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Abstract

The de facto model of what it means to be effectively organised, hence cybernetically viable,
is Stafford Beerbés Viable System Model (VSM) . M:
proposes, however, these apptabe largely confined to human based organisations of particular

types e.g. businesses of assorted sizes and governmental matters.

The original contribution to the body of knowledge that this work makes, in contrast, has
come from an unconventional soerce. football (soccer) teams. The unique opportunity identified
was to use the vast amounts of football player spatial data, as captured by match scanning technology,
to obtain simultaneously the muiticursive policy characteristics of a real viablstegn operating in

real time under highly dynamical load (threat/opportunity) conditions.

It accomplishes this by considering player movement as being representative of the output of
the policy function of the viable system model that they, hence theievwdam, are each mapped to.
As each player decides what they must do at any moment, or might need to do in the immediate
future, this is set against their capabilities to deliver against that. This can be said of every player
during every stage of any neat As such, their actions (their policies as viable systems) inform, and
are informed by, the actions of others. This results in the teams of players behaving in a self
organising manner. Accordingly, in spatially varying player location, one has a sieglie that
characterises player, hence team function, and ultimately whole team policy as the policy of a viable

system, that is amenable to analysis.

A key behavioural characteristic of a setfjanising system is a power law. Accordingly, by
searchindgor, and obtaining, a power law associated with player movement one thereby obtains the
output of the policy function of that whole team as a viable system, and hence the viable system
model that the team maps to. At the heart of such activity is comntionidczetween the players as
they proceed to do what they need to do at any given time during a match. This has offered another
unique opportunity to measure the amount of spatially underpinned Information exhibited by the
opposing teams in their entiretyjdito set those in juxtaposition with their respective power law

characteristics and associated match outcomes.

This meant that the power law characteristic that represents the policy of the viable system,
and the amount of Information associated with twild be, and was, examined in the context of
success or failure outcomes (as criteria of viability) to discern if some combinations of both were
more profitable than not. This was accomplished in this work by ysayger position data from an
anonymousnember of the English Premier Football League playing in an unknown season to provide

a quantitative analysis accordingly.
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Notes
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Glossary of Terms / List of abbreviations

Term

Meaning

Algedonic

Pleasure/ Pain.

Ashbean phase space

Proposed by BritishCybernetician, W.Ros
Ashby. It is a hypothetical space where ey
state that a target system can exhibit inhab

Autopoiesis

Self production

Beer6s Regul atory

Ap

1) Itis not necessary to enter the black bo
understand the nature of the function
performs.

2) It is not necessary to enter the black bo
calculate the variety it can potentia
generate.

Bits A construction of B
from Binary) and o6t s
Black Box Term used to describe a device or sys

whose inner workings are unknown either
accident or design and whose behaviour
only be discerned by reference to {
behaviour of the device in terms of its rar
of output in correspondence to a range
inputs received by it.

Complex Adaptive System

A variation of a complex system in that eith
the components, the connections betw|
them, or both adapt in some way for so
reason. This serves to increase ¢bhmplexity
of the interconnected parts and th
relationships that subsist between them du
the amount of variability presen
Accordingly, as the system adapts as requ
the traceability of specific behaviou
exhibited by the system back to specdause
becomes even more difficult than before.




Term

Meaning

Complex probabilistic System

In many respects the complex adapt
system alluded to above feature such level
complexity that the behaviour of the toi
system becomes difficult tgredict. The
reason for this is that the myriad
interactions between the components and
types of those interactions (especially
human social systems) introduces subtletie
total system behaviour that no designer
such systems could ever sifgcor predict, at
the outset. Accordingly, the whole system ¢
behave in an entirely unpredictable, he
probabilistic, manner.

Complex System

These are systems that are comprised eith
a few components with many forms

interaction, manycomponents with a fey
forms of interaction, or a combination
either of these configurations. Tl
relationships  between the connec
components determines the complexity of
system in that it very much depends on w
those connections are, how mathnere are
what information they convey between t
parts, how often they do this. The other asj
that determines the complexity of the syst
of components is that which depends on H
each component system reacts to the in
they receive and proceaad what output the
issue as a result that may then, in their t
have an affect upon other connec
components. The number and type

connections and the responses alluded to
very quickly result in a system that is difficu
to analyse the behanir of in terms of the
specific cause of it, even when t
components involved and the connectiq
between them are fixed in nature.

Conant Ashby Theorem

Every regulator must contain a sufficiently
accurate model of that which it regulates.




Term

Meaning

Cyberfolk

Part of Beerds work in

Allende Government (1971973). Beer envisaged ea
person could respond to televised coverage
government proceedings and respond to it in real

by turning a dial on a control box sxcord with their
personal level of agreement or disagreement with \
they were witnessing. The readings from each pe
were consolidated and converted, in real time, to a n|
arrangement that would rotate by an appropriate am
in accordance witlthe consolidated value oguted.
This meter was positi@ad behind the governme
ministers who were addressing the nation and for
part of the television broadcast. In this respect
ministers could discern the degree of well being that
being expresed by the electorate in correspondenc
what they were proposing, and were naturally aware
this was being televised back to electorate so that
too could discern the general consensus amongs
rest of the population regards the matter wun
discussion. In this respect Cyberfolk established a
time reciprocal control loop between the people and
government.

