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Dear reader

Now as you start reading — take heart. This is not meant to be a pleasure trip so
do not be discouraged if you do not understand everything immediately. Just
read the short summaries, skip the difficult parts and go ahead. The story will
take hold if you are of the right stuff. Mankind is off on the greatest adventure
ever undertaken and you are, like it or not, personally involved. During the next
century, we will either make it or break it.

This book poses an intellectual challenge. By applying the core of mathemat-
ics and the natural sciences, including biology, I have mapped out our present
situation against the backdrop of natural and human history. Above all, I have
tried to extract a sense of direction from the philosophical and religious mud-
dle of our times. I do not pretend to offer any final truths but I do try to expose
manifest nonsense and help you in defining your own framework of values —
your personal truth.

The Opening Gambit (Chapter 1) gives you an overview but then you are
on your own. Initially, the shifts in perspective may be somewhat confusing
but sooner or later you will perceive the continuity of the argument as the vari-
ous pieces fall into place. My aim is to provide navigational aids for our joint
voyage of discovery, and whatever the quality of the chart, the only compass
we have is our deepest sense of fair play, the search for meaningful truth — the
Spirit of the Game.






1. Opening gambit

This whole book is but a draught — nay, but the draught
of a draught — oh Time, Strength, Cash and Patience!
Herman Melville

Only fools and charlatans know all and understand all
Anton Chekhov

I am not interested in erecting a building, but in seeing
clearly before me the foundations of all possible build-
ings

Ludwig Wittgenstein

What I can’t create, I don’t understand
Richard Feynman

1.1 A bold pursuit

I began work on this book in the late Sixties as a protest against the intellectual
and political follies of the time. Those particular delusions may have lost their
appeal but, time and again, the thread of common endeavour seems to get lost in
a maze of incommensurable opinions. And no wonder, since agonizing uncer-
tainty is the inescapable companion of cultural advance. All the more important
then that we make an effort to rise above the fray, striving for a coherent world-
view and a superior orientation.

My book is an entreaty to people of good will, people who retain a feeling
of responsibility beyond their personal sphere of interest. My main concern is
our Western culture which, for better or for worse, dominates the world. All our
hopes and fears are tied up in this joint venture; never have the prospects been
so exciting and yet so threatening. The future of humanity, of everything we
believe in, is at stake.

The wisdom of the ages has been packed into our genetic code, offering
unique opportunities in the game of life. We should roll up our sleeves and try
to justify the good fortune of being born human. All along we must make fateful
choices, fully aware of our inherent fallibility which tends to lead us astray as
we strive to distinguish truth from falsehood, good from evil, right from wrong.
The ultimate in uncertainty must be absorbed as we opt either for a living God
or for the Nietzschean position that God is dead.

Whatever our convictions or dispositions may be, we are now on the verge
of a great discontinuity. We will soon be able to influence our genetic setup and
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thus in a profound sense select ourselves. This rapidly increasing self-reference
will lead to a sudden expansion in our scope for play and introduce an almost
divine freedom of action. The question is can we cope with this challenge?
Do we dare to desire such unlimited emancipation, such an expansion of con-
sciousness? In short, a new creation is in the offing — for which we had better
be prepared.

In aspiring to a great goal, we cannot avoid error; meaningful mistakes are
the true source of new insight. Truth is the sublimate of false hypotheses and
abortive experiments, failures and frustrations, rejects and refuse. Thus, let us
trust in the spirit of the game and move boldly ahead running through, as best
we can, the whole gamut of human enterprise.

1.2 Man and his world

We start out by clarifying The Nature of Reality (Chapter 2) as it has been inter-
preted by our finest minds. Advances in mathematics and science in particular
have shown that the world cannot be caught in a net of deductive thought. No
language can express its own truth criteria; no ‘truth machine’ can ever be built.
The laws of nature do not, in general, allow accurate prediction, while philoso-
phy, at best, can only provide some pointers for our searching intellect: “Every
honest philosophy is self-destructive” (Ludwig Wittgenstein).

To cope with the enormous complexity of existence, I have introduced the
game metaphor and I shall look at the whole world — particles, proteins, people
and societies — as an interactive game process, governed by a hierarchy of com-
prehensible rules. The world is not a being but a becoming — a great game. As
for the players, man is by far the most successful in sight, even if he has a pre-
dilection for futile zero-sum games. Sustained plus-sum play can be achieved
only if we submit to a set of overriding metarules, the fundamental values of
human coalitions. The game still permits innumerable creative moves but there
is always a list of don’ts — forbidden moves which give the game its meaning.

It all began with a Big Bang about fifteen billion years ago when the el-
ementary particles commenced their self-organizing play. Quantum physics ar-
ticulates the rules of that game and has finally brought us into contact with the
core of reality. At the quantum level the particles have retained a minimum of
freedom; they have a shadow of an individual choice. One way or the other, this
quality is transformed into consciousness in the human brain. Sentient beings
are, after all, the ultimate proof of the reality of existence.

To proceed with our exploration, we shall need a better understanding of 7he
Nature of Man (Chapter 3) as he appears in the light of evolution. Merciless
Darwinian selection has made us clever survival artists, internally directed by
innate rules which program us for primitive group solidarity. Beyond that tribal
level, human co-operation is an unstable affair, wholly dependent on arbitrary
conventions and a fragile ethics. Since prehistoric times, man has been his own
prey and predator: Homo homini lupus — man is the wolf of man.

Like all life forms, man is subject to the mechanisms of molecular evolu-
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tion. Although genetic determinism seems to hold all creation in its iron grip,
cultural preferences can sometimes initiate far-reaching genetic change. The
breakthroughs of human evolution may well have been achieved by marginal
groups, tottering on the brink of extinction. Language and consciousness are
probably the by-product of such mortal challenges.

Brain research is, for sure, the most direct route into knowing ourselves.
Even if neuroscience is still in its infancy, it can provide some clues to the na-
ture of creativity — one of my main themes. At its most basic, thinking is the art
of making mental mistakes, and creative work reiterates this game at a higher
level. Only by making, testing and discarding ideas, conjectures, models, proto-
types, do we make real progress; the worth of creative work stems from all that
is thrown away. The decisive factor is the largely implicit framework of values,
or value frame, which gives direction to the process.

At the heart of it all lies creative self-reference. Touching infinity, it loosens the
grip of iron determinism. Be on the lookout, it will surface in many disguises.

1.3 The culture of man

The Culture Game (Chapter 4) takes us deeper into the play of human interrela-
tions which is further expounded in The Economic Game (Chapter 5), Political
Games (Chapter 6) and The Games of Science (Chapter 7).

A culture is in essence a vast super-organism with its own quasi-genetic
inheritance. Values are the chromosomes of culture which direct the intricate
plus-sum play from the wings. The family is the core of culture. Only in the in-
timate family context can the vital cultural heritage be transmitted, principally
by persistent motherly indoctrination, to coin a phrase. Breakdown at this basic
level will have slow but very serious consequences.

Culture is a collective learning process where the dead time, the delay be-
tween cause and effect, can be very long indeed. Accordingly, learning (and un-
learning) becomes increasingly arduous as we work our way up from technical,
economic, political and scientific games to the ultimate value frame. Whatever
we do, the game goes on regardless. Either we go on absorbing painful, invig-
orating lessons or we settle for drawn-out decay and death.

Stage-fright has become endemic just as the material conditions for a sus-
tained cultural advance are finally within reach. The prevailing mood seems to
call for gloomy cultural defeatism which absolves us of any responsibility for
the future. Crying wolf at every turn, we have swung from a starry-eyed belief
in progress to equally ignorant and fashionable prophecies of doom. It is dif-
ficult to accept the obvious — that the future is open and depends on us.

Man can, within limits, be a law unto himself but in making use of this re-
stricted freedom we would do better to keep our humble origins in mind. Intel-
lectual arrogance prepares the ground for the greatest follies: pride goes before
a fall. Destructive minus-sum games — wars and insurrections — have been the
hallmark of human history while lasting economic cultivation has rarely found
fertile ground.
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The modern market economy is a self-adjusting plus-sum game, a prodigious
provider of wealth. It is unjustly blamed for our economic and ecological woes,
the majority of which are due to self-inflicted market failures. Economic dis-
grace is the consequence of political shortcomings and, at root, of human greed
and spite. Our extended prehistory has imprinted communal sharing on the hu-
man mind. This epigenetic rule is in permanent conflict with the accumulation
of private property — at heart we are all socialists.

Democracy is a continuous learning process; it depends on the calibre of the
citizenry. The belief in the good will and the good sense of the common man
is our specifically democratic utopia, disparaged by extremists on the right and
left. While democracies have shown unexpected tenacity under threat, they are
vulnerable to the poisons of prosperity. The greatest, in fact the only danger
comes from ourselves, from our ingrained preference for short-term satisfac-
tions, for pleasant lies as against unpleasant truths — the ever-present tempta-
tions of foul play.

Democratic rule is not a self-propelled progress machine. It merely provides
a shell for human aspirations, a set of means without specific ends. Unlike so-
cialist utopias, it does not require angelic citizens but neither will enlightened
self-interest suffice. We need a minimum of civic virtues, some sense of pur-
pose, a grain of faith, hope and love to maintain the social coalition and sustain
the plus-sum play. The market economy and democratic rule both economize
on such ‘love’, which is always in short supply: “Man’s moral capacity makes
democracy possible but also makes it indispensable” (Reinhold Niebuhr).

The task of science is to discover and make explicit the rules of all the on-
going games, heightening our self-reference; as such it has a key role in the
cultural interplay. Science is no truth machine, but depends wholly on its own
implicit rules and the integrity of scientists. As it stands the scientific commu-
nity could well act as a paradigm for human self-organization. Technical prow-
ess, the market economy, political democracy and scientific advances are all of
one mould — they sink or swim together.

Our Western culture is the outcome of breathtaking collective creativity
which amounts to a very vulnerable game. Successful cultural play should not
be taken for granted. My thesis is that values — the metarules of the game — are
the decisive factors which make or break the plus-sum play. Values ultimately
direct all human co-operation, be it within the family, in business or for nations
or entire cultures. The quality of the values decides the future: the metarules are
the main competitive weapon for a culture, a country, a company — for human
communities of whatever scale.

Values are notoriously difficult to pin down. There are no proofs or refuta-
tions in questions of value; the outcome is clear only in the light of extended
hindsight. The value frame has real substance only to the extent that it influenc-
es the actual mode of play, repelling fallacies and promoting creative advance.
The ubiquitous parasites and free-riders of society — the cheats and the cynics
—must in any case be beaten off to provide sufficient scope for honest progress
dynamos who take on the everlasting task of reforming society.
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Cultures, like countries and companies, tend to become victims of their own
success. Cultural advance depends on the hidden rules of social self-organiza-
tion, which we recognize only when they have gone by the board. Then and
there, society returns to the not-so-blessed state of nature where all culturally-
imposed inhibitions evaporate and only family and tribal bonds remain — man,
once again, becomes the wolf of man.

1.4 The value universe

Before we can talk about the elusive Spirit of the Game (Chapter 9), we must
first gain a proper understanding of the limits of Language Games (Chapter
8). There is certainly cause for caution here. Treacherous word play has lead
generations of philosophers astray — “every word is a prejudice” (Friedrich Ni-
etzsche).

Our very existence depends on hard-won information which is encoded in
every cell and directs all the life processes. We now understand the genetic al-
phabet and the basic syntax, but the immensely rich semantic content can never
be significantly reduced. The vernacular, too, is virtually irreducible; the sense
is wholly dependent on the overall context.

In contrast, the abstract language of, say, number theory is based on a mini-
mum axiomatics and a crystal-clear syntax. And yet, it too displays astonishing,
self-referential creativity, expressing undecidable mathematical propositions
which can neither be proved nor disproved. Computers are restricted to the
deducible aspects of mathematics; every general purpose computer can, given
enough time, compute everything which is computable.

The marvel of the human mind makes conscious plus-sum play possible but
it also, inevitably, introduces lies and deceit; semiotics has been defined as the
science of whatever can be used for lying. Our ordinary language certainly fills
the bill: everything can be discussed but nothing can be proved. The mother
tongue is immensely flexible; it embraces and defines all professional languag-
es, which must be sufficiently circumscribed to make stringent reasoning pos-
sible.

At every level of language the meta-problems — the questions of truth and
meaning — must be tackled indirectly. They can only be approached in a supe-
rior metalanguage. Engaging art languages provide such superordinate plat-
forms and can serve as conduits to the essence of existence. Art is information
in immediate action. Nothing is explicitly explained: a work of art is the sole
witness to its own truth. Honesty is the touchstone of great art; “He who does
not lie, who dares to refrain from lying is already original enough” (Ludwig
Wittgenstein).

Our behaviour and misbehaviour, our words and deeds are the key to the
future. During the last centuries we have been living precariously on accumu-
lated capital and are now approaching a state of spiritual impoverishment. All
investments eventually wear out; the greatest truths have to be re-created and
re-formulated. Without the support of genuine faith we are hurled back and
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forth between scepticism and fanaticism, susceptible in our irresolution to a
miscellany of modern superstitions.

Through acts of faith we have created a steadily-expanding value universe
which knows no limits. For this arduous voyage of discovery, we need the sup-
port of a cultural credo, a shortlist of prohibitions endorsing freedom, frugality
and fair play. The only categorical imperative is the aspiration to plus-sum play
which is the measure of morality. The outcome should exceed the stakes; crea-
tion should be enhanced.

Absolute truth is out of this world even if lies and fallacies can be exposed.
The notion of God is even more elusive. Nevertheless, there is a chasm between
believers and unbelievers which most of us try to straddle. Personally, I think
that everyone must, in the end, make their choice between the long and the short
term, between meaning or no meaning, between God or no God. “Everything is
allowed if God is dead” (Fyodor Dostoyevsky).

Rejecting God, man has presumed total independence but, in the final in-
stance, timid humanism cannot stand alone. To escape inanity, man must be
seen in a superior perspective. He will always seek a higher mission — or de-
scend into bestiality. My personal credo enshrines the strivings of a progress
dynamo. He or she wants to enrich the world, to be both strong and good, adroit
and honest — in short, to heed the Spirit of the Game. A prodigious but not inhu-
man program, well worth failing.



2 The nature of reality

2.1 Mathematical truth

No interesting language, not even mathematics, can explain itself; at
every level of language the central meta-problems, the questions of
truth and meaning, must be tackled from above. It follows that most of
mathematics is beset by undecidable propositions which can neither
be proved nor disproved. This very fault allows the wonderful play
of mathematical self-reference, thus creating models for all possible
worlds. But the world, as it stands, cannot be explained by logical or
mathematical deduction; the abortive efforts to that end originated in
a gross overestimation of the power of formalized mental processes.

2.1.1 The impotence of logic

The young Ludwig Wittgenstein (1889-1951) opens his Tractacus Logico-
Philosophicus (1922) with the phrase “Die Welt ist alles was der Fall ist” (“The
world is all that is the case”) — an elegant piece of self-reflection which indi-
cates the limits of logical argument. Subsequently he shows that self-verifying
propositions, i.e. absolute truths, are tautological and have no real content; in
themselves they say nothing about the world. There is no base on which an ab-
solutely valid system of ideas can be built. Our real problems cannot be handled
in irrefutable terms. On the contrary, the fundamental concepts of logic and
mathematics themselves have to be defined in the vernacular.

These insights dispatched the long-held hope of a unitary and axiomatic
deduction of mathematical truths from first logical principles; Bertrand Rus-
sell’s (1872-1970) and Alfred North Whitehead’s (1861-1947) ambitious
programme in their Principia Mathematica (1912) was reduced to an empty
gesture. Instead, Kurt Godel was able to prove (1930) that every ‘interesting’
axiomatics can generate propositions which are undecidable: their truth or fal-
sity cannot be deduced from the axioms (cf.8.2.2). Ordinary arithmetic is the
best example of such an ‘incomplete’ Godelian system. Multiplication and ad-
dition are sufficient for the creation of ‘interesting’ mathematics. Restriction to
one or the other mode eliminates any self-reference and reduces arithmetic to
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a completely calculable and trivial game of numbers, yielding no undecidable

propositions.
Ordinary arithmetic is built on a simple, logical symmetry breaking. When we add,
+1+1=+2 and -1-1= -2, so far, so good. When we multiply, +1 times +1 is equal to +1,
but -1 times -1 is also equal to +1 and V-1 becomes non-existent, imaginary. Double
positive is even more positive but double negative is also positive in most languages.
Why is that so? Because it makes sense in our everyday language game. Negation is not
just the opposite of affirmation which leads to meaningful mathematics, too.

Explicit and universally valid procedures (algorithms) are not generally avail-
able for solving interesting mathematical problems. The textbook formulas for
solving equations of the second or third degree soon come to an ignominious
halt: no algebraic algorithm can be deduced for equations of the fifth degree.
Since the mid-seventeenth century, every generation of mathematicians has battled
with Pierre de Fermat’s (1601-65) “great” theorem: the equation X" + y" = z" has no
Diophantine roots for n > 2, i.e. no combination of integers for x, y, z satisfy the equa-
tion if n is greater than 2. Fermat himself proved his theorem for n=4, and Leonhard
Euler (1707-83) found the proof for n = 3. Subsequent mathematicians have pushed the
proof to ever higher exponents; by 1992 it stood at n=4,000,000. In 1988, Gerd Faltings
proved that the number of roots must be finite. The general case remained a veritable
perpetuum mobile of number theory until, in 1993, a very credible, 200-page long proof
was presented by Andrew Wiles. Provided that no faults can be found (thousands of
earlier ‘proofs’S have been proved wrong), Fermat’s great theorem can now be laid to
a well-earned rest.

Further progress in mathematics and semiotics has confirmed that no interest-
ing logico-mathematical language can establish its own truth. The power of
self-expression is dependent on this apparent drawback which opens up the
development of the game, leading it through internally verifiable relationships
into an infinite variety of unverifiable mathematical structures. No consistent
system of thought can contain a limited number of insoluble problems; in short,
mathematics is inexhaustible.

2.1.2 Conceptual undecidability

In his intuitional mathematics, L.E.J.Brouwer (1881-1966) denies the au-
tonomous and transcendental existence of mathematical concepts and relation-
ships. Rather, mathematical objects are intuitively comprehended mental con-
structs intimately related to man’s perception of personal time, the intrinsically
dualistic relation of before-after. In this perspective, undecidable theorems are
not only indeterminable but indeterminate. In a progression towards infinity,
uncertainty cannot as a rule be reduced to zero. Thus the law of the excluded
middle (“either a or not a”), does not necessarily hold when the number of
alternatives increases without limit. This allows a third agnostic type of truth;
the solution is not only out of reach, it is literally unknowable. The analogy
with the fuzzy logic of quantum mechanics and Werner Heisenberg’s (1901-76)
famous uncertainty principle (cf.2.2.5; 2.7.4) is worth noting.

Godel’s theorem does not apply to supernatural numbers beyond infinity, which are
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defined by introducing the negation of Godel’s theorem as a new axiom in arithmetic
(cf.8.2.3). The mathematical manipulation of such transcendental entities comes up
against remarkable limitations. Depending on the notation system, the quantities can be
either added or multiplied, but no formalism permits the use of both types of calculation
— again the spectre of the uncertainty principle.

The problem of computability raised its head once it became clear that vast ar-
eas of mathematics are non-computable and out of bounds for straightforward
logical deduction. In 1936 Alonzo Church introduced a sweeping definition for
effective calculability. It included all stepwise mathematical procedures cov-
ered by well-defined rules and was shown to correspond to the well-known
class of general recursive functions. In the next year Alan Turing (1912-54)
came up with his machine-like computation model, a third assault on the limits
of computability. Soon it became apparent that Turing’s notion of the “me-
chanically calculable” tallied with the earlier, more abstract concepts.
The Turing machine allows thought experiments modelled on an exactly defined but
only virtually existing computer. The input is an endless tape where the problem is pre-
sented as a string of binary code (O:s and 1:s). The machine can read the tape, move it
one step at a time in either direction and add, change or erase information. The unlimited
supply of empty tape provides room for intermediate calculations and memory storage.
When the problem is solved the machine stops and the result appears on the tape in bi-
nary code (everything else is erased).

All specific Turing machines are pre-programmed according to given algorithms. For
each and every one of the finite number of machine states, the hard-wired program
prescribes in detail what the machine will do in response to the tape input, including a
possible change of state. A universal Turing machine can in principle imitate the opera-
tion of all these special-purpose machines. The sophisticated hardware can be properly
programmed according to any algorithm (coded on the tape as software) which will
operate on the problems presented, further down on the same tape (cf.8.3.1).

