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Abstract

I argue that, although “a little bit of multiverse is good for you”, invoking
multiverse explanations willy-nilly is a seductive slippery slope. Followed to
its logical extreme, it leads to conclusions that are at best bizarre, at worst
absurd. After reviewing several shortcomings of indiscriminate multiverse
explanations, I challenge the false dichotomy that fine-tuning requires the
existence of either a multiverse or some sort of traditional cosmic architect.
I explore the possibility of a “third way”, involving a radical reappraisal of
the notion of physical law, presenting a toy illustration from the theory of
cellular automata.

1 Some sort of philosophy is inescapable

Most scientists concede that there are features of our observed universe
which appear contrived or ingeniously and felicitously arranged in their re-
lationship to the existence of biological organisms in general, and intelligent
observers in particular. Often these features involve so-called fine-tuning
in certain parameters, such as particle masses or coupling constants, or in
the cosmic initial conditions, without which life (at least life as we know
it) would be either impossible or very improbable. I term this state of af-
fairs bio-friendliness or biophilicity. Examples of such fine-tuning have been
thoroughly reviewed elsewhere [1] and in this volume, so I will not list them
here.

It is normally remarked that cosmic bio-friendliness has two possible ex-
planations (discounting sheer luck). One is that the universe has been de-
signed by a pre-existing creator with life in mind. The other, which is often
motivated explicitly or implicitly by a reaction to supernatural explanations,
is the multiverse. According to the latter explanation, what we call “the uni-
verse” is but a small component in a vastly larger assemblage of “universes”,
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or cosmic regions, among which all manner of different physical laws and
conditions are somewhere instantiated. Only in those “Goldilocks” regions
where, by accident, the numbers come out just right will observers like our-
selves arise and marvel at the ingenious arrangement of things. Thus the
reason why we observe a universe so suspiciously contrived for life is because
we obviously cannot observe one that is inimical to life. This is the so-called
anthropic, or biophilic selection, principle [2].

Before reviewing the pros and cons of the multiverse explanation, I should
like to make a general point. All cosmological models are constructed by
augmenting the results of observations by some sort of philosophical prin-
ciple. Two examples from modern scientific cosmology are the principle of
mediocrity, sometimes known as the Copernican principle, and the biophilic
selection principle. The principle of mediocrity states that the portion of
the universe we observe isnt special or privileged, but is representative of
the whole. Ever since Copernicus demonstrated that Earth does not lie at
the centre of the universe, the principle of mediocrity has been the default
assumption; indeed, it is normally referred to as simply “the cosmological
principle”. It underpins the standard Friedmann-Robertson-Walker cosmo-
logical models.

In recent years, however, an increasing number of cosmologists have stressed
the inherent limitations of the principle of mediocrity. Scientific observations
necessarily involve observer selection effects, especially in astronomy. One
unavoidable selection effect is that our location in the universe must be
consistent with the existence of observers. In the case of humans at least,
observers imply life. (There is no reason why non-living observers could not
exist, and indeed we may conjecture that advanced technological communi-
ties may create them. However, it is normally assumed that the emergence
of life and intelligence is a precursor to the creation of non-living sentient be-
ings, although there is no logical impediment to abiological sentience arising
de novo.) Stated this way – that the universe we observe must be consistent
with the existence of observers – the biophilic principle seems to be merely
a tautology. However, it carries non-trivial meaning when we drop the tacit
assumption that the universe, and the laws of nature, necessarily assume
the form that we observe. If the universe and its laws could have been oth-
erwise, then one explanation for why they are as they are might be that we
(the observers) have selected it from a large ensemble of alternatives.

This biophilic selection principle becomes more concrete when combined
with the assumption that what we have hitherto regarded as absolute and
universal laws of physics are, in fact, more like local by-laws: they are valid
in our particular cosmic patch, but they might be different in other regions
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of space and/or time [3]. This general concept of “variable laws” has been
given explicit expression through certain recent theories of cosmology and
particle physics, especially by combining string/M theory with inflationary
cosmology (see the papers by Linde and Susskind in this volume). There is
little observational evidence for a domain structure of the universe within
the scale of a Hubble volume, but on a much larger scale there could exist
domains in which the coupling constants and particle masses in the standard
model may be inconsistent with life. It would then be no surprise that we
find ourselves located in a (possibly atypical) life-encouraging domain, as
we could obviously not be located where life was impossible.

