System Dynamics





A feedback system is influenced by its own past behaviour and has a closed loop structure that brings results from past action of the system back to control future action. One class of feedback systems - negative feedback - seeks a goal and responds as a consequence of failing to achieve the goal. A second class of feedback systems - positive feedback - generates growth processes wherein action builds a result that generates still greater action.





A feedback system controls action based on the result from previous action. The heating system of a house is controlled by a thermostat which responds to the heat previously produced by the furnace. Because the heat already produced by the system controls the forthcoming generation of heat, the heating system represents a negative feedback system that seeks the goal of proper temperature. A watch and its owner form a negative feedback system when the watch is compared to the correct time as a goal and is adjusted to eliminate errors. An engine with a governor senses its own speed and adjusts the throttle to achieve a preset speed - it is a negative feedback system. Bacteria multiply to produce more bacteria which increase the rate at which new bacteria are generated. In this positive feedback system the generation rate of new bacteria depends on the bacteria accumulated from past growth of bacteria.





The Feedback Loop





The basic structure of a feedback loop appears in the figure below.
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The feedback loop is a closed path connecting in sequence a decision that controls action, the level of the system (in this context the term level is used to mean a state or condition of the system) and information about the level of the system, the latter returning to the decision-making point.





The available information, as it exists at any moment, is the basis for the current decision that controls the action stream. The level (true level) of the system is the generator of information about the system, but the information itself may be late or erroneous. The information is the apparent level of the system, which may differ from the true level. It is, however, the information (apparent level), not the true level, that is the basis for the decision process.





The Diverse Behaviour of Feedback Loops





The activity within negative feedback loops can range from smooth achievement of the goal that the loop is seeking to wild fluctuation in search of a goal. Positive feedback loops show growth or decline. As an introduction to the dynamic (ie. time-varying) behaviour of feedback loops, we now consider several feedback systems to illustrate the kinds of time responses shown below:-
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These curves show the changing value of some system variable as time progresses from left to right.





Curve A is typical of the simplest kind of feedback system in which a variable rises at a decreasing rate towards a final value. An example of such a system may be the increase in an employee group as hiring expands the group towards an authorised level. Or the curve could represent the water in a loo tank approaches the final full level. In all these cases, the change towards the final value is more rapid at first and approaches more and more slowly as the discrepancy decreases between present and final value.





Curve B is a more complicated approach to the final value where the system overshoots the final value, then falls below in trying to recover from the earlier overshoot. Such behaviour can result from excessive time delays in the feedback loop or from too violent an effort to correct a discrepancy between apparent level and the system goal. Such behaviour can be seen in the rise and fall of industrial production as seen in economic cycles, in the fluctuations of commodity prices as supply and demand seek one another, and in a drunk trying to put a key in a keyhole.





Curve C shows growth where there is, in each succeeding time interval, the same fractional increase in the variable. The vertical value doubles in each unit of time. Such 'exponential' growth is seen in cell division, in the sales growth of a product where salesmen produce sales to yeild revenue to hire more salesmen, in the chain reaction of an atomic explosion and in the multiplication of rabbits.





Curve D shows an initial section of exponential growth followed by a levelling out. Curve D is a composite of an early section having having the characteristics of Curve C that yeilds to a later section having the characteristics of Curve B. Such behaviour is seen in the growth of an animal which at first is increasingly rapid and then slows in its approach to final size. This kind of growth that gives way to a continuing balance might also represent a rabbit population that rises rapidly to the point where the food supply is overtaxed and no more rabbits can be supported. Curve D could also represent the nuclear activity of an atomic power plant as fission rate rises to the operating level and is then moderated by the control system. It represents the early growth of a product that stagnates because market demand has been satisfied or because production capacity has been reached.





Hierarchical Feedback Structures





Consider the following example:-





An engine, operating without a governor, has no goal for speed. Changing the throttle will change the speed but the speed has no effect on the throttle. Changes in load will change the speed without causing a throttle adjustment.





Adding a governor produces a feedback system in terms of a constant speed goal. Changes in load cause changes in speed which produce a compensating change in throttle setting as the governor tries to hold the speed for which it has been set.





Suppose the engine is part of a lawn mower and we add the goal of mowing the lawn. In adding this broader purpose the governor (obviously) has no awareness of what grass has been cut or where to cut next.





By adding a person to operate the lawn mower, we again see a feedback system in terms of the goal of cutting a particular lawn. The lawnmower and operator form a feedback system because determining which grass to cut next depends on the grass which has already been cut.





But if we broaden the viewpoint again to that of the owner of a lawn-care enterprise with a goal of meeting customers demands, the operator and his lawn mower are considered a component of a larger management system. 