The universal Turing machine, though cumbersome, is a finite and fully trans-
parent design; nevertheless it can, in principle, compute everything which is
computable. (Surprisingly enough, this quality is shared by all general-purpose
computers which are constrained only by their finite memory space.) The ma-
chine stops when the problem is solved or when the input is contradictory and
generates inconsistencies. If the problem happens to be undecidable, the ma-
chine will continue its calculations ad infinitum. Unfortunately, there is no gen-
eral method to find out in advance if the machine will stop. The Turing halting
problem is logically undecidable in concurrence with the general principle of
Godelian uncertainty.

2.1.3 Chaotic intractability

Theoretical computability does not guarantee that the problem can be solved in
practice. If the burden of computation increases exponentially with the number
of elements or moves involved, the problem soon becomes intractable.

Many interesting board games such as chess and the Japanese game of Go belong to

this category, i.e. it is not generally possible to calculate the ‘right” move. However, in
the game of Nim (and all its variants) a winning strategy can be formulated, since by a
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mathematical trick of the trade the number of calculations can be kept from increasing
exponentially.

Mathematical intractability does not per se preclude arbitrarily exact approxi-
mations by an incremental search strategy. But this procedure, too, comes up
against formidable difficulties.
The classic three-body problem is mathematically intractable. To be sure, the interaction
of three dot-like objects under the influence of gravitation is covered by well-known
differential equations, but they cannot be solved. The mathematics is non-recursive and
hence no explicit algorithm is available. The best one can do is to guess at a future state
and calculate the error, closing the gap by successive iterations. With modern computers
any degree of accuracy is achievable in handling the 21 independent variables of the
three-body problem, but if the number of variables is increased to thousands (or even
millions as required by astronomy), the simulation will outstrip the capacity of any con-
ceivable computing machinery.

More baffling is the appearance of deep unpredictability in totally deterministic

systems. Such chaotic dynamics defy even the approximate pre-calculation of

any long-term trajectories.
Hill’s reduced model of the three-body problem assumes that the mass of one of the
bodies is negligible. This particle will not influence the movements of the two heavy-
weights, which will steadily turn around each other following a stodgy, periodic cho-
reography. In contrast, the negligible speck of dust seems to have lost its bearings. It
does not settle into a stable track but is drawn into a dance of non-repetitive, aperiodic
perturbations. The slightest variation in the initial conditions or minuscule outside dis-
turbances will throw the particle off its calculated course. Simulations with different
makes of computer produce progressively diverging trajectories because of the differing
ways of rounding off the last decimal.

The hallmark of chaotic dynamics is the rapidly increasing divergence of states
which initially were almost identical (cf. 2.9.5). Classical physics or mathemat-
ics is insensitive to small perturbations — vanishing causes have vanishing ef-
fects. Chaotic dynamics on the other hand put even mathematical causality into
a new perspective.

Simple mathematics (and physics) is linear; any two solutions can be added
and superimposed on each other. Linearity holds generally for differential equa-
tions of the first degree, which can be easily integrated. Now, the mathematical
coupling of only three non-linear variables can cause a chaotic breakdown of
predictability, even if the system is completely deterministic in principle. Com-
puter simulation may bring out strange attractors, underlying patterns which
describe the dynamic behaviour of the system without divulging the details of
specific trajectories.

The first to identify a strange attractor was Edward Lorenz in 1963 (figure 2.1). The
Lorenz attractor is produced by the following group of non-linear equations:

dx/dt=-10x + 10y; dy/dt=xz+28x-y; dz/dt=xy -8z/3

At any instant in time, the three variables fix the location of a point in Cartesian space.
The chaotic trajectory never intersects or repeats itself but goes on tracking new paths
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Figure 2.1 The Lorenz attractor (See Gleick, 1987)

forever. When infinitely drawn out, the trajectory acquires a ‘fractal” dimension of 2,04
— slightly stouter than a plane.

Normal, well-behaved mathematical functions usually approach clearly defined
attractors, be it a point, a line, a periodicity, eternity or any other explicit math-
ematical entity. Random chaos, for its part, is completely featureless and does
not develop in any way: it has no attractors. Quasi-chaotic interplay is distin-
guished by strange attractors which have a recognizable shape, but cannot be
pinned down by mathematical deduction; they are infinitely convoluted and
rich in detail. Strange attractors are highly fractured structures which elude the
strict dimensionality of ordinary mathematical objects. Such entities are called
fractals (cf. 2.9.2).
Chaotically interacting gravitational forces have produced the rich regularity of the solar
system, with its planets, satellites, comets and asteroids, the intertwined rings of Saturn,
the mysterious moons of Jupiter, Uranus and Neptune as well as the strange links and
resonances between widely scattered heavenly bodies. Venus, for instance, rotates once
round its axis in precisely two-thirds of the earth’s year. To top it off, the inner planets

— classic models of strict Newtonian conduct — evidently constitute a weakly chaotic
system, excluding the predictability of their relative positions in the very long term.

2.1.4 Abstract creativity

On closer examination both logic and mathematics reveal themselves to be em-
pirical sciences, in which research proceeds by means of subtle mental experi-
ments, nowadays supported by computer simulation. Only tautological systems
are completely self-verifying since there is no substance, nothing of ‘interest’ to



26 2 The nature of reality

Figure 2.2 The Mandelbrot set
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Figure 2.3 Two pairs of ‘Penrose tiles’, each of which will tile only non-periodical-
ly; the lower figures show regions of the plain tiled with each pair (Penrose, 1989)

uncover. But simple iterative systems can display astonishing creativity when
the argument is self-referentially replaced by its function over and over again.

The Mandelbrot set, discovered by Benoit Mandelbrot in 1979, is the most complicated
mathematical object (or should we say subject?) so far discovered. (Figure 2.2) In es-
sence, it is produced by the iterative squaring of a complex number x + iy, always add-
ing a constant C (i stands for the square root of -1, the base of imaginary numbers) The
borderline of the Mandelbrot set is a strange attractor for the parameter values which
are on the verge of pushing the iteration towards infinity. No point along this endlessly
incised perimeter can be exactly calculated and the curve is discontinuous everywhere.
Even so, all these incalculable points are connected: the borderline has no gaps. Under
magnification the curve never repeats itself despite the recurrence of similarly curled
seahorses and indeed a profusion of miniature Mandelbrot sets, each one with its own
slightly divergent features. Infinite variety unexpectedly emerges when a straightfor-
ward mathematical process is playing itself out on the computer screen, probing ever
finer details of its fractal domain.

Penrose tesselations, named after the mathematician Roger Penrose, (figure 2.3) are
the geometric equivalent to algebraic self-revelation. A combination of only two differ-
ent shapes can tile an infinite plane in a non-periodic mode; no pattern will ever repeat
itself on any scale. Yet nature goes one better in three dimensions. Snow crystals are
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built up from simple symmetric water molecules H, _H but the crystals never repeat
themselves. 0

Mathematicians have had a penchant for those special circumstances which
allow the truth of a proposition to be rigorously deduced from the premises
— from the inside as it were. However, such shortcuts are not the rule but the
exception. In the general case, one has to step out of the given axiomatic frame-
work and literally look around its external structure, empirically discovering
and investigating the often outrageously chaotic facts.

2.1.5 A hierarchy of languages

Like infinity or the microcosm of quantum physics, the inmost substance, ‘the
reality’ of mathematics cannot be strictly defined. At the basic level we can
articulate reasonable rules of the game within a formalised language. But the
introspective capacity of a self-referential idiom is necessarily limited: no inter-
esting language can explain or justify itself. A higher-order language may put
the basic idiom into perspective but is even more opaque and impenetrable due
to the broadened axiomatic base.
The capability of a special-purpose Turing machine increases tremendously with the
number of states it can assume. The biggest number the machine can print out (and halt)
is one yardstick for the computing power. A 4-state machine reaches number 13, a 5-state
machine at least the number 1915, and we will probably never know the maximum
number which can be printed out by a 6-state machine. Higher state machines achieve
numbers which are effectively non-computable and increase faster than any conceivable
mathematical function. Thus a universal Turing machine (with a huge number of states)
will accept all recursively enumerable languages and can formulate in its own code
an arbitrary number of undecidable propositions which the machine, of course, cannot
solve! But there is a maximum number, this side of infinity, which even a universal Tur-
ing machine cannot transcend.

These inherent limitations of mathematics are fundamental to all deductive
thinking. No interesting language, not even mathematics, can explain itself,
its own foundations or consequences. In one way or another they all come up
against the classic liar paradox — “this proposition is not true” — which was
refined by Godel with the help of the most sophisticated tools of his trade. In
the same vein the mature Wittgenstein suggested that ordinary language can be
perceived as an open-ended, self-organizing game. The relationships between
the different word-moves create a pattern which to the trained player conveys
real but mostly rather inaccurate information (cf. 8.5).

We will return (in section 8.2) to the questions of mathematics and language.
Suffice it to say that in the hierarchy of language games, the vernacular carries
the highest rank. Here nothing can be definitively proved; stringency is sac-
rificed to flexibility and significance. Even so, all our special languages have
been worked into delicate instruments for the human intellect by the simple
expedients of the mother tongue which thus comes to grips with its own limita-
tions. But at every level of language the central meta-problems, the questions of
truth and meaning, must be tackled from above. The world cannot be explained



2.2. Scientific veracity 29

by logical or mathematical deduction; the abortive efforts to that end originated
in a gross overestimation of the power of formalised mental processes.

2.2. Scientific veracity

The natural sciences have gone from strength to strength and, thanks
to quantum physics, elementary processes are rather well understood.
Even so, the more complex manifestations of matter eschew scientific
predictability. Most dynamic systems are inherently unsolvable and can
be approached only by extensive computer simulation. As for human
oriented sciences, they still grope for the right paradigms. No clear-cut
scientific method will deliver a tenable explanation of man and the
world. But an honest confrontation with reality cannot disregard our
best scientific traditions. On the contrary, it must depend on the very
same values which underpin our wavering quest for scientific truth.

2.2.1 From Carnap to Popper

We shall be studying the relationship between reality and science in greater
detail below (Chapter 7). However, a brief analysis of the universal claims of
science is called for at this stage. The impressive achievements of the natural
sciences indubitably suggest close contact with the essence of reality. Conse-
quently, it has been widely assumed that these insights must be based on a set
of axiomatic truths which would constitute the rational grounds for our faith
in science. Following Pierre Simon de Laplace (1749-1827) and Ernst Mach
(1838-1916), the logical positivists, with Rudolf Carnap (1891-1970) in the
van, made frantic efforts to realise this programme by applying rigorous sci-
entific reasoning — all of which sounds very much like Baron Munchausen’s
method of pulling himself up by his own bootstraps.

These endeavours have scarcely affected practising natural scientists who
have generally been content with a pragmatic empiricism. Those with an epis-
temological bent have probably adopted some version of Karl Popper’s critical
rationalism. According to Popper, a scientific theory can never be finally veri-
fied but an ill-conceived theory can be falsified by experiments and rejected or
improved upon. A doctrine which cannot be falsified, at least in principle (psy-
choanalysis is a much quoted example) is void of meaning and will, one way or
another, succumb to circular argumentation; it achieves self-immunization by
excluding any error.

Although Popper states that the truths of the natural sciences mirror char-
acteristics of the material world, he asserts that scientific findings can only be
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granted provisional validity. All knowledge is partial; no truth is the whole
truth; formal systems can always be made more effective and provide greater
economy of thought. Popper’s philosophy of science is both pragmatic and
principled, in keeping with his endorsement of political pluralism.

2.2.2 Hermeneutic pragmatism

Even Popper has not gone unchallenged among natural scientists. Critical ra-
tionalism seems to be inadequate in the early, exploratory stages of research
when scientists still hardly know what they are talking about. For all the clarity
and freshness of Popper’s philosophy of science it is still reminiscent of phi-
losophizing about art: the reasoning may be correct in itself but represents little
more than retrospective wisdom. The ‘explanation’, if any, is seldom a valid
prescription for creative work.
Michael Polanyi (1891-1976) attacks (in Personal Knowledge, 1958) the traditional
scientific notions from a hermeneutic standpoint. In his view, genuine knowledge is a
form of capability or skill; ‘pure knowledge’ has no meaning. Scientific orthodoxy is
maintained and developed by a small number of connoisseurs who master the subject.
Polanyi’s approach has a lot in common with William James’ (1842-1910) pragmatic
philosophy. According to James, only the well-functioning, the useful, the practicable
and effective implies real insight; everything else is empty speculation. This train of
thought has close links with Wittgenstein’s ideas on the working of language (cf.8.5).

Every piece of knowledge is based on conviction and is really an act of faith. In
most cases we have to fall back on trustworthy authorities; within our own pro-
fession we rely on hard-won internal experience (Polanyi’s ‘tacit knowledge”)
which does not require explicit validation. Facts that do not fit into an otherwise
convincing and aesthetically attractive whole are simply disregarded. In crea-
tive thinking the insight precedes the proof; later on, incisive self-criticism will
separate the wheat from the chaff (cf.3.6).

Thus, when all is said and done, nothing can be fully revealed, explained
or irrefutably proved. Every act of real understanding is, on the other hand, an
irreversible process. A familiar pattern, a meaningful structure, will always be
‘re-cognised’ but isolated facts and linear-logical reasoning have limited power
of persuasion. They often lead to paradoxes which tell us something about the
obscure nature of the particular language game.

2.2.3 The aspirations of science

All science starts with the forming of mental structures by proper naming, a
primary hermeneutic challenge (cf.7.1). After this initial orientation phase, sci-
entific interest concentrates on summarizing and simplifying the observed data,
reducing observable events to rules of the greatest possible generality. The lure
of reductionism is a natural result of man’s ‘scientific need’, his longing for
insight and understanding.
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The natural sciences derive their formidable strength from the close interde-
pendence of all their ramifications. Together they constitute a unitary system,
in which the different branches of science employ the same concepts, mutu-
ally reinforcing one another. The credibility of physics, chemistry, astronomy
and molecular biology does not primarily depend on quantitative mathematical
models, which are often available, and even less on some scientific method
which no-one has yet succeeded in clearly defining. The decisive factor is that
the same invariant rules of the game apply over the whole field of material
phenomena.

A consistent feature of our world equation seems to be that there is no strict
dividing-line between the forbidden and the permissible. The tunnelling effects
of quantum physics do permit, although with low probability, ‘impermissible’
border-crossings. When it comes to the individual process, determinism has lost
its grip but, by the same token, the mathematical formalism of quantum me-
chanics has made triumphant progress in describing elementary particle play.

The dimensionless fine-structure constant, (roughly 1/137) is a measure of the coupling

(the strength of the interaction) between electrons and photons. It is one of the funda-

mental quantities of physics and is equivalent to 2me’/hc where h is Planck’s action

quantum, e is the charge of the electron and c the speed of light. This value can now be
measured with an error of less than 1/10 million (seven significant digits). The theoreti-
cal calculations of quantum-electrodynamics have so far stood up to the increasingly ac-
curate measurements. Thus, there is good reason to assume that all fundamental modes

of the electron play are completely covered by the mathematical formalism. For the first

time our mathematical language game seems to have established immediate contact with

“the thing in itself”.

Einstein’s general theory of relativity has not yet been fully confirmed, but it
has so far stood up to all available tests. In combination with the well-known
rules of quantum physics, it allows dizzying insights into the mysteries of ut-
termost time. Although complete self-understanding is beyond our reach, the
natural sciences are revealing a comprehensible cosmos in the chaos of appar-
ently unrelated cognitive input. Beyond the clearly visible levels of games upon
games, we can glimpse a general Heisenbergian uncertainty, strangely broken
supersymmetries and collapsed strings of multidimensional realities — perhaps
the very grounds of creative order in a stunning manifold of universes.

2.2.4 The limits of reductionism

Reality is the outcome of a large number of processes proceeding in parallel or
in interaction with one another. When the actors (e.g. atoms or molecules) are
independent members of a large population, the behaviour of the system can
often be described by a set of linear differential equations which reflect the rules
of the collectivist game at a high level of abstraction. Individual occurrences
are then completely irrelevant.

The molecules in a gas collide randomly with one another. As a result of their irregular
“Brownian” zigzag motion, a given dense assemblage will gradually spread into the
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surroundings. In such complete chaos, the route of the individual molecule has no ef-
fect on the diffusion process; on average the distance from the starting-point is always
proportional to the square root of the time elapsed.

Perfect, statistically predictable randomness is rather an exception in the real
world. It was selected by early physicists only for the sake of intellectual expe-
diency; science is, in the words of the biologist Peter Medawar (1915-87), the
art of the soluble. Strictly valid scientific generalizations are available only in
special cases: most dynamic systems are inherently unsolvable.

By fate or good fortune the world has been forced into some sort of intelligi-
ble order. Gravity is a ubiquitous restraint which has organized matter in many
unforeseeable ways. When the full, completely random chaos of Brownian sta-
tistics is suitably constrained, the resulting quasi-chaotic interplay can produce
new, information-bearing patterns despite, or rather because of, its mathemati-
cal intractability.

If the haphazard route of Brownian thermal motion, projected in a single plane, is not
allowed to cross itself (which in physical terms corresponds to the polymerisation of
amino acids into proteins), intractable non-linearities creep in. The complexity of the
interaction is equivalent to that of a universal Turing machine (or a general purpose
computer) which cannot be described in any simplifying terms (cf.2.1.5).

Paradoxically, complete freedom from constraint spawns trivial predictability
while the imposition of rules creates an unpredictable game. The ensuing dis-
crete dynamics is amenable to computer simulation if the basic rules of the
game are known; yet we are very far from the slick, explicit ‘solutions’ which
used to be the emblems of scientific truth.

The stringent rules governing the elementary particles leave little scope for
play, but the room for individual manoeuvre increases as we scale the ladder of
evolution to macromolecules and living organisms.

Two-dimensional cellular automatons which play around on a limitless chessboard pro-
vide us with rough but reasonably realistic models of creative interplay. If every cell
can assume x different states and can interact with y neighbouring cells, the number
of applicable game rules is xxY. In 1948, John von Neumann (1903-57) anticipated
the reproductive mechanism of life in his conception of a self-reproducing and self-
repairing automaton. Such a device would require, according to von Neumann and Sta-
nislaw Ulam, no more than about 200,000 cells, each one interacting with four of its
neighbours while assuming 29 different states. This “organism” could structure its play
in 29294 alternative modes, each one offering unfathomable variations of the particular
game. More recently, E.F. Codd has come up with an equivalent design (the Universal
Computer Constructor) employing only 8 different states.

The monotonous drift of a process close to equilibrium is scientifically acces-
sible and predictable. It proceeds without external support in contrast to crea-
tive play, which is contingent on a sufficient supply of outside energy. In the
best of circumstances some of the energy may then be preserved as new, useful
information, but the surplus is normally wasted in an extravagant display of
haphazard moves (cf. 2.8.3).
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The slow flow of a gas or a liquid is laminar, and obeys well-known equations of fluid
dynamics. If the pressure gradient is increased, the flow suddenly becomes turbulent in
an irregular pattern of emerging and disappearing vortices. This is the classic example
of how smooth uniformity is turned into chaotic change by the excessive dissipation of
energy. In the same way, the influx of solar energy keeps the atmosphere of the earth in
a highly turbulent state. Accordingly, long-term weather forecasting presents an intrac-
table scientific problem, exceeding the power of even the fastest computers.

We can achieve a profound understanding of the fundamental rules of the game,
but the unfolding of complex reality is largely buried in (pseudo)chaotic un-
predictability. Yet the development of corresponding language games does al-
low the mental or computer-aided representation and simulation of actual play,
which in most cases remains the only way to track down obstinate realities.

2.2.5 Interim audit

In logic and mathematics we are omnipotent, and should be omniscient since
this is a universe of our own making. But in the previous section we have
shown that such is not the case. Rather, pure abstractions seem to possess a
surprising creativity. Similarly, the elementary particles exhibited new capri-
cious attributes in the initial seconds of the emerging universe. Were such phe-
nomena predestined, ‘determinate’, or governed by pure chance? Were they the
outcome of a creative search process? These questions return with increasing
alacrity as the molecular complexes evolve into multiform life, finishing up as
distinct individuals and conscious personalities.

In mathematics, a few additional rules for multiplication convert a trivial
addition game to exuberant arithmetic (cf. 8.2.2), and a similar giant step is
taken when proceeding from propositional to predicate calculus. This progress
is illustrated by the non-computable effects of increasing the number of states
in a Turing machine.

M.W. Green has shown (in 1964) that for an infinite number of states the increase of
just one additional state in a Turing machine (from n to n + 1) increases its potential
power (the maximum printable number for instance) by a factor which is bigger than
any function of the original number of states, n. Cumulative exponentiation, for example

(n over n; n times), is pathetically inadequate for expressing the growth in the powers

at play.

