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Abstract: The search for intelligent life or any type of life involves processes with nonlinear chaotic
behaviours throughout the Universe. Through the sensitive dependence condition, chaotic dynamics are also
difficult or impossible to duplicate, forecast and predict. Similar evolution patterns will result in completely
different outcomes. Even, the intelligent life evolution pattern, based on carbon, DNA-RNA-protein,
will differ from all possible sequences. In the present paper, the stochastic dyadic Cantor set models the many
possible variations of such chaotic behaviours in the Universe, yielding to a tendency to zero, for any
scenario of intelligent life evolution. The probability of the development of the exact microscopic and
macroscopic scenario that is capable of supporting intelligent life or any other type of life in any planet is
vanishingly small. Thus, the present analysis suggests that mankind, as an extremely statistically uncommon

occurrence, is unique and alone in the Universe.
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Introduction

At present, various approaches to studying life, its emergence
and evolution are typically treated with complete coherence;
however, the combination of results in a consistent manner
has always been a difficult task. It is important not to go fur-
ther without underlying, what the term chaotic, throughout the
present paper stands for. Such behaviour (chaotic) stands for
small differences in initial conditions that yield to widely di-
verged outcomes for such dynamical systems, rendering long-
term prediction and repeatability impossible in general (Kellert
1993). A brief review of chaotic behaviours that arise through-
out the evolution of the Solar Systems in the Universe, terres-
trial planets and planet Earth is presented. The relationships
between chaos and the emergence of intelligent life are sum-
marized in (Section ‘Chaotic behaviours, emergence and evo-
lution of intelligent life’). The fact, that the probability of the
development of such a scenario approaches zero for every
evolution, is demonstrated in the results section based on the
stochastic dyadic Cantor set (SDCS) using temporal and spa-
tial randomness.

For more details of chaotic phenomena in planetary forma-
tion or the S.D.C.S., I refer the readers directly to the bibliog-
raphy. In these papers, readers will find more details about the
topics and also can have a more in-depth understanding.

Review of chaotic processes in the history of Solar Systems,
terrestrial planets and planet Earth

The very first step of planetary formation is the presolar cloud
collapse and the formation of the solar nebula. This step
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inevitably involves a certain amount of stochastic and chaotic
evolution (Boss & Goswami 2006). In the solar nebula, two
mechanisms drive the outflows from the protostar: the
X-wind and disc-wind mechanisms (Boss & Goswami 2006)
where the wind behaviour, evolves into either weak or strong
chaos because of the nonlinear Alfvén waves in the solar
wind (Horton et al. 2001; Chian et al. 2007).

The plasma of the central star plasma exhibits multifractal
and chaotic behaviour consistent with that of the self-similar
generalized weighted Cantor set (Macek 2009). In the disc-
wind model, the detailed radial structure exhibits a compli-
cated nonlinear behaviour described by the Grad-Shafranov
equation (Konigl & Pudrtiz 2000). A recent finding, has de-
monstrated some relation between the aftermaths of these
plasma and wind behaviours over the course of life evolution.
Aftermaths that occurs through the emanation of magnetic
fields (Lammer 2013; Park et al. 2013).

The dust-to-grain formation of planetesimals in solar and
extrasolar nebulae is subject to the nonlinear phenomenon of
gravitational instability (Chiang & Youdin 2010). The sizes
of the gaseous circumstellar discs around young stars vary sig-
nificantly, from tens to thousands of AU (Bbeckwith &
Sargent 1996; Kretke et al. 2010, 2011). From planetesimal
to protoplanets two regimes appears, the dispersion-
dominated and Keplerian shear regimes (Rafikov 2004). The
disc-accretion turbulence, such as that of magnetohydrody-
namics (MHD), applies in this stage of evolution, exerting ef-
fects on the solar nebula and, by extension, the protostellar and
protoplanetary discs (Balbus & Hawley 2000). MHD turbu-
lence is not a nonlinear outcome of the instability, but rather
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is the essence of the instability (Balbus & Hawley 2000). Also,
in this stage, the dynamical evolution of the dispersion-
dominated regime produces chaotic orbits as a result of mul-
tiple scattering (Rafikov & Slepian 2010).