By adding the management function, instructions arising from customer requirements are introduced as a guide. In terms of the goal of properly scheduled work, the operator, equipment and owner must be taken together to form a feedback system for the purpose of serving customer lawn-care needs.





As we can see in the example above, each component can itself be considered as a feedback system. The resulting hierarchy of feedback structures then serves the broadest purpose of interest which itself determines the scope of the system.








�
Managerial Cybernetics.





Cybernetics is the science of communication and control in the animal and machine, that is for living and non-living systems. Cybernetics studies the flow of information round a system and the way that information is used by the system as a means of controlling itself.





The word control in this context should not be taken to mean coercion but rather how systems can naturally regulate their outputs by internal or intrinsic means.





In intrinsic control the system is brought ‘into control’ by the process of going ‘out of control’. A clear example of this concept is shown in the equipment developed by James Watt as a means of governing a steam engine.
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In this case, as the engine revolves driven by the pressure of steam, the governor revolves with it and the centrifugal force causes the arms of the governor to fly outwards, creating a mechanical movement which reduces, and thus regulating, the input of energy to the system. As the energy input reduces, the governor revolves more slowly and the arms drop, creating a mechanical movement that increases, and again regulates the energy input to the system. The regulation of the system output is therefore a result of the total interaction of its subsystems which continually bring about ‘correct action’ for the prevailing condition of the system.





Before cybernetics, the scientific work in control had focused on simple and isolated stimulus-response systems where control is provided by negative feedback�. In contrast, Cybernetics and particularly Management Cybernetics, sets out to study highly complex systems and their interaction with complex, dynamic and uncertain environments.





Viability





Managerial Cybernetics were identified and developed in the pioneering work of Professor Stafford Beer and demonstrate the role of cybernetics to the management task. This work resulted in the development of a complete cybernetic model of the organisation. The model was developed from analogy with the human brain and neural control, following cybernetic first principles. It provides a radically different view from that found within traditional Western (orthodox) theory.





In developing the model Beer is concerned with uncovering the ‘mechanisms’ that promote viability as an emergent property of the system. Viable systems have the ability to respond, through a process of awareness, to an unseen (at the time of design) stimulus and can learn the optimal response to such stimuli. Viable systems develop and are robust against internal malfunction and external stimuli. They can continually adapt and can therefore survive in unforeseen and unpredictable futures.





System Complexity





Theory (see Ashby’s Law of Requisite Variety below) has shown that viable systems can only have these properties if they have high complexity. Designing systems with concepts, theories and models that have low complexity is likely to lead to systems that are not viable and consequently have a short life span.





Variety





Variety is the technical term for complexity. Variety (V) is defined as the number of distinguishable states of the system’. System states do not remain constant and may be affected by internal or external stimuli. A situation has to be able to respond to these changes in order to survive, or more correctly be able to respond to the rate that the changes are taking place.





For example, dinosaurs were not able to survive sudden changes in their environment, conditions became ‘artic’, they were not able to respond and adapt and consequently became extinct.





The world of enterprises is the same, in order to survive enterprises have to be able to respond and adapt to their environment. An enterprise will be affected by changes in market requirements, advances in technology and changes in variety. Over the last four or five decades this has become more difficult as the rate of change has increased. A good example of this can be seen in the rapid and dramatic changes that have occurred in the world of technology, especially computers. It is now the ability to respond to the rate the changes are taking place, than simply the change, that determines survival.





In order to respond to change, those changes must be recognised and detected, preferably before they occur. An enterprise able to predict, continually respond, adapt and survive throughout all environmental changes is said to be viable.


Variety Balances





The performance of a system is a function of its ability to deal with the variety of its internal (control) and external environments.





‘System performance can therefore only be sustained if the system can adapt and learn to regulate subsystems under its control’





Potentially, the external environment has a much higher variety, than the internal control environment.





For example, if we think of a greengrocers and its assistants (Control (V)) and its customers (environment (V)) then obviously if there are far more customers than assistants then the performance of the system is going to be low.
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However, for long term stable and desired performance the actual internal (control) variety would have to be greater or equal to the external environment variety.





So somehow, we need to be able to balance the varieties of the controller and the environment, in order for the system to attain and maintain a desired level of performance. In other words, prevent reduced performance, as shown in the above diagram, but also guard against unnecessary internal high variety and latent performance.
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A system where the regulator, control system, has lower variety than the system being controlled then the system will be unviable. However, if the control system has equal or higher variety than the system being controlled then the system will be viable.





Techniques to alter variety levels





Attenuation





Attenuation decreases high variety to the number of possible states that the receiving entity can actually handle, this is shown diagrammatically as:
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e.g. A manufacturing concern limits the range of products it produces as a means of attenuating the variety of its market environment.