The addition of a single axiom can significantly enrich the scientific discourse,
but great caution must be exercised in making such a move; after all, empty
prejudice is all too easily smuggled in by the back door (cf.7.5.1). An additional
rule should strike at the core of the game. The new invariance must invoke
a deep discipline, which enhances our thought economy while preserving the
perceived scope for play. Newtonian and Einsteinian gravitation; the atomic
structure of matter; the preservation of mass, energy and momentum; Darwin-
ian evolution through natural selection; the Planck action quantum; and Heisen-
berg’s uncertainty principle — they are all great examples of creative axiomatic
constraint.
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Quantum mechanics has been called the most successful scientific theory of all times.
The Schrodinger wave equation (named after Erwin Schrodinger, 1887-1961) expresses
the basic invariance which looks deceptively simple:

ih d(y) = H(y)
2 dt

v (psi) is the amplitude distribution of the wave function and H is the Hamiltonian op-
erator which renders the energy of the system in terms of the positions and the quantified
momenta of the particles.

The Schrédinger equation describes the evolvement over time (t) of any particle as-
semblage in the world of electromagnetic interaction. The presence of i, the square root
of -1, indicates that we are once removed from immediate reality. Indeed we have to
square v to get at the probabilities of the particles’ appearance. In any particular instance
it remains on open question as to how the complex wave function will ‘collapse’ and
which of the many superimposed states will take part in a real process.

In the case of a single photon or a single electron, the wave function reduces to the
Maxwell and Dirac equations respectively. A solution can be found for the hydrogen
atom (one proton + one electron), and approximations are within reach for other simple
systems. But when the numbers of particles increase, the mathematics become intracta-
ble and we have to fall back on classical physics and chemistry.

The Schrédinger equation is deterministic and any future state could be exactly calcu-
lated (in principle) if we knew the initial state at t = O. But this is not possible, and the
equation cannot be fully focused as to location and momentum at the same time. The
formalism of matrix algebra, developed by Max Born (1882—1971) and Werner Heisen-
berg, clearly points to the fuzzy nature of quantum mechanical reality and occasioned
the famous uncertainty principle (cf. 8.4.3).

The ‘correct’ interpretation of quantum physics is still a hotly debated subject. Does it
tell us everything which is knowable or are there, as Albert Einstein (1879—1955) sug-
gested, some hidden variables which assure the absolute predictability of the ways of the
world? Personally, I prefer to side with Nils Bohr (1885-1952) and the majority opinion
which regards quantum physics as a complete but underdetermined theory. It allows the
unforeseeable which even God cannot know.

At present the natural sciences work very well although nobody quite seems
to know how or why. The situation becomes more controversial when we put
man under the magnifying glass. In the social sciences, not to speak of the hu-
manities, reliable and comprehensive paradigms are conspicuous only by their
absence. Continuing specialization has simply caused a malignant fragmenta-
tion of the body of knowledge.

The great forerunners of the social sciences were consistent in proclaiming
the need for a holistic approach to the understanding of the human condition.
Max Weber (1864-1920) for one, claimed that sociological and historical re-
search neither could nor should be kept apart, although he preferred to believe
that a scientific, value-neutral sociology was possible. Latterly, exaggerated
reductionist zeal has driven these ‘soft’ sciences towards laboured imitation of
natural-scientific methodology, which robs the scientific work of its relevance.
Despite many brilliant suggestions, most positivistic social science barely de-
serves acknowledgement.

Full understanding of the phenomenon of Homo sapiens seems to be unat-
tainable in practice, and is probably precluded in principle; witness the self-
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devouring snake. No clear-cut scientific method can adequately elucidate man
and his world. For all that, the escalation of complexity obviously calls for a
circumspect broadening of the axiomatic base. Moreover, an honest confronta-
tion with reality cannot disregard our best scientific traditions; on the contrary,
it must depend on the very same values which underpin our wavering quest for
scientific truth.

2.3 Philosophical explications

The history of philosophy is a tale of human fallacies, subsequently
exposed by later generations. We have now finally come to understand
the limits of language and philosophy, i.e. of explicit, analytical think-
ing. Since classical times a supreme repose, harmony and balance, had
been a self-evident attribute of all basic truths. Whitehead’s process
philosophy takes the opposite track in its strictly dynamic approach.
The world is not a being but a becoming; at every moment it is created
anew, although in accordance with statistically immutable rules.

2.3.1 Greek overture

Philosophy, the love of wisdom, is in essence thought about thought. The ambi-
tion of this self-referential ‘science of sciences’ has always been to present a
consistent and unassailable picture of the world and of life, based on first prin-
ciples. In view of what has been said above, the continual frustration of these
hopes should hardly come as a surprise. It is all too easy for philosophical and
metaphysical expositions to degenerate into empty language games, discon-
nected from reality. Even at best, they largely reflect the existential prejudices
of the particular thinker in a subtle or abstruse idiom. (cf.3.1.7)

Almost all the philosophical leitmotivs were struck between 600 and 400
B.C. as Greek speculative thought approached its apogee. Thales, the first of
the philosophers, had studied marine fossils and declared with great convic-
tion that water is the origin of all things, while his disciples, Anaximander and
Anaximenes, adopted infinity and air respectively as the point of departure for
their rival cosmologies. Heraclitus regarded fire as the real original substance,
interpreting existence as a dynamic interplay of creative elements. He was con-
tradicted by Parmenides, who insisted that life and motion are only illusory
ripples on the surface of things — the deepest reality is eternal repose.

Meanwhile Pythagoras, the first idealist, had consecrated number and geo-
metrical form as the ultimate origin of reality, and his followers foreshadowed
Friedrich Hegel (1770-1831) in propounding a dualistic dialectic of opposites
as the creative principle. Xenophanes, a contemporary of Pythagoras, advo-
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cated philosophical monism in defiance of the polytheist tradition. He was also
the first sceptic, expressing his doubts in no uncertain terms.
A famous fragment by Xenophanes is worth quoting: “No man has perceived certainty,

nor shall anyone perceive it, about the gods and all whereof I speak; for however perfect
what he says may be, yet he does not know it; all things are matter of opinion.”

Anaxagoras, the tutor of Pericles, moved towards a scientific epistemology by
proclaiming material substance indestructible. The changes we perceive are just
fluctuations of form; nothing ever disappears. Leucippus and his pupil Democ-
ritus followed up this programme and presented a thoroughly materialist phi-
losophy, embodied in an inchoate atomic theory.

The unchangeable attributes of the atoms have their origin, according to Democritus,

in their specific geometrical forms — round, triangular and so on — and since they are

provided with ‘hooks’, they are capable of producing all the combinations which we

observe in the variety of the real world. The soul is made out of the most delicate atoms
which also mediate the sense impressions, the sole source of knowledge.

Protagoras, a pupil of Democritus, coined the phrase “man is the measure of
all things” and introduced an almost modern pragmatism while Zeno of Elea
formulated several of the most striking paradoxes of all times. His exact co-
eval, Empedocles, anticipated the theory of evolution in his didactic poem on
the origin of species by way of natural selection. Finally, with Hippocrates and
Socrates, a practically effective and philosophically self-conscious humanism
appears as a historical highlight. But Hellenistic society failed to respond to this
theme and over the following centuries was disabled by defeatism — a resigned
aftermath, lacking both hope and faith.

2.3.2 Classical coda

The great Peloponnesian war (431-404 B.C.) and the death sentence of Socra-
tes in 399 B.C. mark a turning-point in the Hellenic feel for life. An exuberant
game, full of possibilities, was succeeded by laborious intellectual construc-
tion work. This resulted in the most remarkable philosophical monuments of
all time, purporting to offer a safe refuge from painfully aggressive facts. The
polemically infected agnosticism of the Sophists, Plato’s (427-347 B.C.) grand
but reactionary and nigh on totalitarian idealism, the frozen heroism of the Sto-
ics, the value relativism of the Cynics, and the refined hedonism of the Epicu-
reans — they all denote different escape routes from an unacceptable reality, an
attitude quite alien to earlier generations.

Boethius (ca.480-524 A.D.) represents the last gasp of antique philosophy and prefig-

ures the main themes of medieval scholasticism. Waiting for his execution, ordered by

the Ostrogothic emperor Theoderic, he writes De Consolatione Philosophie (The Con-
solation of Philosophy), the gripping epitaph of a whole age.

The blind alleys of thought are both unavoidable and instructive. The classical
thinkers charted vast but barren intellectual realms; in the process they supplied
navigating instruments for inquiring Arabs and newly-awakened Europeans,
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eager to sail into unfamiliar waters. Plato’s idealised Golden Age has spawned
countless mental miscarriages while the contrary, eclectic-descriptive realism
of Aristotle (384—322 B.C.) misled many an adept into a mire of self-immunis-
ing language games.
Aristotle’s greatness as a philosopher and pioneer of rigorous logical speculation did not
save him from serious lapses in the natural sciences. He was good at descriptive biology
but his physics lost itself in circular argumentation. Solids have an inherent need to fall
to the ground, fire naturally soars upwards due to its heavenly origin, and all earthly
motion ceases of itself since the natural state of all bodies is to be at rest — as everyday
observations and common sense strongly suggest.

Aristotle’s thinking is flawed, not by erroneous conjectures but by intellectual hubris.
Starting from his encyclopaedic erudition, this paragon of rational reasoning seriously
strived for an all-embracing conclusion to all science. Aristotle virtually blocked any
further investigation into the workings of the world for nearly two millennia. Not until
1664 A.D. could Isaac Newton (1642—1727), then 21 years old, claim with equanimity:
“Plato is my friend, Aristotle is my friend, but my best friend is truth”.

Despite Aristotle’s strenuous efforts to avoid confusion in his word play, the blunder-
ing starts at the linguistic level. Sweeping but empty generalisations bury the deeper
structure of the game and make it inaccessible to critical analysis. For example, Aristotle
provided a superficial formulation of the second law of thermodynamics — all motion-
energy does in fact tend to be transformed into heat-energy — but unfortunately this does
nothing to illuminate the main principles of mechanics.

We can still perceive echoes of Aristotle’s pseudoscientific arrogance in the
never-ending supply of flimsy ‘scientific explanations’. Much of modern psy-
chology and sociology is flawed by a self-immunizing vocabulary. Homo sapi-
ens’ conduct is ‘explained’ by reference to a set of drives or ‘needs’. For every
mode of human behaviour a corresponding need is postulated: be it for food, for
sex, for social contact, for love, for religion and so on. But we rarely hear any-
thing of man’s scientific needs; the psychologists seem to enjoy super-human
motivation.

2.3.3 European polyphony

The Christian doctrine was confronted in its early days by all the subtleties
of Greek thought, and for several centuries found itself wrestling with a fa-
tal contamination of Neo-Platonic ideas. The Fathers of the Church, from Ori-
gen (182-251) to Augustine (354-430), came up against almost insuperable
problems in linking together the eruptive revelation of Jesus Christ with Greek
reason. Their theological disquisitions had serious philosophical flaws, and be-
came the fateful seeds of extended ecclesiastic conflict.

Thomas Aquinas (1225—74) tried to follow Augustine’s famous dictum that
“the true philosopher is the lover of God”. His pursuit of a comprehensive Aris-
totelian system of theological thought became the mainstay of Roman Catholic
orthodoxy but other, more portentous themes reverberated in medieval scho-
lasticism. Already in the early twelfth century Abelard (1079—1142) presented
a doctrine of self-critical rationalism that in due course was deemed heretical
by two Councils of the Church. Over the following centuries the Franciscans
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with Bonaventura (1221-1274), Roger Bacon (12147-1294), John Duns Sco-
tus (12657—-1308?) and William of Ockham (13007—-1349?) in the forefront,
struggled to combine mystical insight with rational thinking. Ockham’s razor
— plurality is not to be posited without necessity — is still as trenchant as ever
in cutting through inflated language games, and the speculations of Cusanus on
natural philosophy anticipated both the principle of relativity and a boundless
universe.

Nicholas of Cusa (1401-1464), known as Cusanus, is a brilliant exponent of the dyna-
mism of the Late Middle Ages. Passionately involved in ecclesiastical politics and the
reform movements of his times, he became absorbed in theology, mathematics, geogra-
phy, medicine, the natural sciences and art. Cusanus produced a pioneering analysis of
the Koran texts, and in astronomy he was the first to revive the heliocentric world view
of Aristarchus (cf.7.5.1); in due course, his work inspired Nicolaus Copernicus (1473—
1543). Furthermore, Cusanus established that the atmosphere has weight by directly
demonstrating the fact that plants take up a substance (carbon dioxide) from the air.

Cusanus’ philosophical discourses were inspired by Meister Eckhart (1260-1327), the
greatest mystic of the Middle Ages, who taught that man’s inner universe mirrors the
creativity of God and all creation. God cannot be named: we can speak of Him only
in paradoxical extremes where opposites coincide and illuminate one another — a first
version of Bohr’s principle of complementarity. With wonderful intuition, Cusanus ex-
presses ancient and ultramodern epistemological wisdom: “The learned man is aware
of his own ignorance”; or “The search for truth is like squaring the circle.” He must be
regarded as the progenitor of semiotics: “We cannot know the things, only their signs.”;
“The first science is the science of signs, that is language.”

Later philosophers have produced a unique series of ambitious self-reflections.
Francis Bacon (1561-1626), René Descartes (1596—-1650), Baruch Spinoza
(1632—77) and John Locke (1632—1704) displayed their own personal view of
life as well as the spirit of their time in commensurate intellectual construc-
tions. The fallacies of the preceding doctrine are exposed in ever more stringent
analytical language until David Hume’s (1711-1776) radical scepticism and
Immanuel Kant’s (1724-1804) philosophical self-analysis put a stop to naively
objectifying speculation.

Kant set out “to expose the illusions of a reason that forgets its limits” but
his unattainable “thing in itself” presupposes a static core of existence — a good
example of the prejudicial influence of the language game. Since classical times
a supreme repose, harmony and balance had been a self-evident attribute of all
basic truths. Differentiation and multiplicity, the restlessness of the life process,
were obvious signs of a flawed ancestry.

Newton’s absolute time and space rest within this Platonic tradition whereas Wilhelm
von Leibnitz (1646-1716) saw all reality as occurrences: “Quis non agit, non existet”.
In Leibnitz’ view only action is real — it precedes time and space, which are mere useful
conventions.

The cock-a-hoop philosophers of the Enlightenment isolated in deistic fash-
ion the rationally regular clockwork of the world from its rather unpredictable
Creator. Later, the creative aspect of existence was to receive more attention.
For Johann Gottlieb Fichte (1762—1814), an individual-psychological process,
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which he called Anstoss, was the crucial reality. Related notes were struck in
turn by Arthur Schopenhauer (1788-1860), Soren Kierkegaard (1813—1855)
and Friedrich Nietzsche (1844—1900), while Henri Bergson (1859-1941) in-
troduced a rather gratuitous élan vital into the equation of life. Hegel for his
part had developed a personal pantheism, contending that the world as such is
the embodiment of divine reason expressed in the dialectic progress of history.
Consecutive efforts at a grand synthesis ended up with the phenomenology
and existentialism of Edmund Husserl (1859—-1938), Martin Heidegger (1899—
1976) and Karl Jaspers (1883—1969).

Meanwhile Wittgenstein had shown, rather convincingly, that every hon-
est philosophy must be self-destructive. Rational thought cannot measure it-
self without recourse to some subtle self-deception. Driven out of this fool’s
paradise, post-Wittgensteinian philosophy had to lower its sights and gradually
eschewed all value judgements as well as metaphysics. The self-mate situation
has driven philosophers to put ordinary language, the very medium of thought,
under scrutiny and forced them to investigate a few very instructive dead ends
(cf.8.5).

2.3.4 Time sets the tone

In the philosophical turmoil of the times, the distinguished mathematician Al-
fred North Whitehead stands out. Chastened by the impasse of his venture into
meta-mathematics (cf.2.1.1), he arrived at a consistent and radically dynamic
metaphysics. In his panentheistic process philosophy, God is both imminent
and transcendent, both part of and external to the world.

Whitehead’s rather convoluted train of thought is presented here in a sim-
plified and slightly modified version. The basic idea is that change is the only
reality. The world is a set of occurrences: it is not a being but a becoming, all
substantives dissolve into verbs. The relative stability of our universe is condi-
tional on a multitude of exactly co-ordinated replays, self-repeating resonances
with very long but not unlimited life-spans.

The lasting nature of all structured particles of matter (the hadrons) depends on internal
exchange processes, a constant juggling of mesons and gluons between quarks, protons
and neutrons. The unstructured leptons are incapable of playing internal games and can
therefore be stabilized only by interaction with their own external fields. An electron
(and positron) continually exchanges either real or virtual photons with its surround-
ings: this interplay constitutes the electric field. A ‘naked’ electron deprived of its field
would imply an infinite electric charge — a metaphor for the impossibility of pure being.
(cf2.9.5)

The lifetime of the neutron is fairly short (c. 10 minutes), while the proton was previ-
ously regarded as completely stable. However, the calculations of quantum chromo-
dynamics now suggest a half-life of between 1032 and 1034 years — very long but not
infinite. Long-lasting particles can be regarded as standing waves, self-sustaining but
time-bound resonances. No interactive process and thus no observable reality is possible
without a temporal framework in which it literally takes place.

Energy packets with zero rest mass are isolated ‘naked’ processes that can take no
place; for them the only existential solution is pure self-repetition. In the case of pho-
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tons, electric (position) and magnetic (motion) energy are unceasingly transformed into
each other. This wave-motion reproduces itself at maximum velocity in four-dimensional
space; the frequency of its self-reflection is proportional to the energy transfer. A photon
is a pure, immaculate process; it has no perception of time. For the photon there is no
before-after, and it must seek refuge from this ‘impossible’ position at the speed of light
and the consequent obliteration of subjective time.

The thing in itself is thus a chimera, one of philosophy’s many pseudo-prob-
lems. At every moment the world is being created anew, albeit in accordance
with statistically immutable rules. Only this process of continual recreation is
real; all stability is transient, all unchanging particles are subjective extrapola-
tions justified on the grounds of our thought economy but without any ultimate
reality. According to Brouwer, even mathematical relationships exist only in a
time-bound conceptual world; they are virtual processes (cf.2.1.2). (Whitehead,
incidentally, put mathematical abstractions in a separate, transcendental cat-
egory of eternal ‘Platonic’ entities).

At relatively low temperatures, selected self-stabilizing structures — atoms
and molecules — attain an existential respite and may develop on the strength of
their intrinsic creativity. Our human consciousness is the most striking display
of the innovative potential of these fundamental processes, and should provide
sufficient grounds for assuming that even the simple building-blocks of matter
possess a rudimentary creative capacity, a certain scope for play.

2.4. The great game

At this stage, I shall introduce the game metaphor to evince the hidden
dynamic structure of all existence. The world is displayed as a string
of interacting processes, governed by comprehensible rules. The Great
Game ranges from the highly repetitive quantum jumps of elementary
processes to the singular questions of faith which give direction to our
cultural play. The good games are open, interesting, unrestrained but
self-disciplined, anticipating unbounded plus-sum play. Their unob-
trusive rules turn out to be deep, dynamic truths which give free rein
to individual creativity without sacrificing meaningful cooperation at
a higher level.

2.4.1 Persuasive redefinition

‘Game’ in a narrow sense usually refers to idle but captivating and time-hon-
oured pastimes. The Indian epos Mahabharata (c. 1000 B.C.) tells us how the
Pandava brothers lost their kingdom and themselves in a fateful game of dice.
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In the year 1397, a law was passed in Paris to curb the passion for cards; Lord
Byron (1788-1824) maintained with some justification that gambling is man’s
favourite vice.

Nowadays we speak in a derogatory sense of political play, and war games
are part of normal military staff work. In addition, people play the stock ex-
change or innocent bingo. In most languages there are several other connota-
tions; besides poker we play the piano and actors play Shakespeare on the stage.
Furthermore, we all engage in role play according to the prevalent social con-
ventions; we play together in the football team or the management group and,
finally, we should not overlook child’s play.

It was a stroke of genius when Ludwig Wittgenstein depicted our linguistic communica-
tion as a game in which words are handled like chessmen (cf.8.5.1). Every word has an
identity and, like a chess-piece, follows certain prescribed and relatively simple rules.
An orderly interplay between the word-pieces can produce innumerable combinations
of meaningful utterances but an even greater number of expressions are forbidden by the
grammar. A spoken sentence corresponds to a series of moves, in which the symbolic
values become integrated into comprehensible statements. This dynamic approach to
linguistics launched a new direction in semantics and philosophy; it also caused a pro-
found change in what is meant by games.

Any further extension of the game concept is naturally open to criticism. All
definitions which deviate from common usage should be met with mistrust;
abuses are legion. An ancient rhetorical trick is to identify one’s own hobby-
horse with certain highly esteemed concepts, while vilifying the antagonist with
abominable imagery.