Once it is conceded that the universe could have been otherwise – that the
laws of physics and the cosmic initial conditions did not have to assume the
form we observe – then a second philosophical issue arises. The multiverse
will contain a set of “universes” that serve as instantiations for certain laws
and initial conditions. What, then, determines the selection of universes on
offer? Or to express it more graphically, using Stephen Hawking’s words [4]:
“What is it that breathes fire into the equations and makes a universe for
them to govern?”

Only two “natural” states of affairs commend themselves in this regard.
The first is that nothing exists; the second is that everything exists. The
former we may rule out on observational grounds. So might it be the case
that everything that can exist, does exist? That is indeed the hypothesis
proposed by some cosmologists, most notably Max Tegmark [5]. At first
sight this hypothesis appears extravagant. The problem, however, for those
who would reject it is that, if less than everything exists, then there must
be some rule that divides those things that actually exist from those that
are merely possible but are in fact non-existent. One is bound to ask: What
would this rule be? Where would it come from? And why that rule rather
than some other?

2 An old-fashioned Cosmic Designer is a poor explanation

Since most of the contributions to this volume are written from a scientific
perspective, I shall not dwell at length on why one might feel uncomfortable
with the crude idea of a Cosmic Designer who contemplates a “shopping
list” of possible universes, figures out one that will contain life and observers,
and then sets to work creating it, discarding the alternatives. The central
objection to the hypothesis is its ad hoc nature. Unless one already has
some other reason to believe in the existence of the Designer, then merely
declaring “God did it!” tells us nothing at all.
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It has been argued (e.g. ref. [6]) that an infinite God is a simpler expla-
nation for existence than just accepting the universe as a brute fact, and
therefore to be preferred on the grounds of Occam’s razor. Dawkins [7]
has countered that God must be at least as complex as the system that
God creates. But considerable care in needed in using terms like “simple”
and “complex”. A branch of mathematics called algorithmic complexity
theory [8] can be used to provide rigorous definitions of simplicity and com-
plexity. One surprising feature of these definitions is that the whole can
sometimes be simpler than its component parts. Thus God-plus-universe
can be simpler than either God or the universe in isolation. I shall return
to this topic in Section ??.5.

A further difficulty with divine selection concerns the notion of free choice.
Christian theologians traditionally assert that God is a necessary being (see,
for example, ref. [9]), i.e. it is logically impossible for God to not exist. If so,
we are invited to believe that a necessary being did not necessarily create
the universe as it is (otherwise there is no element of choice and nature is
reduced to a subset of the divine being rather than a creation of this being).
But can a necessary being act in a manner that is not necessary? On the
other hand, if God is regarded as not necessary but contingent, then on
what, precisely, is God’s existence and nature contingent? If we don’t ask,
we gain nothing by invoking such a contingent God, whose existence would
then have to be accepted as a brute fact. One might as well simply accept
a contingent universe as a brute fact, and be done with it. If we do ask,
then we accept that reality is larger than God and that an account of the
universe must involve explanatory elements beyond God’s being. But if we
accept the existence of such explanatory elements, why is there any need to
invoke divine elements too?

There is a long tradition of attempts to reconcile a necessary God with a
contingent single universe (see, for example, ref. [10]). But one is bound to
ask, even if such reconciliation were possible, why God freely chose to make
this universe rather than some other. If the choice is purely whimsical, then
the universe is absurd and reasonless once more. On the other hand, if the
choice proceeds from God’s nature (for example, a good god might make a
universe inhabited by sentient beings capable of joy), then one must surely
ask: why was God’s nature such as to lead to this choice of universe rather
than some other? This further worry would be addressed, in turn, only
by proving – not only that God exists necessarily – but that God’s entire
nature is also necessary. Such a conclusion would entail proving that, for
example, an evil creator capable of making a world full of suffering is not
merely undesirable but logically impossible.
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3 Shortcomings of anthropic/multiverse explanations

If theological explanations for cosmic biophilicity are problematic, then mul-
tiverse explanations are not without their difficulties too. In what fol-
lows I shall review some of the challenges that have been made to mul-
tiverse/anthropic reasoning.