Cybernetically
adaptive system

viable

complex

A system that is both viable, hence maps to the vi
system model, but simuhaously behaves as a comp
adaptive system when interacting with similar syste
A person in a cybernetically viable system,

definition, yet when two or more people interact,

collection of those people produces an output tha
single individualcan imbue that collection with. TH
interaction of the participants is an emergent prop
(see above) of the collective and that is underpinne
the complex behaviour (the myriad interactio
between them. Each participant is adaptive both to
other and the overall situation that the collection
participants faces. Those adaptations affect, and
affected by, each other and that contributes furthe
their mode of interaction and hence what the emer
behaviour of the collective will be. Ilthat emergen
behaviour is explicitly aligned with the purpose of |
viable system that the collective represents, then
collective can be said to be a cybernetically vig
complex adaptive system.




Term Meaning

Cybernetics The science ofommunication and control in the anin]
or the machine. A useful addendum to this definitio
that Cybernetics relates to systems that
appropriately respond to a world that can alw
surprise them.

Cybersyn Cybernetic Syner ginChilepatthe

request of the Allende government. It was a projeg
fully connect the people of Chile with the Soci
Economic and Political agenda of their governmen
real time using computer technology, real time ¢
processing via high speed éebmmunication links, t
encourage their partici

Emergent Properties

The effects of interaction between two or m
components in a system to produce an outcome fo
system that those components belong to that is gr
than either one of them alone could provide the sy
with. In many respects, the emergent properties
system are a by product of the suitably coording
efforts / contributions of each component involved
create desired outcomes.

Endemically Rdated to people; a characteristic in a particular field

Entropy The amount of disorder in a system i.e. the exter
which a system is disorganisedore entropy
corresponds to greater disorganisation; less ent
corresponds to less disorganisatione. i. greatef
organisatiori hence greater order.

Eudemony The Aristotelbhainngdé.rm f

graddiff The difference between gradmax and gradmin.

gradmax The maximum value in the series of the gradient va
for the linear regression lines plottent each match.

gradmin The minimum value in the series of the gradient va

for the linear regression lines plotted for each match,

Homeostasis

The process of keeping a target system wi
prescribed control limits (often physiologically defin
in terms of a human being e.g. body core temperatur




Term Meaning

Homeostat A device that describes and implements the proces
Homeostasis.

icdiff The difference between icmax and icmin.

icmax The minimum value in the series of Shann
Informationvalues computed for each match.

icmin The minimum value in the series of Shann

Information values computed for each match.

Incipient Instability

Instability in a system that is just beginning
becoming apparent.

Information

The unit of communication across a communicat
channel (expressed in Bits). Also considered as
average amount of surprise that a system can ex
and cal cul abl e using 9
Information content of an Information source.

Inside and Now

Theterm used to describe the internal environment
viable system i.e. what is currently happening wit
itself in the name of it achieving the stated purpos
that viable system.

Isomorphic

Maps to.

Managerial Cybernetics

A field within Cybernetics in that it focuses up
management. It is the science of effective organisati

Maxwel |l 6s Demon A thought experiment developed by James C
Maxwell to investigate the prospect of whether or nq
is possible to lower the auant of disorder (entropy) i
a system without doing any work.

Metasystem That part of the Viable System Model that conts

System 5 (Policy), System 4 (Intelligence), Syster
(Delivery Management) and System 2 (Coordinati
functions. The Metasystedescribes what manages {
activity of a viable system in general whereas,
contrast, System 1 describes what the viable sy
actually does whilst operating to the requirements
that management on a mutually agreeable
reciprocal basis.




Term

Meaning

Negentropy

The information based equivalent of Entropy. Maxir
Entropy (Maximum Disorder in a system) represg
minimal Information and Minimal Entropy (Minimur
Disorder = Maximal Order) represents maxin
Information.

Outside and Then

The termused to describe the external environment
viable system and the probability of different types
future conditions therein.

Pathology

The science of disease diagnosis. Organisations S
from common problems associated with h
disorganised they ra i.e. the extent of the
maladjustment to what it means to be effectiv
organised. If what it means to be effectively organi
is described by the Viable System Model, ther
departure from the provisions of that model repre
organisational pathobjies. An example of this is th
case of those inside an organisation who operat
board level proactively getting involved in min
administrative matters (e.g. the ordering of off
stationery). They disconnect themselves from

external focus of thir organisation that a person in th
role demands. Whilst this is happening, the implicati
are that opportunities could be missed or threats
manifest themselves and the organisation suffers g
way T it is less viable than would have otherwiseen
the case (subject to other factors).

Performative milieu

A physical or social space where an appropriate lev
action is undertaken taken by a person to accompl
desired objective whilst under the variable constrg
of the prevailingcircumstances.

Power Law

A mathematical relationship between two varial
where one variable (say y) varies in proportion
another variable (say x) for some number k
accordance with an equation of the type 1j @ Q
where'Qis usually a number beeen 1 and 2. A powe
law that is discernable in a target system is an indiq
of the presence of self organising behaviour for
system.




Term

Meaning

Recursion

A mathematical term that, when used in the conte
the Viable System Modelessentially means that t
provisions of the model are replicated within itself.
viable system is a football team, then that follows
provisions of the viable system model. Each func
that causes that team to do what it does (e.g. At
Midfield and Defence) is itself a viable system tha
encapsulated by the team. Each of those func
contains players that are in turn viable systems. 7
behave in a manner to cause what each function dg
become manifested in reality. Each of thosections
then interacts in a manner to produce what the tean
whole actually does. Recursion in the Viable Sys
Model decrees that the team, the functions and
players are all described by the viable system mode
such, in this case, the recunsi denotes the tea
encapsulating the functions and the functi
encapsulating the players. Each encapsulation fol
the same systemic provisions of the viable sys
model, hence he football team can be considerg
some extent as a nested structdrsuch encapsulation

Redundancy of Potential Command

If there are many decision makers that can possibly
a decision that affects the outcome for the collectio
decision makers, then each one of those decision m
can be calledeatd&€kntCog¢
they can each assume command of the prevs
situation, make a decision about it and then
appropriate action. The decision making is
centralised, it is distributed throughout the systen
decision makers i.e. there is wediancy in the centres
potential command. Accordingly, the redundancy)
potential command is an essential prerequisite for
self organising system

regdiff The difference between regmax and regmin.

regmax The minimum value in the series of the linear regres
coefficient'Y? for the linear regression lines plotted {
each match.

regmin The minimum value in the series of the linear regres

coefficient'Y? for the linear regression lines plotted {
each match.




