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Abstract 
 

The de facto model of what it means to be effectively organised, hence cybernetically viable, 

is Stafford Beerôs Viable System Model (VSM). Many studies attest to the efficacy of what the VSM 

proposes, however, these appear to be 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 source i.e. 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 multi-recursive policy characteristics of a real viable system 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 their whole team, 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 match. 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 single metric 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 self-organising system is a power law. Accordingly, by 

searching for, 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 communication between 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 entirety and to 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 that could 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 using player position data from an 

anonymous member of the English Premier Football League playing in an unknown season to provide 

a quantitative analysis accordingly. 
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Notes 

 

It must be very clearly noted that the data analysed and presented herein does not belong to 

the football club referred to in the acknowledgements section, but relates to a team whose 

identification data were removed at source, and who were selected at random by Prozone Sports Ltd 

before issue. 

Every effort has been made to credit all references as far as possible in the creation of this 

work and the associated software. For those who have been inadvertently omitted such contribution is 

herewith fully acknowledged and the author apologises for any such omission. 
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Glossary of Terms / List of abbreviations 

Term Meaning 

Algedonic Pleasure/ Pain. 

Ashbean phase space Proposed by British Cybernetician, W.Ross 

Ashby. It is a hypothetical space where every 

state that a target system can exhibit inhabits. 

Autopoiesis Self production 

Beerôs Regulatory Aphorisms: 

 

1)  It is not necessary to enter the black box to 

understand the nature of the function it 

performs. 

2)  It is not necessary to enter the black box to 

calculate the variety it can potentially 

generate. 

 

Bits A construction of Binary and Digits i.e. óBiô 

(from Binary) and ótsô from (Digits). 

Black Box Term used to describe a device or system 

whose inner workings are unknown either by 

accident or design and whose behaviour can 

only be discerned by reference to the 

behaviour of the device in terms of its range 

of output in correspondence to a range of 

inputs received by it. 

 

Complex Adaptive System A variation of a complex system in that either 

the components, the connections between 

them, or both adapt in some way for some 

reason. This serves to increase the complexity 

of the inter-connected parts and the 

relationships that subsist between them due to 

the amount of variability present. 

Accordingly, as the system adapts as required 

the traceability of specific behaviours 

exhibited by the system back to specific cause 

becomes even more difficult than before. 
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Term Meaning 

Complex probabilistic System In many respects the complex adaptive 

system alluded to above feature such levels of 

complexity that the behaviour of the total 

system becomes difficult to predict. The 

reason for this is that the myriad of 

interactions between the components and the 

types of those interactions (especially in 

human social systems) introduces subtleties in 

total system behaviour that no designer of 

such systems could ever specify, or predict, at 

the outset. Accordingly, the whole system can 

behave in an entirely unpredictable, hence 

probabilistic, manner. 

 

Complex System These are systems that are comprised either of 

a few components with many forms of 

interaction, many components with a few 

forms of interaction, or a combination of 

either of these configurations. The 

relationships between the connected 

components determines the complexity of the 

system in that it very much depends on what 

those connections are, how many there are, 

what information they convey between the 

parts, how often they do this. The other aspect 

that determines the complexity of the system 

of components is that which depends on how 

each component system reacts to the inputs 

they receive and process and what output they 

issue as a result that may then, in their turn, 

have an affect upon other connected 

components. The number and type of 

connections and the responses alluded to can 

very quickly result in a system that is difficult 

to analyse the behaviour of in terms of the 

specific cause of it, even when the 

components involved and the connections 

between them are fixed in nature. 

 

Conant Ashby Theorem Every regulator must contain a sufficiently 

accurate model of that which it regulates. 
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Term Meaning 

Cyberfolk Part of Beerôs work in Chile during the time of the 

Allende Government (1971-1973). Beer envisaged each 

person could respond to televised coverage of 

government proceedings and respond to it in real time 

by turning a dial on a control box to accord with their 

personal level of agreement or disagreement with what 

they were witnessing. The readings from each person 

were consolidated and converted, in real time, to a meter 

arrangement that would rotate by an appropriate amount 

in accordance with the consolidated value computed. 