Planetary migration progresses through significantly non-
linear mechanisms. The most fundamental recent change in
the understanding of planetary-system formation was the real-
ization that the planets may not have formed in the orbits in
which we now observe them (Rafikov & Slepian 2010).
Planetary migration is not as simple as the adiabatic model pre-
dicts, if the resonance is surrounded by a chaotic layer, as is the
case, if the planet’s eccentricity is not zero or if the inclination
of the particle is large; in fact, the technique is essentially im-
possible to apply in such a case because it also depends on the
diffusion speed inside the chaotic layer (Levison et al. 2007).
The giant planets suffered significant radial migration in the
early history of our Solar System (Malhorta 1998). The migra-
tion of the giant planets perturbed the planetesimal disc, where
later the terrestrial zone of the Solar System suffered a period of
considerable bombardment (Hahn & Malhorta 1998). High-
mass planets such as Jupiter induce a nonlinear disc response
(Szuszkiewicz & Papaloizou 2010) during their transit. It is
likely that the mutual interactions of planets during resonant
crossings influence their subsequent evolution, while remain-
ing either close to or within the chaotic regime (Papaloizou
& Szuszkiewicz 2005). MHD instabilities are robust; migration
will generally proceed in a highly chaotic manner (Laughlin
et al. 2004; McNeil & Duncan 2005). The passage of a migrat-
ing planet through a swarm of smaller planetesimals is a tran-
sitory event with long-term consequences (Lufkin ez al. 2006).
The subsequent step is the completion of the oligarchic growth
of planetesimals that leads to chaotic growth (Nagasawa et al.
2007). As they accumulate from planetesimals into proto-
planets, the oligarchic planets, which are in roughly circular
orbits, evolve into a chaotic system and begin to collide
(Nagasawa et al. 2007).

The water contents, composition and configurations out of
these giant collisions are highly variable (Nagasawa et al. 2007)
because the habitability of a planet is strongly affected by the
impacts of comets and asteroids (Booth ez al. 2009). The large
dimensionality of the system, the long-range interactions, and
the complexity of the dynamics at this stage, mean that these
giant impacts and collisions are a source of chaos that is only
limitedly understood (Diacu & Holmes 1997; Gomes et al.
2005). The late stage of planetary formation is of particular im-
portance; it is during this period that the mass, spacing and spin
angular momentum of the planets are finalized and the pres-
ence of impact-generated satellites arises (Agnor 1999).

Chaos arises in systems with many degrees of freedom
(Beaugé et al. 2005). In the current Solar System, there is cha-
otic evolution (Sussman & Wisdom 1992), and large-scale
chaos (Laskar 1994). The most immediate expression of this
chaotic behaviour is the exponential divergence of trajectories
with similar initial conditions (Laskar 2003). The Earth may
experience a large chaotic zone from 0° to 85° in its obliquity
(Laskar 2003). However, the Moon causes the Earth to vary no
more than 1.3°-23.3° in obliquity (Laskar 2003), already
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inducing significant changes in insolation over the Earth’s
surface. The outer Solar System exhibits chaotic behaviour
(Haynes 2007), and Pluto presents its own chaotic pattern
(Sussman & Wisdom 1998). The spacing of the inner planets
in the Solar System exhibits large-scale chaos (Laskar 1997).
The most representative and frequent chaotic interaction of
the Earth is reflected by the fact that without the Moon, the
Earth would experience variations in its obliquity with high
probability (Néron de Surgy & Laskar 1997). The Moon stabi-
lizes the Earth’s obliquity, and hence, the variations in insola-
tion on its surface (Laskar & Robutel 1993).

Chaotic behaviours, emergence and evolution of intelligent life

When considered in terms of the generalities and constants of
chaotic nonlinear behaviours (Feigenbaum 1983), each human
being represents a unique occurrence in the history of mankind,
just as the creation of any given planet represents a unique oc-
currence in the history of the Universe, with unique and differ-
entiating characteristics at all possible scales (Iovane et al.
2004; Ispolatov & Doebeli 2014). Each planet, such as planet
Earth represents the appearance of a particular outcome in the
Universe at the stochastic, self-similar and fractal levels
(Iovane et al. 2004). The continuous link between nonlinear
chaotic behaviours throughout planetary formation and chaot-
ic behaviours in the evolution of life, exist through evolution-
ary dynamics. Evolutionary chaos is indeed common, and
unpredictability is the rule rather than the exception
(Ispolatov & Doebeli 2014). In the case of mankind, this par-
ticular outcome represents a universal system of nonlinear cha-
otic behaviours interacting through exact adjustments,
sequences, processes, and deterministic and stochastic beha-
viours, to ensure the habitat, emergence (Ispolatov &
Doebeli 2014) and evolution of life; specifically, intelligent
life, on Earth (Walker et al. 2012).