Term

Meaning

Resource Bargain

Part of the System 3 (Delivery Management) functio
the Viable System Model. The System 3 holds
resources that are available to the whole system thg
available for use in producing what the total sysl
actually exists to do. Those viable systems
comprise System 1 (Operations) receive the resol
they request to do what they need to do on behalf o
total system from System 3. They obtain thessources
in exchange for the performance reporting informa
they supply to System 3 that is underpinned by v
they have each done in terms of productive output
the resources they have already used to deliver that




Term

Meaning

Self Organisation

The behaviour associated with the interaction
autonomous agents within a system in respong
each other and their respective localig
conditions. The behaviour of each individy
agent informs, and is informed by, the behavi
of the oher agents present and this causes
collection of agents to exhibit certain patterng
coherent behaviour.

A notable example of this is the flockirn
behaviour of Starlings. Each Starling is

autonomous agent in a flock (group of Starlin
and its lehaviour is its own concern. Yet, wh
that behaviour is influenced by the presence
other Starlings that surround them in the flo
that behaviour is in turn reciprocated back
them. This establishes continual circularity in

interaction betweenaeh Starling in accordang
with each Starlings autonomous application ¢
rule set that they each apply to avoid each of
When one examines the entire flock of Starlin
one can discern that the flock behaves ir
coherent manner in flight. Such patte are often
very complex, hard to predict and seem to fg
for no readily apparent reason aside from fl
behaviour when it takes action to avoid 1{
interest of airborne predators. Indeed, perhapg
difficulty in prediction is the strength of suchifs
organising behaviour when avoiding a predg
since that is obviou
under such circumstances. The behaviour of
flock, i.e. the total system of interactis
participants, exhibits behaviour that no ¢
participant involved &n impart upon it. By tha
rationale, the behaviour alluded to is emerg
but this is only the case due to the compon
(individual Starlings) each behaving the way t
they do locally with respect to each other, &
that is distributed throughoutdhflock, to create
the global patterns associated with the wh
flock. The behaviour of the flock is not under
guidance of a centralised control function in
form of a Starling that has been appointed
leader.




Term

Meaning

Spatiotemporal

Relating to both time and space.

Synergy

An advantageous combination of elements (
resources or efforts).

Syntegration

A consensus based human decision mal
protocol for policy formation within viablg
systems and hence that which can be mapp¢
theviable system model.

System 1

That which encapsulates the functions of a via
system that serve to produce what the total sy
actually does.

System 2

The function of a viable system that descri
how the components of System 1 are coordin
suchthat the total System 1 output is coherent
that no component predominates in a manne
compromise that.

System 3

The delivery management function of a via
system. It describes how the resources that
viable system has at its disposal are ated and
provided to System 1 and its associd
components in return for performance report
data being received from them concerning cur
performance levels with resources that h
already been allocated.

System 3*

The audit function of a viable ywstem. It
represents the mechanism that allows System
bypass the localised management of Syste
components so that the facts that they re
concerning their performance can be objectiy
verified.

System 4

The intelligence function of a viablsystem. It
describes how the total system engages with
environment and how both opportunities to
pursued and threats to be avoided can
anticipated and action formulated in advance
appropriate. Intelligence holds a model of both
total systens external environment as well as
model of the whole viable system and
capabilities in order to make informed judgeme
of the external environment in context of what
system is capable of accomplishing.




Term

Meaning

System 5

The policy function of a viable system. It hand
the competing requirements of the extern
focused and future oriented System 4 with thos
System 3 and its internally focused agenda
what is currently happening inside the via
system.

Systemin Focus

Given that the Viable System Model describg
system in terms of a series of embed
recursions, the System in Focus refers t
particular recursion that is under consideration
the case of a football team, that is a viable sys
that canbe resolved into three recursions. 1
team is represented by Recursion 0 (the
encompassing viable system). Recursion
represents that team resolved into the var
performative functions of Attack, Midfield an
Defence. These are each viable systénad are
encapsulated inside Recursion 0.Recursiof
represents the players that are viable systemg
are encapsulated inside each Recursion 1 (At
Midfield and Defence function) as applicable,
interest is held about, say, the Midfield functifn
the team then that is the System in Focus i.e
recursion within the overall viable system that
team can be described as that is currently u
examination.

Variety The number of states that a system can exhibit|

Viability The ability of a system to continually oper
within its environment to the extent that it @
pursue its stated purpose, despite the conditio
that environment possibly conspiring to cour
that aim.

VSM Viable System Model.

ydiff The differencébetween ymax and ymin.

ymax The maximum value in the series of the
intercept values with the Y axis for the ling
regression lines plotted for each match.

ymin The minimum value in the series of the

intercept values with the Y axis for the ling
regression lines plotted for each match.




Meaning

Relates to the word frequencies found in vari
sources of text irrespective of the language 1
are written in. On examining a text and list
every unique word within that text, onmay
evaluate how many times each of those w
appears. This results in a table that featureg
most frequently used word on the first line and
least frequently used word on the last line. ]
former would be assigned the highest rank nun
i.e. 1,and the latter would be assigned the loV|
rank number. Zipf discovered that a power

relates the word frequency to the rank number.