Linguistic cheating has a venerable ancestry; good examples of such persuasive redefi-
nitions are easy to spot in Plato. According to Karl Marx (1818-83) the ‘real value’ of
a utility is equated with the related input of manual labour; the ‘surplus value’ — the
compensation for other production factors — then becomes sheer robbery. Thus, at a
single blow, the whole market economy and the concept of profit has been persuasively
redefined as accomplished theft and betrayal. The air has been thick with misinformation
about what is ‘really’ meant by democracy, freedom, human rights and so on. In 1984
George Orwell (1903-50) parodied this technique; witness the perverted Ministries of
Truth and Peace.

There is no harm in persuasion provided the persuader frankly shows his hand.
The game metaphor adequately reflects the hidden dynamic structure of all
existence. It imparts a legitimate linguistic development, husbanding mental
resources in the contemplation of a complex world. What is more, it provides
useful tools for discussing not only human co-operation and contest, but also
the basic existential and ethical options facing man.

2.4.2 Preceding players

There is of course nothing new about the game metaphor: Wittgenstein’s lan-
guage games were developed in the 1930s although his Philosophical Investi-
gations only appeared in 1953, posthumously. The Dutch historian Johan Huiz-
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inga (1872—1945) examined, in his Homo Ludens (1938), fashions and forms of
social intercourse in the Middle Ages, regarding them as a ritualised game with
definite rules; Roger Caillois (1913-78) has later used a similar approach in
scientific sociology. Herman Hesse’s (1877-1962) famous novel Das Glasper-
lenspiel (The Bead Game) was published in 1943 (cf.8.8.5). It describes a ficti-
tious society in which the main activity is a contrived art game, a I’art pour I’art
of extraordinary refinement.

John von Neumann’s and Oscar Morgenstern’s (1902—77) pioneering work,
Theory of Games and Economic Behavior (1944), was specifically aimed at
practical utility. Game theory has since found applications in academic treatises
as well as in some down-to-earth contexts, but the immense potential of this ap-
proach has not yet been convincingly demonstrated. Fernand Braudel, for one,
exclaims in his monumental historical survey (The Wheels of Commerce 1979):
“It might be fun to try and write the history of capitalism within the parameters
of a special version of game theory.”

In 1948 Norbert Wiener (1894—1964) introduced the concept of cybernetics
to embrace an important group of communicative game processes with feed-
back. More recently Manfred Eigen and Ruthild Winkler have used the game of
probabilities as the point of departure for an eminently accessible and initiated
analysis of the thermodynamics of life processes (Das Spiel, 1975). J.C. Polk-
inghorne (The Particle Play, 1979) methodically applies the game metaphor
in a popular work on the elementary particles, while Steven Brams uses fully
fledged game-theoretical models in his attempt to analyse the way the cards fall
when we play against Superior Beings (1983). Finally, Geoffrey Brennan and
James Buchanan in The Reason of Rules (1987) call for systematic reform in the
political game of democratic self-government.

The concept of dialectics has more venerable roots. Aristotle appreciated this
type of verbal acrobatics which the medieval schoolmen perfected. Although
the dialectics of Hegel, Marx, Friedrich Engels (1820-95) and Herbert Spencer
(1820-1903) may be granted a dynamic process interpretation, they neverthe-
less retain the doctrinaire nature of their forerunners. All these abstract schemes
represent impoverished modes of play and the underlying rules of the game en-
snare even the gifted player in his or her own, self-serving modes of thought.

Marxist dialectics, amply spiced with Freudian depth psychology, has left a long tail of
philosophers-cum-literary pundits who tirelessly define and redefine the correct Paris-
ian cut of the fashionable intellectual garb. To keep up with this spectacle is a signally
unrewarding exercise.

Without rules no game can be played, and human give and take is reduced to
pure anarchy. A lack of checks and balances opens a path for spurious double-
dealing while all too prescriptive rules result in boring replays. Ponderous state-
ments of the obvious can then be blown up into pretentious self-immunizing
doctrines, justifying any human folly. The good games are open, interesting,
unrestrained but self-disciplined, anticipating unbounded plus-sum play. Their
unobtrusive rules turn out to be deep, dynamic truths which give free rein to
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individual creativity without sacrificing meaningful collaboration at a higher
level.

2.4.3 Commitment to change

Quantum physics assures us that the core of reality is a composite of stepwise
occurrences, a display of distinct interacting processes. In accordance with
Whitehead’s metaphysics, the world can thus be viewed as an evolving game of
creative self-organization carried out by innumerable players of varying appre-
hensions and appetites, talent and ambition. A selection of fortuitous advances
has been carefully preserved as life on our planet; the wisdom of past genera-
tions has been successively imprinted on the genetic code. Each and every false
move results in negative feedback — the lesson has to be relearned time and
again. The same laborious learning pattern is repeated in human play but at a
swifter pace. Technical errors are generally discovered fairly quickly, economic
feedback operates more slowly, and decades may pass before a political lesson
is hammered home.

Science accounts for insight into the nature of the rules of the game, prefer-
ably in mathematical form. In turn, the very act of acquiring scientific knowl-
edge involves patient participation in a superordinate culture game. This, again,
is directed by axiomatic values, faith-related meta-rules, which are quite insen-
sitive to the feedback from an indifferent or even hostile world. Questions of
faith must stand the test of distress and adversity over many, successive genera-
tions. The choice between detached withdrawal and commitment to change has
been one of the great dividing lines of human history.

Gautama Siddartha (563?-483? B.C), more familiar as Buddha, started out with a dy-
namic hypothesis about the state of the world: “there is no eternal, everlasting, unchang-
ing, permanent or absolute substance”. In truly Platonic fashion he found serious fault
with this state of affairs and in due course became the visible symbol of timeless Nirvana
— the ultimate negation of change.

Jesus of Nazareth, too, was convinced of the transience of all things. “Heaven and
earth shall pass away: but my words shall not pass away”. Only, his message was not

concerned with ineffectual harmony: “Suppose ye that [ am come to give peace on earth?
I tell you Nay, but rather division.”

Interactions devoid of any kind of game relation, statistical or otherwise, can-
not be comprehended rationally; in fact they resemble para-psychological phe-
nomena and belong to a separate metaphysical category. But we should not, a
priori, deny the occurrence of such events. Singularities such as the Big Bang
suggest that it may be impossible to capture existence in its entirety in a coher-
ent network of game rules. Unfortunately, in all empirical investigations the
odd irreproducible observations are weeded out. They simply do not possess
scientific relevance, and the only recourse is to fall back on our fundamental
metaphysical hypothesis — the universal order of play in an intelligible world.
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2.4.4 Playing the game

At this point a brief recapitulation may be called for. Logicians investigate the
fundamental and ‘self-evident’ rules of thought while mathematicians examine
the unfolding of ‘interesting’ games based on well-defined axiomatic assump-
tions. At best, the natural sciences yield definitive rules for the interplay of
particles in explicit mathematical terms. However, we generally have to content
ourselves with looser formulations. In chemistry, for instance, the complexities
of the game still defy accurate prediction.

Electrons and other leptons are well-defined and (so it is believed) non-
composite particles, but they have nonetheless retained a minimal scope for
play. The hadrons (protons, neutrons, mesons), on the other hand, have a clear
internal structure, and the atoms already appear as separable isotopes. They are
sometimes subject to individually unpredictable radioactive decay, depending
on weak interactions — one of the well-known games of elementary particles
alongside electromagnetic interaction and the strong interaction within and be-
tween nucleons. The synthesis of these disparate games into a single consist-
ent set of rules in a Grand Unified Theory (GUT) serves as a superb challenge
to theoretical physicists. If the ultra-weak but all-pervasive force of gravita-
tion could be included, we would arrive at a supreme ‘Theory Of Everything’
(TOE).

As we proceed to the macromolecules and enter the world of biology, the
specific skills of the actors become evident. The rules applying to elementary
particles are still enforced in toto; the force of gravity affects all mass, and total
entropy increases inexorably in all real processes (cf.2.8.1). Nevertheless, the
game is beginning to acquire meaning and becomes highly competitive; life
is at stake. The players make their increasingly independent moves against or
with one another in a variety of coalitions, playing all the time against the mer-
ciless rules of the surrounding environment.

With man a new dynamic emerges; the almost inconceivably slow changes
in the fundamental rules of the game are supplemented by fully-fledged and
freely-generated cultural play. The genetic base still defines a number of re-
straints on human behaviour but the actors have become very flexible and cun-
ning; above all, they are now clearly conscious. The game derives its distinct
value from the rules of social interplay. While static societies are exhaustively
described by the totality of explicit norms, creative cultures get their bearings
from a small set of fairly abstract values (cf.9.5).

Sooner or later even a vigorous cultural tradition will outlive itself. Conse-
quently, the crucial problem is the capital rule that changes the rules for chang-
ing the rules of change.... The final derivative always has the last word unless
—and it is a big ‘unless’ — the process is prematurely terminated. What is this
terminal rule or derivative? Here we come up against a fairly common phe-
nomenon in the language game. The largely implicit frame for thought cannot
support itself but has to be intuitively buttressed by articles of faith — the inex-
pressible spirit of the game.
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Zero-sum games are purely distributive exercises and imply vacu-
ous contest while minus-sum games represent destructive infighting.
Only constructive plus-sum play adds value to this world of ours.
Confrontation and misinformation are at the core of zero-sum play
whereas successful plus-sum games build on co-operation by trust-
ing communication. Just the same, all players are confronted with the
problems of dynamic stability, the proper balance between positive
and negative feedback which is the special concern of cybernetics.

2.5.1 King of parlour games

Before discussing game theory as such we should take a look at a specific ex-
ample in order to examine the concept of games in somewhat greater detail.
Chess, the king of parlour games, is a conventional game clearly defined by a
set of wholly transparent rules which, for the seasoned player, represent only
the most trivial of constraints. The purpose of chess, and above all of what is
called chess science, is accordingly to gain greater insight into the hidden and
implicit rules that underlie successful play.
Opening theory, pawn formations, knight tactics and the like. are the somewhat elusive
terms for heuristic procedures reflecting the dynamics of chess. There is certainly food
for thought here: a simple game for two players with 32 pieces on 8 x 8 squares, with
crystal-clear rules and perfect information has for hundreds of years confounded an as-
sortment of the finest human brains. Chess is a whole microcosm in which established
truths are regularly overturned by heterodox innovators. The goal of chess theory is to
demonstrate the optimal, unbeatable strategy; with the help of powerful computers this
is not a wholly unrealistic aim. But by that stage, chess as a game would have lost its
point.

We have noted that the elucidation of simple, open games may be not only
impracticable but outright impossible. Closed games such as chess are math-
ematically completely determined and predictable but can be quite refractory in
practice. Even a minor increase in its complexity, such as the introduction of a
third dimension, would probably be enough to put the analysis of chess beyond
the reach of any realizable computer.

2.5.2 Zero-sum games

The simplest possible game has two players, each of whom can make one of

two alternative moves. An elementary example is the game of Matching Pen-
nies. The players simultaneously show a coin revealing either heads or tails
according to their own choice. If the outcomes are identical, player A is the
winner; if not, player B.
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Matching Pennies can be fully described by the following diagram which
presents the outcome of the game in matrix form (figure 2.4).

Player B
Heads Tails
Player A Heads +1 -1
Figure 2.4 Tails - +

Each square represents a certain combination of moves and is designated in

terms of A’s payoff; B’s payoff bears the opposite sign.
What is the best game strategy for Matching Pennies? By randomly choosing heads or
tails, the maximum loss is minimised (von Neumann’s minimax theorem). This gives a
certain 50 per cent payoftf and is the optimal strategy against your opponent’s best (i.e.
identical) play. The main point is to avoid giving your opponent any information at all
about your own intentions, but obviously this safe strategy fails to exploit your oppo-
nent’s deviations from the dead-sure minimax strategy.

In Matching Pennies, as in all the usual parlour games, the total value of the
game is unaffected by its resolution. The sum of the game, the aggregated out-
come of all the players, is a constant (in this case zero). Thus constant-sum
games neither create nor destroy value; they are purely distributive exercises.
The overall payoff is wholly determined by the premises; it is not influenced by
the mode of play.

The constant payoff of the game can also be perceived as concealed informa-
tion which must be extracted from the opponent. If there are just two alterna-
tives with equal probabilities (as in Matching Pennies) one round of play is
equivalent to one bit of information. Accordingly, the most efficient way of
gaining insight in a state of complete ignorance is to reduce the uncertainty
stepwise by 50 per cent, acquiring one bit of information at every step.

In playing twenty questions you should take full advantage of this principle which, by

the way, was conscientiously observed in classic gunnery procedure. First the target was

confined within a wide fork which was successively subdivided down the middle, until
the correct range was established.

Futile zero-sum play is transcended when we play such games against nature
(cf.7.1.1), disclosing its secrets by perceptive questioning. We gain knowledge
but the opponent is not losing anything — except perhaps its mysteries.

2.5.3 Plus-sum play

A normal business deal is a good example of a plus-sum game: merchandise
changes hands only if the product is more desirable to the buyer than to the
seller. The value added by the transaction is then equal to this difference in de-
sirability. Our example (figure 2.5) shows in matrix form a plus-sum game, in
which the maximum value of the game is 1; a payoff occurs only if the product
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changes hands. The aggregate outcome thus depends on the mode of play (the
distribution of the profit is of course a typical zero-sum problem). The corre-
sponding minus-sum game (figure 2.6) arises in situations of potential conflict.

Buyer
Buys No buy
Sells +1 0
Seller
i No sell 0 0
Figure 2.5
Party B
chooses chooses
peace war
chooses peace 0 -1
Party A
. chooses war -1 -1
Figure 2.6

Only by a mutual desire for peace can destruction be avoided, although the ag-
gressor always counts on his opponent footing the bill.

The frame of reference often determines the status of the game. Chess can be
regarded as a typical zero-sum game, since the aggregate value of both players’
results remains constant. A win for one party is offset by a loss for the other; a
draw gives neither of them anything. In poker the situation is even more obvi-
ous; there is no change in the quantity of money, although coinage is constantly
switching hands.

In broader terms chess can be perceived as a plus-sum game. The score for
which the players are battling, represents an added value of its own proportion-
ate to the originality of the play and measured in terms of the stimulus and
recreation experienced by the antagonists. Then the most important thing is not
to win but to play a good game. But in an even broader perspective we could
regard chess as a minus-sum game, in which huge amounts of thought, time and
tobacco are consumed to no sensible purpose.

2.5.4 Game strategies

In game theory the emphasis is on the principles of rational play, i.e. strategies
which will guarantee the optimal result even against the best defence (your
opponent’s optimal strategy). In a zero-sum game it is primarily a question of
minimizing your opponent’s potential gains and preventing dangerous counter-
moves. Misleading your opponent or at least withholding information becomes
a key issue. The upper hand can be gained only by peeping at your opponent’s
cards or by exploiting his mistakes which is often risky, particularly if you
yourself fail to keep a poker face.
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For good reason the ancient Chinese military authority Su-Tzu (who lived in the fourth
century B.C.) gives deception top priority in his treatise on the art of war. In a minus-
sum game, disinformation carries the highest premium. A computer can be programmed
to beat most human opponents in Matching Pennies, if the use of a randomising proce-
dure is forbidden. The computer gradually identifies a pattern in the human action and,
in the end, achieves a result somewhere around 60-65 per cent — which just shows how
difficult it is for us to behave in a completely aimless way.

To achieve the optimal outcome in a pure plus-sum game, good communication
and collaboration are called for. In real life, a sizeable zero-sum component
is usually present, and additional information can then be a mixed blessing. A
firmly stated and credible threat, for example, affects the bargaining position of
the threatened party to its disadvantage.

Let us now consider a more intricate type of game called the battle of the
sexes. Husband and wife have decided to spend an evening out and have the
choice of boxing or ballet as entertainment. Most of all the couple wants to
be together but are, of course, of two minds about the programme. The payoff
matrix then takes the form given in figure 2.7.

Husband
boxing ballet
Wife boxing +1,+3 -1,-1
Figure 2.7 ballet +1, +1 +3, +1

The wife’s payoff is designated by the first figure and the husband’s by the sec-
ond in the respective squares. Togetherness has a value of two while watching
one’s preference makes for one unit of pleasure. Watching the spouse’s prefer-
ence has a nuisance value of -1.

There is obviously a conflict of interests here, which induces mutual armtwist-
ing. If each party tries to impose his or her will on the other, the end result
is a poor return (both pick their preferences) or zero-sum play (both stay at
home). The maximum plus-sum is four; the problem is how to share this com-
mon good. For a single occasion, no rational resolution is available but if the
event can be repeated, the obvious thing would be to agree on a mixed strategy.
Wife and husband alternate as decision-makers and both gain their fair half of
the value of the game. Co-operation is thus the key to success in a plus-sum
game whereas confrontation is at the core of such zero-sum play as Matching
Pennies, where the optimal strategy also results in a draw.

2.5.5 Cybernetic feedback

Every independent system, be it mechanical, biological or social, must main-
tain itself in harsh or outright hostile surroundings. The dynamics of such self-
regulating processes is the concern of cybernetics, which studies interactions of
the type presented in figure 2.8.
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Goals
Feedback
Means of control | ¢ "Brain”
(effector) (negative or (automation)
positive)

T Data
A 4

Measuring device

Process B ——— (receptor)
T =

Interference Feed forward

— —

Figure 2.8 Environment

The process may involve, for example, a machine, a production line, an organism, a
company or a society and is subject to interference from an unstable environment. The
receptor indicates changes in the process and the environment — temperature or con-
centration, material or cash flows, friends or enemies, threats or opportunities. The pre-
programmed “brain”, for its part, intelligently weighs this information against previ-
ously accumulated experience, and handles the available effectors in accordance with
the goals.

Stagnant homeostasis implies the passive maintenance of existing favourable
conditions. Every deviation is perceived as unfavourable and is met by auto-
repressive negative feedback: an action intended to eliminate the deflection of
the receptor. Autocatalytic positive feedback is, on the other hand, exploited
in the aggressive maximization of production, profit, offspring and suchlike,
or the minimizing of external threats. Such goal-setting calls for dynamic re-
inforcement of favourable trends, which in turn requires quite sophisticated
strategies. Homeostatic regulation assumes a mere supportive function; checks
and balances will generally be subordinated to growth-oriented and often risky
activities. And yet, a complex, interactive system may run out of control and
the maintenance of a modicum of internal equilibrium then acquires the highest
priority.
Stability is a central problem of cybernetics. Even the simplest control circuit may be-
come unstable, oscillating from one extreme state to the opposite. Mathematical criteria
for stability are available but, in most cases, heuristic rules of thumb must suffice. Early
telltale signals from the environment can be captured and utilized in a feed-forward
mode to expedite the necessary feedback action. Delays or discrepancies in signal recep-
tion and transmission are always detrimental. Every extension of this dead time between
the occurrence of the disturbance and the activation of the effectors will increase insta-
bility and reduce the viability of the system (cf.5.4.1).

Human beings and other living creatures generally function with astonishing
purposefulness, but social organisations are endemically plagued by inadequate
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self-regulation. The same can be said of many human artefacts; sophisticated
computers, for example, always produce a number of surprises at the prototype
stage. In principle complete ex ante control is possible by simulating the opera-
tion on a more powerful computer but the supercomputer will be exposed in turn
to even more severe childhood complaints... (cf.8.3.1). Undaunted, the cybernet-
icists have made further verbal advances in the classification of self-stabilizing
processes. Systems capable of developing new self-regulating modes of play are
called ‘ultra-stable’ and possess freedom of manoeuvre within an ‘ergodic’ field.
We shall later return to both ultraergodic and multistable systems.

Sometimes system theory, information theory and game theory are all thrown in under

the heading of cybernetic sciences. Be that as it may, a narrow cybernetic approach

thrives on linear continuity in contrast to the highly non-linear step-functions of game

theory. The latter stands for the independent choice of the players, as well as for the
discrete dynamics of our quantized world.

Extreme cyberneticists see existence as a closed, fully understandable and de-
terministic process — an obviously self-destructive supposition. True cybernetic
insight into these putatively absolute rules of the game would necessitate the
never ending re-examination of the resulting, enriched meta-games. On the
other hand, frivolous illusions of freedom will, paradoxically, keep us within
predetermined patterns of play.

2.6 Partners and opponents

Elementary game theory throws new light on the age-old problems of
human cooperation. While trusting collaboration generally is in the best
interest of all, selfish defection seems to be the rational option for the
individual player — foul play is safe. Game theory appears to preclude
fully rational decision-making, except in the simplest of circumstances.
Any meta-rules that might be agreed upon, as a matter of expediency,
will be torn by self-contradictions and burdened with profound incon-
sistencies. The search for objective norms for human behaviour is in
vain; we must always absorb a great deal of personal uncertainty.

