperatures Threats

EM

Humidity /EMW
Rain, Ice, Chemicals

Enabung (vlanagement) >ystems

32 « 'ENABLING” SYSTEMS

SIN Buljqeu3 uonisinboy
Disposal Enabling MS

:
:
:
:

“INFLUENCING™ SYSTEMS

Phase-In Phase Out

---------------------------J
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Modelling & Mental / Conceptual Framework / Transformative
Simulation MODELS Architecture MODELS Process MODELS
An Example (Reference Whole-Of-Life) Systems Model

System ' i
Y Constraining Enabling Heritage

of ) (Management) “parent”
Interest Systems Systems Systems )

L
Acquisitiog Architectu re)
Other Systems ) nabilil <
%:? -
— Support Use GChnOIOgiD
(Sustain &

Maintain

Evolve) ey

Sub-Systems Pjastructure, Utilities " Enabling M~ Modify
& Facilities T — <standards>

— |

™~

“Operating” “Interacting” | “Enabling” “Influencing”
e —
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Modelling & Mental / Conceptual Framework / Transformative ‘
Simulation MODELS Architecture MODELS Process MODELS
F e
Effectiveness o S

Enabled by Systems Thinking (GAS

EffECtiveness N\ | | K -B‘UIId =E-Engh %; Stem{%

C//f/J// fhe e f icrentand - - /55///_/51 fion, sustainment f///d
refirement c of CJ///,J///( conceprs info fangible ccz,/fu/// fres/
- . \ y &?}
Efficiency - %

Bulld the System Right

Complimented by Modelling & Simulation

VERIFICATION Focuses on
| Efficiency
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Modelling & Mental / Conceptual Framework / Transformative
Simulation MODELS Architecture MODELS Process MODELS

. y -
What is our THE ICEBERG MODEL sJineer systems:

. EVENTS
‘ What is happening?

PATTERNS OF BEHAVIOR

What trends are there overtime?

Requirements
Analysis

Concept

P
3 5
o 2
U ®
Cc -
= =
T @
@ €
o 5
o

SYSTEMS STRUCTURE

How are thegparts related?

19184 Buisesou|

What influenees
the pattéms?

(95@j

Mandated

MENTAL MODELS
What values,
assumptions, +
beliefs shape
the system?

AZQUOTES
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Modelling & Mental / Conceptual Framework / Transformative
Simulation MODELS Architecture MODELS Process MODELS

once on a mental plain and once on
a physical plain.

What iS Our un NE \ Everything has been created twice a ngineer SYStemS?

Requirements
Analysis

Testing - 10C

Concept

Baselines &
Configurations

JUIRISAS auy
adeys sjenaq

+ 'suondumsse
‘SONBA JBL N

MTIAOW TVLNIW

stened auy

guanus e UM

(A9 30 SNYILLYVd

CONCEPTUAL

bl 01211} 91E SPUBI) JEU AN

CAL TRANSFORMATION
T T Y 5 > ~

—
o1
=
n
"~

Mandated
Systems
Reviews

(95@
AS -
9181 Buisesloll

. AZQUOTES
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Modelling &
Simulation

Concept
Capture

Conceptual
Model of the Sol
[C-SBS]

18/7/2023

Functional Model
of the Sol be) Preserved the Sol

[F-SBS] Through-Life [P-SBS]

Framework /
Architecture MODELS

Mental / Conceptual
MODELS

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

Effectiveness (Validation)
Building the Right Model/s

Design & Development
Traceability / Allocation / Integrity

Efficiency (Verification)
Building the Model/s Right

Essence of Engineering Systems

Integrity (should

Copyright © 2023 by Jawahar Bhalla

Transformative
Process MODELS

Implementation Specific

Capability
Realisation

Physical Model of Tangible

(Fielded) Sol
[As-Built]
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React EVENTS W HA T2

%1 What is happening?
= T e — e =
O
=
. . “TERNS OF BEHAVIOR g 8 N B _§F B § B § & § @0 § § °® § §8 § & § § § § &8 § § § § § §B § B § §
A” f/C/paf'g are there overtime? w \
— =3

Systems Dynamics MODELS

Frameworks & Architecture MODELS

Transformative Process MODELS

MENTAL MODELS
Tt values,

Transformjsiss W/HV?

_ fs shape
the system?

Mental / Conceptual MODELS

Image Credit —
donellameadows.org
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To Summiairise ... Its all about Models! s

Symptomatic dd . Knowledge = Knowing “HOW"” €=» Wisdom = Knowing “WHY"
“Quick Fix" Addiction-(

qeactive “Fire Fighting »

. Wisdom e Wisdom WL
Temporary Symptom — I >4

Unintended R4
Sympen Sorrecting Consequences i Understanding e hy” Explanatory
Knowledge Instructions — “how-t Instructive

EFFICIENCY

#d Data ~"who, where, when, what, ho 3 Descriptive
N A

Data Raw - Symbols, Propertie Meaningless

Lol Balancing Undermine Efficiency is Effectiveness is
roblem o Correcting slls 5 ) 2 z 4 2
Correction ~¢E/ Process Doing things right Doing the right thing
“Root-Cause” Solution®

Fundamental “Verified” Models e N “Validated” Models
Solution (Abstractions) of | (Abstractions) of
Reality Reality

Information

l;iii

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

Robin Sharma

B o
‘5 4 Effectiveness (Validation)

E. Temperatures Threats Y Building the Right Model/s

S Concept A Design & Development Capability
g Fumidity pR———— .. Capture Traceability / Allocation / Integrity Realisation
o >~—/

g' Rain, Ice, Cher}vcﬂ\s

ﬁ ‘M‘ immersion &

£naoing (vanagement) dysiems

Phase-in

Conceptual Functional Model Integrity (should Physical Model of Tangible
Model of the Sol of the Sol be) Preserved the Sol (Fielded) Sol
[C-sBS] [F-SBS] Through:Life [P-sBS] [As-Built]

“ENABLING” SYSTEMS

Frameworks & Architecture MODELS Transformative Process MODELS
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18/7/2023

“Remember, always, that everything
you know, and everything everyone
knows, 1s only a model. Get gour mode/
out there where it can be viewed.
Invite others to challenge your
assumptions and add therr own.”

Donefla Meadows : Thinking in Systems
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To Summarise ... Its all about Models! .=

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

— Denella Meadowss —

AZQUOTES

Abstraction /

T

Purpose /
Intent

Sensed /

Representation Perceived

The sustainability revolution will be
organic. It will arise from the visions,
insights, experiments and actions of
billions of people. The burden of making
it happen is not on the shoulders of any
one person or group. No one will get the
credit, but everyone can contribute.

— Denella Meadouss —

AZQUOTES

“When one human being tells another human being what is real, they
are actually making a demand for obedience” — Humberto Maturana

No Mandates, No lockdowns.
No digital passports and currencies.

Freedom of speech and expression.
Distributed, organic governance.

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.

— Humberte Moturana —

AZQUOTES

18/7/2023
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A moratorium on genetic medical
intrusion and on gain-of-function
research.

Governance on Al research and
engineering, and on Assurance for use.




Elevate the application

and understanding of the
Engineering of Systems
and the relative-standing
of Systems Engineers

Enabled by Systems Thlnklng (GAS)
!- =

= y.s'fems Engineers enable the and realization,
sustainment and retirement of complex capabilities!

T T T
Compllmented b Modellmg & Simulation

fq J &

>

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 systems through Systemic Thinking,
complimented by Modelling and Simulation
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