VSM Overview and Examples

This section is provided as a highly abridged overview of what the Viable System iglodel
and does to a reader who is unfamiliar with it, and does so in advance of the detailed description given

later.Essentially the Viable System Model is divided into two parts:
1) The Metasystemi the functions that manage what the whole system does
This is comprised of:

System 5i Policy: The balance between the systems external focus (goals, aspirations etc)
and its abilities to deliver against those by its internalised efforts.

System 4 IntelligenceThe external focus of the system i.e. the current conditions within its
operating environment, the potential conditions within that environment, the results it wants to achieve

and the incursions it seeks to avoid (both actual and anticipated).

System 371 Delivery Management: The internal focus of the system in terms of the
management of its ability to produce what the whole system exists to actually do. Its emphasis is upon
the allocation of available resources to the agents of production that accomatigfork with them

in exchange for performance reporting data from them.

System 3*- Audit: This operates intermittently to verify the data being received from System

1 is as it should be.

System 2i Coordination: Serves to ensure that all of the agents of production operate in
harmony to the benefit of the total system and none of them do so unilaterally to its detriment.

2) System 1i Operations: the agents of production that does the work that the whole system

exists to produce.

The integration of these functions (as pé&ys. 14) cause a synergy to emerge between them
that serves to characterise the whole collection of them as a coherent, self contained, entity that has a
relationship with its operating emenment. As the conditions in that environment change, the synergy
amongst the component systems changes in accordance with that to the extent that the total system
(that collection of functions) continues to exist to do what it does. In other wordsahsysiem acts

to continually sustain its coherent operation in the face of that which might seek to thwart that aim.



SYSTEM 5:

SYSTEM 4:

SYSTEM 3:

SYSTEM 3"

SYSTEM 2:

SYSTEM 1:

poLicY

INTELLIGENCE

DELIVERY MANAGEMENT

AUDIT

COORDINATION

OPERATIONS

SYSTEMS:  POLICY

HOMEOSTA

WHAT MANAGES THE SYSTEM: .
THE METASYSTEM SYSTEM4:  INTELLIGENCE
SYSTEM3:  DELIVERY MANAGEMENT
SYSTEM3":  AUDIT
SYSTEM2:  COORDINATION /
WHAT PRODUCES
WHAT THE SYSTEM DOES:
SYSTEM1
ie. SYSTEM1.  OPERATIONS
A COLLECTION OF
PRODUCTIVE ELEMENTS k

AFFERENT INPUT [GETTING)

2N
N

EFFERENT OUTPUT [DOING)

~

THE BALANCE BETWEEN THE WHOLE SYSTEMS INTERNAL AND EXTERNAL ENVIRONMENT

PERCEPTION, JUDGEMENT, RECOMMENDATION AND ANTICIPATION OF FACTORS IN EXTERNAL ENVIRONMENT
PERCEPTION AND ACTIVE CONTROL OF PERFORMANCE FACTORS IN INTERNAL ENVIRONMENT
INTERMITTENT MONITORING OF INTERNAL PERFORMANCE FACTORS

COORDINATION OF AND BETWEEN INTERNAL PERFORMANCE FACTORS

INTERNAL PERFORMANCE FACTORS THAT UNDERTAKE THE WORK THE WHOLE SYSTEM EXISTS TO DO

Fig. 1 Viable System Model (VSM) (Stylised)



Examples

Viable Human being Business Football Team All connected systems
System Per VSM resulting in
Model Total System Viability
Component
System
System 5i Brain Chairperson Self Organising
Policy aggregated team
movement.
System 4i Senses Directors (e.g. Sales, Production, Finance,| Self Organising
Intelligence Logistics) aggregated individual
observations.
System 3 Autonomic Nervous Line Managers Autonomous self
Delivery System (ANS) allocation to a situatiorn
Management undertaken by each
player.
System 3*- | ANS (Parasympathetic| Work Checking (e.g. quality assurance) Autonomous peer
Audit System: looks after the checkingundertaken by
bodydés neeqd each player.
di gesto i.d
activities that occur
when body at rest)
System 2- ANS Work plans and schedules (e.g. production| Self Organising

Coordination

(Sympathetic System:

and delivery schedules, shift rotas)

effective interaction

|l ooks after betweerindividual
fight or flight responses players.
System 1i | Muscles, Heart, Kidney] People involved in Sales, Manufacturing, | Players involved in the|
Operations | etc. Procurement. Depends on organisationtypt eamés At t

and what it exists to produce. For example
accountant working in a firm of surveyors ig
not aSystem 1 element of that practice, buf
surveyor would be since that is what the

practice exists to do. The accountant does
operate to produce what the practice does.

and Defence functions|




VIABLE SYSTEM MODEL VIABLE SYSTEM: HUMAN

“TOTAL SYSTEM
oo — SYSTEM 5: BRAIN
s WHAT MANAGES THE SYSTEM: SYSTEM 4: SENSES
ENVIROKMENT sy THE METASYSTEM SYSTEM 3: AUTONOMIC NERVOUS SYSTEM
I SYSTEM 3': AUTONOMIC NERVOUS SYSTEM
comnon St (PARASYMPATHETIC SYSTEM)
. \. SYSTEM 2: AUTONOMIC NERVOUS SYSTEM
w -~ — (SYMPATHETIC SYSTEM)
N o
N\ et
WHAT PRODUCES
w WHAT THE SYSTEM DOES: SYSTEM 1 ELEMENT: MUSGLES
\\ s SYSi'I':M1 SYSTEM 1ELEMENT: HEART
s 1 COLLECTION OF SYSTEM1: SYSTEM 1 ELEMENT: KIDNEYS
E PRODUCTIVE ELEMENTS SYSTEM 1 ELEMENT: efc...
N B
e et
-
AFFERENT INPUT (GETTING)

