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‘_h The need for the tools

= To understand and manage complexity

1. Real world complexity - in which elements of the real
world are related in some fashion. This complexity is not
reduced by appropriate abstraction it is only hidden

2. Artificial complexity — arising from either poor
aggregation of elements of the real world that, in most
instances, should have been abstracted out when
drawing the internal and external system boundaries

= Reduce artificial complexity

The Systems Thinking Summit - May 2023

Applying systems thinking to systems
engineering

00011




Session 0

‘_ﬁ The complexity dichotomy

The need to develop new tools and These complex problems are
techniques to solve these problems being remedied successfully

= The problems posed by complexity seem to
be unmanageable (Shinner, 1976)

= The systemic reason for the challenged
projects in the Chaos, 1998 study was their
inherent complexity (Bar-Yam, 2003)

»  “For all practical purposes adequate testing

A national railway network

= Cruise ships (fleets)

= Airlines

International air freight forwarding companies
Automated rapid transit systems

of complex engineered systems is = Banking via Internet and Automatic Teller
impossible"’ (Bar-Yam, 2003) Machines (ATM)

= The Complexity Primer for Systems = Hospitals
Engineers (Sheard et al., 2013) = Oil rigs

=« The world is complex, so our thinking should =  Etc.
be complex as well (SNHU, 2023)
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Causal loops

= Definition not found in publications accessed 6 July 2021
= https://www.merriam-webster.com/dictionary/causal%20loop
= https://www.dictionary.com/misspelling?term=causal%?20loop

= Many variations on various web sites

B

\4

Feedback
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= Treats each contribution of |, ;,,
list item as separate

= Overlooks their inter- ~ Poor Conditions

relationships
Lack of

= Forgets it is first step in Recognition
creating a causal loop

Poor Prospects

* Hitchins, Derek K. Putting Systems to Work. Chichester, England: John Wiley & Sons, 1992. Figure 9.3
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Laundry list thinking’

Morale

The
Laundry-List
Mentality

Laundry lists

» LAUNDRY  PLEASE CHECK [#] SERVICE DESIRED
Celenmyx:ruises- LIST

0 REGULAR SERVICE - NEXT DAY
Picked up before 9:00am, Returned Next Day
> QO SAME DAY SERVICE - ADD 50%
i Bagpeoyideils EXPRESS SERVICE SURCHARGE

YOUR CABIN STEWARD/ESS.  Picked up before 9:00am, Returned Same Day

Ll CABIN No‘.'\oiif/,_ DATE lj[_l_io(?

LAUNDRY

No. of Unit Unit
LADIES Items  Prices AMOUNT GENTLE Prices AMOUNT
Dress $5. Trousers $3.75
Skirt . horts .50
Slacks 7 port Shirt 2 .75
Blouse [l egular Shirt - .75
Blazer 4. ‘ormal Shirt .50
weater s Under Shirt 00
ajamas Under Shorts .00
ight Gown T-Shirt ] 25
STip . Pajamas 0
c .50 Handkerchief 5
anties .00 Sweater 05
Tosiery .00 Socks .00
Handkerchief 0.75 Sweatshirt 50
Bathing Suit 1.75 Bathing Suit 275
Sports Shirt 7 2.7
Shorts g ] 2.50
Socks T.00
Sweatshirt 2.50
LADIES LAUNDRY SUB TOTAL GrnTLEMEN LAyspRY Sun ToTat
g
)~
Nowot Uit . oor CLEANING'DO No. of Unit
5 Prices AMOUNT Items Prices AMQUNT
Siir T T §700 T T Suir T T $7.00 T

Creating Outstanding Problem Solvers

1-6
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Creating Causal Loops

Living and non-living systems are full of negative and positive feedback loops.
Negative feedback regulates and seeks goals.

Positive feedback causes runaway or multiple points of stability.

Examples —positive.

* Hitchins, Derek K. Putting Systems to Work. Chichester, England: John Wiley & Sons, 1992. Figure 9.4
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Creating a composite causal loop model’

/\A

Morale Attitudes
? about Work
+) Performance
Prospects
Conditions Pay J

V\ Organization's
Revenue
* Hitchins, Derek K. Putting Systems to Work. Chichester, England: John Wiley & Sons, 1992. Figure 9.5
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i “"When we understand that slide, we'll have
won the war,” General McChrystal

Afghanistan Stability / COIN Dynamics

GOVERNMENT/
"CAPACITY .