2.6.1 The Prisoner’s Dilemma

The idea of a ‘rational’ decision-maker pervades most systematic argu-ments
about human behaviour, especially in economics. It is generally assumed that
every individual actor is aiming at maximum payoff at least in the long run. In
game theory, however, selfishly optimizing strategies quickly come up against
striking paradoxes. For historical reasons the classic example has been dubbed
“The Prisoners Dilemma”.
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Two people have committed a crime together. They are apprehended by the police and
cross-examined separately. If one of them squeals, he gets off scot-free while his ac-
complice takes the rap. If both keep quiet they are kept in custody but must eventually
be released. If both talk they will get a reasonable sentence.

The Prisoner’s Dilemma has the payoff matrix of the type shown in figure 2.9.

Player B
collaborate defect
collaborate +2, +2 -1,43
Player A
Figure 2.9 defect +3, -1 0,0

For both players the order of preference is: (a) I defect, you collaborate; (b)
we both collaborate; (c) we both defect and (d) I collaborate, you defect. An
outsider will immediately see that honest collaboration (2+2=4) is a reasonable
strategy for both parties. The game-theoretical dilemma appears when we real-
ise that selfish rational considerations inevitably lead to zero-sum play. This is
because defecting is a dominant strategy; it always gives a better payoff than
honest collaboration, regardless of the choice made by the opponent (3 against
2, and 0 against -1 respectively). As the same argument applies to both sides,
the potential plus-sum game deteriorates into a profitless and uninteresting ze-
ro-sum confrontation — foul play is safe.

If the game can be repeated over and over again it becomes a supergame, and there will

be an opportunity for mutual learning by way of confidence-building or retaliatory play.

The player making the first move has four strategies at his disposal, namely:

-always collaborate

-always defect

-imitate his opponent’s moves (tit for tat)

-go against his opponents play (tat for tit).

The second player has a choice between sixteen meta-strategies, but only three result

in a stabilised pattern of moves. Two of them are collaborative strategies, while the third

locks the parties in permanent conflict. Further exponential expansion of strategies is

useless, because it can be shown that in an n-person game (in this case 2-person) an

analysis of n strategic levels is enough to provide all possible information about the

nature of the game.

The Prisoner’s Dilemma clearly incorporates a severe temptation to cheat.
Experiments with test subjects (see Morton Davis: Game Theory, 1970) have
shown that collaboration has its problems even in fairly clear-cut cooperative
set-ups. Let us consider the payoff matrix in figure 2.10.

Player B
collaborate defect
collaborate +6, +6 +4 +7
Player A
. defect +7,+4 -3,-3
Figure 2.10




52 2 The nature of reality

A collaborative strategy seems the obvious one, but about half the subjects
made moves in accordance with the risky defection alternative. In the game
matrix of figure 2.11 the envy rationale comes out in the open.

Player B
collaborate defect
collaborate +4, +4 +1,+3
Player A
Figure 2.11 defect +3, +1 0.0

The players still chose defection with a frequency of about 50 per cent, and
this tendency was accentuated as the game was repeated. Man appears to have
a strong inclination towards irrational decision-making; the opponent’s loss is
more important than one’s own certain profit. In the absence of any long-term
collaborative platform, the competitive aspect dominated ad absurdum.
Admittedly, the experiments reflect an artificially isolated environment, although the
payoff was in cash. They were carried out mainly with university students in USA; a

comparative study in different countries and involving different strata of society could
be highly interesting.

Spoiling the game for the opponent provided an incentive which was obviously
worth its price and kept boredom at bay. This grudging preoccupation is even
more patent in purely emotional wrangles. The all-too-human tendency towards
conflict escalation, quarrelsomeness, cupidity and vindictiveness has its roots
in such consumptive spite. Hurting your adversary becomes the overriding con-
cern; any gain to the other party is felt as a painful personal loss.

Zero- and minus-sum games are worthless in a higher perspective and do
not merit any sacrifice. But when the game creates value, risk-taking becomes
both unavoidable and attractive. Only by means of bold initiatives and generous
leads can the plus-sum component be realized, slumbering resources utilised,
the forces of nature or society mastered. Indeed, only by such acts of faith can
life be filled with meaning.

2.6.2 Rudimentary coalitions

When there are more than two players in a game, a new interesting variable
appears — the formation of coalitions in various constellations. In the simplest
case all the players coalesce into two coalitions and once more we find our-
selves in a two-person game, such as an industrial dispute.
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A typical wage conflict can be reduced to a ‘Chicken’ type of game matrix (figure 2.12).
The total added value of 12 units is easily destroyed if both parties are playing ‘macho’.

Employees
demand 10 % demand 20 %
wage increase, | wage increase,
no strike threat strike threat
Pays wage 1 1 0 12
increase (settlement) (pushover)
Employer
Refuses wage 2 10 -5 0
Figure 2.12 increase (status quo) (strike)

We have assumed that:
-sales revenues = 170 per cent of the original wage sum
-fixed costs = 50 per cent of the wage sum
-profit before any wage increase = 20 per cent of the wage sum

The order of preference in this game of Chicken is: (a) I stall, you give in; (b) we both
give in; (c) I give in, you stall and (d) we both stall. No optimal strategy is available for
either party, but it is quite clear that the players should avoid the lower right-hand corner
(both stall) at all costs.

On such occasions a strategy of threat or blackmail presents itself, despite — or
rather because — a realised threat often counteracts its own aim (An old chess
maxim declares that “the threat is stronger than its execution”). But the nature
of the game changes if it is repeated over and over again. ‘Softening up the
opponent’, ‘setting an example’ and the like are then included as part of a long-
term meta-strategy in an extended supergame. If threats are not carried out at
irregular intervals, they will in due course be dismissed as bluff.

Once again we come up against the paradox that super-rational players who
strive aggressively to optimise their payoff, may produce wholly irrational con-
sequences for all participants. Less high-powered but peaceful actors do better,
but if the disparate elements are mixed, the hawks will first defeat the doves
and then recklessly spoil the game for one another. Arguments of this kind led
Marx to prophesy the impending breakdown of the capitalist system which he
perceived as a banding together of utterly self-seeking individuals. Such ‘evil
associations’ are mired in mutual distrust and do, indeed, lack long-term cohe-
sion, but Marx did not realise that the citizens of democratic societies are will-
ing to make considerable sacrifices in the interest of fair play.

2.6.3 The core of the game

In 1912 Ernst Zermelo (1871-1953) demonstrated that all finite two person
zero-sum games with perfect information are determined. In other words there
is an optimal strategy for both parties, although the optimal sequence of moves
may be buried deep in labyrinthine complexity. Absolutely correct play at chess,
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for example, must always lead to the same result: either a draw or a victory for
white or, improbably, a victory for black.

As we proceed to multi-person plus-sum games, the degrees of freedom in-
crease exponentially. For rational coalition building, one obvious goal is to find
the joint strategic optimum which maximises the value of the game, i.e. the total
payoff for the ‘grand coalition’ of all the players. All the permutations of play
which fulfil this criterion constitute the core of the game.

Assume a game with three participants, A, B and C. None of them can do anything on
their own, but in a grand coalition (ABC) they can together earn, say, 3 units. The coali-
tions AB and AC can each earn two units on their own, while BC can only manage one.

Obviously, all three players must collaborate to stay within the core. The situation is
diagrammatically expressed in figure 2.13.

Figure 2.13.

The distribution A 3/2, B 3/4, C 3/4 , for example, is within the core while 1, 1, 1 is on
the borderline, because AB or AC can earn as much in pairs as they can in the grand
coalition. Given a distribution A 2, B 1/2, C 1/2, BC will be the sub-coalition which fails
to achieve any additional value from the grand coalition. In these borderline cases the
rational self-interest of some of the players approaches zero and so does the strength of
the coalition.

The core represents the area of maximal common interest in the plus-sum game.
(In a zero-sum game the core is always empty.) It indicates the bounds for
fruitful collaboration, but gives little guidance about a just division of the joint
payoff.

2.6.4 Settlement criteria

The grand coalition includes all the players who can contribute to the game. It
thus maximises the total outcome but is generally exposed to latent conflicts of
interest. Key players or whole groups may rise in rebellion, and blackmail may
be rampant. But a fragmented set of players cannot utilize the full value of the
game, and so the search for collaboration begins anew.

Game theorists have tried to produce objective, mathematically stringent cri-
teria for a fair settlement between the parties. A basic requirement of stability is
that no individual player or sub-coalition can find a more profitable alternative
on his or their own. In other words it is imperative to stay within the core of the
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game. As early as 1906 Wilfredo Pareto (1848—1923) presented a similar crite-
rion. In a Pareto-optimal situation no-one can get more out of a game without
someone else losing at least the same amount.

L.S. Shapley has designed a settlement model in which it is assumed that
every player’s legitimate payoff is equal to the average marginal utility which
he contributes to the coalition when it is formed in all possible sequences, play-
ers joining one at a time.

An example of Shapley’s model:

To each of players A, B and C separately the value of the game is zero
To the coalition AB its value is also zero

To the coalition AC its value is 10

To the coalition BC its value is 10

To the grand coalition ABC the value of the game is also 10.

A C
10

Figure 2.14 presents the situation in diagrammatic form.

Shapley’s values are then: A= 5/3; B= 5/3; C =20/3 Total= 10 Note that by sharp bar-
gaining C could achieve an even better result, close to the value of the game.

Shapley’s distribution appears impartial but can sometimes lead to unreason-
able results. Thus the entire marginal utility may fall to a new player joining
the coalition, which does not seem fair. J.C. Harsanyi has amended the Shapley
model by taking into account the contrapuntal weave of threat and counter-
threat. All players are regarded simultaneously as participants in all possible
syndicates (subsets) of players. The individual payoff is calculated by adding
all the returns (some of them negative), that would have accrued to the player
through the diverse syndicates. Even in the absence of any positive contribution
an outsider has a nuisance value for the grand coalition if he has access to an
effective threat.

In real life most constructive play is based on the separation of plus- and minus-sum

games. Threats are neutralised by a corresponding capacity for reprisals. Only when the

participants have acknowledged approximate parity in wreaking havoc can they start to
discuss the fairness of alternative collaborative arrangements.

Even the most sophisticated settlement models are simplified constructs. Ac-
cordingly, von Neumann and Morgenstern had to accept a multiplicity of
competing ‘solutions’ to most multi-person plus-sum games. They bravely
postulated that at least one contradiction-free set of superordinate rules, (‘a con-
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stitution”) would be available for all games. Still, no watertight proof could be
found, and in 1967 W.F. Lucas invalidated one of the fundamental assumptions
of classic game theory by constructing a ten-person game with no contradiction
-free ‘solutions’.
For some time, biologists have been looking for stable evolutionary strategies in the
competitive interplay within animal species (cf.5.5.3). Extensive simulations of such

games exhibit, at best, multiple points of stability; any determinate ‘solution’ dissolves
into thin air.

The widely endorsed Bayesian theory of rational choice presupposes (among
other things) that the decision maker can assign to each of the presumptive
outcomes a discrete number to serve as a measure of its desirability on a one-
dimensional scale of value. A complex or, at worst, contradictory value system
obviously puts paid to such a procedure. Thus game theory precludes fully ra-
tional decision-making, except in the simplest of circumstances (cf. 6.2.2).
In Morals by Agreement (1986) David Gauthier has made a fresh attack on the problem
of rational morality. He is intent on showing that the Prisoner’s Dilemma can be resolved
and a liberal societal order constructed by purely rational, contractual argumentation.
His guiding principle of “minimax relative concession” is a refined version of Shapley’s
and Harsanyi’s schemes. Gauthier concedes that his model is not optimal: genuine altru-
ism is more efficient precisely because it is not derived from calculated self-interest.
More devastating is that the empirical evidence points the other way — intellectual acu-
ity does not diminish conflict, quite the contrary. Moreover, the model does not explain
itself — the author’s own very sympathetic moral commitment.

The conclusion seems safe, that the search for objective norms for human be-
haviour is in vain. Any meta-rules that might be agreed upon, as a matter of
expediency, will be torn by self-contradictions and burdened with profound
inconsistencies. The practical application of grand principles therefore always
calls for personal risk-taking and the absorption of uncertainty, that is, faith.

2.7 Exemplary play

To test the unifying aspect of the game metaphor, I shall apply it
to a sampling of palpable reality. Chance plays an important part in
both mundane operations research and esoteric quantum physics. The
competitive world market comes across as a huge plus-sum game
whereas life processes are engaged in an equivalent though more fe-
rocious struggle for reproductive success. Altruistic animal behaviour
introduces a game-theoretical quandary which culminates in human
ethics. Rationality and transcendence are complementary concepts;
without some intimation of eternity the accumulated reserves of mu-
tual trust become depleted and society falls to pieces.
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2.7.1 Monte Carlo and the market

Despite the limitations of game theory, interest in game-mathematical appli-
cations has spread considerably since the Second World War. International
conflict-resolution and military strategic simulation have received most of the
attention but a good deal of work has also been done in analysing social, politi-
cal and business play. Unfortunately, the explication of a lengthy sequence of
moves with several players and many alternative courses calls for an exponen-
tially increasing input of computing capacity. It is therefore understandable that
advanced game-theoretical considerations have so far had little impact upon
businessmen, managers or politicians.

When we play against chance or nature the situation is different, since the
opposing moves are at least statistically predictable. Probing the way towards
thermonuclear fusion, von Neumann and Ulam pioneered a game-orientated
simulation method, called Monte Carlo, which has been extensively applied in
both scientific and operations research.

First a mathematical model is constructed according to the explicit, statistically valid

rules of the game. The independent variables are then given a set of values according to
pure chance or perceived probabilities. Finally the game is played on a computer, i.e. the
variables are allowed to interact within the framework of the model. The implicit rules

of the game are thus obtained by empirical means and it is possible, for example, to find

the value of a difficult integral, to analyze the behaviour of high temperature plasmas, to

assess the risk of overloading an electrical or communications network and to estimate
the likelihood of poor harvests or military setbacks.

Unequivocal odds for roulette, dice or poker can be mathematically calculated
and belong to the stock in trade of every professional gambler. However, suc-
cess in more complicated games is based on an arcane skill in the Monte Carlo
mould. When faced with difficult decisions, financiers and scientists, statesmen
and artists probably use such semi-intuitive simulations in evaluating alterna-
tive moves.
The available plus-sum provides the impetus in all business transactions but head-on
competition brings in an element of warfare concomitant with minus-sum play. The
complexities of strategic business decisions thus often defy rational calculation and the
seasoned executive must rely on a deeper percipience. Personal experience and com-
petent staff work will provide the essentials for a rough simulation model; usually the
obvious profit yardstick must be complemented by assessing the Bayesian desirability
of assorted imponderables. Then the Monte Carlo game can be played, by varying all
the independent variables according to their inherent probabilities. The vagaries of the
market-place can generate particularly noxious outcomes and deserve special attention
in the final trade-off between risk and profitability. And finally, the self-contradictions of
the value structure must somehow be dealt with...

Plain bargaining is a zero-sum game and requires another type of skill. As we
have seen, no additional information should reach the opponent and a good
poker face is immensely valuable if the players rely on bluff (“I can’t pay more
than so much”), or if they want to exert pressure (“I won’t buy from you again”).
But deadpan inscrutability can become a severe liability if the protagonists, by
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an exertion of good will, make a turn to collaborative strategies (“Let’s put our
cards on the table and go 50/50”).

In games involving several independent buyers and sellers, in other words, a
market, the profitability of price-haggling evaporates and a more or less defined
market price punctures the two-person zero-sum game. Subtle aspects of qual-
ity, delivery time, transport distance and customer relations take precedence.
In a well-functioning market all the players participate in a distinct plus-sum
game. The aggregate value of the transactions is constantly maximized and the
zero-sum components remain in the background.

In special cases, the simple pair game can assume a markedly plus-sum character; for
example if a unique invention can be exploited by one organisation only. Nevertheless,
the first impulse in such a case is to look for alternatives in a rudimentary market, pre-
cluding monopolistic blackmail by the other party. Courtship, love and marriage, on the
other hand, represent phases in a high-risk, quasi-monopolistic plus-sum game, in which
any reference to the ‘market’ will destroy the value of the game.

The individual player in a present-day market economy gets an impressive re-
turn on his rather modest input. The gigantic plus-sum game of global com-
merce provides enormous leverage by the extensive division of labour. New
participants enrich the game as well as themselves, and all countries are thus
drawn irresistibly into the grand coalition of the world market.

2.7.2 The reproduction game

Since immortality is not of this world, the primordial self-confirming rule of
the evolutionary game is the propagation of one’s own genes in coming genera-
tions: the whole surplus of the metabolic process is usually reinvested in new
life. If animals compete in an unstable environment, logic prescribes that the
available investment capital shall be disseminated over the greatest possible
number. This opportunistic “r-strategy” is so called because it relies on the rate
of increase of the population. A vast number of ‘cheap’ progeny is produced and
any passing opportunity can be quickly exploited, maximizing the probability
of encountering a suitable habitat.

Long-lived animals in stable environments favour the diametrically opposite
“K-strategy”, so called because the carrying capacity of the environment con-
stitutes the population-restricting factor (Kapazitet der Umgebung). The rules
of the competitive game then favour efficiency and the careful husbanding of
resources. Maximum dispersion is of lesser importance; the available resources
are concentrated instead on a few descendants, who are cared for and protected
over an extended period.

The apes are the outstanding example of the K-strategist; the female chimpanzee con-
ceives every fifth year, and the total number of her off-spring does not exceed five or
six. The fertility of Homo sapiens is much higher, and this may have been a decisive
selection factor when early hominids were in direct competition with the apes. Still, care

was not traded for fecundity. On the contrary, man is a pronounced K-strategist, since
not only parents but also close relatives and even distant kin may support the young.
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Ultimately the whole tribe and the nation loyally participate in a coalition whose task is
to assist in the upbringing of children to ascertain the continuation of society.

Altruism of a sort is discernible already at the early stages of evolution, for ex-
ample in slime mould colonies. That is to say, the individual reduces its own re-
productive chances to the advantage of close relatives. However, in such cases
the group acts as a strictly controlled super-organism, and defectors have no
hope of surviving outside the community.

At a higher evolutionary level we find ourselves in a game-theoretical dilem-
ma. How can altruism ever gain a foothold in a species with limited individual
interdependence, and why is ‘sacrificial’ behaviour not eliminated by internal
competition? What forces can maintain a willingness to collaborate and prevent
a relapse into short-sighted egoism?

Using a computer, Richard Dawkins has simulated the following interesting (and here
somewhat modified) evolutionary experiment. (The Selfish Gene, 1976) It is assumed
that mutual grooming considerably improves the chances of survival by removing harm-
ful parasites. Such behaviour will then give a certain competitive advantage to a small
isolated group in which it is genetically entrenched. When the group multiplies, the
purely statistical probability of relapse also increases. Any individual who fails to recip-
rocate will accrue a relative advantage, and the cheating genes of the ‘free rider’ will in-
evitably spread. At this point Dawkins introduces resentful ‘grudgers’ who insist on fair
play. A grudger grooms all his comrades at the first meeting, but refuses on subsequent
occasions unless the individual concerned has reciprocated (a tit-for-tat strategy. Single
grudgers cannot cope in large groups but a small gang of them can gradually drive the
cheats out of the co-operative.

Over the ages some kind of group selection has obviously rewarded small col-
laborating coalitions of dissenters at the expense of a quarrelsome majority,
but competitive pressure from the outside is required to keep altruism (i.e. ca-
maraderie and group loyalty) intact and internal rivalry in check (cf. 3.2.2).
This delicate balance becomes precarious as the population grows beyond all
bounds, because the increasing internal competition tends to disfavour loyal
plus-sum players.

2.7.3 Societal interplay

Rational democratic decision-making presupposes, strictly speaking, that peo-
ple can agree on a welfare function, a meta-rule which integrates the individual
preferences of all the citizens in a common order of priorities. Alas, in 1951
Kenneth Arrow showed (in Social Choice and Individual Values) that such a
function cannot avoid internal contradictions; inevitably the coalition gets into
logical conflict with itself (cf. 2.6.4; 6.2.2). The problem of unassailable arbitra-
tion has only two consistent but absurd solutions: absolute dictatorship or full
vetoing right for all participants.

For similar reasons, ethical self-contradiction must permeate the opinions of every con-

scientious and rationally thinking individual. The American philosopher Sidney Hook

puts it as follows: “Our agony of choice results from the realization that right conflicts
with right, good with good and sometimes the right with the good... We want to be loyal,
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but if we are, we can’t be truthful, and vice versa. We want to be free to live our life but
find that we cannot do so except on the ruins of another’s life.”