This meter was positioned behind the government 

ministers who were addressing the nation and formed 

part of the television broadcast. In this respect the 

ministers could discern the degree of well being that was 

being expressed by the electorate in correspondence to 

what they were proposing, and were naturally aware that 

this was being televised back to electorate so that they 

too could discern the general consensus  amongst the 

rest of the population regards the matter under 

discussion. In this respect Cyberfolk established a real-

time reciprocal control loop between the people and the 

government. 

Cybernetically viable complex 

adaptive system   

A system that is both viable, hence maps to the viable 

system model, but simultaneously behaves as a complex 

adaptive system when interacting with similar systems. 

A person in a cybernetically viable system, by 

definition, yet when two or more people interact, the 

collection of those people produces an output that no 

single individual can imbue that collection with. The 

interaction of the participants is an emergent property 

(see above) of the collective and that is underpinned by 

the complex behaviour (the myriad interactions) 

between them. Each participant is adaptive both to each 

other and the overall situation that the collection of 

participants faces. Those adaptations affect, and are 

affected by, each other and that contributes further to 

their mode of interaction and hence what the emergent 

behaviour of the collective will be. If that emergent 

behaviour is explicitly aligned with the purpose of the 

viable system that the collective represents, then the 

collective can be said to be a cybernetically viable 

complex adaptive system. 
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Term Meaning 

Cybernetics The science of communication and control in the animal 

or the machine. A useful addendum to this definition is 

that Cybernetics relates to systems that can 

appropriately respond to a world that can always 

surprise them. 

 

Cybersyn Cybernetic Synergy: part of Beerôs work in Chile at the 

request of the Allende government. It was a project to 

fully connect the people of Chile with the Social, 

Economic and Political agenda of their government in 

real time using computer technology, real time data 

processing via high speed telecommunication links, to 

encourage their participation in their countryôs future. 

Emergent Properties The effects of interaction between two or more 

components in a system to produce an outcome for the 

system that those components belong to that is greater 

than either one of them alone could provide the system 

with. In many respects, the emergent properties of a 

system are a by product of the suitably coordinated 

efforts / contributions of each component involved to 

create desired outcomes. 

Endemically Related to people; a characteristic in a particular field. 

Entropy The amount of disorder in a system i.e. the extent to 

which a system is disorganised. More entropy 

corresponds to greater disorganisation; less entropy 

corresponds to less disorganisation i.e. greater 

organisation ï hence greater order. 

Eudemony The Aristotelian term for ówell-beingô. 

graddiff  The difference between gradmax and gradmin. 

gradmax The maximum value in the series of the gradient values 

for the linear regression lines plotted for each match. 

gradmin The minimum value in the series of the gradient values 

for the linear regression lines plotted for each match. 

Homeostasis The process of keeping a target system within 

prescribed control limits (often physiologically defined 

in terms of a human being e.g. body core temperature). 
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Term Meaning 

Homeostat A device that describes and implements the process of 

Homeostasis. 

icdiff  The difference between icmax and icmin. 

icmax The minimum value in the series of Shannon 

Information values computed for each match. 

icmin The minimum value in the series of Shannon 

Information values computed for each match. 

Incipient Instability  Instability in a system that is just beginning or 

becoming apparent. 

 

Information  The unit of communication across a communication 

channel (expressed in Bits). Also considered as the 

average amount of surprise that a system can exhibit 

and calculable using Shannonôs equation for the 

Information content of an Information source. 

 

Inside and Now The term used to describe the internal environment of a 

viable system i.e. what is currently happening within 

itself in the name of it achieving the stated purpose of 

that viable system.  

Isomorphic Maps to. 

Managerial Cybernetics A field within Cybernetics in that it focuses upon 

management. It is the science of effective organisation.  

Maxwellôs Demon A thought experiment developed by James Clerk 

Maxwell to investigate the prospect of whether or not it 

is possible to lower the amount  of disorder (entropy) in 

a system without doing any work. 

 

Metasystem That part of the Viable System Model that contains 

System 5 (Policy), System 4 (Intelligence), System 3 

(Delivery Management) and System 2 (Coordination) 

functions. The Metasystem describes what manages the 

activity of a viable system in general whereas, in 

contrast, System 1 describes what the viable system 

actually does whilst operating to the requirements of 

that management on a mutually agreeable and 

reciprocal basis. 
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Term Meaning 

Negentropy The information based equivalent of Entropy. Maximal 

Entropy (Maximum Disorder in a system) represents 

minimal Information and Minimal Entropy (Minimum 

Disorder = Maximal Order) represents maximal 

Information. 