WORKING DRAFT - V3

* http://msnt dia.msn.com/i/MSNBC/C: hoto/2009/Dx ber/091202/091203-engel-big-9a.jpg, accessed 8 April, 2011
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‘_h Four little known tools

1. Keep it Simple, Student (KISS)
2. Principle of Hierarchies

3. Holistic Thinking Perspectives

4, Active Brainstorming

The Systems Thinking Summit - May 2023 10
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‘-h Keep it Simple, Student (KISS)

Basic tool for managing complexity
Often violated particularly in drawings
Created from a brain dump
Too much in a single drawing
Information from several perspectives
Trying to use one drawing for multiple purposes
Remember Miller’s rule (Miller, 1956)
7+2 chunks of information
Need to sort out what is pertinent to issue
Signals and noise

The Systems Thinking Summit - May 2023 11

| Using KISS

= View the situation from different perspectives and
(temporarily) ignoring anything not pertinent to that
perspective

= E.g. Holistic Thinking Perspectives
= Only 10 or fewer objects in view at a time

= Group objects into bigger objects
= The Principle of Hierarchies

The Systems Thinking Summit - May 2023 12
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:ﬁ Four little known tools

1. Keep it Simple, Student (KISS)
2. Principle of Hierarchies

3. Holistic Thinking Perspectives
4, Active Brainstorming
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‘_h Principle of Hierarchies-1 of 3

1.  All systems of a relatively stable character, display hierarchical
organisation of levels

2.  Systems exist within meta-systems (containing systems)
Systems contain subsystems

4. A subsystem of a system may be a system with its own
subsystems

5.  What a system does (or will do) is defined in the meta-system

The Systems Thinking Summit - May 2023 14
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‘_h Principle of Hierarchies-2 of 3

6.  The properties at any level are different to the properties of other levels
7.  The properties at any level consist of the combination of
1.  The properties of the subsystems/components in the next lower level

2.  The interactions between the subsystems/components in the next lower
level (emergent properties)

8.  When looking up from the perspective of the next lower level or when
creating the system

1.  Some of the emergent properties at any level can be predicted
2.  Some of the emergent properties at any level cannot be predicted

The Systems Thinking Summit - May 2023 15

:ﬁ Emergent properties

1. Known (observed or 1. Unknown (which once
predicted) discovered turn out to be)
1. Desired - being the purpose of 1. Undesired - functionality
the system performed by the system, also
2. Undesired — based on experience known as side effects”.
and should be 2. Serendipitous — beneficial and
1. Prevented (designed out) desired once discovered, but not

part of the original design
3. Don't care

2. Mitigated (compensated for)
3. Don't care

The Systems Thinking Summit - May 2023 16
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‘_h Principle of Hierarchies-3 of 3

9. A disturbance introduced into the system at any one level can
reverberate in other levels

10. A system of interest (SOI) is made up of two or more of the
subsystems of the system

The Systems Thinking Summit - May 2023

‘_h Principle of Hierarchies-3 of 3

9. A disturbance introduced into the system at any one level can
reverberate in other levels

10. A system of interest (SOI) is made up of two or more of the
subsystems of the system

11. The boundary of the SOI is crafted by the observer (for a purpose)

The Systems Thinking Summit - May 2023 18
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‘_h Using the Principle of Hierarchies

= Abstract out or hide the non-pertinent internal components of systems
and subsystems

= Organize the components into a hierarchy

= Remember Miller’s and Military rules (5-10 items)

= You may be able to handle more, but thousands of years ago, before George
Miller (1986), smart people determined the average person’s cognitive limit
and used it in the military and in civil government organizations (e.g.,
hierarchical feudal system)
= Optimize the interfaces

=« Overcomes systems optimization paradox

The Systems Thinking Summit - May 2023 19

‘_h Where is the system/subsystems?

The Systems Thinking Summit - May 2023 20
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‘_h Where is the system/subsystems?

The Systems Thinking Summit - May 2023 21

Principle of hierarchies

The Systems Thinking Summit - May 2023 22

Applying systems thinking to systems
engineering 000111



Session 0

‘_h Principle of hierarchies

The Systems Thinking Summit - May 2023 23

‘_h Principle of hierarchies
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‘_h Principle of hierarchies

The Systems Thinking Summit - May 2023 25

‘_h Principle of hierarchies
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‘_h Principle of hierarchies

The Systems Thinking Summit - May 2023 27

‘_h Principle of hierarchies
A
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‘= _— Fractal hierarc