Game-theoretical considerations support the following far-reaching conclu-

sions:

o Democratic rules can be effective only against an implicit backdrop of
common values; otherwise the polity will be torn asunder by disparate ego-
istic goals.

o Widespread discontent is unavoidable in authentic democracies; some peo-
ple are dissatisfied with everything, most of them with something.

o To some extent, contradictory and ‘irrational’ decision-making must be ac-
cepted; it is the price that has to be paid for the unity of the coalition: if
opinions differ greatly, this price may be quite high.

All societies are encumbered by their own inconsistencies: concord cannot be
guaranteed solely by enlightened self-interest. Some of the syndicates will al-
ways try to improve their own payoff by unfair means, like blackmail or threats
of secession. To stabilize the social interplay, common-sense considerations
must be complemented by ‘transcendental’ influences. A democratic society
is a voluntary meta-coalition, which can exist only by force of commonly em-
braced, super-rational and emotionally entrenched meta-rules (cf.9.4.5).

The expansion of democratic polities should therefore be undertaken with
some caution. The assimilation of new citizens is never easy and can deteriorate
into an unredeemed minus-sum game, in which allergic rejection mechanisms
and parasitic exploitation mutually reinforce one another.

The United States with its wide open spaces has, so far, worked admirably as a melting
pot for successive waves of immigrants whereas in overcrowded Europe poor aliens have
generally been unwelcome. The social integration of gypsies has proved particularly dif-
ficult. Their roving way of life certainly had its historically valid roots, but it was gener-
ally based on semi-fraudulent transactions. Once the credulity of people in the immediate
neighbourhood was exhausted, it was high time to move on and establish a new set of
transient trading contacts. The population in general, the ‘godje’, or yokels, was viewed
as an exploitable resource of a lower order than the ‘rom’, which means ‘man’ in Roma-

ny. Moral scruples were reserved for the tribe and the family; external social relationships
were short-term and exclusively directed towards a profitable termination of the game.

Long-term commitment is the decisive factor. Genuine plus-sum games ulti-
mately presuppose an unlimited or at least an indefinite sequence of moves;
otherwise, the paradox of the Prisoner’s Dilemma rears its ugly head once
more. After all, it is always worthwhile to cheat on the last move. And once
the players have grasped this fact, then the same argument must be applied to
the penultimate move, and so on. The winner is the one who cheats first; the
game deteriorates into bluff and deception, a callous preparation for the finish-
ing move when one’s own reputation loses its value, and the fate of the other
party ceases to matter.

If death is perceived as imposing a definitive term on all human striving and
responsibility, it tolls the knell for every rationally acceptable ethic. In Fjodor
Dostoyevsky’s (1821-1881) well-known words: “Everything is allowed if God
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is dead”. The societal plus-sum game is inexorably undermined by the coldly
calculated moves of sponging zero-sum players. Material, biological and spir-
itual reproduction will be neglected; capital erosion will prevail; childlessness
and high pensions are the logical but ultimately incompatible stations along the
path of collective descent.

Without forbidden moves, no game has any meaning; but the rational grounds
for the restriction of freedom — the ‘truth’ of the game — cannot be definitely
proved in a finite number of moves. Rationality and transcendence are com-
plementary concepts. Petty self-interest must be voluntarily subordinated to
meaningful meta-rules. Without some intimation of eternity the accumulated
reserves of mutual trust become depleted and society falls to pieces.

2.7.4 Quantum games

Around the turn of the twentieth century the best minds of the day, includ-
ing James Maxwell (1831-79), Ludwig Boltzmann (1844—1906), J.W.Gibbs
(1839-1903) and Albert Einstein, were busy investigating the rules of the ran-
dom billiards game of freely moving gas molecules. They all agreed that the
interplay itself was deterministic and calculable, in principle if not in practice.
The theory wears very thin indeed, even according to the science of the time. Calcula-

tions showed that the gravitational disturbance of a single electron, moving around on
the other side of the universe, would crop up after only 56 molecular collisions.

This ‘classical’ approach proved fruitful in describing pure being — self-repeti-
tive games in which nothing happens. Likewise, it adequately described proc-
esses which, deprived of their creative potential, fall monotonously back into
the Nirvana of eventless equilibrium. But no explanation for the obvious wealth
of creative variety in our world could be given: only the arrival of quantum
mechanics restored the claims of physics to scientific universality.

According to the principle of correspondence, quantum physics should include the regu-
larities of classical physics as marginal cases. The law of least action, formulated as
early as 1744 by Pierre-Louis Maupertois (1698—1759), highlights this intimate relation-
ship. Action is the product of energy and time (mathematically expressed it is equal to
fmvdx, where m is the mass, v the velocity and x the distance) and Maupertois stated
that bodies in motion always follow a route which minimises this quantity. In 1900 Max
Planck (1858-1947) discovered that electromagnetic radiation follows Maupertois’ rule
only if the action is a multiple of a very small unit, i.e. Planck’s universal action quantum
6.626 x 10727 joule second. During the 1950s, Richard Feynman (1918-88) brought the
formalism of classical and quantum-physical action together in his description of the
motion of the electron as the appropriately weighted sum of all the theoretically possible
classical trajectories. The result tallies exactly with the quantum mechanical calcula-
tions. (cf.2.9.5)

The quantum principle both restricts and extends the freedom of the game. The
repertoire of moves is limited to a selection of relatively well-defined quantum
jumps but the elementary process is left more or less open. Although particle as-
semblages behave statistically with great regularity, each separate move retains
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a certain indeterminacy.

The quantification of reality introduces a basic stability, because it avoids the
chaotic escalation of infinitesimal perturbations which would otherwise play
havoc with any complex dynamic system. This collective order is enriched by
a tiny amount of individual discretion — the inevitable consequence (or the
cause) of Heisenberg’s uncertainty principle.

Complementary aspects of elementary particles cannot be established simultaneously

with arbitrary accuracy, since they reciprocally restrict the expression or materialisation

of one another. For example, exact information on the momentum of an electron implies

that we cannot obtain any knowledge of its position: it can pop up anywhere. The prod-

uct of the uncertainties of complementary quantities always exceeds a fixed value. To
put it mathematically:

AP‘AXZlor
2T

AE-Ac>-h
27

where AP and AE are the uncertainties of momentum and energy, Ax and At are uncer-
tainties of position and time, and h is Planck’s action quantum.

There is no way of precisely pinpointing an elementary particle; we have to be
content with the exactly formulated probabilities of quantum mechanics. The
particle is really neither here nor there, having maintained an irreducible scope
for play. Thus, in principle, every individual move is elusive. An exact energy-
difference, for example, would presuppose total stability and the initial state of
the process would persist indefinitely — in itself a self-contradictory postulate.

The ways of the world shows that, despite the statistical cogency, a rudi-
mentary freedom must be built into our very existence. Unlike chess, the game
played by the elementary actors cannot be reduced to a set of individually bind-
ing directives. Rather, there is an incessant creative advance, a conception of
superordinate rules which, by cybernetic feedback, modifies events at lower
levels and encourages unpredictable plus-sum play.

In chapters three and four we shall try to pursue these fortuitous processes,
which culminate in the co-operative performance of cultural games. But before
tackling human affairs we should first take a closer look at the basic elements
of matter, and try to conjecture how their ordered interplay can achieve that
astounding feat — human consciousness.



2.8 Thermodynamic transitions

To recognize the unity of creation, we have to delve deeper into the
nature of physical reality. Our evolving world appears as a vast, open-
ended trial, driven by the dissipation of the original energy eruption
(the Big Bang). The arrow of time is defined by the steady progress of
the world towards greater disorder. Providentially, the rules of quan-
tum physics allow the build-up of locally ordered structures which,
when the earth was young, were folded into self-propagating informa-
tion packets. It has taken life 3,54 billion years — roughly the remain-
ing duration of steadfast solar activity — to reach its present degree of
complexity.

2.8.1 Energy and entropy

In the preceding pages the world has been described as an ongoing process, a
grand game hierarchy in which the individual moves — time-bound quantum
jumps, resonances, vibrations, absorptions, emissions and so on — represent the
only ultimate and concrete reality. By means of definite rules, chance and ne-
cessity are established; a structured universe emerges out of chaos. Tiny faults
in the fundamental symmetries, and slight probabilities of ‘forbidden’ energy
transfers, provide opportunities for enriching the game.

The laws of statistics suggest, however, that an increase in aggregate dis-
order is inevitable in the universe — in marked contrast to our version of the
world as a system evolving creatively towards an ever greater variety of well-
informed play.

Energy is indestructible but access to energy varies greatly. Electrical energy is pure
exergy (free energy) and can theoretically be applied with complete efficiency. Thermal
energy without temperature differences is useless, wholly randomised anergy, in which
the energy is uniformly distributed, statistically speaking, over all available molecular
energy states. In a closed system, total energy is always equal to exergy plus anergy. The
exploitable exergy tends to be degraded into inaccessible anergy; the quantity remains
the same but the average quality continually degenerates.
Entropy is a rather abstract concept, conversely related to the quality or access-
ability of energy. It is a precise measure of disorder which generally increases
with temperature.
Entropy can be defined in a number of ways. A particularly lucid one runs as follows:
“the entropy of a system is equal to the logarithm of the number of quantum states ac-
cessible to the system”.

Basically, entropy can be regarded as the principle of weakening and attenua-
tion, decay and deterioration, disrepair and dilapidation, death and dissolution.
Quality is the opposite of sloppy negligence; the pursuit of quality is equivalent
to fighting entropy.

The second law of thermodynamics asserts that the entropy of a closed sys-
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tem never decreases and actually will increase during any ‘useful’ processes.
This is tantamount to the impossibility of a perpetuum mobile of the second
order (a machine using the attenuated anergy of its environment). By the same
token, all energy differences tend to level out, and perceptible changes are ir-
reversible.
Within a closed system we can never revert to a previous state: we have to accept a
continual increase in disorder or stay put. The world appears to be moving inexorably
towards ‘heat death’ by which point all matter will have turned into background radia-

tion and the temperature will be uniform throughout the universe. Then macroscopic
movement will have ceased and entropy will have achieved its absolute maximum.

All real processes which change the world are accompanied by an increase in
entropy. For example, every measurement is theoretically irreversible, infor-
mation must always be paid for by an increase in entropy and disorder. There
seem to be profound links between information exchange, entropy changes, and
Heisenberg’s uncertainty principle, which bring out the dynamic nature of real-
ity, the all-pervading aspects of time and the priority of process.

Entropy is a statistical concept and it applies, strictly speaking, only to large
assemblages. How it can be related to individual elementary particles or the
antagonistic force of gravitation is not altogether clear.

Nothing can be isolated from the attraction of gravitation, a peculiarity of space-time
which brings disoriented matter together and has squeezed part of it back into black
holes. (Many galaxies, including our own, probably have a black hole at their centre)
The entropy of a black hole grows in proportion to its surface, which, according to
general relativity, effectively contains even light as well as any other kind of electro-
magnetic radiation. The only exception is an extremely weak Hawking-radiation, due to
quantum-mechanical tunnelling. Accordingly, black holes will very slowly lose energy
and finally dissipate (after approximately 10""years). So entropy has the last word, pro-
vided that the whole universe does not collapse in a final implosion — the Big Crunch.

In our cosmic epoch, the changes in entropy content can, in any case, be used to
define the arrow of time. In a closed system, a state exhibiting greater entropy
must be later in time. If there is no entropy difference, then time stands still lo-
cally; nothing meaningful is happening despite the continuing thermal motion
of the molecules.

The law of entropy represents a strong argument against all self-sustaining
cosmologies, but remains difficult to relate to the Big Bang. At that moment a
tremendous supply of exergy was introduced, begetting matter, time, space and
information.

In contrast to the very high entropy of black holes, the original Big-Bang singularity

must have been conceived in a highly ordered state with low entropy. Roger Penrose has
suggested that this was due to a very low value for the Weyl-tensor in the equations of
general relativity. In the Big Bang, the Weyl-curvature of the gravitational field should
have been close to zero, whereas it ought to be infinite in a Big Crunch. Thus the flow

of time would be established as an absolute fact and the awkward paradoxes of time-
reversal would disappear.

The present incompatibility between general relativity and quantum mechan-
ics, between the gravitationally governed macrocosm and the free-wheeling
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microworld ought to find its resolution in a grand theory of quantum gravity
(the TOE) which if it can be achieved, may well incorporate intriguing non-
computable aspects (cf.9.1.5).

2.8.2 Intrinsic information

The amount of information in a structure or in a message is linked with mean-
ingful organization, and is not to be confused with meaningless repetition. It
increases with the improbability of the configuration, and is thus the exact op-
posite of entropy.

The basic unit of information is a bit (binary digiz,) and it corresponds to the reduction
of uncertainty from 0.5 (50/50) to zero in the choice between two equally probable
alternatives. The measure of information has the same dimension as entropy (energy/
temperature), but naturally has the opposite sign; a bit corresponds to the entropy -1.38
x 102 Clausius (joule/degrees Kelvin). The energy equivalent of an information packet
thus depends on the temperature of the environment. At higher temperatures the noise of
thermal interference will be stronger and more energy will be required to carry a certain
amount of information.

Information can be regarded as a form of temperature-dependent super-exergy
of the highest purity. The equivalence between mass and energy should there-
fore be supplemented by an energy-information equivalence. Accordingly, mass
can be comprehended as exceptionally compressed information stowed away in
a complex, self-sustaining process.

Every proton contains in principle a message corresponding to around 2 x 10" bits at
room temperature. Consequently, the proton loses its identity at about 10"* °K, and is
transformed into more massive manifestations of matter. By audacious extrapolation, we
arrive at the Planck temperature (10*> °K) which allows the total mass of the universe to
coexist within the Planck length (10-33cm) for the Planck time (5.3 x 10-*s). This repre-
sents the supposed Big Bang-conditions the point at which all the fundamental forces,
including gravitation, were unified. At that moment the universe was a single undiffer-
entiated primordial atom, containing one bit of explicit information which involved the
decisive choice — to be rather than not to be!

The cost of creating matter was extremely high in terms of entropy. For every single
baryon (proton or neutron) left over in the Big Bang ca. 10® were annihilated by antimat-
ter and dissipated as radiation in the expanding universe. This tremendous outpouring
of wasted energy still pervades all space as the ubiquitous background radiation which
has cooled down to 2.7 °K.

The expansion and cooling of the primordial atom broke up the absolute uni-
formity of creation and made possible the emergence of information-bearing
structures. The world has proved a prodigal entropy-producer, but theoretically
the build-up of ‘pure’ information implies only a small, exactly calculable re-
duction of entropy which must be offset by at least an equivalent increase in
entropy elsewhere. This is an extraordinarily interesting relation, demonstrat-
ing one of the few rules that apparently apply to games of all types.
In the nineteenth century James Maxwell (1831-1879) invented the following, fictitious

experiment. Suppose that you fill a container with a mixture of gases, consisting of two
types of molecules. The container is divided into two parts joined by an extremely nar-
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row duct. A fictitious character, ‘Maxwell’s demon’, is supposed to act as a gatekeeper,
regulating the passage to provide a one-way track for each type of molecule; traffic in
the opposite direction is turned back by operating a perfect valve. The absurd result
would be that the gas components would separate by themselves. The entropy of the
system would have diminished spontaneously, thereby contradicting the second law of
thermodynamics.

The interrelation of information, entropy and energy supplies the theoretical explana-
tion as to why such perpetuum mobiles cannot exist. In order to do his work the demon
must extract knowledge about the identity of the approaching molecule and store it in
short-term memory. This information then has to be obliterated for the re-use of the
memory, which requires energy equivalent to one bit of information, exactly balancing
the exergy production of the fictitious machine.

2.8.3 Dissipative processes

The law of entropy implies certain strict and general constraints on all real,
time-bound processes but, like other laws of nature, it does not prescribe the
individual moves. A local increase in the amount of information is allowed
as long as a supply of ‘order capital’ is available from the outside. However,
the thermodynamics of information-bearing structures remained a puzzle until
Manfred Eigen and Ilya Prigogine recently found a plausible solution to the
problem.

The enigma was that every physical state strives towards equilibrium, i.e. maximum dis-
order, and the probability of a spontaneous increase in the amount of information seemed
vanishingly small. Providentially, this condition only applies close to the thermodynam-
ic state of equilibrium. Information-sustaining structures can arise if the system is far
from equilibrium and contains considerable potential differences or energy flows. Such
a dissipative state is pseudo-chaotic: developments can be extremely sensitive to the ini-
tial conditions and the first moves in the game. Autocatalytic non-linearities cast around
for their strange attractors and under such circumstances the probability of self-selective
generation and storage of information can become significant.

Unlike the classical approach, quantum mechanics allows for a ‘disproportioning’ of
the available supplies of free energy. In the presence of a surplus, the evolving system
can generate cumulative information by ‘feeding’ on its environment. To protect the
original investment. the highly organised subsystem must establish an ergodic space
(cf.2.5.4) through rigorous cybernetic self-control. Ingenious autocatalysis and intricate
feedback loops are effective means to that end.

The phenomenon of life is the most impressive example of self-organizing
structures but many everyday phenomena — the shaping of clouds, the waves
breaking at sea, lightning and thunder — are vivid expressions of transiently
organized dissipative processes.

In Thomas Mann’s (1875-1955) novel, Doctor Faustus, young Adrian Leverkiihn is
shocked by the demonstration which his uncle puts on for his benefit. First innocuous
alum crystals are added to an ordinary jar of water. Then the precipitation of aluminium
hydroxide leads to the formation of membranes, and the osmotic pressure causes wa-
ter to be absorbed through the membranes into the interior. This generates an abortive
crawling phenomenon — a homunculus frivolously created by the intervention of man.
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The discharge of exuberant exergy tends to be consummated in a shower of in-
termediate stages. Under favourable conditions, suitable bits can be folded into
self-stabilizing information packets but the forces of attrition are perpetually at
work. Thermal noise is omnipresent, distorting the transcription and disturbing
transmission. Information too is, despite its abstract character, a time dependant
actuality. It cannot be preserved for ever but has to be actively maintained or, at
higher levels, literally re-created.

Not even the proton, our most reliable information packet, is altogether trust-
worthy. Even its concentrated self-knowledge can, presumably, on rare occa-
sions escape from its narrow confines to vanish irretrievably into the bound-
lessness of the universe. But it is just such minute flaws that, in all probability,
endow matter with its reality and creativity.

2.8.4 The creativity of matter

Creation, to the best of our knowledge, goes back to the Big Bang about 15 bil-
lion years ago. Our evolving world appears as a vast, open-ended trial, driven
by the dissipation of that original energy eruption. At every stage, ‘Darwinian’
self-selective processes produce new information and beget game-enriching
axiomatics. Whatever the mechanics, the pervasive pull of gravity called into
being stars and galaxies, and finally the supernovas which produced all the
heavy elements of our solar system. In the sun, nuclear fusion has kept up a
steady energy flow, which transiently structures our terrestrial atmosphere and
elicits the elusive skywriting of the northern lights.

It has taken life anything between three and four billion years — roughly the
remaining duration of steadfast solar activity — to reach its present degree of
complexity. The greater part of this time was spent on forging fundamental au-
tocatalytic processes, stabilized by a system of sophisticated biochemical feed-
back loops. The tough competitive game eventually produced survival artists
which could secure a limited scope for personal play. Determinism was gradu-
ally weakened and life was granted an expanding autonomy.

In Marxist brands of philosophy particularly, cybernetics has become the sheet-anchor
of those who preach absolute determinacy of the life processes. According to this view,
a spurious freedom of choice arises within a well-defined ergodic space where life-
promoting homeostasis is upheld by negative feedback. Within these limits the organism
is free of external material necessities, and can thus influence its own life situation. But
it is assumed that individual priorities are based on an objectively existing value system;
freedom is ultimately a chimera, since it is exploited according to a predetermined and
‘objectively’ established scale of values. Everything that happens must happen in ac-
cordance with the deterministic models of classical physics, and the result is furthermore
objectively ‘correct’ and ‘scientifically’ foreseeable. Human values are thus ‘analytical’
concepts which can be ranked along a neutral scale, derived from pristine principles
which... and so on ad nauseam.

Instead of trying to force the phenomenon of life into a deterministic scheme,
we should accept that its chief guiding rules are not laid down in advance, nor
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can they be clearly distinguished even in retrospect. The cybernetically defin-
able ergodic space may be a measure of the degree of emancipation of different
systems, life processes, people and societies, but the actual development of the
game is unpredictable in principle.

In an unmitigated Darwinian selection game the survivors have tautologi-
cally authenticated themselves. Human competition certainly includes the sur-
vival aspect but for sentient beings bare subsistence is not enough: we yearn for
a complementary set of rules. The evidence supports the view of Hume, Kant,
Wittgenstein, Weber and G.E. Moore (1873-1958), that value judgements are
synthetic, a priori, or axiomatic — depending on the philosophical jargon.