3.1 It’s not science because it’s not testable

It is sometimes objected that, because our observations are limited to a
single universe (e.g. a Hubble volume), then the existence of “other uni-
verses” cannot be observed, and so their existence cannot be considered a
proper scientific hypothesis. Even taking into account the fact that future
observers will see a larger particle horizon, and so have access to a bigger
volume of space, most regions of the multiverse (at least in the eternal infla-
tion model) can never be observed, even in principle. While this may indeed
preclude direct confirmation of the multiverse hypothesis, it does not rule
out the possibility that it may be tested indirectly. Almost all scientists and
philosophers accept the general principle that the prediction of unobservable
entities is an acceptable scientific hypothesis if those entities stem from a
theory that has other testable consequences. At this stage, string/M theory
does not have any clear-cut experimental predictions, but one may imagine
that a future elaboration of the theory would produce testable consequences.
These theories are not idle speculations, but emerge from carefully consid-
ered theoretical models with some empirical justification.

A test of the multiverse hypothesis may be attained by combining it with
biophilic selection. This leads to statistical predictions about the observed
values of physical parameters [3]. If we inhabit a typical biophilic region of
the multiverse, we would expect any biologically-relevant adjustable param-
eters to assume typical values. If one considers a vast parameter space of
possible universes, there will be one or more biophilic patches – or subsets
– of the space, and a typical biophilic universe would not lie close to the
centre of such a patch (i.e. it would not be optimally biophilic). In other
words, there is no a priori reason why the laws of physics should be more
bio-friendly than is strictly necessary for observers to arise. If, therefore,
we discovered that some parameter (such as the amount of dark energy)
assumed a value in a tiny subset located deep inside the biophilic parameter
range, this would be evidence against it being a random variable that had
been anthropically selected.

There is a hidden assumption in the foregoing reasoning, which is that life
originates only once in each universe. If life happens many times, then opti-
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mally biophilic universes may contain many more observers than minimally
biophilic universes, and this weighting factor must be taken into account
when considering a randomly chosen observer. We must now distinguish
between biophilicity in relation to laws, and biophilicity in relation to con-
tingency. Regarding the latter, it is possible that life is indeed “a damned
close-run thing” (to paraphrase Lord Wellington) – a statistical fluke, unique
in the observable universe, arising from a highly improbable molecular acci-
dent. If, however, we discover a second genesis of life – an independent origin
on a nearby planet – then this would imply that the universe is teeming with
life and is at least near-optimally biophilic in relation to contingency.

But even in the absence of any data concerning multiple geneses, we may
still consider biophilicity in relation to the laws of the universe. At first
glance, there is little reason to suppose that our universe is minimally bio-
philic in this respect. Take the much-cited example of carbon abundance.
The existence of carbon as a long-lived element depends on the ratio of elec-
tromagnetic to strong nuclear forces, which determines the stability of the
nucleus. But nuclei much heavier than carbon are stable, so the life-giving
element lies comfortably within the stability range. The electromagnetic
force could be substantially stronger, without threatening the stability of
carbon. Now it’s true that, if it were stronger, then the specific nuclear
resonance responsible for abundant carbon would be inoperable, but it’s not
clear how serious this would be. Life could arise in a universe where carbon
was merely a trace element, or abundant carbon could occur because of dif-
ferent nuclear resonances. Of course, if it could be shown that other, heavier,
elements are essential for life, this objection would disappear. (The predic-
tion that much heavier elements are essential for life could be an interesting
prediction of the multiverse theory.)

A simpler example is the amount of dark energy in the universe. Once
again, the observed value is comfortably in the middle of the biologically
acceptable parameter range. Theory predicts that the density of dark energy
(Λ) should be vastly greater than the observed value, so we might expect
in the multiverse explanation that the observed value would be near the
top end of the biologically permissible parameter range. But Λ could be an
order of magnitude bigger without threatening the existence of galaxies and
stars, and hence life [3]. On the face of it, therefore, the observed universe
is not minimally biophilic, and many scientists seem to think it is actually
optimally biophilic.