The required theoretical circumstances, in which the evolu-
tion of a planet with intelligent life in the universe can occur,
for observational purposes, are described by the evolution of
the protoplanetary cloud (Safronov 1967). However, this pro-
vides only a deterministic structure. The actual process pro-
ceeds through four loosely defined stages (Lissauer & Stewart
1993): the initial stage, the early stage, the middle stage and the
late stage. Throughout the introductory review section, the re-
lationships among the chaotic behaviours in these four stages
have been presented. To track each occurrence, N-body simu-
lations are required to calculate the nonlinear final states of the
actual theories of structure formation (Lake et al. 1997). An
N-body simulation implies the modelling of the interactions
of multiple particles in a chaotic system, where determinism
guides the evolution of the system from conservative to non-
conservative (Lake ef al. 1997). Determinism leads to chaos
(Hadjidemetriou & Voyatzis 2011). If chaotic dynamics are
followed or repeated many times, then each time, they will
yield a result that differs from previous results in all its micro-
scopic and macroscopic components (Kellert 1993). Chaotic
behaviours may serve to satisfy general expectations, but can-
not be guaranteed to produce any particular outcome.
Observational data from more than 250 planetary systems
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exhibit a wide range of different masses, orbits and, in multiple
systems, dynamical interactions (Thommes et al. 2008). The
results of the Kepler mission indicate that nearly 17 billion
Earth-like planets exist in the Milky Way (Harvard-
Smithsonian Center for Astrophysicist), suggesting different
past evolution and formation scenarios with highly similar ini-
tial conditions. The discoveries by Spritzer, Hubble, Keck and
Kepler of multiple Earth-like planets, or the studies of
pre-RNA chemical evolution and the organic material back
to the earliest epochs of Galaxy formation, demonstrates the
stunning similar processes that were, are or will be at work in
the Universe. These processes represent an exponential diver-
gence of similar initial evolutions into universal and observable
large-scale differences that affect the overall generation and
sustainability of intelligent life (Martinez & Bernard 1990;
Pesin & Weiss 1997; Iovane et al. 2004; Radburn-Smith et al.
2006; Thommes et al. 2008; Argon-Calvo et al. 2010; Walker
et al. 2012; Ispolatov & Doebeli 2014). The evolutionary pro-
cesses of such systems will not proceed through any exact se-
quence to produce one particular, detailed and fine-tuned
outcome. Even with intentional planning, it would be difficult,
if not impossible, to ensure that conditions that would trigger
the evolution of intelligent life would arise, by virtue of the sen-
sitive dependence on initial conditions of the related dynamics
(Kellert 1993; Tovane et al. 2004; Ispolatov & Doebeli 2014).
Although, the range of possibilities possesses wide changes
through certain similar limits, all arrangements are impossible
to duplicate, repeat, forecast or predict into any chaotic behav-
iour (Kellert 1993).

The intelligent life evolution pattern (based on carbon,
DNA-RNA-protein), is an emergent event of the system,
that occurs through the course of evolutionary chaos, rather
than an event imposed on the system by external influences
(Ispolatov & Doebeli 2014).

A life evolution pattern with evolutionary chaos (Ispolatov
& Doebeli 2014) encompasses with the chaotic evolution of ter-
restrial planets. The precise evolution required for this outcome
has a particular cosmological and universal fingerprint that
marks mankind, as intelligent life, as unique at all possible
scales in the Universe (Kellert 1993; Iovane et al. 2004).

Method

At present, numerical approaches are calculated by combining
the quantity or probability of some factors or processes that are
required to develop and sustain any sort of life. However, there
is no time dependence or the possibility to incorporate into the
factors, the physico-chemical history of the Galaxy in the cur-
rent formulae. As an example, the terrestrial genetic code ex-
isted even before the Earth scenario (shCherbak & Makukov
2013), with the necessary precise tuning of all requirements
for a life-supporting terrestrial planet, arose.

The formulae for better precision require to accounting
spatiotemporal influence, nature’s freedom and the effects of
any evolutionary process, topics that have not been completely
involve. The S.D.C.S. identifies the probability path of any
terrestrial planetary formation, involving carefully, time
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dependence, spatial (probability) influence, nature’s freedom
in the selection process and randomness (Hassan et al. 2014).
Fractals in nature appear through time evolution and nature is
governed by a sort of randomness. Nature does not like deter-
minism; rather it likes to enjoy freedom in the selection process
and in the present context freedom means the liberty to divide
an interval randomly at any time (Hassan et al. 2014). The S.D.
C.S. divides an interval randomly into two smaller intervals
that are not equal in size. This framework provides the inclu-
sion of spatiotemporal effects with randomness, time depend-
ence and the possibility to incorporate into the factors,
physico-chemical history through probability.

Components:

* An initial analysis may start with the protoplanetary cloud
(Safronov 1967) or the first stage of planetary formation
(Lissauer & Stewart 1993) to avoid any uncorrelated or fal-
lacious trajectories with unphysical paths that are not rele-
vant or do not exist for terrestrial planetary formation and
the emergence of intelligent life.

» The iterative process may involve infinite values for different
time intervals, where (7) is a range of time in which P remains
constant. At a certain x value for ¢, where ¢ is either a discrete
or continuous variable through the iteration of the algo-
rithm, (Pprje) represents the probability of achieving or
maintaining the precise characteristics necessary to support
life, higher life forms or intelligent life.