AN

EFFERENT OUTPUT (DOING)

Fig. 2 Relationship of Viable System Model (VSM) and Human being



VIABLE SYSTEM: HUMAN

4

SYSTEM
L
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10cAL

SYSTEM
T

WHAT MANRGES THE SYSTEM

VIABLE SYSTEM: FIRM

!/w/

Fig. 3 Relationship of Viable System Model (VSM) and a business organisation

THE METASYSTEM

SYSTEM 5: CHRIRPERSON

SYSTEM 4: DIRECTORS

SYSTEM 3: LINE MANAGERS

SYSTEM 3":WORK CHECKING

SYSTEM 2: WORK PLANS & SCHEDULES

SYSTEM 1 ELEMENT: SALES

SYSTEM 1 ELEMENT: MANUFACTURING
SYSTEM 1 ELEMENT: PROCUREMENT
SYSTEM 1ELEMENT: etc...

SYSTEM 1
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VIABLE SYSTEM: FOOTBALL TEAM

SYSTEM 5: SELF ORGANISING AGGREGREGATED INDIVIDUAL MOVEMENT

WHAT MANAGES THE SYSTEM: SYSTEM 4: SELF ORGANISING AGGREGATED INDIVIDUAL OBSERVATIONS
THE METASYSTEM SYSTEM 3: AUTONOMOUS SELF ALLOCATION
SYSTEM 3':AUTONOMOUS PEER CHECKING
SYSTEM 2: SELF ORGANISING EFFECTIVE INTERACTION BETWEEN INDIVIDUALS
WHAT PRODUCES
WHAT THE SYSTEM DOES: SYSTEM 1 ELEMENT: ATTACK
SYSTEM1 SYSTEM 1 ELEMENT: MIDFIELD
ie. SYSTEM 1:
A COLLECTION OF SYSTEM 1 ELEMENT: DEFENCE
PRODUCTIVE ELEMENTS

Fig. 4 Relationship of Viable System Model (VSM) and a football team



Chapter 117 Why this work?

1.0 Introduction

This is a work in applied managerial cybernetics that specifically focuses upon the work of
St¢§¢ ford Beer in the development of his Viabl e Sy
means to be viable i.e. what functionality a system must possess and interoperate internally to create a
relationship with its external environment. This beingi® éxtent that it survives in that environment

to the point that it may achieve its purpose within it.

Often, the purpose of a viable system is pursuit of success and the avoidance of failure that it
defines for itself. This depends upon the system inebldebusiness, considered as a system, may be
cybernetically viable to the extent that it ultimately enjoys large profit margins. It may actually sustain
losses, but in both cases it may be discerned that it is cybernetically viable to a greater extksser
This means it may still exist to a point that it can continue to attempt to achieve those profits and
avoid those losses. Sustaining a loss in one year may not necessarily destroy the organization, nor

does it necessarily mean that it will not lidesto earn a profit in the following year.

The organization survives since it is cybernetically viable to do so. The financial performance
may, however, give owners of the organization concerns over the financial viability of it, which is a
completely segrate issue on the face of things. Yet what if that financial viability is explicitly linked
to the purpose of the organization and hence to the mode in which it is organized to achieve it? Its
purpose may well be to actively pursue the profit and ava@dabs and it is expressly organized and
operated accordingly. This means that there is a quantifiable criterion of success that indicates the

degree to which the organization fulfils its purpose.

Managerial cybernetics is, according to Beer (Beer, 1985, x ) ,sciericé @f effdctive
organization . Accordingly, i f what it means to be su
purpose and how it is organized to accomplish it, then one can relate the degree of effective
organisation to those success levels. Yet many organizations are mora@ighaibgut money. A
person is a viable system in just the same way as a business or government is. Their purposes and
criteria of success or failure to accord with that are perhaps different, but as viable systems they share
the common systemic provisions & t make them so as per Beer s V¢
exploration into that domain. It is a study in what cybernetic viability is and how various degrees of it
are correlated with the success or failure of a nominated target system, and the gdeséarch &

Development Activity Matrix outlines the stages undertaken accordingly.



1.1 Research & Development Activity Matrix
STAGE OBJECTIVES KEY TASKS METHODOLOGY
Exploration of VSM & Complex Systems literature
Provide a step by step analysis of the isomorphy  Literature Review.
between a football team and its VSM representati
% Examine the current
o position in Viable Case Study.
(0]
- T Systems Researdr | pojate what the VSM is and does to dperation of a
% b5 quhantlvﬂeglansaly&s of football team to justify use of a football team as 4
A= the Viable System ;
n o suitable proxy for the model. . .
E Model (VSM) Cyberngtlc Intervgntlon
s and isomorphic
0: .
I ) analysis of football
Formally state the research objective to find a y
e . . team compared to the
characteristic output signature of a viable systen|
VSM.
under | oad and how doe
succes or failure.
Investigation of sources of data capture systems
viable systems under load.
i=
[$)
s Investigation of Assess programming languages pending softwa Literature Review.
N &"3 technologies and construction.
L 3 associated data sourcg
g 2 that characterise viabl Assess report writing tools to assist in analysis.
£ systems iraction Case Study.
()
'_
Employ the techniques of Complex Systems to
characteris&/iable Systems.
. . ) . i Iterative rapid
S Design and build With reference to the supplied data file format, a Iicatiorr)l
2 % B software to play back | iteratively construct and test match playbaokware bp
e £ 3 . , . development method
g £ football matches from using the Java programming language via the
# © & ) . . . for software
n o data files provided Processing Integrated Development Environmen .
(&) construction.