Another consideration concerns the very existence of physical laws. In
those versions of the multiverse in which even the appearance of law is
attributed to anthropic selection, there is clearly a problem about minimal
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biophilicity. The multiverse explanation would lead us to expect that we
live in a universe that has the minimal degree of order consistent with the
existence of observers. Departures from order, or lawfulness, that are not
biologically threatening should therefore be permitted. To take a simple
example, consider the law of conservation of electric charge. The charge
on the electron could happily fluctuate by, say, one part in 106 without
disrupting biochemistry. In fact, measurement of the anomalous magnetic
moment of the electron fixes the electric charge to 11 significant figures
– a stability far in excess of that needed to ensure the viability of living
organisms. So either the electric charge is fixed by a law of nature, in
which case the multiverse cannot be invoked to explain this particular aspect
of cosmic order, or there is some deep linkage between the charge on the
electron and some aspect of physics upon which the existence of life depends
far more sensitively. But it’s hard to see what this might be.

3.2 Measures of fine-tuning are meaningless

Intuitively we may feel that some physical parameters are remarkably fine-
tuned for life, but can this feeling ever be made mathematically precise?
The fact that a variation in the strength of the strong nuclear force by
only a few percent may disrupt the biological prospects for the universe
appears to offer a surprisingly narrow window of biophilic values, but what
determines the measure on the space of parameters? If the strength of the
nuclear force could in principle vary over an infinite range, then any finite
window, however large, would be infinitesimally improbable if a uniform
probability distribution is adopted. Even the simple expedient of switching
from a uniform to a logarithmic distribution can have a dramatic change on
the degree of improbability of the observed values, and hence the fineness of
the fine-tuning. There will always be an element of judgement involved in
assessing the significance, or degree of surprise, that attaches to any given
example.

3.3 Humans are more than mere observers

Most often discussed in relation to anthropic selection is the matter of fine-
tuning of certain physical parameters, such as the relative strengths of the
fundamental forces of nature. Had these parameters taken on values out-
side a relatively narrow range, then it is likely that the universe would go
unobserved. Whilst trivially true, this explanation is unacceptably narrow,
because it treats humans as mere observers. That is, it is merely neces-
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sary for there to exist observers of some sort for the argument to work (the
term “anthropic” is an acknowledged misnomer in this respect). Indeed,
the application of anthropic reasoning usually ignores even the conditions
necessary for intelligent observers to evolve and restricts attention simply to
the existence of life.

Humans, however, are more than mere observers. They also have the abil-
ity to understand the universe through logical reasoning and the scientific
method [11]. This remarkable fact, often taken for granted by scientists,
cannot be explained by anthropic/multiverse reasoning. It is perfectly pos-
sible for there to exist a universe that permits the existence of observers
who nevertheless do not, or cannot, make much sense of nature. Thus cats
and dogs surely qualify as observers, but are not, like humans, privy to the
deep mathematical rules on which the universe runs. Moreover, in a general
multiverse scenario, the vast majority of universes that permit the exis-
tence of observers with the same intellectual prowess as humans will not be
comprehensible to those observers. For example, there are many ways that
the laws of physics we observe could be more complex without threatening
the existence of biology: non-computability of the laws, forces varying with
time in a complicated way that leaves chemistry largely unaffected, legions
of additional weak forces that do not substantially affect the formation of
galaxies, stars and planets, millions of species of neutrinos etc. In fact, the
physics of our universe is extremely special, inasmuch as it is both simple
and comprehensible to the human mind.

3.4 The blunderbuss objection

It is trivially true that, in an infinite universe, anything that can happen
will happen. But this catch-all explanation of a particular feature of the
universe is really no explanation at all. We should like to understand the
bio-friendliness of this universe. To postulate that all possible universes exist
does not advance our understanding at all. Like a blunderbuss, it explains
everything and nothing. By contrast, a true scientific explanation would be
analogous to a single well-targeted bullet.

To put this point into context, imagine that the universe we observe is
divided into Planck-sized three-dimensional cells. Each cell may be assigned
a finite set of numbers that determines its state; for example, the amplitudes
of all fields at that point. Now imagine that the digits of π are expressed in
binary and used to label the state of each cell in sequence, using as many
digits as necessary to specify the field amplitudes to any desired precision.
When all cells in the observable universe have been labelled, a state of the
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entire universe is determined. Now imagine that the process is repeated
with the further digits of π. Another state is defined. This process may
be continued for a stupendous number of steps (Planck times), giving us a
“cosmic history”. Most of the cosmic history will be random noise, lacking
even the semblance of causal order. But by the very definition of randomness
we are assured that, sooner or later, the observed cosmic history will be
generated [12]. So too will all other cosmic histories: the digits of π contain
all possible worlds. Should we be satisfied, therefore, that we have explained
our universe, together with all its remarkable features such as biophilicity,
by saying merely that it is a manifestation of π? Or perhaps of e, or of
almost any real number we like to pick? Clearly not. Saying that our world
is buried in the limitless noise of the digits of π does not make π a magic
generator of reality. It merely points up the vacuousness of seeking to appeal
to everything in order to explain something in particular.