* The common x values for ¢ (time intervals), represent high
probabilities for terrestrial planetary-life evolution. In the sim-
plest case of mere naked-eye inspection, it appears that many
planets could be capable of sustaining life. Moreover, with
only an initial x; value for #; with x; = 0 it is possible to sup-
pose that in the absence of any iteration, there might be life,
higher life forms or intelligent life everywhere, as P = 1.

+ All possible processes of terrestrial planetary-life evolution
at an x value for 7 (time interval), during the process of iter-
ation, will have a probability (P) of success.

* With enough x values for 7 (time intervals) and probabilities,
we will achieve a precise description of the terrestrial
planetary-life probability path (Pp;w). These x values for ¢
(time intervals) will precisely model the multiple changes
and different characteristics observed for each planet over
time (Thommes et al. 2008).

Stochastic—probabilistic:

* Ana posteriori probability arises, as not all terrestrial planet-
ary formations have occurred. The probability can thus be
divided into (P) and (1 — P) within the degrees of freedom
and randomness provided by nature. The (1 — P) interval
is removed, as it represents the failure of any one of the pre-
cise characteristics of the terrestrial planetary formations
that are required for any sort of life to emerge and evolve.

Self-similar:

* The self-similar property allows on each iteration, a range of
probabilities of (0, 1]. Without this property, the range of
probabilities for every new occurrence or iteration will be
starting with a shorter probability of (1 — P) from the previ-
ous range of P.
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Fractal:

* Through the S.D.C.S., fractal geometry gives the most detailed
and ad infinitum precision accounting the importance of any
factor at work through any scale (microscopic—-macroscopic).

Chaotic:

Chaotic behaviours extensively modify the probability of each
terrestrial planetary formation, as they could cause a given
scenario to fail or to maintain the precise characteristics ne-
cessary to support life, higher life forms or intelligent life.

The stochastic dyadic Cantor set (S.D.C.S.) with temporal
and spatial randomness, exhibits ad infinitum behaviour with
a probability distribution on R” that is concentrated on a set of
Lebesgue measure zero. In other words, a probability that tends
to zero is assigned to every single point in the set, such as the
point that corresponds to the particular and unique life forms
we would like to find.

The probability path (Py ;g ) starts with any terrestrial planet-
ary formation, evolving until it reaches its particular and un-
ique configuration.

Figure 1 illustrates the iterative process of identifying the ex-
act probability path for a specific type of terrestrial planetary-
life formation.

Through the self-similar and fractal properties on each step
of iteration (Hassan et al. 2014), the algorithm presents neces-
sarily, a dimensional analysis that would also rise to the con-
clusion that generalities, may rise the expectations to the fact
that intelligent life would exist. However, Fig. 2 illustrates
the example of the precise path required, for the expectation
of intelligent life appearance.

The method can be applied by incorporating any evolution-
ary history of terrestrial planetary formation in the Universe
within a set of stochastic, self-similar and fractal (Hassan
et al. 2014) dimensions. The precise probability path (Ppiz)
for one particular evolutionary history of terrestrial planetary
life will be produced through the iterative process of successes.

Figure 2 illustrates, through a probability tree, how the sto-
chastic dyadic Cantor set with temporal and spatial random-
ness can be applied to generate all possible probability paths
for each evolutionary history of terrestrial planetary formation
in the Universe. The figure also illustrates the statistical self-
similarity behaviour at each step of iteration. It is important
to note that here the (1 — P)is removed from the S.D.C.S. lead-
ing to the uniqueness of any evolution sequence with each oc-
currence. However, each planet in the Universe continues to
evolve as part of the sample space regardless of whether it
can support life, higher life forms or intelligent life. Each prob-
ability path (Pp;g) is the result of all possible combined prob-
abilities that have appeared throughout the path prior to that
point, but on a stochastic, self-similar and fractal scale (Iovane
et al. 2004). Each probability path (Py;r) approaches zero be-
cause it depends on all possible combined events that may
occur before the capability of supporting complex life emerges.
Figure 2 also presents three particular probabilistic paths
(PLife) that could occur during terrestrial planetary formation.
It is important not to forget that for ¢ = x, with x; =0; P=1.
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What follows is an explanation of three short sequences out
of the infinite probabilistic paths (Py ;) that could be depicted
by continuing the iterating process in Fig. 2:

p(S7|P2* P3* P4* P5* P6* P7): Represents a unique probabil-
ity path for a planet to support life, higher life forms or
intelligent life, as in the case of planet Earth. It illustrates
the precision necessary to achieve fine-tuned require-
ments through enough iteration to the microscopic and
macroscopic scales.

P(FT7|P2* P3* P4* P5* P6*1 — P7): Represents a type of out-
come, in which there is some number of successes and per-
haps, few failures of a requirement for a terrestrial planetary
formation to support life, higher life forms or intelligent life.

p(F7|1 — P2*3P*]1 — P4*P5*1 — P6*1 — P7): Represents a
type of outcome, in which there is some number of suc-
cesses but many failures of various requirements for a ter-
restrial planetary formation to support life, higher life
forms or intelligent life.