Stage 3
Data Analysis

Analyse each match
data file before
playback in software
(actual dynamics) and
after playback
(emergent dynamics)

Produce regression analyses as policies of viabl
systems under load to characterise the VSM in
operation; also produce Shannon Information

computations and juxtapose the two.

Compare and contrastebe and assess for statistic

significance as a means of quantifying degree tq

which target football team were well organised he
isomorphic with their VSM representation.

Zipfian ranked
frequency distribution
production

Linear regression
treatment othe above

Juxtaposition of both
and run tests for
statistical significance.




STAGE OBJECTIVES KEY TASKS METHODOLOGY

Objective aalysis and
Compare and contrast the calculations made wit evaluation of the
reference to match outcome type in terms of tear findings as a conclusio

success or failure drthe corresponding juxtaposed to the work.

metrics.

Comment upon the
analysis undertaken a
a new means of
quantifying the degree
of isomorphy the target
team had with its
Viable System Model
representation based
upon derived metrics
and corresponding
match outcomes.

Conclude findings based upon statistical significal
figures and how that relates to the null hypothes Determination of

formulated for the research. possible future
directions the work

could take and

Explore possible future areas of application of th provision of some
work undertaken. recommendations

accordingly.

Stage 4
Evaluation of Analysis Conclusions & Future Work

1.2 Why has the work been undertaken?

This work has been embarked uggince, although what it means to be cybernetically viable

is understood, there is an absence of supporting evidence to characterize what that actually looks like.

The VSM defines how a system that it represents balances the demands of its external
enviromment with its ability to deliver against them. Only people can do anything about anything, and
what they do is underpinned by a decision to do something that is then enacted i.e. their policy. What
that policy is may be myriad in its nature and hencesieffiect, but it is nevertheless their policy as a

viable system.

They have perceived what they must or need to do, considered this in the context of their

ability to do it and then enacted a policy to achieve it.

Yet, the whole organization that they bajato is doing this. Everybody involved has a policy
at every point in time, and that means that if they are aggregated in some way then this is argued to

characterize that entire organization at that moment.

At that moment, the organization will be moreless viable i.e. more or less organised to
achieve its purpose. Problems may arise that may cause different policies to be enacted which causes
attention to be diverted away from more strategically important matters e.g. sales directors reacting to
problems in office stationery shortages whilst a competitor has just identified and won a lucrative

contract.

Such situations represent an inconvenient truth when pointed out to those who undertake such

practices, and this is exacerbated when it is pointed out that such behaviour is symptomatic of being



badly organised. Some may argue that such action was ngcestahe VSM would hotly dispute
that.

The policies involved in the example offered above make the organization less than it could
have otherwise been. This may manifest itself in real terms e.g. financially. Yet, systemically there is
a problem and thevo, in this case, are linked. Departure from the provisions of the VSM that renders
an organization to be effectively organized has caused it not to achieve, in this case, the stated purpose

of maximizing sales reventiethe contract was lost.

In this cag, matters are quantified in terms of money, but what quantifies and characterises
the degree of alignment with the VSM that caused this situation to be the case i.e. to what extent was

this system less than effectively organized for what happened tortfappe

A system in the real world may well be closely aligned with the provisions of the VSM, or it
may not. It is argued that the net behavioural characteristics of that system in the pursuit of its purpose
will therefore vary according to that degreeab§nment.

Accordingly, if a net behavioural state of a nhominated target system could be quantified,
captured and continually monitored in real time, then this would be amenable to analysis, and hence
perhaps reveal the degree of that alignment in some way

Moreover, if that analysis could be associated with an accessible, intuitively sensible and
commonly acknowledged criteria of success for that target system, then one might be able to

differentiate less beneficial behavioural states from more advantgees.

If those more advantageous outcomes are associated with particularly strong behavioural
characteristics that are exhibited by the target system, then it is argued that this is indicative of a
closer alignment of the system to the VSM than notwdtld hence provide a measure of how

effectively organized the target system was.

This work is unusual since it attempts to explore this without having to resort to historical
financial or business process centric data. This is on the grounds thap#igdcally produced and
does not represent the true dynamics of a real cybernetically viable system as it balances its
relationship with its environment. That can only be truly described by the policy characteristics of the

system as a whole, hence tlstvhat is investigated.



1.3 The VSM contrasted with other paradigms of Self Organisation

The viable system model is underpinned by the cybernetic mechanisms that are to be found in
the human body. Indeed, the viable system model was inspired by, taallydollows, the principles

of human neurophysiology.

Accordingly, a human being is regarded as being a de facto viable system not only on the
basis of shared neurophysiology with the model, but also in a literal sense in that a human being is
capable bforming and following their own survival imperative under a wide variety of circumstances

and environmental conditions.

If a humands neurophysiology describes the
argued that the viable system model esgintation of them represents the wiring of the black box that
they are. By reference to the input received by them and analysis of the output issued by them, one

can discern the behaviour of the wiring of that viable system that relates the two together.

If the output is more or less aligned to the purpose that the human has at a particular time or
over a particular duration of time, and that can be associated with a degree of success or failure in the
pursuit of that, then it provides a measurement @f hwell organised that person was with respect to
achieving their objective.