Outside and Then The term used to describe the external environment of a 

viable system and the probability of different types of 

future conditions therein. 

Pathology The science of disease diagnosis. Organisations suffer 

from common problems associated with how 

disorganised they are i.e. the extent of their 

maladjustment to what it means to be effectively 

organised. If what it means to be effectively organised 

is described by the Viable System Model, then a 

departure from the provisions of that model represent 

organisational pathologies. An example of this is the 

case of those inside an organisation who operate at 

board level proactively getting involved in minor 

administrative matters (e.g. the ordering of office 

stationery). They disconnect themselves from the 

external focus of their organisation that a person in their 

role demands. Whilst this is happening, the implications 

are that opportunities could be missed or threats may 

manifest themselves and the organisation suffers either 

way ï it is less viable than would have otherwise been 

the case (subject to other factors). 

Performative milieu A physical or social space where an appropriate level of 

action is undertaken taken by a person to accomplish a 

desired objective whilst under the variable constraints 

of the prevailing circumstances. 

Power Law A mathematical relationship between two variables 

where one variable (say y) varies in proportion to 

another variable (say x) for some number k in 

accordance with an equation of the type ώ= 1 ὼὯϳ   

where Ὧ is usually a number between 1 and 2. A power 

law that is discernable in a target system is an indicator 

of the presence of self organising behaviour for that 

system. 
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Term Meaning 

Recursion A mathematical term that, when used in the context of 

the Viable System Model, essentially means that the 

provisions of the model are replicated within itself. If a 

viable system is a football team, then that follows the 

provisions of the viable system model. Each function 

that causes that team to do what it does (e.g. Attack, 

Midfield and Defence) is itself a viable system that is 

encapsulated by the team. Each of those functions 

contains players that are in turn viable systems. They 

behave in a manner to cause what each function does to 

become manifested in reality. Each of those functions 

then interacts in a manner to produce what the team as a 

whole actually does. Recursion in the Viable System 

Model decrees that the team, the functions and the 

players are all described by the viable system model. As 

such, in this case, the recursion denotes the team 

encapsulating the functions and the functions 

encapsulating the players. Each encapsulation follows 

the same systemic provisions of the viable system 

model, hence he football team can be considered to 

some extent as a nested structure of such encapsulations. 

Redundancy of Potential Command If there are many decision makers that can possibly take 

a decision that affects the outcome for the collection of 

decision makers, then each one of those decision makers 

can be called a óCentre of Potential Commandô since 

they can each assume command of the prevailing 

situation, make a decision about it and then take 

appropriate action. The decision making is not 

centralised, it is distributed throughout the system of 

decision makers i.e. there is redundancy in the centres of 

potential command. Accordingly, the redundancy of 

potential command is an essential prerequisite for any 

self organising system. 

regdiff  The difference between regmax and regmin. 

regmax The minimum value in the series of the linear regression 

coefficient Ὑ2 for the linear regression lines plotted for 

each match. 

regmin The minimum value in the series of the linear regression 

coefficient Ὑ2 for the linear regression lines plotted for 

each match. 
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Term Meaning 

Resource Bargain Part of the System 3 (Delivery Management) function in 

the Viable System Model. The System 3 holds the 

resources that are available to the whole system that are 

available for use in producing what the total system 

actually exists to do. Those viable systems that 

comprise System 1 (Operations) receive the resources 

they request to do what they need to do on behalf of the 

total system from System 3. They obtain these resources 

in exchange for the performance reporting information 

they supply to System 3 that is underpinned by what 

they have each done in terms of productive output and 

the resources they have already used to deliver that. 
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Term Meaning 

Self Organisation The behaviour associated with the interaction of 

autonomous agents within a system in response to 

each other and their respective localised 

conditions. The behaviour of each individual 

agent informs, and is informed by, the behaviour 

of the other agents present and this causes the 

collection of agents to exhibit certain patterns of 

coherent behaviour.  