Amplification





Amplification enhances low variety to the number of possible states that the receiving entity the receiving entity needs if it is to remain regulated, this is shown diagrammatically as:
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Requisite Variety





These ideas on variety are captured in Ashby’s Law of Requisite Variety which states that continuing effective control in a changing environment requires a controller of equal or greater variety that of the entity being controlled.





In simpler terms this can be stated as: only variety can absorb variety.





How to determine Requisite Variety





·	The variety of the system to be regulated can be assessed by deciding how many meaningfully different states, behaviours and disturbances the system has.





·	The variety of the regulator can be assessed by counting the number of meaningfully different responses the regulator is capable of.





·	In complex, managerial situations it may not be feasible to actually count the variety of the regulator or the system. In such cases intuitive ‘guesstimates’ can help.





The Homeostat
































If the state of one system moves out of the 'desirable state, the other system (the other half of the homeostat) needs to act to bring the state back into 'control', or into a desirable state. To do this, it first needs to know that this has happened (and that there is a need for action). There is therefore a need for real-time monitoring to provide the system with an awareness of the state of the other; and vice versa.





Viable System Model





This model of organisation is a minimal system of interlocking homeostats. One therefore needs to imagine that the structure, the states and the behaviour of the situation being modelled is dynamic; and to think of every possible loop (possibly hundreds) in terms of homeostatic criteria.














There are three key ideas to the Viability of a homeostat.





a.	If two systems (e.g. the enterprise and its market) are to be in homeostatic equilibrium, one must not engulf the other. Potentially the market can swamp the enterprise with proliferating information and demands. The same applies to the operations and its management.





	If the criterion is equilibrium, then there must be an effective balance of information proliferation on both sides of the homeostat. This balance can be achieved by attenuating the higher capacity for complexity and/or amplifying the lower capacity for complexity.


	


	Every kind of management behaviour and every type of management tool can be discussed in these terms.





	In an enterprise/marketing homeostat, advertising is an amplifier of the enterprise whilst a product policy is a market attenuator. On the management/operations homeostat, the use of 'management by exception' is an attenuator of operational variety, whilst calling in consultants is an amplifier of management variety.





b.	Secondly, the channels linking the systems must have sufficient capacity to allow the flow of information without distortion.





c.	Thirdly, at points where information crosses system boundaries suitable machinery must exist to 'transduce' (lead across) the information flowing around the dynamic system. This means providing sufficient handling capacity, encoding and decoding capabilities and speed of response.


�



Homeostatic Loops within a Viable System Model (VSM)





With these points in mind, one can build a model of the Viable System through a structure of homeostatic loops.





Firstly, the interaction between the operations of the enterprise and the environment can be shown as follows:





System One (S1) : Implementation





...and then adding in the interactions with some management process...
































This system is called the Elemental Organisational Unit (EOU), or System One in the language of the VSM.





Then if we have several of these processes, each providing some distinct product or service.....






































...giving 12 homeostatic loops linking these sub-systems.





The balance of varieties between each pair of interacting systems can be achieved by the ideas expressed above. However, the environments, operations and management systems interact on the vertical plane. In some business sectors, such as steel-making, there may be large vertical interaction; whilst in some cases there would be low vertical interaction as in the case where each set of systems comprised an enterprise within a holding company.





System 3: Control





But each of these Elemental Organisational Units is part of a whole system that does something that each individual unit cannot. There is a need, therefore, for another subsystem that 'looks after' the whole set of EOU's. The function of this sub-system is to obtain synergy for the whole system by supporting each EOU in a way that leads to the optimum situation for the whole system. An earlier system principle about sub-optimisation suggests that each EOU will not be required to operate in an optimum way with regard to its interests alone. This subsystem, called 'control' makes decisions that are best for the whole system and must therefore take account of many perspectives that are relevant to all EOUs.





It can also be thought of as an 'integrating' process, in the sense of synthesising a set of perspectives. In many enterprises, the different perspectives or issues relevant to the S1s are left to isolated discussions (or fragmented management meetings) with the result that putting together the 'total' picture is never attempted. Another example of this would be the case of the 'loudest' voice influencing the view of the situation.





This system is also concerned with the resource bargain that must be agreed for each EOU. The interactions between each subsystem of the EOUs and with this subsystem show the essential difference between autocratic and autonomous management.





System 2, S2: Co-ordination





This is concerned with preventing damaging oscillations occurring between the S1s who may share common resources, pass material to one another etc. Timetabling, scheduling, production control are examples of this process.