3.5 The multiverse is really an old-fashioned god in disguise

In this section I shall argue that in a certain mathematical sense the most
general multiverse models (e.g. Tegmark’s Level 4 version) are ontologically
equivalent to näıve deism, by which I mean the existence of a Cosmic De-
signer/Selector who judiciously picks a single real universe from an infinite
shopping list of possible but unreal universes. Indeed, I suspect the gen-
eral multiverse explanation is simply näıve deism dressed up in scientific
language. Both appeal to an infinite unknown, invisible, and unknowable
system. Both require an infinite amount of information to be discarded
just to explain the (finite) universe we observe. It would be instructive to
quantify and compare the degree of credulity we might attach to various
competing multiverse and theological models, using algorithmic complexity
theory. It seems likely that some versions of both the multiverse and näıve
deism would be equivalently complex and, in most cases, infinitely complex.
They may employ different terminology but, in essence, both explanations
are the same. If I am right, then the multiverse is scarcely an improvement
on näıve deism as an explanation for the physical universe. It is basically
just a religious conviction rather than a scientific argument.

I will make an even stronger claim. I believe that näıve deism and the gen-
eral multiverse concept will turn out to be of equivalent complexity because
they are contained within each other. Consider the most general multiverse
theories (Tegmark’s Level 4), where even laws are abandoned and anything
at all can happen. At least some of these universes will feature miraculous
events - water turning into wine etc. They will also contain thoroughly
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convincing religious experiences, such as direct revelation of a transcendent
being. It follows that a general multiverse set must contain a subset that
conforms to traditional religious notions of God and design. It could be
countered, however, that this subset is embedded in a much bigger set in
which no coherent theological plan is discernible, so that a random observer
would be unlikely to encounter a world in which a god was seen to be at
work. But this is to ignore the possibility of simulated realities (see Section
3.6).

3.6 Real versus fake universes

The starting point of all anthropic-multiverse arguments is the existence
of observers. This raises the question of what constitutes an observer. I
shall assume that “observership” is a product of physical processes, e.g.
electrochemical activity in the brain. It then follows that observers may be
created artificially by sufficiently advanced technology. Possibly this merely
requires bigger and better computing systems, as argued by proponents of
strong AI; possibly it requires a new form of technology, as argued by Roger
Penrose [13]. For my purposes it doesn’t matter. In a multiverse, there will
be a subset of universes in which advanced technology like ours emerges, and
a sizeable sub-subset will contain at least one technological civilization that
reaches the point of simulating consciousness. It is but a small step from
simulating consciousness to simulating a community of conscious beings and
an entire virtual world for them to inhabit.

This notion has been popularized in The Matrix series of science fiction
movies. For any given “real” world, there would be a vast, indeed infinite,
number of possible virtual worlds. A randomly selected observer would then
be overwhelmingly more likely to experience a virtual simulation than the
real thing. Thus there is no reason to suppose that this world (the one you
and I are observing now) is other than a simulated one [14]. But the denizens
of a simulated virtual world stand in the same ontological relationship to the
intelligent system that designed and created their world as human beings
stand in relation to the traditional designer/creator Deity (a fact not lost
on science fiction writers from Olaf Stapledon onwards), but with God now
in the guise – not of a Grand Architect – but of a Grand Software Engineer.
The creator of the virtual worlds is a transcendent designer with the power to
create or destroy simulated universes at will, alter the circumstances within
them, devise laws, perform miracles etc. Taken to its logical extreme, the
multiverse explanation is a convincing argument for the existence of (a rather
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old-fashioned form of) God! This is certainly ironical, since it was partly to
do away with such a God that the multiverse was originally invoked.