Thinking Summit - May 2

29

Thinking Summit - May 2

30
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N

Principle of hierarchies

The Systems Thinking Summit - May 2023 31

‘_h Organization chart
Meta-
system
I I |
Subsystem ESubsystem gSubsystem

Applying systems thinking to systems
engineering 000116
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‘_h Ignoring principle of hierarchies

= Creates artificial complexity
= Ignores Miller's rule

= Combines Hierarchical and
Operational perspectives

= 3 levels in hierarchy in
drawing

= Missing links
= Ambiguous
= Wishful thinking

The Systems Thinking Summit - May 2023 33

‘_h Four little known tools

1. Keep it Simple, Student (KISS)

2. Principle of Hierarchies

3. Holistic Thinking Perspectives
4. Active Brainstorming

The Systems Thinking Summit - May 2023 34
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am Perspectives of a situation-1

Bllnd spots

The Systems Thinking Summit - May 2023 35

i Perspectives of a situation-1a

" Blind spots

The Systems Thinking Summit - May 2023 36
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‘_L Perspectives of a situation-2

-—— o = e e -
e ——— -—-——
-~

| e e

A=
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‘_L Perspectives of a situation-3

The Systems Thinking Summit - May 2023

38

Applying systems thinking to systems

engineering 000119




Session 0

‘_h A standard set of perspectives

Big Picture

Operational

Functional

Structural

Generic (Convergent)
Continuum (Divergent)
Temporal

Quantitative

Scientific (Critical, Logical)

W XN A WD
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w_h The Holistic Thinking Perspectives™

| 1. Big Picture |

\l, 2. Operational
5~ SEEEEEEEEEEEEEEEEEEEE .
‘4' ( 2 4 - S 4 3' Functio”al 5 GLLLL TR

Issue or ALY Goeerenenn, .

« situation \ ety
(-‘ . x."t\“ ______
-~ FV\ ~ - o o - -
\

7
\\’_::::_—_ —’, /
L \_ 7. Temporal _ <~ = ~

............................... _IrR -

External : Internal | Progressive emaining

1. Big picture = 3. Functional é 15 Generic | I 8. Quantitative I

2. Operational 4. Structural 16 Continuum 19 Scientific
A AP 1)) () — — —
*STT 10.1 The Systems Thinking Summit - May 2023 40
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‘_h Modeling the organization

Hierarchical organizational model

Process flow model (operational/functional)

O—0O—0—0-—0

The Systems Thinking Summit - May 2023 3-41

‘_ﬁ Which perspective is needed?

It depends on the problem

= External
= ~Systems thinking Understanding
= How object relates to other ... f t t
= Internal Or situations

= ~Reductionism
= How object functions

Progressive and Remaining
= Beyond systems thinking Conceptualizing solutions

The Systems Thinking Summit - May 2023 42
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HTP example: Camera

Big picture: where cameras are used and for what purpose

Operational: capturing images (what), transporting safely, viewing images,
adjusting settings, and charging the battery

Functional: capturing images (how), retrieving images, deleting images,
battery charging functions, etc.

Structural: camera body, lens, camera case and charger

Generic: painting, sketching and other image capture methods/devices

Continuum: different types and models of cameras, different materials used
to construct camera

Temporal: evolution of the image capturing media from photographic plates
to film to solid-state memory

Quantitative: numbers pixels per inch, lens characteristics, cost, etc.
Scientific: depends on problem or issue

The Systems Thinking Summit - May 2023 43

If the problem is related to ...

Understanding how a camera works

= The Functional and Structural HTPs

= The system contains the camera as a closed SOI
Understanding what it does (capturing images)

= The Operational HTP

= The system contains the camera and operator and whatever is being

photographed as a closed SOI

Understanding what happens to it (transporting camera)

= The Operational HTP

= The system contains the camera, operator and camera case as a closed SOI
Understanding what happens to it (recharging a camera)

= The Operational HTP

= The system contains the camera, operator and charger as a closed SOI

Notice how the
SOI boundary
changed

The Systems Thinking Summit - May 2023 44
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Distribution of HTPs - Toolbox

& e, 35
Systems 30
Thinker’s Toolbox 25
20

Joseph Eli Kasser

September 2018
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‘_h Distribution of HTPs — Project management

SCHEDULE 0
) \(’} 0 S \g .\@, é\ .\(\\5 Q
Joseph Eli Kasser Q'-,\QQ OQé’b < 0(\(’ o}s O\},b(‘\\' & C’o{\\» &é(\
August 2019
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Distribution of HTPs — Systems engineering

CRC Press

Systems
Engineering

Y and
for Solving Complex Problems

Joseph Eli Kasser

October 2019

160
140
120
100
80
60
40
20
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‘_h Distribution of HTPs - Risk management