If one considers the human in terms of just their viable system model representation, one can
therefore obtain insight into what exteritany, certain distortions in the modeaybe present. The
rationale being that if the human was less than effectively organised with respect to their objective
then this would correspond to a distortion in the wiring of their viable system model representation in
some way. This might perhapsdinate the absence of a function essential to ongoing viability or
some sort of compromise in its output capacity that has served to compromise the whole system
(human) accordingly.

This concept may be extended to groups of people who function to pucsa@r@n goal in
a manner that is effectively organised. Their behaviour qualifies as a self organising system by virtue

of an application of localised rules on an autonomous basis.

The behaviour of each person involved affects, and is affected by, eachaaththe net
output of that behaviour characterises what that group does. Yet, each participant is a viable system.
As such, by virtue of their essential need to be organised with respect to their common objective, the
emergent behaviour of that self argsing collective is argued to equivalent in construction and

operation of the viable system model that can be used to describe that collective.



It is via this line of argument that it is contended that analysis of the spatiotemporal activity of
a footbal team facilitates an opportunity to study the mdtursive policy of the recursions of the
viable system model that can be used to describe the team concerned. From this one might then

characterise the output dynamics of the viable system modeliitggiheral terms via that proxy.

This is the focus of the work. It is to obtain a hitherto unobserved characteristic of the viable
system model under load conditions since there are copious amounts of data available to make this

possible, yet appear to leabeen unused in this mantiens far

Although other paradigms exist that describe the self organising behaviour patterns observed
in purposeful systems, it is of vital importance to draw the distinction here between those that do not

explicitly refer tohow the people involved actually operate and those that do.

The viable system model describes the latter. The former includes studies in the fields of
Cognitive maps, Genetic Algorithms, Particle Swarm Optimisation, the Kuramoto Model and
Kohonen neural @tworks.

Each of these is now compared and contrasted with the viable system model in terms of their
salient features in an attempt to justify selection of the viable system model as the most appropriate
foundation for the research undertaken from thgeanwf possible options available in advance of the

literature reviewcarried out



1.4 Comparison Matrix for VSM to other paradigms of self organisation

Paradigm What it is Relevant Equivalent Explanation The case for its use The case against its use
to the to the entire
VSM VSM

Cognitive Maps

A type of mental model
representation which serves an
individual to acquire, code, store,
recall and decode information aboy
relative locations in their everyday
spatial environment.

The concept seems to have some
neural correlates with the human
brain in that cognitive maps are
allegedly located in the place cell
system of the hippocampus, althou
this is speculated.

Definition with appropriate
acknowledgement to:
https://en.wikipedia.org/wiki/
Cognitive_mapunder Creative
Commons Attribution
ShareAlike License:
https://creativecommons.org/li

censes/bysa/3.0/

Yes-
partial

No

The concept only seems to refer to the
model of that which the viable system
holds about that which it seeks to contrg
and that is held (or should be held) by
System 4 (Intelligence) i.e. the model of
environment and the self referential mod
it holds about itself (Conant Ashby
Theorem).

It does not explicitly relate input receive:
to output issued as per the System 5 Pol
function of the VSM, nor any other
neurophysiologically underpinned
paradigm essential to systemic viability.

An essential corept related to Systen
4 Intelligence if the viable system is
adhere to the Conant Ashby Theore

Neural correlates allude to the
strength of the connections betwee
place cells and how that is equivale

to distances between objects in a
subj ecronhment. e nv

This suggests that the spatiotempor

behaviour of players on a football
team could potentially describe a
cognitive map for the whole team.

Only partially
representative of what
Viability is. Does not

explicitly relate input to
output as policyor the
system since it only relateg
to a model of the
environment held by the
subject.

Does not describe how the
model relates to survival o
the subject as it pursues it

purpose.

Does not feature the
concept of cybernetic
variety explicitly in any
contmol strategy that it
might be associated with,
which is an essential
prerequisite, let alone ho!
it may be homeostatically
regulated.

33


https://en.wikipedia.org/wiki/Cognitive_map
https://en.wikipedia.org/wiki/Cognitive_map
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/

Paradigm

What it is

Relevant
to the
VSM

Equivalent
to the
entire VSM

Explanation

The case for its use

The case againsits use

Genetic Algorithms

(GA)

A technique used in computer
science inspired by the proces
of Darwinian natural selection
in the evolution of life forms.

The technique was developed
solve problems that occupy
large solution spaces (myriad
possible solutions of varying
degree of suitability hence
efficacy) where traditional
algorithmic techniques would
take far too much time.

Definition with
appropriate
acknowledgement to:
https://en.wikipedia.org/w
iki/Genetic_algorithm

under Creative Commong
Attribution-ShareAlike
License:
https://creativecommons.
org/licenses/bysa/3.0/

also: p.391Shiffman, D.,
2012.The Nature of
Code New York: Self
Published Book.

Yes-
partial

No

The technigue requires specific encoding
environmental conditions and the
generation and manipulation of a

population of candidate solutions to the|
problems preseriherein (e.g. obstacles tq
be avoided) in accordance with a scale
fitness being ascribed to those solutiong

Although a strategy in the form of
connections between system input and
system output could be generated by su
means for a given purposeettime taken
for the algorithm to run and make its
recommendations might present an issy
since the pace of the environment migh
change too rapidly, and too often, for it t
keep up.

An excellent choice for optimising the
connections between system inpad system
output to form a policy for the system.

Natural selection process will offer solution
that may initially seem contradictory to a

human designer of a policy, but are capable|
showing that such solutions are more thar|

capable e.g. through tlsebtleties they

introduce to how the system will behave if if

recommendations are implemented.