What follows, is the formulae for better precision, to identify
the probability path of any terrestrial planetary formation to
support life, higher life forms or intelligent life through the
S.D.C.S. The present formula accounts the importance of
spatiotemporal influence, nature’s freedom and the effects of
any evolutionary process, topics that have not been completely
involve in current formulae. It is convenient to introduce two
variables defined as follow:

P; with 0<P<l1
t; with t >0 ’

P', represents through an interval of time, the probability of each
process, known or unknown, that did occur, is occurring or will
occur within this framework of self-similar, stochastic, fractal
and chaotic behaviours (Kellert 1993; Iovane et al 2004;
Ispolatov & Doebeli 2014); where ¢ (time interval) is a range
of time in which P remains constant. In other words, the con-
stant probability of each process (P) will have a time dependence
(P") in that interval of time (¢), where it will be achieved or main-
tained through the iteration of the algorithm ([].oP") the pre-
cise characteristics and probability (Prie) to support life,
higher life forms or intelligent life on a particular planet

P =[] P

>0

Seemingly, there could be a number of trajectories belonging
to a subset that produces intelligent creatures with similar attri-
butes and faculties. Also, at first glance, the iterations of short
time intervals produce high probabilities for those trajectories
of planetary life existence; however, the final outcome is only
possible if all arrangements are precisely tuned through enough
iterations with the right ranges for every time interval (¢). Life
vanishes on each iteration, on each change. All outcomes will
become unique while evolving. The range of possibilities pos-
sesses wide changes through certain similar limits, where all ar-
rangements are impossible to duplicate, forecast or predict into
any chaotic behaviour (Kellert 1993).
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Fig. 2. Identifying exact probability paths through the S.D.C.S. using a probability tree.

The following figures illustrate the numerical simulation of
the formula, to identify the probability path of any terrestrial
planetary formation and the emergence—evolution of intelli-
gent life through the S.D.C.S. For the iterations of one million
years (1.0 Myr), the numerical simulation stands for the con-
vention of (1.0 Myr= 10% value, hundred thousand years
(0.1 Myr), ten thousand years (0.01 Myr) and so forth.
Hence, identifying the probabilities during various ranges of
time, of different terrestrial planetary formations and Solar
Systems (Montmerle et al. 2006) also, there it is no repeatabil-
ity of probabilities, since chaotic nonlinear behaviours are at
work. Figs. 3(a, b), 4(a, b) and 5 repeat on each iteration a P
of (0.99) intentionally, for the purpose of exemplifying, how
complex the behaviour of the simulation evolves on Figs 6-9
with, more iterations, ranges of time and a (0, 1] range of prob-
abilities for any event. The algorithm accounts the importance
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of any interval of time (billion, million and thousand years),
thus avoiding insufficient representation of any event and its
chorological occurrence into any interval of time. Finally
Table 1 shows the tendency to zero for five different sequences.

Through a numerical example, even with overvalue and con-
stant probabilities that would yield to the fact of complex life
emerges (P=0.99), the S.D.C.S. approaches zero after five
hundred consecutive values for ¢ (million years); where the
probability of life, higher life forms or intelligent life, vanishes
on each change.

Piie.(P')0.99%0.99%0.99*0.99%7) = 6.570483 x 107°.

It is important to note the following condition, because with
(P =0.5), through seven iterations, life vanishes significantly
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Fig. 3. Changes through short time intervals over periods of thousand years, with overvalue and constant probabilities that would yield to the fact

of complex life emerge (P = 0.99): (a) When considering the entire range of P, Py ;. exhibits high probabilities; (b) When the range of P, is adjusted,
Py ;. shows how vanishes on each iteration.
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Fig. 4. Changes through short time intervals (million years) with overvalue and constant probabilities that would yield to the fact of complex life
emerges (P = 0.99): (a) When considering the entire range of P, Py exhibits through 10 millions of years, its small decreasing probability; (b)
When the range of P, is adjusted, Py ;e shows how vanishes on each iteration.
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Fig. 5. When considering the entire range of P, even with an overvalued P = 0.99 of success on each iteration and assuming that P would remain

constant over every hundred millions of years, Py ;. now exhibits through 4.5 billions of years, its decreasing probability behaviour, that

approaches zero into the first 200 millions of years.
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Fig. 6. With random probabilities; with 0.5 < P < 1, through 45 iterations, Py ;e exhibits its tendency to zero. The probability path (Pp;g)

approaches zero in the first 14 changes or 14 iterations.

faster.
Py (P']0.57) = 7.8125 x 107,
Although it seems at first glance that iterations of short-time

intervals, produce high probabilities of the existence of planet-
ary life existence, this outcome is only possible if all
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arrangements are precisely tuned through enough iterations
with the right ranges for every time interval (¢); and however,
on each iteration, on each change, Py ;¢ vanishes.

