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The need to accept and deal with uncertainty has been epitomized by Robert
Valle'e. President of the World Organisation of Systems and Cybernetics, in his
observation that we live in a grey world. A variety of mathematical techniques
has been applied to allow operations in pursuit of some goal while acknowledging
and tolerating greyness or uncertainty. These include the classical theory of sta-
tistics based on well-established probability theory, very much developed by
R.A. Fisher in application to agricultural experiments (fully treated in many
texts including Krzanowski (2007)) as well as later developments including
“fuzzy” methods(L. A. Zadeh,1965), and grey system theory (Deng,1982).

Klir (1989, 2006) argues convincingly that classical methods based on prob-
ability theory do not satisfy all requirements, He shows this by reference to the
Dempster-Schafer theory of evidence, which requires measures of belief and plau-
sibility that are distinct from the probability estimates of the classical theory.
“Fuzzy” methods similarly require estimates of degree of membership in fuzzy
sets, which again are distinct from probabilities and are manipulated differently
from them. The value of the fuzzy approach has been demonstrated in a vast
number of successful applications, as has also grey system theory as shown by
Deng (1982) and by Lin et al. (2004), the latter in a journal issue with many
other significant papers on the topic. Other important contributions on this topic
include the comprehensive review by Sifeng Liu et al. (2009) and the books by
Fang et al.(2010) and Liu and Lin (2011).

Mathematical means of operating under uncertainty to achieve some goal are
usually devised and justified without reference to the underlying causes of uncer-
tainty. The methods are meant to have general applicability and so to be rather
insensitive to the nature of these underlying causes. Strictly, some mathematical
methods are not quite so robust as tends to be assumed by users, and for example
much of the standard theory of statistics relies on assumptions of data being dis-
tributed according to the normal or Gaussian distribution. although in practice
this is often not the case. The dependence on the form of distribution can be avoi-

ded by resorting to nonparametric statistical methods, depending on ranking of



civ e REZFHREEALERA

values. and some statisticians strongly recommend this.

The purpose of the present note is to look at sources of uncertainty at a fun-
damental level. As noted above, this has little if any bearing on current ways of
devising and evaluating techniques for operating under uncertainty. On the other
hand, examination of a topic at a fundamental level often produces new and valu-
able insights that were not apparent at the outset.

To explain why the world is best seen as grey or uncertain, it is first neces-
sary to ask why its future is not effectively black or totally unknown. If by
“knowing” we mean “knowing with certainty” then the future is indeed unknown
(Andrew. 1994).

There is, however, another argument for a black future world when we con-
sider the nature of science. Scientific theories are empirical and are simply the hy-
potheses that best [it observations to date. It is true that some theories have
stood the test of time and seem unlikely to be rejected but it is necessary to re-
member the observation of Popper (1972) that is epitomised by observing that a
theory can never be proved, but may be disproved.

Although the argument advanced by Popper confirms the conclusion that
nothing of the future can be known with certainty, there are scientific theories,
as well as less formal generalisations stemming from adaptation and learning,
that have stood the test of time and allow us to see the world as grey rather than
black. It is a world in which it is possible to live and to exercise a learning capaci-
ty that does not need to be omniscient to be extremely useful. It allows the very
real progress in science and technology whose fruits we enjoy.

Even if we were to assume our scientific theories to be correct. there are sev-
eral ways in which uncertainty can arise. Recent decades have seen the emergence
of chaos theory, treated by Gleick (1988), which shows that many systems are
in principle unpredictable even though their interactions at some atomic level are
deterministic and understood. This is because of sensitive dependence on initial
conditions, which has been half-jokingly referred to as the “butterfly effect”,
quoted by Gleick as the suggestion that butterfly stirring the -air today in China
can transform storm systems next month in New York.

World weather is a prime example of a chaotic system but it is just one
among many, including biological and social and economic systems. Chaotic be-
haviour can even be shown by quite simple systems including a variety of execu-

tive toys.
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Apart from the matter of chaos. however, another reason [or uncertainty is
that there is often a limit to the number of transducers that can be used to ob-
serve a system. The world weather system is monitored by many weather sta-
tions on the ground, as well as by ships and aircraft, but these can allow only
coarse sampling. The advent of satellite observations effectively increased the
monitoring capability by an enormous factor, with a significant increase in the ac-
curacy of short-term weather forecasts.

However. the weather and other important environmental factors are influ-
enced by conditions in places where current technology offers no way of placing
transducers, and it is difficult to imagine technical developments that would al-
low such placement. For example, the weather is influenced by conditions inside
the sun, giving rise to solar flares and particles streaming into space and bombar-
ding the earth. Somewhat similarly. though closer to home. earthquakes and vol-
canic eruptions are initiated by conditions in the depths of the earth, where again
the placing of transducers is impossible. Conditions like these, that defy monito-
ring. are another source of uncertainty,

As noted above, the sensitive dependence on initial conditions,epitomised as
the “butterfly effect”, can arise even where the underlying atomic events are de-
terministic. It has for instance been observed in digital computer simulations,
where a small difference in the conditions of the simulation. such as a difference
in word length and hence precision, may produce drastically different outcomes.
A digital computer can be regarded as deterministic because of the great redun-
dancy of physically atomic events underlying its operation. However, we know
[rom quantum mechanics that events at the atomic level are not deterministic.
The Heisenberg uncertainty principle, and the interpretation of the Schrodinger
wave equation in terms of probabilities, indicate another possible source of uncer-
tainty.

In an influential early paper. von Foerster (1950) accounted for observations
on human memory in terms of {orgetting as a probabilistic quantum event. This
helps to confirm the importance ol quantum events as sources of uncertainty and
also gives a reminder that, in addition to the sources already mentioned, uncer-
tainty can arise from deficiencies of our means of storing data. as well as means
ol obtaining and transmitting it.

Uncertainty is particularly evident in data involving biological entities, inclu-

ding that arising from the agricultural experimentation that inspired the devising
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of the methods of classical statistics. It is particularly evident in data from social
and economic systems, where people are involved. That people tend to be unpre-
dictable is tacitly acknowledged in the decline of interest in “world models” of the
kind pioneered by Forrester (1961) and much used in studies reported by Mead-
ows et al. (1972). World models represent economic systems as sets of differenti-
al equations, and humans behave in ways that make this inappropriate. It can al-
so happen that people deliberately introduce randomness into their behaviour.
perhaps as an aid to exploring and mapping their environments. or in a competi-
tive situation to confuse the opposition or in others to attract attention.

This special capability of humans, and to a lesser extent other living crea-
tures, might be seen as an expression of {ree will, and philosophers have long de-
bated the nature of this. If the arguments of Turing (1950) are accepted as show-
ing that machines can truly be said to “think”, it is reasonable to regard people as
equivalent to extremely complex machines. 1 personally find this view quite ac-
ceptable, but it should be noted that not everyone agrees with Turing and some

other viewpoints can be found in the book of Preston and Bishop (2002).

Alex M. Andrew

The former general director of World Organisation of Systems and Cybernetics
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