Our self-awareness is the most immediate and inviolable fact known to us:
cogito ergo sum (I think, therefore I am). René Descartes rejected the connec-
tion between body and soul, convinced of the purely mechanistic and soulless
nature of matter — a position which is no longer tenable. We would be wiser
to recognize the unity of creation and grant even the simplest components of
the universe a rudimentary creative capacity, extrapolating backwards from our
personal actuality. Great complexity can have quite humble origins, as the Man-
delbrot set (cf.2.1.4) so eloquently testifies. Still, human consciousness appears
as an inexplicable display of corporeal creativity, a stark reminder of the recon-
dite nature of temporal reality.

2.9 Human consciousness

I posit that consciousness is brought about by incessant cerebral self-
reference which fractally transcends our four-dimensional existence.
Thus we gain a restricted overview of all reality, including ourselves,
and can regard the world from the outside as it were. Our conscious-
ness knows no bounds; it expands inexorably with the accumulation
of external and internal experience but, like our physical universe,
we can only watch it from the inside. Still, in rare moments, we may
somehow conceive the connection of all things and capture a glimpse
of the vision of God.

2.9.1 The game of self-awareness

It is difficult to conceive of a time when the mystery of consciousness has
failed to attract philosophical speculation. The strict separation of body and
soul has, historically, been the prevailing prejudice and can still muster some
distinguished support.
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John C. Eccles, the venerable brain physiologist, applies quantum mechanics to prop up
his dualist approach to the mind/matter problem (Evolution of the Brain: Creation of the
Self, 1989). In strict consequence he invokes supernatural intervention at an early stage
of human development “.. each soul is a new divine creation which is implanted into the
growing foetus at some time between conception and birth”.

William James, the doyen of American psychology, was the first to perceive
consciousness as a process, and later on it has generally been regarded as an
epiphenomenon of complex brain activities. This assumption does not, how-
ever, promote facile solutions — if anything, it is the other way round. Our self
is indeed insubstantial. In The Concept of Mind (1949) the philosopher Gilbert
Ryle (1900-76) compared the soul to a university: we can point at the buildings,
the curriculum, the dons and the students but we cannot pin down the university
proper — it is nowhere and everywhere.

We are thus in search of a ‘concrete abstraction’, a glaring oxymoron were it
not for quantum physics, by which we have grown accustomed to such apparent
self-contradictions. The quantum aspect seems, indeed, to offer novel opportu-
nities for a rational understanding of human consciousness.

Henry Stapp has presented a sensible quantum model of brain activity, based on a
Whiteheadian ontology (Consciousness and Values in the Quantum Universe, 1983). He
correlates the mind to an aggregate hyper-complex wave function, a highly connected
quantum-mechanical prodigy. The Heisenberg uncertainty of the micro-molecular world
is holistically sustained by the intricate neural network of the brain and transferred to
tangible macrophysics. The collapse of numerous competing wave-forms to a single
mental move is equivalent to a conscious choice and becomes an act of self-referential
free will.

In The Emperor’s New Mind (1989) Roger Penrose presents a strong case for the non
-algorithmic nature of brain processes. He evokes a longitudinal gravitation which pre-
cipitates the quantum mechanical wave function into a real event, when matter in the
range of the Planck mass (approximately 107 g) becomes involved. Penrose believes
that only a breakthrough in quantum gravity will bring us closer to an understanding of
consciousness.

Despite the lack of empirical evidence, the quantum interpretation of brain
processes has considerable attraction. It relieves us of a whole bunch of well-
worn metaphysical contradictions but has not so far provided a platform for
discussing the different levels of animal and human awareness. Anyway, the
leading lights of brain research have, so far, preferred to manage without quan-
tum effects.

Gerald Edelman, who has championed neural Darwinism (cf.3.4.2), has in The Remem-
bered Present (1989) come forward with a model for the development of consciousness
based squarely on synaptic interaction patterns. The key concept is ‘re-entrant signal-
ling’ which in diverse configurations penetrates the cerebral field and facilitates a mul-
titude of self-referential processes. Primitive consciousness is produced by the proac-
tive superposition of past and present. At the top of the evolutionary ladder, language
makes possible the conscious manipulation of conceptual entities and thus entails full
consciousness. Although Edelman conjectures at a matter-of-fact level and eschews all
metaphysical speculation, his reasoning is not incompatible with, (and might even be
complementary to,) the aforementioned quantum physical notions.
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Daniel Dennett’s Consciousness Explained (1991) is rather a comprehensive descrip-
tion of consciousness. The explanation seems to be that we do not need one because
standard neurology and computer science suffice. Dennett pushes at many open doors
but cleans out a lot of accumulated garbage in the process.

Reality can be adequately surveyed only from the outside: to immediately com-
prehend a two-dimensional existence calls for three-dimensional creatures.
Similarly the validation of mathematical truth requires a meta-mathematical
value frame which provides the indispensable superior perspective. Conscious-
ness implies that we possess a certain overview of our own four-dimensional
existence, as the mind plays with itself in ever-changing self-reference. Thus,
we must postulate a higher dimension to which man and possibly also other
advanced species have some access.
Higher dimensions are close at hand for religious thinkers; Karl Heim (1874-1958),
for instance, has launched the idea in a theological context. More interesting is the ap-
pearance of hyperspace in the natural sciences. As early as the 1920s, Theodor Kaluza
(1885-1954) and Oskar Klein (1894-1977) demonstrated that if we give the general
theory of relativity a five-dimensional formulation, Maxwell’s electromagnetic wave
equation appears spontaneously in the four-dimensional case. The Kaluza-Klein ap-
proach has proved fruitful in the latest attempts to construct 10-dimensional unified field
theories.

Our self-awareness is coupled to brain activity, an incredibly complex physico-
chemical process (cf.3.4). The brain’s self-programming requires interaction
with the environment; the neonate is barely aware of itself although all the
brain cells are in place. Without a stream of sense impressions the brain can-
not exploit its potential, explore reality, identify patterns, work out the rules of
the game. Devoid of social contact the “I” cannot become aware of itself; our
latent identity, entrenched in the cerebral processes, remains closed within its
objectively four-dimensional actuality.

2.9.2 Fractal dimensions

We may speculate casually about higher dimensions, but such loose ideas must
be set within a tangible framework. The fractals — dimensional quantities inter-
vening between the integers — offer an attractive mathematical model for my
present purpose (cf. 2.1.4).
The concept of fractals derives from the infinity mathematics of Georg Cantor (1845—
1918). In 1890, Giuseppe Peano (1858-1932) could demonstrate that an ‘infinitely com-
plex’ curve can fill a plane if it is extended without limit. The Brownian, thermally
randomised motions of microscopic particles represent the physical equivalent of a
Peano curve. But a curve may also be constructed such that its dimension is a fractal,
something between one and two.

A simple fractal can be obtained by envisaging the development of an equilat-
eral triangle analogous to a snow crystal. The diagram in figure 2.15 makes this
clear:
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Figure 2.15

The circumference of the snow crystal is multiplied by four thirds at every
stage. By infinite extrapolation the resulting Koch snowflake (after Helge von
Koch, 1870—1924) becomes a self-similar fractal, a curve which is continuous
but non-derivable at any point. Its extension transcends infinity, in a manner of
speaking, and intrudes partially in the second dimension. The dimension of the
resulting fractal is mathematically defined as log4/log3 = 1.2618, something
between a line and a plane.

Fractals may arise for example from the iteration: Xp+1 = f (xn) where n — oo. (The
Koch-curve emerges when Xp+1 = 4/3xp.) Many of these self-generative functions tend
to run away against well-defined attractors while others unfold in a chaotic mode with
successive terms exhibiting wild swings in an indeterminate manner. Whereas the Koch
curve is rigidly self-similar, the convoluted borderline of the Mandelbrot set is infinitely
varied and displays new riches of detail down to any depth of analysis (cf.2.1.4).

A fractal dimension presupposes infinite continuation of the convolutions of the
curve or the irregularities of the surface, as the scale approaches zero. This is in
accordance with the modern conception of the nature of reality. The elementary
particles are not well-defined points, where the grainy nature of matter comes
to an end; instead they can be described in terms of statistically prescribed
processes. Heisenberg’s uncertainty principle excludes exactly defined posi-
tions and trajectories; even the vacuum is far removed from absolutely unstruc-
tured emptiness.
The vacuum, the total absence of all reality, has proved quite problematic in terms of
quantum physics. The blame for this, or rather the credit, can once again be traced back
to Heisenberg’s uncertainty principle. An exactly-defined zero energy is not permissi-
ble; thus, with miniscule probability, energy must arise randomly out of nothing. Even
a complete vacuum is therefore laden with uncertainty and ‘virtual energy’, a mixture
of positive and negative energy states (antimatter can, indeed, be perceived as a mir-
ror realm of negative energies). The amount momentarily ‘borrowed’ from the vacuum
multiplied by the time of ‘debt” must be smaller than or equal to h/2 n . Although the
average energy is equal to zero, a peculiar ‘graininess’ does arise even in empty space
-time. Every particle induces in the surrounding vacuum an aura of ‘virtual’ partners,
wavepackets and antiparticles, which call forth even more elusive playmates and inter-
actions in an infinite regress).

The wealth of variety in the world does not disappear as space and time scales
approach zero. Material interfaces are therefore qualified for interpretation
according to the fractal principle; they are always somewhat ‘wrinkled” and
possess a certain ‘sense’ of a higher dimension. Any real surface is not only
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irregular down to the last atomic detail; the ambiguity is further enhanced by
the creativity of empty space. A three-dimensional particle has, by virtue of its
process nature, an analogous depth contact with the fourth dimension of time;
pure being appears to be a metaphysical impossibility.

2.9.3 Consciousness — a hyperfractal?

Imaginative computer simulation has brought forth a whole hierarchy of frac-
tals from the relative simplicity of the Koch curve over the multi-fractals char-
acteristic of turbulent flow to the completely non-repetitive superfractal of the
Mandelbrot interface. I postulate that human consciousness is coupled to an
intense cerebral variability which conceives a hyperfractal, capable of pene-
trating into a fifth dimension. Four-dimensional space-time can then, to some
extent, be surveyed and embraced by the incessantly scanning brain function.
In cybernetic terms consciousness is an ultraergodic system; the same state is
never repeated. Not only does every brain diverge, but every conscious moment
of a single human brain generates a new and unique experience unlike anything
that has gone before. Only thus is there a guarantee of continuing ‘ruggedness’
in the boundary of space-time, providing contact with a higher dimension.
Whitehead’s process philosophy postulates that reality is totally time-conditioned; every
event requires a time greater than zero. The above argument, too, presupposes the exist-
ence of a minimum time unit, a time atom. The perfect continuity of time would sanc-
tion limitless accuracy in its measurement, which in light of the uncertainty principle
would presuppose infinite levels of energy. The same fundamental principle that forces
the quantification of other aspects of reality, should also work for time (and distance).
The afore-mentioned Planck time, 5.3 x 104, is one candidate for the time atom. The
quantification or the ‘graininess’ of gravity and space-time (in essence the same thing)
remains an open question, but a change in its topology at sufficiently small dimensions
close to the Planck length (1.6 x 10-3cm) appears increasingly plausible.

Strange attractors are fractal structures, which embody the implicit rules of
quasi-chaotic play in the appropriate hyperspace. Accordingly, consciousness
could be interpreted as a superstrange attractor, emerging out of incessant self-
simulation at the hyperfractal intersection of concrete and abstract actualities.
Our mental processes thus become the metaphysical proof of the fuzzily quanti-
fied structure of the world.
A hyperfractal state is not compatible with a completely deterministic machinery. Its
prerequisites are an infinite wealth of variety, self-repetition without self-similarity, a
meaningful unpredictability, or in other words individual freedom. An injection of ran-
dom disturbances does not increase the latitude of a determined system; on the contrary,
connectedness suffers and the result is just a less efficient machine. Living organisms
utilise extensive homeostatic feedback to control such disorder, tenaciously defending
the integrity of their ergodic space — the freedom of choice.

Speculating about computer consciousness is a fascinating exercise, and not the
sole reserve of science-fiction writers. The description and adequate program-
ming of an activity always presupposes a higher intelligence than is involved in
direct implementation. Consciousness is an excessively dense language game
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transcending even the high cardinality of the vernacular (cf. 8.5.4). Thus the
construction of ‘beings’ with genuine self-awareness calls for superhuman
overview and insight as well as a hypothetical hyper-language, which removes
conscious computers to a far-off and perhaps unattainable future (cf. 8.3).

2.9.4 Between mind and matter

We are heavily indebted to our animal ancestors for key elements of our mental
machinery. The feeling of absolute reality is, for example, an indispensable ani-
mal dimension of human consciousness. Left to its own devices, consciousness
is trapped in a vacuous void. So where should we draw the line for conscious
behaviour? This is very much a question of definition. Chimpanzees recognize
themselves in a mirror while monkeys do not, but it would be imprudent to
jump to conclusions on the basis of such isolated observations.

Donald R. Griffin has presented a comprehensive survey of intelligent animal behav-
iour (Animal Thinking, 1984; Animal Minds, 1992). Based on numerous examples he
makes a strong case for conscious planning among warm-blooded animals, but he does
not make a proper distinction between animal consciousness and complex instincts and
reflexes.

The following experiment seems to set at least the amphibians apart. If the optic nerve
of a frog is cut, turned through 180°, and sewn together again, the nerve fibres will spon-
taneously establish contact. The frog now sees the world upside down and it will snap
consistently in the wrong direction whenever an insect comes within sight and reach.
The frog never learns from experience but mechanically repeats the mistaken reflexes
for the rest of its life.

The optic nerve of a mammal will, on the contrary, refuse to connect properly. Evi-
dently, differing synaptic states are immediately established and the nerve fibres do not
‘find’ one another after the cut. On the other hand, man soon learns to re-programme his
visual impressions. A test subject wearing glasses which turn the world upside down can
learn to function without much difficulty after only a few days. But when the glasses are
removed his world will again stand on its head for a while.

The frog resembles a well-programmed self-repairing automaton while the
mammalian brain has to pay for its creativity with the inability to repair dam-
age, although considerable cortical reserves can be brought into play.

The scattered data presently available do not carry much weight. Systematic
investigation of neural activities in different species combined with imagina-
tive mathematical modelling could, conceivably, bring the fractal hypothesis of
consciousness within the realm of testability.

Penrose has conjectured that meaningful synaptic patterns are akin to his non-repetitive

tesselations. A new and orderly configuration must take into consideration the overall
situation; it cannot be achieved locally, step by step. Such wide-ranging, macroscopic
but quantum-mechanically directed processes might correspond to non-algorithmic
mathematical insights and human creativity in general.

In another vein, the neurobiologist William Calvin (Cerebral Symphony, 1990) has
proposed a Darwinian model for the emergence of thought in the neuronal network.
Thinking is placed on a par with a competitive game, which pits different combinations
of thought fragments against each other, always selecting the fittest according to some
superordinate criteria. This scheme neatly avoids the need for explicit programming, but
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does not in itself connect mind with matter.

It might be possible to produce a comprehensive model of the amphibian type
of brain but human self-awareness is probably inherently non-computable even
if we could find a fractal measure for consciousness per se. All new experiences
and insights (including internal perceptions) expand our consciousness, which
knows no boundaries. But like our physical universe we can only watch it from
the inside.

2.9.5 The oceanic experience

The brain operates in a metastable state of dissipative biochemistry, and the
mathematical treatment of analogous physical phenomena may therefore fur-
ther illuminate our subject matter.

We have previously alluded to the infinite charge of the ‘naked’ electron (cf. 2.3.4).
This induces a similar, infinitely strong opposite charge in the immediate surroundings
which is teeming with virtual photons and electron-positron pairs (cf.2.9.6). By means
of Feynman-diagrams (cf.2.7.9) the complex interplay can be analyzed and, by good
fortune, the ensuing mathematical series is convergent (the infinite number of higher
terms can be neglected). Hence the real charge of the electron can be calculated with a
high degree of accuracy as the minuscule difference between virtual infinities (cf.2.2.4).
Such computer-based ‘renormalisation’ is equally indispensable in the analysis of many
macro-physical phenomena when, on the verge of chaotic change, infinities appear in
the mathematical models. Examples are fluids close to the critical point and magnetic
material at the Curie temperature. Most typical are metastable states bordering on large-
scale quantum phenomena like superfluidity and superconductivity.

Dissipative and chaotic states are relatively indeterminate. A minimal and al-

most imperceptible move in the microdimension can make the whole macro-

scopic system change course in a cascade of cumulative self-realization.
The minutest difference between the starting points of a chaotic process can cause sig-
nificant macroscopic bifurcation (cf. 2.1.3). Computer simulation of one realistic math-
ematical model started with an initial difference of 10"'? and yielded an amplification of
10'3 after only 50 iterations. Quantum mechanical uncertainties can thus easily create
completely different outcomes for the same game, given that the process is charged with
dissipative energy. There is no lower limit for the proximity of the points that predes-
tine divergent developments; it is not a distance in the usual sense since it has a fractal
dimension of less than 1.

In the typology of physical state equations, a characteristic entity is the number
of dimensions in which changes must be taken into account. The interesting
point is that if the dimensionality should exceed four, it would be possible to
avoid the complicated renormalisation procedure, and the much simpler clas-
sical field theories would apply. We can take this to mean that the slightest
transgression of four-dimensionality generates a general and comprehensive
juxtaposition of the elements within a system. Bypassing infinity, all its several
parts are brought into continual and immediate contact with one another; they,
as it were, ‘feel’ one another.

David Bohm (1917-92) arrived at similar conclusions by way of his unorthodox inter-
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pretation of quantum physics (cf. 9.1.4). He postulated that subatomic particles do have
definite positions, but with the awkward consequence of non-locality — non-mediated
action at a distance. Everything becomes holistically bound up with everything else.

The oceanic experience of the mystics springs to mind. Cut off from every-
day trivialities, human consciousness occasionally enters an abnormally high
fractal dimension and for one blissful moment of concentrated introspection
experiences the connection of all things, beholds the meaning of existence and
captures a glimpse of the vision of God.






3 The nature of man

3.1 Nature or nurture

Man is the product of his animal ancestry, the sum total of living ex-
perience upon our planet. Accordingly, not only our bodies but also
our behaviour and temperament, our vices and virtues are conditioned
by inherited mechanisms. The dominance of the genes does not ex-
clude a certain freedom of action and thus, most of the fuss about
nature or nurture is beside the point. What is important is to identify
the limits of our freedom of manoeuvre as individuals and in groups.
To that end, we need better insight into the innate rules which direct
human interplay.

3.1.1 Genetic predestination

Before taking on the whole array of cultural games, we must try to understand
the character of the key player Homo sapiens. The conditions of human creativ-
ity deserve special attention; the creative impulse is the quintessential quality
of our race. The obvious malleability of human behaviour has consistently led
the self-appointed reformers of mankind astray. Our psyche is not an empty
slate on which high-handed directives can be freely engraved. Nor can the na-
ture of man ever be nailed down in cogent detail. What we can look for are the
ethologically binding rules that define and circumscribe the latitude our species
actually enjoys here and now.

Man is undoubtedly in the frontline of evolution, irrefutably facing the future.
On this earth at any rate, we are the provisional front runner in the self-organ-
izing game that life has been playing with both possibilities and impossibilities
over the last three or four billion years. Most of the countless innovations have
been rejected but this torrent of negative feedback has produced a positive
print-out: the smooth-running machinery of collaborative enzymatic processes
which form the conservative foundation for all life on our planet.

Upon this cellular base, intricate enough in itself, an increasingly complex
superstructure has been erected. For millions of years the hominids were quite
inconspicuous until, suddenly, human development stepped up a gear. About
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50,000 years ago Homo sapiens ceased to be just one species among many; he
ate of the tree of knowledge and took the plunge into cultural, self-generating
evolution. Since then his innermost nature has hardly changed. The answer to
the question “What is man?” must be sought in the genetic constitution which
pushed and pulled him over the threshold out of Eden.

Over the eons our genetic heritage has been preserved and enriched by and through
the whole animal kingdom — the phylum of Chorelata, the subphylum of Vertebrata,
the class of Mammals and the order of Primates. Man is protected against parasitical
intrusion by a highly discriminatory immunological defence, and a cascade of nervous
and endocrine feedback co-ordinates all the major functions of the body, including the
process of maturation as well as ageing and death.

The crowning feature is our brain, the centre for external information-process-
ing but almost equally sensitive to impulses from the inner universe of instincts,
emotions and the play of the intellect. In this turmoil of competing influences,
the subject itself emerges with an incessantly growing scope for play. Human
consciousness entails a knowledge of life and death exclusively reserved for
our species.