Through the course of various simulations, the tendency to
zero is an invariant behaviour that appears for different values
for ¢ (time interval). Also, innumerable changes occur through
a chaotic system and decadal to billion years cycles in
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Fig. 7. With random probabilities; with 0.5 < P < 1, the iteration now exhibits through 4.5 billions of years, its tendency to zero over a time interval
(?) of 10 million years. In other words, assuming that P would remain constant and iterated through every 10 million years; with 0.5 < P <1, the
probability path approaches zero into the first 120 millions of years.
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Fig. 8. With random probabilities; even with 0.5 < P < 1, the iteration now exhibits through 4.5 billions of years, its tendency to zero over a time
interval (¢) of million years. In other words, assuming that P would remain constant and iterated through every million years; with 0.5 < P <1, the
probability path approaches zero into the first 10 millions of years.

astronomical, biological, climatic, geomagnetic, solar, volcan- (Fig. 10(a) and (b)) depict two scenarios, where, it is exhibited
ic and genetic occurrences (Puertz et al. 2014). The tendency to how fast or slow the tendency approaches zero with probabil-
zero is the result of all possible combined probabilities of all ities; 0.0l < P<1land 0.99<P<1.

occurrences that have appeared throughout the path prior to It is important not to forget that a method to find the ran-
the point of finding intelligent life. The following figures domness of an event, consists on many trials that will give
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Fig. 9. Random changes every ten thousand years, over a period of 150 millions of years, with random P values; with 0.001 < P <1, and random
(¢) values; with 0 < ¢ < 0.01, Py g exhibits through 150 millions of years, its tendency to zero, where Py ;. approaches zero into the first 5 millions of
years. The exponential equation for this particular Py ;e appears in the figure.

out its frequency, or its probability of occurrence. If only a sin-
gle result appears through enough trials, then, the nature of the
event should be deterministic; therefore, not going further with
a longer sequence of trials to find out its probability of occur-
rence. In the present context, two events occurred. Event one, it
is to find through chaotic dynamics the probability of the exist-
ence of intelligent life throughout the Universe. Event two, it is
to find intelligent life on earth. As demonstrated, the probabil-
ity of the occurrence of event one, on all trials in the Universe
including earth, tends to zero. All trials will exhibit the differ-
ent results of deterministic, stochastic and chaotic behaviours
influencing the entire dynamics through billions of years.
However, for the second event, to find intelligent life on
Earth, the result is being assumed as deterministic, not taking
into account the many probabilistic behaviours and chaotic dy-
namics into it. Thus, the chance of finding intelligent life on
earth is at least equal to one, unless affirming or changing
the result, through enough trials carried out particularly on
earth. Chaotic dynamics combine deterministic and stochastic
behaviours through time. Another term for chaos it is deter-
ministic chaos, and its meaning represents a stochastic behav-
iour into a deterministic system. The formation of planet Earth
consisted of all kinds of behaviours, deterministic and prob-
abilistic, such as quantum, atomic and photonic processes,
among many others. However, as said above, evolutionary
chaos renders unpredictability and non-repentance through
the course of planetary formation and the evolution of intelli-
gent life (Kellert 1993; Ispolatov & Doebeli 2014). It is import-
ant to note that here, it is not about the processes that render a
planet inhabited or uninhabited. It is about the dynamics and
how each entire sequence with its processes approaches zero
and emerges unique while evolving.
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Theory

The evolution of any sort of life can be divided into chrono-
logical intervals in which different behaviours appear. It is
not possible to predict any specific expected outcome for any
chaotic event (Kellert 1993). All outcomes will be different
and play unique roles in the sequence of events. Moreover, cha-
otic behaviours (Feigenbaum 1983; Kellert 1993; Ispolatov &
Doebeli 2014) generally arise in the stochastic, self-similar and
fractal (Iovane et al. 2004) dimensions of terrestrial planetary-
life evolution throughout the Universe. The intelligent life evo-
lution pattern (based on carbon, DNA-RNA-protein), is an
emergent event of the system, that occurs through the course
of evolutionary chaos, rather than an event imposed on the sys-
tem by external influences (Ispolatov & Doebeli 2014). Chaotic
behaviours extensively modify the probability of each terres-
trial planetary formation, as they could cause a given scenario
to fail or to maintain the precise characteristics necessary to
support life, higher life forms or intelligent life. Even with
the necessary and sufficient conditions across multiple sites
and epochs in the history of the Universe. The entire pattern
of the sequence proceeds through an exact path of probabilities
(PLire) In a fractal behaviour that is revealed by the entire evo-
lution sequence, which encompasses processes with statistically
self-similar behaviour at every scale. Thus, the S.D.C.S. exhi-
bits the rich behaviour of this path as a property that emerges
from the evolution sequence rather than one that emerges from
external influences, as sensitive dependence is constantly modi-
fying the outcome (Kellert 1993). All outcomes will become
unique while evolving.