Worse still, there is no end to the hierarchy of levels in which worlds
and designers can be embedded. If the Church-Turing thesis is accepted,
then simulated systems are every bit as good as the original real universe
at simulating their own conscious sub-systems, sub-sub-systems, and so on
ad infinitum: gods and worlds, creators and creatures, in an infinite regress,
embedded within each other. We confront something more bewildering than
an infinite tower of virtual turtles: a turtle fractal of virtual observers,
gods and universes in limitlessly complex inter-relationships. If this is the
ultimate reality, there would seem to be little point in pursuing scientific
inquiry at all into such matters. Indeed, to take such a view is as pointless
as solipsism. My point is that to follow the multiverse theory to its logical
extreme means effectively abandoning the notion of a rationally-ordered real
world altogether, in favour of an infinitely complex charade, where the very
notion of “explanation” is meaningless.

This is the “slippery slope” referred to by Rees [15]. At one end of the
slope is the perfectly unobjectionable idea that there may be regions be-
yond a Hubble distance that possess, say, a lower average matter density or
slightly less dark energy. At the bottom of the slope is the “fantasy-verse” of
arbitrary virtual realities, whimsically generated by a pseudo-Deity designer.

3.7 Multiverses merely shift the problem up one level

Multiverse proponents are often vague about how the parameter values are
chosen across the defined ensemble. If there is a “law of laws” describing
how parameter values are assigned as one slips from one universe to the
next, then we have only shifted the problem of cosmic biophilicity up one
level. Why? First, because we need to explain where the law of laws comes
from. But there is a second problem. Each law of laws specifies a different
version of the multiverse, and not all multiverses are bound to contain at
least one biophilic universe. In fact, on the face of it, most multiverses
would not contain even one component universe in which all the parameter
values were suitable for life. To see this, note that each parameter will
have a small range of values – envisage it as a highlighted segment on a
line – consistent with biology. Only in universes where all the relevant
highlighted segments intersect in a single patch (i.e. all biophilic values are
instantiated together) will biology be possible. If the several parameters
vary independently between universes, each according to some rule, then for
most sets of rules the highlighted segments will not concur. So we must
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not only explain why there is any law of laws; we must also explain why
the actual law of laws (i.e. the actual multiverse) happens to be one that
intersects the requisite patch of parameter space that permits life.

Often it is asserted that there is no law of laws, only randomness. Thus in
Smolin’s version of the multiverse, gravitational collapse events “reprocess”
the existing laws with small random variations [?] [REFERENCE SMOLIN].
In this case, given an infinite multiverse, randomness would ensure that at
least one biophilic universe exists with a finite (albeit minute) probability.
(That is, there will always be a patch of parameter space somewhere with all
highlighted segments intersecting.) Plausible though this is, the assumption
of randomness is not without its problems. Without a proper measure over
the parameter space, probabilities cannot be properly defined. There is a
danger of predicting meaningless or paradoxical results. There is also a
danger in some multiverse models that the biophilic target universes may
form only a set of measure zero in the parameter space, and thus be only
infinitesimally probable. Furthermore, in some models, various randomness
measures may be inconsistent with the underlying physics. For example,
in the model of a single spatially infinite universe in which different supra-
Hubble regions possess different total matter densities, it is inconsistent to
apply the rule that any value of the density may be chosen randomly in the
interval [0, ρ], where ρ is some arbitrarily large density (e.g. the Planck
density). The reason is that for all densities above a critical value (very
low compared to the Planck density), the universe is spatially finite, and
so inconsistent with the assumption of an infinite number of finite spatial
regions [16].

The need to rule out these “no-go” zones of the parameter space imposes
restrictions on the properties of the multiverse that are tantamount to the
application of an additional overarching biophilic principle. There would
seem to be little point in invoking an infinity of universes only to then
impose biophilic restrictions at the multiverse level. It would be simpler to
postulate a single universe with a biophilic principle.

4 The Third Way

Considerations of anthropic fine-tuning seek to explain the appearance of
an otherwise puzzling link between the universe on one hand and life on the
other. Why should there be a connection? What does the universe know
about life? What do the laws of physics care about consciousness?

The most obvious way to establish a link between life and cosmos is to
postulate a “life principle” (or, extending this to encompass observers, a
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“mind principle”). Indeed, many scientists have suggested just such a thing
(see ref. [17]). It is often claimed by astrobiologists that life is “written
into the laws of physics” or “built into the nature of the universe”. Thus
Sydney Fox, in his theory of biogenesis, claimed that the laws of physics
and chemistry were rigged in favour of those reactions that lead to life [18].
Others, such as Christian de Duve [19] and Stuart Kauffman [20], have
hinted that somehow chemistry favours life, and can fast-track matter and
energy to the living state. John Wheeler, in his “participatory universe”
principle, has even claimed something along those lines for mind [21].

Is there any evidence for such a principle? The laws of physics, as we
now understand them, do not offer much promise in this regard. The reason
is not hard to find. Life is incredibly complex but the laws of physics are,
in the algorithmic sense, simple. So life cannot be contained in the laws of
physics. Contrast this with another state of matter: crystals. The structures
of crystals are determined by the symmetries of the electromagnetic force,
and so they are built into the laws of physics. Basic geometry underlies
them. Given the laws of physics, the structure of, say, common salt crystals
may be deduced from purely geometrical considerations. Crystals are simple
and have low information content, concordant with the low information
content of the laws of physics. But one could not predict the structure of,
say, a bacterium, nor even its genome sequence, from the laws of physics,
because the genome has very high information content. It was for that sound
mathematical reason that Jacques Monod declared “we are alone” and “the
universe is not pregnant with life”. In his opinion, life is just a stupendously
improbable accident [22].

The root cause of the difficulty goes back at least to the time of New-
ton and the deep dualism that pervades all of science: the dualism between
eternal universal laws and time-dependent contingent states. Because laws
are general, simple, low in information content, and unchanging with time,
most specific states of matter cannot be built into them. States of matter
are generally local, special, complex, high in information content, and time-
dependent. So the very structure of traditional scientific explanation pre-
cludes our finding a direct link between the underlying laws of the universe
(as we at present understand them) and the emergence of an exceedingly
specific and peculiar state of matter such as “life” - still less an even more
specific and peculiar state such as “mind”. Therefore, if we wish to postulate
such a link, then the traditional dualism of laws and states must go.

Aristotle did not make a sharp distinction between laws and states. By in-
troducing different categories of causation, and specifically by including final
causes, he could speculate on how the universe might develop in a directed
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manner toward certain special states. For Aristotle, life was indeed built
into the nature of the universe through final causation. Such goal-directed
or purposeful influences in nature are termed teleological by philosophers.

The assumption of a link between laws and product states such as life
inevitably amounts to slipping an element of teleology into physics. This
is very unfashionable, but I believe it is unavoidable if we are to take life
and mind seriously as fundamental rather than incidental features of the
universe. And the bio-friendliness of the universe suggests that they are
fundamental. We need not be as crude as Aristotle, by nailing down the
final state in advance and constraining the universe to generate it. de Duve,
for example, has suggested [19] in the context of biological evolution that
the general trend (e.g. from simple to complex, from mindless to mental) is
law-like, although the specific details are contingent. In my essay “Teleology
without teleology” [23], I have suggested that such a felicitous mix of law and
chance might be generalised to cosmology, producing directional evolution
from simple states, through complex, to life and mind.

Obviously these are just words, whereas what is required are concrete
mathematical models. To investigate the basic ideas, I have developed some
cellular automaton models with the help of Neil Rabinowitz. Recall that, in a
conventional cellular automaton system, one starts with a one-dimensional
array of cells, or pixels, each of which can be in one of two states: filled
or unfilled (“on” or “off”). An update rule is specified that determines
whether a given pixel remains on or off, or gets switched from on to off
or vice versa. This rule is based on the state of the near neighbours, and
there are 256 possible simple local rules [24]. This system thus mimics the
physics of a causally closed system subject to local dynamical laws. An
initial state is specified, e.g. a random scatter of filled cells, and the array
is evolved forward in discrete time steps. A variety of interesting behaviour
results. Crucially, the conventional automaton retains the ancient dynamical
dualism: the update rules are always independent of the states.

As a first departure from the conventional prescription, we decided to
start with a random input state, and tried switching between two different
rules either randomly or periodically. The results of one interesting case are
shown in Figs. 0.1 to 0.3. This features two automata, designated 87 and 90
according to Wolfram’s classification scheme [24]. Applied on its own, rule
87 leads to structured but relatively dull quasi-periodic spatial structures
that move across the array at uniform speed (Fig. 0.1). Rule 90 merely
perpetuates the random noise (Fig. 0.2). Thus, individually, rules 87 and
90 do not lead to interesting dynamical behaviour. However, when the rules
are interspersed, the story is very different. Fig. 0.3 shows the outcome
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Fig. 0.1. Rule 87 cellular automaton with random initial state. Time runs down-
ward.

when rule 90 is applied and interrupted every 7 steps with rule 87. The
upshot is the evolution of a form of organized complexity from disorganized,
or random, input. Although there is nothing explicitly teleological in the
set-up, a form of directionality – order out of chaos – is discerned. With
a bit of experimentation, this rule-interspersion technique can be used to
combine order and chaos in a suggestively creative manner, getting “the
best of both worlds” – the unpredictability and novelty of chaos with the
coherence of order. Our results are reminiscent of Parrondo’s games [25],
in which two games of chance, each of which when played individually have
an expectation of loss, when combined can lead to an expectation of gain.
Parrondo’s games show that, counter-intuitively, two losses can make a win.
Figs. 0.1 to 0.3 appear to be a cellular automaton analogue.

To fully incorporate my “third way” idea, we must alter the automaton
rules so that they depend explicitly on some aspect of the state. To take
a very simple example of state-dependent laws, the rule may be chosen
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Fig. 0.2. Rule 90 cellular automaton with random initial state.

to be A if the total number of filled pixels is even, and B if it is odd.
Alternatively, some statistical measure, such as the entropy or complexity
(defined by some prescription) may be used as the disciminator of the rules.
Whatever choice is made, the behaviour of a group of pixels now depends not
only on the state of the neighbouring pixels, in analogy with conventional
physical laws, but on the global state too. This is therefore an explicit
form of top-down, or whole-part, causation [23]. Although our work is at
a preliminary stage, the hope is that simple mathematical models might
capture the elusive notion that certain complex states are favoured by acting
as attractors in the product-space of states and laws. This idea could be
placed in a restricted multiverse context by considering how some universes,
or regions thereof, generate their bio-friendly laws in an evolutionary sense,
and thus become observed. So biology does not actually select a pre-ordained
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Fig. 0.3. Rule 90 interrupted every 7 steps with rule 87 cellular automaton with
random initial state.

universe; rather, physics and biology co-evolve under the action of a (precise)
principle operating at the multiverse level, in such a manner that teleological
behaviour emerges. So this is a theory in which life and mind, goal and
purpose, arise in a law-like manner from a dynamic universe (or multiverse).
The key feature is that there is a causal link between laws and product states
(in contrast to Darwinian evolution, where mutations and selection events
form causally disjoint chains). Thus life is neither a statistical fluke in an
indifferently random set of laws/universes, nor is the universe designed in an
ad hoc way for life. Instead, life and mind, laws and universes, are common
products of an overarching principle.

If I were to pick a symbol to characterise this set of still rather woolly ideas,
it is that of a self-consistent, self-supporting loop. It has some elements in
common with Wheeler’s idea of a loop in which nature and observer are
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mutually enfolded [21]. I have described it as a “turtle loop” in the context
of the famous “tower of turtles” metaphor [27]. [DAVIES 1990?]

As a final illustration of an implicit loop, consider the fact that the math-
ematics describing the underlying laws of physics is a product of the human
mind. The mental realm occupies a conceptually higher level than the phys-
ical realm of particles and fields to which this mathematics applies. Why
should something created at this higher level apply so famously well [28] to
the physical realm? Why should “software” apply to “hardware”? More
specifically, the concept of what constitutes a computable function (soft-
ware) is based on the idea of a classical Turing machine (hardware). As
stressed by David Deutsch [29], the existence of such a physical device de-
pends on the specific nature of the laws of physics. Thus the concept of
computability depends on what the physics of the particular world allows to
be computed. So the laws of the universe permit the existence of physical
systems (human beings, Turing machines) that can output the mathemat-
ics of those very same laws. This remarkable self-consistent loop is by no
means guaranteed [27]. (It also constitutes a further example of why human
beings are more than mere observers, which I considered in Section ??.3.
Human beings are also “computers”.) There could be many universes with
computable laws that do not admit physical systems which can actually
output the computable functions describing those laws. Or there could be
universes with non-computable laws [30]. Since there is an intimate connec-
tion [12] between Turing machines and self-reproducing machines (i.e. life),
we glimpse a link between life and laws.
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