3.1.2 Limited autonomy

Before going any further we should remind ourselves of the mental schemes
which we have inherited from earlier forms of life. A new breed of psycholo-
gists is now excavating the evolutionary roots of human foibles and fears.

The dread of snakes and spiders is deeply embedded in our genetic heritage while the
attraction of the panda, the koala and the teddy bear stems from their soft, childlike
proportions. Campfires that died down long ago still exert their attraction as we gather
round an open hearth. Much older are our inborn geometrical insights, The ability to
cope in a four-dimensional world has been reinforced by the stereoscopic vision be-
queathed to us by tree-climbing ancestors.

We must also assume that our sense of the absolute actuality of existence was
programmed into our predecessors at the very onset of neural development.

Perception of reality can be gravely disturbed, for instance in severe schizophrenia or
as a result of cerebral injuries. Many survivors of the Spanish flu of 1918 suffered from
viral sleeping sickness (encephalitis lethargica) with accompanying damage to the sub-
stantia nigra of the middle brain which, in turn, led to an extreme form of Parkinson’s
disease. Oliver Sacks tells us in Awakenings (1974) how patients who had been pas-
sive and immobile for years were able to renew normal communication after receiving
modern medication (L-dopa compensates in part for the disturbed brain functions but,
regrettably, the effect is transient). When one patient was asked why she had spent so
many years without moving, the reply was: “I had run out of space to move in”. Before
treatment, several of the more serious cases had exhibited pronounced regressive symp-
toms. One patient was unable to drink normally; she lapped up liquids like an animal.
This indicates the presence of a complicated coordination of muscular functions which
became accessible as a result of brain damage. Thus, the lapping function must be filed
away deep inside the brain together with a lot of other useless inherited traits.

Anxieties and phobias, compulsions and obsessions, the heritage of tens and
possibly hundreds of millions of years are waiting to take over, should the su-
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perimposed neural structures lose their viability. Meanwhile, we enjoy the pick
of this collective wisdom, unaware of its broad foundation. The ancient panthe-
istic notion of the unity of creation finds clear corroboration in the universality
of the basic life processes; man is the summa summarum of living experience
upon our planet.

The cerebrum is the seat of the intellect but our personality and individual
character are prescribed by the old-fashioned parts of our brain. These we have
certainly inherited, root and branch, from countless preceding generations. It
is unlikely that the basic infrastructure was affected by the latest evolutionary
spurt, when the hypertrophy of the cerebral cortex becomes the measure of
man’s humanization.

Identical twins provide the most striking proof of the pervasive influence of the genotype
not only in physical appearance but also in terms of the disposition of the personality.
They exhibit a remarkable congruence in talents and inclinations, regardless of whether
they grow up together or apart. Psychological studies of children have demonstrated the

persistence of some early characteristics such as independence, the ability to concen-
trate, perseverance and suchlike. Those with a sunny disposition really do seem to have

Dominant, normal adult Fully normal Adults in other social ranks

Varying personality and rank of mother;
varying experience with peers and other adults

Normal but variable later development

Normal social companionship but in
restricted laboratory environment

More gregarious
More aggressive
Less social grooming

Cloth “mother’’ but with age-peers
Nearly normal development

Real mother, no age-peers

Hyperagression
Ranged more freely
More mother-dependent

Cloth “mother’’ but no living companions

Severe depression, withdrawal
Hyperaggression

Sexual, parental incompetence
Other social disorders

Figure 3.1 The effects of social deprivation on the behaviour in the rhesus (Wilson, 1975 p.164)
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been born with the gift of good temper; they exhibit helpfulness and a positive view of
life, independent of external circumstances.

The dominance of the genes does not exclude the influence of the environment.
In particular, we should be on guard against early deprivations which are linked
to deeply buried genetic programmes.

Only recently it became clear that immediate bodily contact between a mother and her
newborn infant is important in eliciting the affective bond between mother and child.
Our present cultural crisis may stem in part from the neglect of such basic epigenetic
rules. Figure 3.1 summarizes the result of experiments with rhesus monkeys and high-
lights some additional pitfalls of the maturation process.

An impassive ‘cloth mother’ seems to be an acceptable substitute for the real thing but
the absence of playmates in the same age group has severe implications for the adult
monkey. One shudders at the impact of all the unsound instruction which, under the ban-
ner of ‘scientific opinion’, has been heaped upon inculpable parents.

Our culture seems imbued with a supreme contempt for the inherited rules of
the game. Man’s exceptional adaptability has created the illusion that human
nature is like wax in our hands. Such claims are all part of a desperate attempt to
flout determination at the moment of conception. Our quest for freedom has led
to insolent pride and pointless rebellion against the very foundations of life. Yet
genuine scope for play is conceivable only under the aegis of genetically stabi-
lized rules, and greater insight into these innate directives is urgently needed if
we are ever to improve our understanding of ourselves.

3.1.3 Burdens of inheritance

Man should not boast of his freedom of choice, least of all in the deceptively
simple options of everyday life. Our best intentions come to grief when they
are faced with deep physiological directives which slyly appeal to our pleasure-
seeking senses.

Man’s outward appearance is genetically well defined. The widespread problems of
obesity remind us of the presence of persistent regulatory mechanisms, persuasive urges
which are hardly accessible to volition or rational thought. Our food habits are no bad
measure of the limits and possibilities of free will, especially if we are carrying a he-
reditary burden. Customary weight reduction schemes usually fail, but the overweight
disappears if the gratification of the senses is thwarted by serving totally tasteless food.

In simplistic terms, hunger and satiety are controlled by two separate centres in the
hypothalamus; in cases of morbid slimming (anorexia) the hunger stimulus fails to oper-
ate and all food intake becomes repellent. In our modern society, far more people suffer
from the putative malfunctioning of the satiation centre. But the ability to accumulate
fat in times of plenty has been an important asset, especially for females who have not
been expected to shine in physical performance. The grotesque obesity of most Palaeo-
lithic female statuettes and the innate tendency of bushwomen to accumulate layers of
fat around the buttocks (steatopygia), suggest that excess fat is a fairly normal attribute,
for the fairer sex at any rate.

We are, by and large, at the mercy of the endocrine system, which becomes
painfully evident during serious emotional disorders, such as manic-depressive
psychosis. Our hormonal balance is directed by polypeptides, secreted by the
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pituitary gland which, for its part, is regulated by neurosecretions from the
hypothalamus. Here the track is lost for the time being; our volition remains
submerged in the perpetual play of the neuronal network.

A thorough understanding of the sexual differentiation process goes some way to ex-
plain the immense variability of human inclinations. To cut a long story short, the mas-
culine-feminine aspect of our personality is largely determined by the excretion of mas-
culinizing hormones (chiefly testosterone). Testosterone treatment can have uncanny
consequences, especially in young girls; excessive muscle development is accompanied
by changes in vocal pitch and personality. It is less well known that even quite small
deviations from endocrine normality reveal themselves in behavioural changes. Boyish
girls, for example, show a slight surplus of testosterone, and similar aberrations have
been observed among political extremists of both sexes. A systematic study of success-
ful sportswomen or female chess champions could be worthwhile, but apparently next
to nothing of the sort has been undertaken.

Overt homosexuality is caused by the same hormonal mechanism. The inchoate brain
is predisposed for female behaviour; the dormant masculine traits must be activated
by the testosterone production of the foetal testes. Consequently, hormonal malfunc-
tion during pregnancy will cause the imprinting of the converse behaviour pattern. The
search is now on for the genetic roots of sexual deviation.

Sociobiology has been the catchword for an evolutionary approach to the de-
velopment of behaviour and has already achieved considerable success in the
study of animal communities. The sociobiological approach comes closer to the
truth than the predominating schools of psychology, sociology, economics, ju-
risprudence and other human-oriented studies with their scorn for the inconven-
ient input of the natural sciences. Sociobiology places man in his evolutionary
context, and saves him from becoming a compliant object for arbitrary specula-
tion or well-meaning but irresponsible utopians. Unfortunately, its message has
been marred by a rather self-serving attitude.

Edward O. Wilson’s impressive survey of Sociobiology, (1975) touches on humans only
in the concluding remarks. He presumes, somewhat rashly, that within a century com-
plete socio-biological knowledge will have pushed scientific development to the point
of destroying any possible ethical basis for mankind. In On Human Nature (1978) he
explains with supreme hindsight all human behaviour in terms of genetically determined
adaptive behaviour. In Genes, Mind and Culture (1981), which Wilson wrote together
with Charles Lumsden, his stance has softened (cf.9.6.3). It is assumed that genetic
control is executed by a set of inherited epigenetic rules which appear spontaneously in
response to the social environment and decisively influence human preferences in the
choice between alternative moves in the cultural game.

Irendus Eibl-Eibesfeldt has presented a balanced view of the human condition in his
work on human ethology (Die Biologie des menschlichen Verhaltens 1984). Without
jumping to unwarranted conclusions he compiles a comprehensive list of well-docu-
mented inborn traits of Homo sapiens. While staunchly defending the reality of epi-
genetic rules (he avoids that phrase) which strongly influence most aspects of social
interaction, he concentrates on broad generalizations, applicable even to the most di-
verse groups of our species. The finer gradations, exposing connections (if any) between
heredity and cultural development, would be even more interesting but may be beyond
the resolving power of objective scientific investigation.

We have to admit that not only the bodily functions, but also our tempera-
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ment, the tone of personality is controlled by primordial mechanisms. A life-
long leaning towards optimism or pessimism can be traced back to the same
source. The professional as well as the amateur philosopher tends first to make
unconscious but fundamental a priori assumptions about the evil or virtuous
nature of man and the world, about the meaning or meaninglessness of exist-
ence. Then he spends the rest of his life deducing these predetermined opinions
from the simplest possible premises and principles. Our most daring intellectual
superstructures are hanging from invisible but tenacious threads of affection.
(cf.2.3.1; 3.8.5)

In life we are all dealt certain cards but how we play them is a matter of
personal discretion. General tendencies can only refer to statistical averages,
and collective rules are never binding on the individual personality. Most of the
fuss about nature or nurture is therefore beside the point. What is important is to
identify the limits of our freedom of manoeuvre as individuals and in groups.

3.1.4 Psychosomatic parity

The acute interdependence of body and mind suggests that influence works
both ways. By persistent training, man can indeed acquire surprising control
over otherwise autonomous organs.

The practitioners of Yoga are famous for this ability but they have been outdone by a
Californian boy named Hansen who, motivated by a suspected heart disease, learnt to
exert complete control over his heart-beat at the age of thirteen. Conversely, the syn-
chronization of the menstrual cycle among women living in close proximity implies
effective though unconscious socio-physiological feedback mechanisms.

Everybody has experienced how a strong affect reduces sensitivity to pain. Stig-
matization dramatically proves the transubstantiating effect of pious exaltation
while hypnosis and acupuncture demonstrate the susceptibility of our faculties
to outside manipulation.

The placebo effect is a measure of human suggestibility which is thought to explain
about 30 to 40 per cent of the efficacy of drugs — even of modern ones. In a compara-
tive experiment it was found that twelve weeks of placebo therapy cured 70 per cent of
patients suffering from stomach ulcers while two types of medication cured 84% per
cent and 87 per cent respectively. The deception contains a remarkable element of auto-
suggestion; 13 out of 14 neurotic patients began to improve after taking what they knew
to be plain sugar pills. The doctor still possesses the aura of the medicine man, and his
prescriptions evidently carry the healing powers of the talisman.

Conversely, evil spells have a malignant effect on the believers. Mortality rose signifi-
cantly when the barely measurable but heavily reported cloud of Chernobyl radioactiv-
ity passed the United States in early May 1986. Any radiobiological influence is out of
the question; the induced fear obviously pushed some sick people prematurely over the
brink.

Exorcists of diverse extraction have always, for better or worse, found ways to
exploit our essential gullibility. A chaotic world, devoid of meaning and pattern,
drives us to despair; the absence of any superordinate values inevitably leads



&3

3.1 Nature or nurture

to a sensation of the absurdity of life (cf.7.3.5). We clutch eagerly at any straw;

superstition is the easy way out of an existential deadlock.
Occultism is widespread in our culture, incessantly reappearing in new guises (cf.8.8.1).
The still fashionable pendulum magic was scientifically refuted as early as 1812 by
the French chemist Michel-Eugene Chevreul (1786—1889). Slight, unconscious finger
movements produce the ‘correct’ swing only if the ‘medium’ knows how the pendulum
should move. A blind test immediately exposes the illusion (cf. 7.6.1). The same mecha-
nism is at work in water-divining and related, fairly harmless self-deceptions.

Self-soothing escapism can be vanquished by youthful daring which often si-
lences even ordinary common sense. Stimulation and excitement may be more
important than security and survival — boredom is sometimes a fate worse than
death. Our passion for the game provides a loophole in the pitiless determinism
of the evolutionary game — here a power-enhancing lever can be inserted. We
can, by hook and by crook, modify our conduct, moderate our impulses, sys-
tematically developing desirable dispositions.

The discord between animal reflexes and human self-awareness has been a
perpetual theme of philosophers and religious founding fathers; more recently
Sigmund Freud’s (1856—-1939) over-simplified model has become a tired plati-
tude. Later psychologists have tackled the problem with greater subtlety, and
the following scheme should reflect mainstream opinion, compressed by the
game metaphor (figure 3.2).

Game level Fundamental rules of the Payoff Field of play
game
Child, Unambiguous discipline, Primary needs: self- |Family

parent bond unquestionable authorities | preservation,

nourishment, security

Social needs: sexual
acceptance, group
identity

Teenager,
gang bonding

Group loyalty, conformity- Kin, peer groups

based authorities

Youth, individualism,
community bonding

Mature human being
societal a. cultural

Duty and principles,
legalistic authorities

Arbitration by the
conscience, transcendental

Self-centred needs:
stimulus, ambition,
self-realization

Spiritual needs:
creativity, harmony,

Organization,
business, politics

Science, philosophy,
art, religion

bonds meta-motivation

authority

Figure 3.2 Hierarchy of the mind

Human maturation is divided into four stages, which correspond to the physi-
ological and evolutionary development of man. As we move up the scale, su-
perior levels of play gradually complement the deep structure, preparing the
way for individuation and even some spiritual freedom. In general, primitive
needs must be at least tolerably satisfied before higher ones can be expressed
but the rank order is not absolute. In war, the group identity can supplant self-
preservation, and martyrdom proves that the feeblest of existential forces can
overrule the powerful urge to live — the victory of weakness.
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Man is the sole survivor of his genus because he became the chief
agent of his own change. Superior coalition-building gave Homo sa-
piens a decisive competitive edge. Effective communication paved
the way for long-term co-operation in complex cultural games. Tribes
and nations evolved into vehicles of solidarity and evoked a cascade
of positive feedback, which imbued the human plus-sum game with
unquenchable vigour.

3.2.1 Circumspect genesis

For every distinct form of life, the existential directives are embodied in a clus-
ter of genes, each one characterized by its own specific DNA-(deoxyribonucleic
acid) sequence. (cf. 8.2). By way of DNA-hybridization it is possible to evalu-
ate quantitatively the total deviation between the genomes of different species.
Thus for the first time we now have a reliable picture of the phylogenetic rela-
tions between currently existing primates (figure 3.3).

For the chimpanzee and the gorilla the time of separation from the Homo-lineage is still

disputed but the given sequence of events conforms to the most parsimonious evolu-
tionary tree. It is remarkable that although Homo diverged from the apes at least five
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Figure 3.3 The pedigree of the primates
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million years ago, the DNA of humans and chimpanzees are still 98,4 per cent identical,
although there are significant differences in the chromosomal organization.

Homo sapiens is the sole survivor of his genus: the deep roots of human physi-
ology and behaviour are therefore still the subject of diverse speculation. To
throw in a new idea, let us assume that hominization was initiated between five
and ten million years ago by isolated groups of primeval apes who became spe-
cialized foragers of small but nutritious seeds. This would explain the remark-
able differences between the apes and the hominids in the design of the hand
and the masticatory apparatus.
In such a scenario, the impediment in food intake was the cumbersome chewing of
each individual seed and the use of stones for crushing the grain constituted a decisive
competitive advantage. It started a chain of positive feedback between tools, adroitness,
intellectual ability and nutrition potential. The gradual freeing of the hands from mun-
dane preambulation — two-leggedness and an upright posture — was certainly an integral
part of this process.
Four-leggedness is very effective for locomotion but precludes carrying burdens back
to camp. Early hominization might have been preceded by the strengthening of family
bonds, which compelled the males to support their mates and offspring with food from
distant sources. This conjecture is in line with the doctrine of culture-induced evolution
(cf. 3.3.3) but is, of course, very difficult to verify.

Whatever the merit of this scheme, we should assume a gradual strengthening
of social bonds. The sharing of resources within the family or troop became
a condition of survival and has remained the very basis of human solidarity
(cf.6.1.1).

3.2.2 Social conditioning

Five to six million years ago, a major climatic change caused the desiccation
of the Mediterranean. In Africa, desert and savannah expanded to the detriment
of the forest. The environmental instability fostered social collaboration which,
eventually, made scavenging and hunting profitable for the early hominids.
Long stalking bouts favoured hairlessness as a means to avoid overheating in
a warm climate.

The central nervous system of Homo sapiens expends about 40 watts which corresponds

to almost one quarter of our basal energy requirement. Considering the temperature

sensitivity of the brain, the additional heat load certainly brought the cooling problem to

a head. Hairlessness could thus be a necessary consequence of an expanding intellect,

phylogenetically speaking that is!
Good hunting and success at war called for leadership and discipline. Primitive
submission reflexes were refined to allow co-operation in larger bands; social
organization evolved into the supreme weapon in the struggle for lebensraum.
Frail, redundant elders were transformed into imposing chiefs or awe-inspiring
shamans — venerated repositories of tribal values.

Serious violence is actually quite rare within primate groups; we, as well as the apes,

turn instinctively to less dangerous ways of resolving conflict. The standard forms of
conflict resolution are dominance, submission or comradeship. Approval is often gained
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by asking for advice or for some minor service — an intelligent variation on the submis-
sion theme. Even so, dominating father figures have an advantage in politics. Elderly
men generally possess the economic and political power; only dramatic cultural up-
heaval opens the way for more youthful talent.

The viability of the female until long past the menopause is uniquely human.
Evidently the input of grandmotherly experience and care more than offsets
the lack of reproductive capacity. Childhood was extended to match the need
to learn which favoured family formation and the differentiation of the sexes.
The foundations of sexual morale were laid down at this early stage; eventually,
incestuous intercourse became strictly taboo.
The bias against inbreeding has deep phylogenetic roots; it has been observed in frogs
and even banana flies. Female mice show a marked aversion to closely related males,
and chimpanzees possess similar barriers to copulation ‘in the family’. Our revulsion
against incest has very good reasons. A Czechoslovakian study found severe mental or

physical defects in 40 per cent of incestuous children as against 5 per cent of children
born to the same mothers fathered by non-relatives.

The genetic instructions cannot be read literally, but they respond to relevant clues in
the environment. In the kibbutzim, for example, playmates are perceived as brothers
and sisters, since all children grow up in the kindergartens in intimate contact with one
another. As a result, marriage (or sexual intercourse) is very rare within this closely knit
group. Significantly, all the famous incestuous characters of world literature turn out to
have been separated from their subsequent partners at an early age.

The enhancement of female eroticism and visible sexual characteristics kept
the men emotionally tied to their mates, increasing the inclusive fitness of both
sexes. The hunters felt a strong pull to return to base where the women main-
tained the old gathering traditions. Close collaboration during the chase and in
defence modified the sexual rivalry of the adult males, and may have imparted
survival value to homosexual leanings.

The inclination of male youngsters to cluster into gangs is evident among
most primates and provides yet another thread in the complex network of ar-
chetypal instruction. Fraternities of aggressive juveniles at the fringes of soci-
ety have always operated as an innovative counterweight to the conservative,
security-related values of the adult establishment. However, adolescent self-
assertion is tempered by strict loyalty to the comrades in the group. This is an
inborn human response, particularly in young males under external pressure,
and it is a prerequisite of organized collaboration in peace and war (cf.4.2.2).

In his Divina Commedia, Dante Alighieri (1265-1321) relegated traitors to the deepest,

ninth circle of hell. For him, betrayal was infinitely worse than plain murder (the seventh

circle) or theft or forgery (the eighth circle). A strong taboo still prevents boys from tell-
ing on their pals, and ‘scab’ remains a four-letter word of the utmost opprobrium.

The hominization process certainly comprises the softening of predetermined
instinctive responses. Cameraderie competes with sexual envy, affections fight
egotism; by and by a minimum of intellectual freedom begins to germinate in
the push and pull of rival epigenetic rules.
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3.2.3 Burst of competition

Superficially the hominid