To construct such a path (Py;) for every possibility, it re-
quires a perfect set in topology, with self-similar iterations
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Fig. 10. (a) Changes; with 0.01 < P <1, where, Py ;¢ exhibits its tendency to zero. The probability path (Py ;) approaches zero over the first seven
changes; (b) Changes; with 0.99 < P < 1, which would yield to the fact of complex life emerges, Py exhibits its tendency to zero over 500

iterations. The probability path (Py ;) approaches zero over 500 changes.

and the capability of providing different probabilities over
time. The required set should be able to model the probability-
formation path of every planet in the Universe and should ac-
count for the successes or failures of precise characteristics for
the emergence and evolution of terrestrial planetary life.
Specifically, the S.D.C.S. with temporal and spatial random-
ness (Hassan et al. 2014) possesses the characteristics that are
required: an infinite number of intervals; infinitesimal size; ex-
istence near any point that belongs to the set itself; and a gen-
erating function with fractal properties on a [0, 1] interval that
is not absolutely continuous and is compact, totally discon-
nected, perfect (every point is an accumulation point) and un-
countable. This function provides a one-dimensional interval
for calculating the sequential path of probabilities of every ter-
restrial planetary-life evolution in the Universe.
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The S.D.C.S. with temporal and spatial randomness, mani-
fest through probability, the intrinsic chaotic effects over the
course of emergence—evolution of any kind of life in the
Universe. Both, simplistic but complex, the model accounts
the importance of infinite possible paths, temporality with in-
finite continuous or discrete variables and infinite choices over
the entire set of sufficient iterations to observe each planet and
life, with their unique characteristics and particular probabil-
ities. The S.D.C.S. with temporal and spatial randomness,
models the stochastic, self-similar and fractal characteristics
consistent with those of the stochastic, self-similar and fractal
dimensions of the Universe (Iovane et al. 2004; Hassan et al.
2014). With a single iteration, the S.D.C.S. with temporal
and spatial randomness manifests the straightforward argu-
ment from probability theory, of a simple binary choice with
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Table 1. First iterations for five different terrestrial evolution sequences (probability paths) with random changes every ten thousand
years, with random P values; with 0.001 < P <1 and random (t) values; with 0 <t<0.01

Probability path 1 Probability path 2 Probability path 3 Probability path 4 Probability path 5
1 1 1 1 1
0.9963450409 0.9960017333 0.9996982514 0.9984764448 0.9988403265
0.9942578820 0.9954841925 0.9988118885 0.9867191958 0.9987308065
0.9596194515 0.9954841925 0.9909599045 0.9865475753 0.9894639727
0.9595702307 0.9800977406 0.9883531910 0.9740687573 0.9874958989
0.9520613804 0.9729276896 0.9872178573 0.9729619865 0.9738043610
0.9470576530 0.9624089198 0.9808161956 0.9727660729 0.9707738016
0.9434850115 0.9558268601 0.9772154338 0.9658495272 0.9681427590
0.9431353106 0.9496354921 0.9719828603 0.9627600703 0.9673533315
0.9222495676 0.9441750235 0.9717896003 0.9525651591 0.9672810245
09117612112 0.9354924925 0.9678026694 0.9523042517 0.9474420766
0.9074883452 0.9345069424 0.9667969478 0.9497193259 0.9457067478
0.9068637836 0.9328287315 0.9667969478 0.9493469764 0.9432386294
0.9054706359 0.9300521651 0.9524235396 0.9430565084 0.9341839629
0.9054706359 0.9299700156 0.9414156114 0.9416262972 0.9340199957
0.9047006305 0.9179803632 0.9414061018 0.9355749364 0.9303163935
0.9044052253 0.9095095015 0.9402858314 0.9355413449 0.9300992193
0.8890745624 0.9055246273 0.9392777981 0.9355413449 0.9292312135
0.8790267463 0.9053508505 0.9345786086 0.9333606633 0.9262586491
0.8750618620 0.8998047931 0.9345786086 0.9306828208 0.9262183184
0.8645261569 0.8950310597 0.9344997121 0.9282762707 0.9261256476
0.8623014839 0.8950119766 0.9065237193 0.9273418980 0.9259293054
0.8536747128 0.8870704503 0.9046408699 0.9262539520 0.9242652588
0.8462876031 0.8857632064 0.8973757562 0.9227881008 0.9239108709
0.8462457724 0.8842714553 0.8956487546 0.9196134036 0.9227476733
0.8156362366 0.8837862351 0.8828400270 0.9109681833 0.9192877343
0.8122171092 0.8621972731 0.8811030838 0.9077767404 0.9175351880
0.8088999536 0.8482286766 0.8809850059 0.9061317364 0.9143988472
0.8075470333 0.8479551722 0.8809389554 0.9012097728 0.8967656713