CRC e 60
50
Systemic and 40
Systematic Risk
30
Management
20
! 10
| . L I |
‘ C D Q@ & & & & @
Joseph Eli Kasser Q\é\} (z‘;éo(\ (‘;\30(\ 0(& ,&‘\‘\."b&\ (Qé\é ,’0(\0\) ((\Qé
e S S 0\}"’0 s <
July 2020
The Systems Thinking Summit - May 2023 48
Applying systems thinking to systems
000124

engineering




Session 0

‘_L More examples

= Can systems thinking improve your sex life
= The Systems Thinking Summit Session 6
https://youtu.be/PWTgQFojid8
= Systems thinking as it applies to systems engineering
= Presentation to INCOSE Chesapeake Chapter, 2021,
https://youtu.be/3CkS4qdjicA
= Applying systems thinking to the ten commandments
» https://youtu.be/kzioNrPehsE
= 2020
= The forgotten or overlooked commandment
= Good question to ask your clergyman and get yourself into trouble
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‘_ﬁ Four little known tools

1. Keep it Simple, Student (KISS)
2. Principle of Hierarchies

3. Holistic Thinking Perspectives
4. Active Brainstorming

The Systems Thinking Summit - May 2023 50
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Brainstorming

= Technique for ideation in small groups
=« Osborn A. F., Applied Imagination, 1963
= Rules
= Think up ideas
= No criticism of ideas
= Go for large quantities of ideas
= Build on each other’s ideas
= Encourage wild and exaggerated ideas

The Systems Thinking Summit - May 2023 51

Brainstorming (variations)

Meeting begins
Roles identified — facilitator, scribe, participants
Present the problem and further explanation if needed
Brainstorming Session begins

= Ask participants for their ideas

. @ll participants present their ideas, and the scribe records
em

= Participants may elaborate on their ideas to ensure clarity
= No discussion or criticism

= If no ideas are forthcoming, the facilitator might do something
to trigger ideas

Brainstorming Session ends

= Ideas are categorized or sorted in some way

= Duplicate ideas and obviously infeasible ideas are removed
= Meeting ends

Active
brainstorming
begins here

The Systems Thinking Summit - May 2023 3-52
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sing the HTP’s: Kipling questions

1 L}

2 L}
I ——

3 Perspective 1
!

4 Perspective 2
'

5 Perspective ...
'

6 Perspective 9
L
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‘ Active Brainstorming:
HTP Matrix for triggering ideas
1 2 3 4 5 6

HTP Who? at? Where? When? Why? w?

Operational @ gé;? ﬁ,@ ﬁﬂ ff, gj%

Functional fﬂf Az z

Big picture o

Structural

Generic

Continuum

Temporal

Quantitative

Scientific

There may not be an immediate answer to every question

Input tool, not a storage tool

The Systems Thinking Summit - May 2023 54
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‘.h Typical Operational perspective questions*

= Who is going to operate/administrate it?

= What do they need to operate/administrate it?
= Under what conditions will it be operated?

= Where will they operate it?

= When will they operate it?

= Why will they operate it?

= How will they operate it?

= How will they gain access to it?

*HT Chapter 6.2.2
The Systems Thinking Summit - May 2023 55

‘.h Typical Generic perspective questions

= Who has had a similar problem?

= What is this similar to?

= What does this remind you of?

= What applies to both situations?

= Where can I find a similar situation?

= When was there/will there be a similar situation?
= Why is this similar/different?

= How is this similar/different?

The Systems Thinking Summit - May 2023 56
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Use Active Brainstorming after flow of initial set
of ideas stops

s Don't interfere with initial free flow of ideas

= Don't force ideas into HTPs during initial thinking
session
= Do it later as appropriate
= Don't force ideas into HTPs during active
brainstorming
= Do it later as appropriate

The Systems Thinking Summit - May 2023 57

‘.h Results in class — Quantity: number of ideas
Total number of ideas Total number of ideas after Improvement
after Brainstorming Active Brainstorming (percent)
Team
1 20 40 100
2 9 89 889
3 22 66 200
4 31 64 106
5 39 79 103
6 28 89 218
7 20 Too many to count large
The Systems Thinking Summit - May 2023 58
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‘_h Summary

® Why you need the tools

m Four little known tools
1. Keep it Simple, Student (KISS)
2. Principle of Hierarchies
3. Holistic Thinking Perspectives
4. Active brainstorming
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‘_h Questions or comments
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