A notable example of this is the flocking 

behaviour of Starlings. Each Starling is an 

autonomous agent in a flock (group of Starlings) 

and its behaviour is its own concern. Yet, when 

that behaviour is influenced by the presence of 

other Starlings that surround them in the flock, 

that behaviour is in turn reciprocated back to 

them. This establishes continual circularity in the 

interaction between each Starling in accordance 

with each Starlings autonomous application of a 

rule set that they each apply to avoid each other. 

When one examines the entire flock of Starlings, 

one can discern that the flock behaves in a 

coherent manner in flight. Such patterns are often 

very complex, hard to predict and seem to form 

for no readily apparent reason aside from flock 

behaviour when it takes action to avoid the 

interest of airborne predators. Indeed, perhaps the 

difficulty in prediction is the strength of such self 

organising behaviour when avoiding a predator 

since that is obviously to the flockôs advantage 

under such circumstances. The behaviour of the 

flock, i.e. the total system of interacting 

participants, exhibits behaviour that no one 

participant involved can impart upon it. By that 

rationale, the behaviour alluded to is emergent, 

but this is only the case due to the components 

(individual Starlings) each behaving the way that 

they do locally  with respect to each other, and 

that is distributed throughout the flock, to create 

the global patterns associated with the whole 

flock. The behaviour of the flock is not under the 

guidance of a centralised control function in the 

form of a Starling that has been appointed its 

leader. 
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Term Meaning 

Spatiotemporal Relating to both time and space. 

Synergy An advantageous combination of elements (e.g. 

resources or efforts). 

Syntegration A consensus based human decision making 

protocol for policy formation within viable 

systems and hence that which can be mapped to 

the viable system model. 

System 1 That which encapsulates the functions of a viable 

system that serve to produce what the total system 

actually does. 

System 2 The function of a viable system that describes 

how the components of System 1 are coordinated 

such that the total System 1 output is coherent and 

that no component predominates in a manner to 

compromise that. 

System 3 The delivery management function of a viable 

system. It describes how the resources that the 

viable system has at its disposal are allocated and 

provided to System 1 and its associated 

components in return for performance reporting 

data being received from them concerning current 

performance levels with resources that have 

already been allocated. 

System 3* The audit function of a viable system. It 

represents the mechanism that allows System 3 to 

bypass the localised management of System 1 

components so that the facts that they report 

concerning their performance can be objectively 

verified. 

System 4 The intelligence function of a viable system. It 

describes how the total system engages with its 

environment and how both opportunities to be 

pursued and threats to be avoided can be 

anticipated and action formulated in advance as 

appropriate. Intelligence holds a model of both the 

total systems external environment as well as a 

model of the whole viable system and its 

capabilities in order to make informed judgements 

of the external environment in context of what the 

system is capable of accomplishing. 
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Term Meaning 

System 5 The policy function of a viable system. It handles 

the competing requirements of the externally 

focused and future oriented System 4 with those of 

System 3 and its internally focused agenda and 

what is currently happening inside the viable 

system.  

System in Focus Given that the Viable System Model describes a 

system in terms of a series of embedded 

recursions, the System in Focus refers to a 

particular recursion that is under consideration. In 

the case of a football team, that is a viable system 

that can be resolved into three recursions. The 

team is represented by Recursion 0 (the all 

encompassing viable system). Recursion 1 

represents that team resolved into the various 

performative functions of Attack, Midfield and 

Defence. These are each viable systems that are 

encapsulated inside Recursion 0.Recursion 2 

represents the players that are viable systems that 

are encapsulated inside each Recursion 1 (Attack, 

Midfield and Defence function) as applicable. If 

interest is held about, say, the Midfield function of 

the team then that is the System in Focus i.e. the 

recursion within the overall viable system that the 

team can be described as that is currently under 

examination.  

Variety The number of states that a system can exhibit. 

Viability  The ability of a system to continually operate 

within its environment to the extent that it can 

pursue its stated purpose, despite the conditions in 

that environment possibly conspiring to counter 

that aim.  

