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Emergence Purpose

C

They are all connected but we

will look at them in isolation

Emergence
Purpose
Context
Structure

Finally, we will look at putting
Systems Thinking into practice

Structure
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Emergence

All systems display

emergence.

Emergence is the behaviour
the system displays as a
whole: it only appears

(emerges) when the
components of the system
are put together.

Emergent behaviour can be
desirable or undesirable

The properties and behaviour
of a system cannot be
deduced by studying the
properties and behaviours of
the components in isolation
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Emergence and Emergent Behaviour

The properties of the pen as a whole are
not found in any of the individual
components. Only when the components
are assembled in the right sequence and
the right place does the ability to leave
marks on paper emerge

All systems display emergent
behaviour — this can be what we
desire and also NOT desire
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Undesirable Emergence

The concave shape of
1he skyuraper means
that a large amount of
sunlight is relected into
1small area

stz Thiseffect currently lasts
- -

‘,' - /< for around two hours per
day, and is suggested to be
present for approximatedy two

to three weeks, doe 10 the chang-
ing position of the sum in the sky
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History

20 Fenchurch Street Vdara Hotel Las Vegas
Designed by Rafael Vinoly Designed by Rafael Vinoly
In an interview with The building's reflective

surface and concave
design act as a
parabolic reflector to
create a phenomenon in
which the reflected rays
of the sun can create
dangerously hot
conditions at points on
the pool deck.
Employees have called
the phenomenon the
"Vdara death ray".

The Guardian
newspaper, Vifoly said
while he conceded that
there had been "a lot of
mistakes" with the
building, he agreed
with the building’s
developers that the sun
was too high in the sky
on that particular day.
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Skyscraper S curves put wmd up the Clty

oy .
SR S o

And there’s more

On one of cur health and safety
kumﬂuﬂ-m‘wwam&
of falling on someone, and 0 we had to
put a risk moai.

Although strong
mmmmm:ﬂ'
ing in the area around the busiding
mdwm»mmmum
R At Saly soasy b whady
¥ wnce
the Walkie Talkse has been here. When
were it and there werethe
mm on, itwasfine But
; ‘ve completed i, the

at
mil-

» Discovered late on: - it emerged
 Expensive: - because it was discovered late
» Avoidable: failure to pay attention to the system’s environment
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Purpose

I u rp O S e Sub-purpose 1 Sub-purpose 2 Sub- purpose 3

el B W

Sub-sub- Sub-sub- Sub-sub Sub-sub- Sub-sub Sub-sub-
Purpose 1.1 Purpose 1.2 Purpose 2.1 Purpose 2.2 Purpose 3.1 Purpose 3.2

All systems seek to achieve a purpose,

which is a property of the whole: \ /
« Some systems have more than one

purpose.

The purpose demands the achievement of

Rather than talk in sub-sub-

lower-level purposes because of the laws of purposes”

physics and logic. These lower-level Purpose

purposes in turn demand even lower-level A

purposes which .... BUT itis rarely a simple | |
hierarchy. Goal 1 Goal 2 Goal 3
People who use, or are part of, a system '

are often totally unaware of its purpose. | | | |

Objective 2.1

Moreover, when asked, different users have Objective 1.1 Objective 1.2 Objective 22 gpjective 3.1 Objective 3.2

different, and even sometimes conflicting, |
views as to the exact nature of the purpose. \ /

: Goal, Objective, Task, Activity , Function, Job etc.
www.incose.org/symp2023 are words we can use to describe purpose. 12




To transfer thoughts to marks on paper

15-20 July - 2023 www.incose.org/symp2023 #INCOSEIS



Purposeful Thinking

Defining the purpose of a system is not easy!

The purpose of a system is often a sentence or two — it's easier to refer to
the object!

WE ARE OBJECT ORIENTED we have been brought up from an early age
to talk about things and NOT what they DO

IN SYSTEMS THINKING (and ENGINEERING) WE THINK ABOUT THE

PURPOSE

Customers may talk and think about When designing a system, we must
things, but they buy capability determine the purpose (capability) that is
(purpose) required by the customer
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Determining Purpose

Determining the purpose of a system is often not easy. It can be helpful to

consider the inputs and outputs of the system and identify the prime ones.