System Three(Star), S3* : Audit





Having given the S1s as much autonomy as possible (whilst still keeping them part of the whole enterprise to do what the enterprise is) it is reasonable to expect it to want to check that all is well by receiving direct evidence of the well-being of the operations that the S1s are trying to manage. This covers a multitude of issues; have the S1s correctly understood the instructions of S3; are the S1s coping with the expected changes in the environment; etc. Notice that this arrangement greatly reduces the regulatory information that would have to flow between the S1s and S3 process if the S1s were not given a high degree of autonomy. Although this is called the audit process, it could be thought of as a monitoring process.





The word audit suggests financial and accounting issues, in fact it covers any issue on which the S3 process requires information. It could also be thought of as a process whereby stress and undue strain is detected and passed to the S3 process. 





In special cases, appropriate filters may direct a message of extreme stress up to the very highest level of the management system (S5, see below).





The 'Here and Now' System





Together the S1s, S2s, S3 and S3* make up the management of the 'present' operations, or the 'here and now'. The data passing around these loops, sometimes filters etc. should be real-time and the rate at which measurements are taken should relate to the volatility of the situation; speeding up when change is sensed and slowing down in the face of stability.





The Future Systems





The management processes described above need some guidance of what to 'do' relating to what we believe the future to be like (even if we cannot forecast it accurately) and what we choose from all the possibilities that we perceive are available to us.





System Four, S4 : Intelligence





This process thinks about the future and the external environment as they relate to the whole enterprise. Any issue about the future is considered in this process. Examples in management would be marketing, planning, forecasting, R&D, problem solving, change management, quality improvements, BPR, etc.





System 5, S5 : Policy





This process provides closure to the whole system. It decides what it is the whole enterprise does and guidelines about how it will do them. It will also monitor the interactions between the S3 and S4 processes. Is the balance of activity and resources allocated to S3 and S4 right?; are the signals from S4 to S3 being taken into account?; are requests from S3 to S4 for help being heard and acted upon.





Recursion in the Model





The 'autonomy' of subsystems implies that they too must develop viable organisations, for the control function cannot possibly consider, in advance, their response to all environmental disturbances. The environmental complexity is too large.


Where appropriate, S1s can be resolved into a lower recursion level that has the same VSM structure. Theoretically, this process can be continued until the 'lowest' level recursion is the individual persons within the enterprise.





Notes on Communication Channels. 





Communications within the Environment





Information may pass from the Operations of a System One to its environment, on to the environment of another System One and back into its Operations. For example, poor service from one System One may result in the customer suspecting poor quality of service from all System Ones in the same company. Alternatively, one System One may detect changes in the Environment which affects choices for itself or other System Ones.





Channels between the Enterprise and its Environment





The operational unit of each System One is in direct contact with the environment relevant to that System One. Two way channels pass information concerning sales, distribution, supplies and anything else directly impacting the production and sales of services or products.





System Four surveys the whole environment of the enterprise, seeking to detect trends of relevance to its future. In second futurist mode, this system also scans the unknown future, seeking signs indicating innovations that do not yet show up as statistical trends. A wide variety of input channels are required, matched to System Four's model of the whole enterprise. In addition, this process requires output channels for PR, lobbying and other communications to alter the environment.





Operation to Operation Channel





Direct communication from operations of one System One to another may consist of administrative information, or it may involve physical flows of raw material which is being passed to another operation for further processing.





System To Co-ordination Channel





The communication of procedures, protocols and conventions; monitoring of interactions between System Ones, for example, scheduling, quality assurance, accounting conventions and conventions for organisational image and culture.





Resource Bargain and Accountability Channels





Two way channels between Systems Five, Four and Three; and between System Three and System Ones for allocating the enterprise's resources and determining outputs that System Ones are accountable for.





Command Channel





Conveys legal requirements and other non-negotiable information. It may relay decisions made by System Five-Three for the whole enterprise.





Three Star Audit Channel





For sporadic audits of Operations. For example, the state of physical plant, staff morale, safety conditions, inventory management etc.





Algedonic (pain/pleasure) Signal Channel





This channel passes communication from the Operations to System Five, with reports on the system's well being. Provides the facility for raising alarms of damaging consequences or signals of unexpected opportunities.





Channels between Levels of Recursion





Levels of recursion are linked in two ways. The Viable System (Recursion One) within a System One is linked to the next higher level of recursion (Recursion Zero) by the channels of this higher level. In addition, there are direct channels threading through levels of recursion connecting System Five to Five, Four to Four and Three to Three. 


�In negative feedback systems data on the output of the system is used to adjust future inputs to the system in a way that reduces the discrepancy between the system output and some desired value.





System Dynamics & Managerial Cybernetics	


�embed MSDraw \* mergeformat ���





�


BSA2.DOC	CMSCD3001 Business Systems Analysis	�page �15�











