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Decisions

Simple decision

The simplest model of a decision is a basic switch.

An external pressure leads to a change once it surpasses a certain
threshold value.

The decision is reversed if the external pressure is removed.

“on”

“off”

Threshold  value
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Decisions

Multiple decisions

A number of such decisions will give rise to “step”-like behaviour.
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Decisions

Multiple decisions

A number of such decisions will give rise to “step”-like behaviour.

A large enough collection approaches a continuous curve.
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Feedback

Feedback in decisions

Individuals feelings and opinions will affect their decisions.

Feelings and opinionsaboutthe decisions provide feedback to the
system.

How will this feedback affect the decision behaviour?

?

Mc Namara & Pokrovskii (U.C.C.) I know best! 9 January '09 4/ 17



Feedback

Feedback

The mathematical effects of simple feedbacks depend on whether they
are positive or negative — reinforcing the decision or countering it.

A positive feedback adds inertia to the decision, the same state is held
even when conditions would suggest a change.

“on”

“off”
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Feedback

Feedback
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Feedback

Feedback

Now there are two thresholds, a higher level at which switching from
“on” to “off” takes place, and a lower level where the reverseoccurs.

This behaviour is a “lazy” switch, ornon-ideal relay, and is a simple
example of hysteresis.

2 Threshold values

“on”

“off”
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Feedback

The Preisach model

The non-ideal relay is the basis for thePreisach modelof hysteresis —
mathematically an aggregate of a collection of such relays.

The Preisach model is a well de�ned mathematical construct, and can
be used in settings such as dynamical systems.
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Feedback

The Preisach model

An identi�cation theorem establishes that any relationship which has
return-point memoryandcongruent loopsis a Preisach relationship.

A relationship with only return-point memory is said to be of
Preisach-type.
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Feedback

Negative Feedback

Returning to the decision, if the feedback isnegative, the behaviour is
very different — small changes(or noise) in the external pressure lead
to switching very easily.

Instead of hysteretic behaviour a better description wouldbe hysterical!

“on”

“off”
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Aggregate decisions

Multiple decisions with feedback

When multiple decisions are exposed to this form of positivefeedback,
the result begins to show a “loop” structure.

This shows the same type of behaviour as a parallel collectionof
non-ideal relays.
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Aggregate decisions

Multiple decisions with feedback

In the continuity limit (very large numbers of such decisions), the
result a Preisach-type relationship.

Any continuous monotonic curve, with positive feedback, gives rise to
Preisach-type behaviour.
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Networks of decisions

Networks of decisions

A collection of decision making agents, affecting each other according
to some network of interactions,

This is theIsing model, another model of hysteretic behaviour
originating from magnetism.
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Networks of decisions

Networks with feedback

With positive feedback along links, and a small external forcing, the
Ising model becomes a Preisach-type relationship.

Hysteresis behaviour — in particular Preisach and Preisach-type
behaviour with return-point memory — is intimately relatedto
positive feedbacks.
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Networks of decisions

Networks with feedback

Another possibility is to combine a number of non-ideal relays in a
network topology.
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Networks of decisions

Networks with feedback

Another possibility is to combine a number of non-ideal relays in a
network topology.

If the network connectivity is very high(“information” is shared
quickly) then a good approximation to this is a collection of relays with
explicit feedback.

Input Output

Feedback
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Networks of decisions

Preisach model with feedback

In the continuity limit this is a Preisach model with explicit positive
feedback.

Input Output

Feedback
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Networks of decisions

Preisach model with feedback

In the continuity limit this is a Preisach model with explicit positive
feedback.

This system has not yet been fully analysed, but some featuresof the
dynamics are clear — in particular “avalanches” can occur.

Input Output

Feedback
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Networks of decisions

Preisach model with feedback

It is likely that this system will exhibit Preisach-type behaviour,
although this has not been established yet.

Input Output

Feedback
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Networks of decisions

Preisach model with feedback

It is likely that this system will exhibit Preisach-type behaviour,
although this has not been established yet.

There are some similarities with a class of closed-loop systems
involving the derivative of a Preisach nonlinearity.

Input Output

Feedback
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