Light

Resource -——Power
g

" PRIME j78ignal’

User
O
{ Control Commands

PRIME

>
SOU”d,} (desirable)
Heat

gl (undesirable)

To Convert Signal to Light and Sound

Determining the Purpose depends on what we decide the system is —

where is the boundary between the System and the outside world
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We use purpose to understand

Convert signal

We ask ourselves the question —"what

o liaht ond will the system have to DO in order to
sound \ convert signal into light and sound?”
Manage Manage Manage Manage
Signal User Heat Power
Commands
oo otc. These are some of the
RSeceive User lower-level sub-purposes
o :
il Commands Moror that must be carried out
DSelcggle Interpret Temperature to. conyert the TV signal
g User — into light and sound.
V
Generate Commands Heat Some are there to
Pict :
o Porform manage the undesirable
Generate User emergent behaviour.
Sound Commands
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Purpose In Design

Highest-Level

Pleasure User<

Purpose
c Theatre Play/show
8 Higher-Level : : -
5 Entertain User Cinema/Film
© Purpose
= Sport
o]
©
‘o
[ Mobile Phone
o b Converts a signal Lap/desktop
o= into light and sound Tablet
Projector
I Object TV S > 1V
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System Context

All systems have context which

depends on:
The purpose
The application (the bigger task or job
which the system is part of)
The environment of the system
The observer

« an understanding of a system
depends upon the perception of the
observer. A taxpayer will have a
different perception of the “Tax
System” to the tax collector or
government official who is going to
spend the tax revenue.

The Oxford English Dictionary provides a
very useful definition of context:

The circumstances that form the setting for an
event, statement or idea, and in terms of which
it can be fully understood.

Using this definition specifically for a
system yields:

The circumstances that form the setting for a
system, and in terms of which it can be fully
understood
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Does Context Matter

Can | use this
Flip Chart

marker?

The PURPOSE is the same in each situation “to transfer thoughts into
marks on paper” BUT can the same pen solution be used in all three
situations?

Context matters and we need to be able to understand it by
defining the extent of the system of interest and its environment
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Context is more than just the environment

Can | use

this ballpoint
pen?

(L i e g... = |
Recording event in a ‘ i
journal } 2 ’ ' ‘
et F—?: AL A 9‘”.‘ 2
: Flip Chart in a Training i
The purpose Is the class e TR !
same, the environment e S S Ql

Is the same, but the
bigger need or
application is different

Record of birth in a Registry
Office
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System Boundary and Environment

Those parts of the outside world which The environment of a system is that part of the outside
do NOT significantly interact with the world which significantly interacts with it and impacts
system are part of its universe. These upon it. Usually by being the source of system inputs

can be physically very close and destination of system outputs. A system’s

environment is also a major contributor to the context of
| that system.

Universe
Environment
i L
3 2
C 2
— 3 e e
-
-
-
-
-
-
System . ©
Boundary To understand a situation as a system
A system has a boundary that we need to define the system
defines the extent of the system. boundary and the system environment.
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What's the System Here?

A system boundary is an artificial (a mental
creation) but useful concept in Systems
Thinking.

It provides a way of “bounding” or “scoping”
the situation of interest. It helps decide what is
inside and what is outside the system

System boundaries can be:

* Physically based
e Purpose based
* Time based

The choice of what is and what is not the

chosen system of interest depends upon the
observer and their reason for examining that
system

Defining what is and what
is not part of the system of
interest is not easy

www.incose.org/symp2023 #INCOSEIS
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Human

Paper
Desk
Floor

Room
Building
Town
Country
Continent
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Systems are made up of subsystems
and Systems are subsystems of bigger System

Whenever we look @ ‘ We can use this
“inside” the chosen System

System
system of interest we

concept to
System
rmcl)(oand zzs'::g;tger mana e
see further smaller Food g
systems or F..gShtCOntrol
subsystems. ystem

abin System I . t
complexity
System
Pa Comms th g h th
Avionic System System
Cockpit Display | Systems Commumcatlon Of S u bsyste m S

Environmental
Lighting System System
Auxiliary
Pressurisation Power System
System

Passenger “\}
Management
System

ood and Drink

System
Baggage
System

\ Preparation Aircraft
/ N Systems System mergence PrgPUtB'O” Thrust
<z ' ystem R
Whenever we look V% o si”s?;iﬁ Note that the

ower
System

Containment
System

Air
Traffic Control Baggage
System Handling System

Air Transport System
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Customs-
Boarder Control
Systems

outside the chosen

system of interest, we

see that it is part of a
larger system.