VSM Viable System Model. 

ydiff  The difference between ymax and ymin. 

ymax The maximum value in the series of the Y 

intercept values with the Y axis for the linear 

regression lines plotted for each match. 

ymin The minimum value in the series of the Y 

intercept values with the Y axis for the linear 

regression lines plotted for each match. 
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Term Meaning 

Zipfôs Law Relates to the word frequencies found in various 

sources of text irrespective of the language they 

are written in. On examining a text and listing 

every unique word within that text, one may 

evaluate how many times each of those words 

appears. This results in a table that features the 

most frequently used word on the first line and the 

least frequently used word on the last line. The 

former would be assigned the highest rank number 

i.e. 1, and the latter would be assigned the lowest 

rank number. Zipf discovered that a power law 

relates the word frequency to the rank number. 
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VSM Overview and Examples 

 
This section is provided as a highly abridged overview of what the Viable System Model is 

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 Metasystem ï the functions that manage what the whole system does 

 

This is comprised of: 

 

System 5 ï Policy: The balance between the systems external focus (goals, aspirations etc) 

and its abilities to deliver against those by its internalised efforts. 

 

System 4  Intelligence: The 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 3 ï 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 accomplish that work 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 2 ï 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 1 ï Operations: the agents of production that does the work that the whole system 

exists to produce.  

 

The integration of these functions (as per Figs. 1-4) 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 environment. 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 words the total system acts 

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

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

Viable 

System 

Model 

Component 

System 

Human being Business Football Team All connected systems 

Per VSM resulting in 

Total System Viability 

System 5 ï  

Policy 

Brain Chairperson Self Organising 

aggregated team 

movement. 

 

System 4 ï  

Intelligence 

Senses Directors (e.g. Sales, Production, Finance, 

Logistics) 

Self Organising 

aggregated individual 

observations. 

System 3 ï  

Delivery 

Management 

Autonomic Nervous 

System (ANS) 

Line Managers Autonomous self 

allocation to a situation 

undertaken by each 

player. 

System 3* -  

Audit  

ANS (Parasympathetic 

System: looks after the 

bodyôs need to órest and 

digestô i.e. the bodily 

activities that occur 

when body at rest) 

Work Checking (e.g. quality assurance) Autonomous peer 

checking undertaken by 

each player. 

System 2 - 

Coordination 

ANS 

(Sympathetic System: 

looks after the bodyôs 

fight or flight responses) 

Work plans and schedules (e.g. production 

and delivery schedules, shift rotas) 

Self Organising 

effective interaction 

between individual 

players. 

System 1 ï  

Operations 

Muscles, Heart, Kidneys 

etc. 

People involved in Sales, Manufacturing, 

Procurement. Depends on organisation type 

and what it exists to produce. For example, an 

accountant working in a firm of surveyors is 

not a System 1 element of that practice, but a 

surveyor would be since that is what the 

practice exists to do. The accountant does not 

operate to produce what the practice does. 

Players involved in the 

teamôs Attack, Midfield 

and Defence functions. 
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Fig. 2 Relationship of Viable System Model (VSM) and a Human being 
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Fig. 3 Relationship of Viable System Model (VSM) and a business organisation 



 
26 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 Fig. 4 Relationship of Viable System Model (VSM) and a football team 
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Chapter 1 ï Why this work? 

1.0 Introduction  

 

This is a work in applied managerial cybernetics that specifically focuses upon the work of 

Stafford Beer in the development of his Viable System Model (VSM).Beerôs model defines what it 

means to be viable i.e. what functionality a system must possess and interoperate internally to create a 

relationship with its external environment. This being to the extent 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 involved. A business, 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 or lesser extent. 

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 be able to 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 separate 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 avoid the loss 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, p.ix), the ñscience of effective 

organizationò. Accordingly, if what it means to be successful in the context of a systemôs stated 

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 more than just about 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 that make them so as per Beerôs VSM. As such, this work is an 

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 following Research & 

Development Activity Matrix outlines the stages undertaken accordingly.   
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1.1 Research & Development Activity Matrix 

 

  

STAGE OBJECTIVES KEY TASKS METHODOLOGY  

S
ta

g
e
 1
 

R
e
q

u
ir
e

m
e
n
ts

 R
e

s
e
a

rc
h

 Examine the current 

position in Viable 

Systems Research for 

quantified analysis of 

the Viable System 

Model (VSM) 

 

Exploration of VSM & Complex Systems literature. 

Provide a step by step analysis of the isomorphy 

between a football team and its VSM representation. 

 

Relate what the VSM is and does to the operation of a 

football team to justify use of a football team as a 

suitable proxy for the model. 

 

Formally state the research objective to find a 

characteristic output signature of a viable system 

under load and how does that relate to the systemôs 

success or failure. 

Literature Review. 

 

Case Study. 

 

Cybernetic Intervention 

and isomorphic 

analysis of football 

team compared to the 

VSM. 

S
ta

g
e
 2
 

T
e

c
h

n
o
lo

g
y
 R

e
s
e
a

rc
h

 

Investigation of 

technologies and 

associated data sources 

that characterise viable 

systems in action 

Investigation of sources of data capture systems for 

viable systems under load. 

Assess programming languages pending software 

construction. 

Assess report writing tools to assist in analysis. 

 

Employ the techniques of Complex Systems to 

characterise Viable Systems. 

Literature Review. 

 

Case Study. 

S
ta

g
e
 3
 

S
o

ft
w

a
re

 

C
o
n

s
tr

u
c
ti
o
n Design and build 

software to play back 

football matches from 

data files provided 

With reference to the supplied data file format, 

iteratively construct and test match playback software 

using the Java programming language via the 

Processing Integrated Development Environment. 

Iterative rapid 

application 

development method 

for software 

construction. 

S
ta

g
e
 3
 

D
a

ta
 A

n
a
ly

s
is 

Analyse each match 

data file before 

playback in software 

(actual dynamics) and 

after playback 

(emergent dynamics) 

Produce regression analyses as policies of viable 

systems under load to characterise the VSM in 

operation; also produce Shannon Information 

computations and juxtapose the two. 

Compare and contrast these and assess for statistical 

significance as a means of quantifying degree to 

which target football team were well organised hence 

isomorphic with their VSM representation. 

Zipfian ranked 

frequency distribution 

production 

 

Linear regression 

treatment of the above 

 

Juxtaposition of both 

and run tests for 

statistical significance. 
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1.2 Why has the work been undertaken? 

 

This work has been embarked upon since, 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 

environment 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 hence in its effect, 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 belong to 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 more or less 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 

STAGE OBJECTIVES  KEY TASKS  METHODOLOGY  
S

ta
g

e
 4
 

E
v
a
lu

a
ti
o

n
 o

f 
A

n
a
ly

s
is

 C
o
n
c
lu

s
io

n
s
 &

 F
u
tu

re
 W

o
rk

 

Comment upon the 

analysis undertaken as 

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. 

Compare and contrast the calculations made with 

reference to match outcome type in terms of team 

success or failure and the corresponding juxtaposed 

metrics. 

Conclude findings based upon statistical significance 

figures and how that relates to the null hypothesis 

formulated for the research. 

 

Explore possible future areas of application of the 

work undertaken. 

Objective analysis and 

evaluation of the 

findings as a conclusion 

to the work. 

 

Determination of 

possible future 

directions the work 

could take and 

provision of some 

recommendations 

accordingly. 
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badly organised. Some may argue that such action was necessary, yet the 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 the two, 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 revenue ï the contract was lost. 

In this case, 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 to happen? 

 

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 degree of alignment. 

Accordingly, if a net behavioural state of a nominated 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 advantageous ones. 

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 not.  It would 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 that this is periodically 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 that is what is investigated. 
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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, and actually follows, 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 of forming and following their own survival imperative under a wide variety of circumstances 

and environmental conditions.  

If a humanôs neurophysiology describes the viable system model and its operation, then it is 

argued that the viable system model representation 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 of how well 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 extent, if any, certain distortions in the model may be 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 perhaps indicate 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 pursue a common 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, each other and the 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 organising collective is argued to equivalent in construction and 

operation of the viable system model that can be used to describe that collective. 
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It is via this line of argument that it is contended that analysis of the spatiotemporal activity of 

a football team facilitates an opportunity to study the multi-recursive 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 model itself in general 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 have been unused in this manner thus 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 to how 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 networks.  

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 the range of possible options available in advance of the 

literature review carried out. 
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1.4 Comparison Matrix for VSM to other paradigms of self organisation 

 

Paradigm What it is Relevant 

to the 

VSM 

Equivalent 

to the entire 

VSM 

Explanation The case for its use The case against its use 

Cognitive Maps 

A  type of mental model 

representation which serves an 

individual to acquire, code, store, 

recall and decode information about 

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, although 

this is speculated. 

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 control 

and that is held (or should be held) by 

System 4 (Intelligence) i.e. the model of its 

environment and the self referential model 

it holds about itself (Conant Ashby 

Theorem). 

 

It does not explicitly relate input received 

to output issued as per the System 5 Policy 

function of the VSM, nor any other 

neurophysiologically underpinned 

paradigm essential to systemic viability. 

An essential concept related to System 

4 Intelligence if the viable system is to 

adhere to the Conant Ashby Theorem. 

 

Neural correlates allude to the 

strength of the connections between 

place cells and how that is equivalent 

to distances between objects in a 

subjectôs environment. 

 

This suggests that the spatiotemporal 

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 policy for the 

system since it only relates 

to a model of the 

environment held by the 

subject. 

Does not describe how the 

model relates to survival of 

the subject as it pursues its 

purpose. 

Does not feature the 

concept of cybernetic 

variety explicitly in any 

control strategy that it 

might be associated with, 

which is an essential 

prerequisite, let alone how 

it may be homeostatically 

regulated.  

  

Definition with appropriate 

acknowledgement to: 

https://en.wikipedia.org/wiki/

Cognitive_map under Creative 

Commons Attribution-

ShareAlike License: 
https://creativecommons.org/li

censes/by-sa/3.0/ 

 

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/
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Paradigm What it is Relevant 

to the 

VSM 

Equivalent 

to the 

entire VSM 

Explanation The case for its use The case against its use 

Genetic Algorithms 

(GA) 

A technique used in computer 

science inspired by the process 

of Darwinian natural selection 

in the evolution of life forms. 

 

The technique was developed to 

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. 

Yes - 

partial 
No 

The technique requires specific encoding of 

environmental conditions and the 

generation and manipulation of a 

population of candidate solutions to the 

problems present therein (e.g. obstacles to 

be avoided) in accordance with a scale of 

fitness being ascribed to those solutions. 

 

Although a strategy in the form of 

connections between system input and 

system output could be generated by such 

means for a given purpose, the time taken 

for the algorithm to run and make its 

recommendations might present an issue 

since the pace of the environment might 

change too rapidly, and too often, for it to 

keep up. 

An excellent choice for optimising the 

connections between system input and system 

output to form a policy for the system. 

 

Natural selection process will offer solutions 

that may initially seem contradictory to a 

human designer of a policy, but are capable of 

showing that such solutions are more than 

capable e.g. through the subtleties they 

introduce to how the system will behave if its 

recommendations are implemented. 

Does not describe fully 

what viability is. Rate of 

evolution may be 

pedestrian in comparison to 

the pace of the environment 

and the need for solutions 

to problems therein that are 

rapidly altering. 

The time lag between what 

the system needs and what 

the system proposes to do 

in response may well cause 

the Genetic algorithm to do 

precisely the right thing 

(fully optimised, best 

possible policy) at 

precisely the wrong time. 

Dissemination of 

recommendations to the 
players may be difficult in 

practice.  

  

Definition with 

appropriate 

acknowledgement to: 

https://en.wikipedia.org/w

iki/Genetic_algorithm 

under Creative Commons 

Attribution-ShareAlike 

License: 
https://creativecommons.

org/licenses/by-sa/3.0/ 

also: p.391 Shiffman, D., 

2012. The Nature of 

Code. New York: Self 

Published Book. 

 

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/
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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 behaviours 

e.g. bird flocking. The 

technique is similar to Genetic 

Algorithms but does not use 

evolution operators such as 

crossover or mutation. 

In PSO, potential solutions to 

a problem are conceptualised 

as particles that fly through a 

space that describes the 

problem to be solved. Those 

potential solutions follow the 

current best solution 

(particle).For each iteration of 

the algorithm, all particles are 

updated with two ñbestò 

values. Its own personal best 

and the 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 to 

that in GAs i.e. it is one way 
since only the current global 

best updates every other 

particle ï it is not a case of 
each particle updating each 

other.  

Yes - 

partial 
No 

This has the advantage over GAs in 

that the solutions that it proposes can 

be expedited more rapidly. 