Does not describe fully
what viability is. Rate of
evolution may be
pedestrian in comparison t|
the pace of the environme
and the need for solutiong
to problens therein that are
rapidly altering.

The time lag between wha
the system needs and whj
the system proposes to d
in response may well caus
the Genetic algorithm to d
precisely the right thing
(fully optimised, best
possible policy) at
precisely the wang time.

Dissemination of
recommendationt® the
players may be difficult in
practice.



https://en.wikipedia.org/wiki/Genetic_algorithm
https://en.wikipedia.org/wiki/Genetic_algorithm
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/

Paradigm

What it is

Relevant
to the
VSM

Equivalent
to the
entire
VSM

Explanation

The case for its use

The case against its use

Particle
Swarm
Optimisation

(PSO)

An optimisation technique
inspired by social behaviourg
e.g. bird flocking. The
technique is similar to Geneti
Algorithms but does not use
evolution operators such as
crossover or mutation.

In PSO, potential solutions tq
a problem are conceptualise
as paiicles that fly through a
space that describes the
problem to be solved. Those
potential solutions follow the
current best solution
(particle).For each iteration o
the algorithm, all particles arg
updated with
values. Its own personal bes
and he best value that any
particle in the swarm
possesses (a global best).

The update determines the
velocity and position of all
particles. The information

sharing in PSO is different tg

that in GAs i.e. it is one way

since only the current global
best updates every other
particlei it is not a case of
each particle updating gac

other.

Yes-
partial

No

This has the advantage over GAs i
that the solutions that it proposes cé
be expedited more rapidly.

The method seems initially to have
more intuitive alignment with the

behaviour of the football team used
this work, but thdact that a particula
player has possession of the ball do
not necessarily equate to them beir|
representative of the best policy (loc
or global) at that time.

Similarly, if their possession of the
ball does represent the best possib
policy currenty, this may soon be
demoted in accordance with a
pl ayer6s autonom
to, say, pass, the ball to a colleagu
and that may result in a situation tha
currently represents a less than

optimal policy in overall terms.

As such, there is no guartee in
actuality that the each player
(equivalent to a candidate solution i
a small scale particle swarm) woulq
be updated with the best policy sing
what works for one, might not work
for another under different
circumstances.

PSO represents an excetlen

choice for describing how a

policy for a system might be
optimised rapidly.

The strength of the approach i

its speed over the GA approac

and its similarity with how a

team actually works on the
pitch.

This is to say that at the level @
the whole teamgach player can
conceivably be considered to b
a particle (candidate solution) i
that system of particles.
Moreover, that the other player
involved do, in many respects
literally, follow their colleague
who has possession of the ba|
to support them.

As such, the behaviour of PS(
could be used to describe the
policy formation of the
collective and that could then b
correlated with team success (
failure. A comparison could
then be made between what tt|
algorithmic version of the PSQ
recommended and \ahthe
6particlesd o
every time step. This could be
mined for aspects appertaining
to potential tactical advantage

PSO is representative only of the policy aspects
viable system and a fully optimised version of th
Often managemertan be too deterministic, henc|
rigid in its approach to solving a problem. If the|
PSO approach was used to provide an optimg
policy at all times for the team, quite how that
could be disseminated and enforced amongst {
players in a real situation all times remains an
open question. The technique does not factor in
other essential prerequisites of what it means to
a viable system.

One of the grounds for this is that there is no
provision for negotiation between the componer]
of the system, tmeostatically or otherwise. The
data being reported back from the ostensibly
current global best is not objectively verifiable at
times in a real situation without an explicit
mechanism to assure integrity.

For sure, an algorithmic approach can impem
this, but PSO as it stands does not. Moreover,
particle features a homeostatic relationship with
environment which defines its control strategy al
dynamics with respect to it.

Definition with appropriateacknowledgement tduttps://en.wikipedia.org/wiki/Particle_swarm_optimizationder Creative Commons AttributiBhareAlike License:
https://ceativecommons.org/licensesfbg/3.0/; also:http://www.swarmintelligence.org/tutorials.php



https://en.wikipedia.org/wiki/Particle_swarm_optimization
https://creativecommons.org/licenses/by-sa/3.0/
http://www.swarmintelligence.org/tutorials.php

Paradigm

What it is

Relevant
to the
VSM

Equivalent
to the
entire
VSM

Explanation

The case for itsuse

The case against its use

Kuramoto
Model

Describes how a serie$
oscillating systems that are
coupled together can either be
synchronised or desynchronise
with each other.

Definition with
appropriate
acknowledgement to:
http://tutorials.siam.org/ds|
web/cotutorial/index.php?

s=1&p=1

Yesi
partial

No

The technique demonstrates that

synchronisation of disparate, yet globally,

coupled, oscillating systems can be
synchronised (cadinated) to describe a
system that has an output that can be
described in terms of a single sinusoidal
curve.

Coordination is a vital part of what it
means to be a viable system. If an
individual player and their behaviour i
conceptualised as an osciilay system,
then a collection of such players (tean
could have their coordination with eac|
other described and modified by
application of the Kuramoto model. If,
for instance, their individual behaviou
was such that the whole team was
becoming uncoordated, then the
application of what the Kuramoto mod
proposes would serve to restore tha
coordination.

Coordination is only one aspect of what
viable system must possess to instantig
its viability and the Kuramoto model only
deals with that aspect. drfeover, it relies
on treating the behaviour of a player, ar
that of the whole team of players as
oscillating systems. The model does nq
explicitly cover why any oscillator would|
behave with the periodicity it does (e.g.
reference to how it is connect to its
environment) i.e. no policy aspect, let
alone any other attribute essential to
system viability.
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