\ ger sy

context of a
subsystem will
come from the
system it sits
within

Rail Access
System
Road Access
System
Access

System

Baggage
Inspection
System

Security
System
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The Observer

* The context of a system also
depends on WHO is looking at it
and WHY they are looking at it.

« Different observers will see

different things.

* When exploring a system’s context
we must take multiple perspectives 4
to increase our understanding.

www.incose.org/symp2023 #INCOSEIS
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Events, Patterns, Behaviour and Structure

All Systems have structure
which determines the system’s

behaviour:

« Many Systems (particularly
organizational and product-based
systems) are often concerned with a

Inputs Outputs

transformation — converting inputs to
outputs. How the output varies over
time is called the system’s behaviour
The behaviour of a system manifests
itself in two related ways:

 Events

» Patterns Al { disol it ¢
That behaviour is a consequence of Sysiems dispiay patieins o

the System Structure behaviour if we observe them

System

www.incose.org/symp2023 #INCOSEIS
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Events, Patterns and Behaviou

Humans find events more memorable and often view
reality just in terms of events.

Indeed, it's our ability to react to events that has ensured
our survival!

o o

Patterns or “trends” over time offer a deeper & ‘ Aﬁ acgident
understanding of reality. iy ~7 % N1 hot spot

It's our ability to spot patterns that has lifted us from “just
surviving” — but whereas reacting to events is instinctive,
finding patterns is not!

BUT something is causing the patterns: the System Structure
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Change the Structure — the Systems
Intervention

« Traffic lights
« No Right Turn Sign
' » Slip road and flyover
Ve rqaq \\> * Underpass
speed limit
60 Roundabout NO
 Reduce 60 to 30
Y  Increase 30 to 60 RIGHT
 Permanent Traffic Officer TURN
A \ etc

Reacting to events and patterns can make a difference
but the real differences come with changes in the
structure of the system.

Side road
speed limit
30

Note that some changes will affect the physical structure
Accident
hot spot

or architecture (e.g. a roundabout). Others are “invisible”
as they don’t change the physical structure but how that
structure is used (e.g. No right turn sign) this is called
the CONTROL STRUCTURE.
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Emergence Purpose

So, what is
Systems
Thinking?
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What is Systems Thinking

Applying the concept of a system

to a situation in order to gain
insight and understanding
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Who does Systems Thinking?

Anybody

« Systems Thinking has been applied to every discipline to give insights that could not have
been obtained by conventional thinking.

« Most humans are not natural Systems Thinkers, we are object and event oriented and
assuming linear causes and effect.

« |tis a skill thatimproves with practice
» There are numerous Tools that can help us Systems Think



Systems Thinking, Systems Approach and Systems
Engineering

Systems Thinking is:

Systems Approach is: To do
Systems

Engineering

we need to

know about
Systems
Thinking

Systems Engineering is:

ww.mcose.orglsymp!lll l|!!!!!|!
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In Systems

Thinking we
treat the real-
world
situation as a
system Q
Use the system Real World
Transter out more about Systems World
‘ér;iir?ﬁgfiws the situation in ystems T
real world il SHRIEE In the Systems World we
= to...... e can use TOOLs to help
us explore and

understand:
Purpose
Context

Structure

To look at some of the Systems Thinking tools go to Behaviour
https://www.burgehugheswalsh.co.uk/Systems-Thinking/Tools.aspx




Summary

At one level Systems Thinking is a state of
mind — it's something we can aim to do all the
time — we can take a systems approach all that
we do

Systems Thinking is not natural however:
humans are object oriented — we focus and
concentrate on things and events and not the
patterns and interrelationships between things
We have to “force” ourselves to do Systems
Thinking by consciously using the Systems
tools

Through practise we can become
unconsciously competent

we can develop the habits of a Systems
Thinker

Think Purpose
Think Context

Think Structure
Think Emergence
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Finally: Practical Systems Thinking

e
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