The method seems initially to have 

more intuitive alignment with the 

behaviour of the football team used in 

this work, but the fact that a particular 

player has possession of the ball does 

not necessarily equate to them being 

representative of the best policy (local 

or global) at that time. 

Similarly, if their possession of the 

ball does represent the best possible 

policy currently, this may soon be 

demoted in accordance with a 

playerôs autonomously formed action 

to, say, pass, the ball to a colleague 

and that may result in a situation that 

currently represents a less than 

optimal policy in overall terms. 

As such, there is no guarantee in 

actuality that the each player 

(equivalent to a candidate solution in 

a small scale particle swarm) would 

be updated with the best policy since 

what works for one, might not work 

for another under different 

circumstances. 

PSO represents an excellent 

choice for describing how a 

policy for a system might be 

optimised rapidly. 

The strength of the approach is 

its speed over the GA approach 

and its similarity with how a 

team actually works on the 

pitch. 

This is to say that at the level of 

the whole team, each player can 

conceivably be considered to be 

a particle (candidate solution) in 

that system of particles. 

Moreover, that the other players 

involved do, in many respects 

literally, follow their colleague 

who has possession of the ball 

to support them. 

As such, the behaviour of PSO 

could be used to describe the 

policy formation of the 

collective and that could then be 

correlated with team success or 

failure. A comparison could 

then be made between what the 

algorithmic version of the PSO 

recommended and what the 

óparticlesô on the pitch did at 

every time step. This could be 

mined for aspects appertaining 

to potential tactical advantage. 

PSO is representative only of the policy aspects of a 

viable system and a fully optimised version of that. 

Often management can be too deterministic, hence 

rigid in its approach to solving a problem. If the 

PSO approach was used to provide an optimal 

policy at all times for the team, quite how that 

could be disseminated and enforced amongst the 

players in a real situation at all times remains an 

open question. The technique does not factor in the 

other essential prerequisites of what it means to be 

a viable system. 

One of the grounds for this is that there is no 

provision for negotiation between the components 

of the system, homeostatically or otherwise. The 

data being reported back from the ostensibly 

current global best is not objectively verifiable at all 

times in a real situation without an explicit 

mechanism to assure integrity. 

For sure, an algorithmic approach can implement 

this, but PSO as it stands does not. Moreover, no 

particle features a homeostatic relationship with its 

environment which defines its control strategy and 

dynamics with respect to it. 

  Definition with appropriate acknowledgement to: https://en.wikipedia.org/wiki/Particle_swarm_optimization  under Creative Commons Attribution-ShareAlike License: 
https://creativecommons.org/licenses/by-sa/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
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Paradigm What it is Relevant 

to the 

VSM 

Equivalent 

to the 

entire 

VSM 

Explanation The case for its use The case against its use 

Kuramoto 

Model 

Describes how a series of 

oscillating systems that are 

coupled together can either be 

synchronised or desynchronised 

with each other. 

Yes ï 

partial 
No 

The technique demonstrates that 

synchronisation of disparate, yet globally 

coupled, oscillating systems can be 

synchronised (coordinated) 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 is 

conceptualised as an oscillating system, 

then a collection of such players (team) 

could have their coordination with each 

other described and modified by 

application of the Kuramoto model. If, 

for instance, their individual behaviour 

was such that the whole team was 

becoming uncoordinated, then the 

application of what the Kuramoto model 

proposes would serve to restore that 

coordination. 

Coordination is only one aspect of what a 

viable system must possess to instantiate 

its viability and the Kuramoto model only 

deals with that aspect. Moreover, it relies 

on treating the behaviour of a player, and 

that of the whole team of players as 

oscillating systems. The model does not 

explicitly cover why any oscillator would 

behave with the periodicity it does (e.g. by 

reference to how it is connected to its 

environment) i.e. no policy aspect, let 

alone any other attribute essential to 

system viability. 

 

 

 

 

 

 

  

Definition with 

appropriate 

acknowledgement to: 

http://tutorials.siam.org/ds

web/cotutorial/index.php?

s=1&p=1 

 

http://tutorials.siam.org/dsweb/cotutorial/index.php?s=1&p=1
http://tutorials.siam.org/dsweb/cotutorial/index.php?s=1&p=1
http://tutorials.siam.org/dsweb/cotutorial/index.php?s=1&p=1