0.8066653075 0.8476402322

0.8784504286

0.8827037749 0.8946224449

Notes These first steps of iteration exhibit the property of similar conditions while evolving, with a tendency to zero. The probability path (Pyiz) ap-
proaches zero right after the very first 5 millions of years, where precise characteristics are crucially necessary to support intelligent life, its emergence,
and evolution. Also, the rich behaviour of these paths as a property that emerges from the evolution sequence rather than one that emerges from ex-

ternal influences.

probability P. However, with more than one iteration, a bino-
mial model is not continuous and precise, since P must change
on every iteration, because nonlinear chaotic behaviours ren-
der long-term prediction and repeatability impossible in gen-
eral (Kellert 1993).

An absolutely discrete model such as binomial or a single
binary choice will not model: stochastic, self-similar, fractal,
deterministic, probabilistic, chaotic, discrete and continuous
behaviours throughout the Universe for the probability of find-
ing intelligent life.

It is important to remark that all outcomes through the S.D.
C.S. with temporal and spatial randomness are just as unique
and desirable such as planet Earth and intelligent life.

Consequently, to avoid the common mistake of confounding
probability after the fact, with probability before the fact and
the so common nil and extremely low probabilities after the
fact; as said above, the terrestrial genetic code (DNA) existed
even before the fact of Earth’s scenario (shCherbak &
Makukov 2013), with the necessary precise tuning of all re-
quirements for a life-supporting terrestrial planet, arose.
Even, the intelligent life evolution’s pattern (based on carbon,
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DNA-RNA-protein), is an emergent event of the system, that
occurs through the course of evolutionary chaos, rather than
the fact of imposed events on the system, by external influences
(Ispolatov & Doebeli 2014).

In contrast, it is driving to prove to consider that a probabil-
ity model for the appearance of life, behaves analogously to
going as many times possible to a casino, and bet all chips
on every throw of the dice. Going broke is a fact.

Finally, the mechanism of the evolution of the protoplanetary
cloud (Safronov 1967) implies that the process of planetary for-
mation occurs throughout the Universe, not only for particular
planets. Through all processes that arise during planetary for-
mation, (Ppe), of any sort of life will appear as an emergent
property with two primary, dichotomous characteristics:

* The (Pyrjs) pattern appears with exact and precise arrange-
ments through the micro-macro levels.

* Such an expected (Pp;e) pattern will occur only through sen-
sitive dependence on the initial conditions that will enable
the necessary unique characteristics to arise, as exact preci-
sion is required. Enough iterations are needed to produce
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such an uncommon, fine-tuned outcome, out of chaotic
events.

Results

The unique relationships on Earth among the factors that are
required for a terrestrial planet to support life over time are pre-
cisely organized into micro-macro interactions and relations.
The terrestrial genetic code existed even before the Earth scen-
ario (shCherbak & Makukov 2013), with the necessary precise
tuning of all requirements for a life-supporting terrestrial pla-
net, arose; aside from the general occurrence of the nonlinear
chaotic behaviours discussed in the introduction, no particular
exact arrangement of processes and their interactions is ever re-
peated or forecast. In the process of the development of terres-
trial planets, just one event is known so far to have produced
and maintained life, higher life forms and intelligent life; the
Earth. The Earth also represents the required, unique and non-
repeatable evolution pattern or probability path (Py;z), for the
emergence and evolution of any sort of life, with a tendency to
a Lebesgue measure zero.

Thus, by virtue of the S.D.C.S. with temporal and spatial
randomness iterated to the exact precision necessary for man-
kind’s existence, the probability of mankind’s existence or in-
telligent life can be shown to be that tends to zero.

Further developments

It has been suggested that formation and migration may occur
simultaneously (Lufkin ez al. 2006). The time ranges in which
this may occur fall within the ranges that correspond to the
Keplerian and dispersion regimes (Rafikov 2004). Thus, terres-
trial planetary formation and the evolution of life could be af-
fected not only by chaotic behaviours, but also by the
immediate influences and more subtle effects of riddled basins
of attraction (Kapitaniak 1998).

Discussion

At present, there is a bias towards time intervals with short or
long ranges of time to estimate the existence of life, complex life
or intelligent life. Also, constant probabilities for those ranges
of time, where few time intervals and probabilities increase sig-
nificantly the possibilities to find life, complex life or intelligent
life. Although it seems at first glance that time intervals and
iterations produce high probabilities of the existence of planet-
ary life existence, this outcome is only possible if all arrange-
ments are precisely tuned through enough iterations with the
right ranges for every time interval (z) and however, on each
iteration complex life vanishes. The range of possibilities pos-
sesses wide changes through certain similar limits, where all ar-
rangements are impossible to duplicate, forecast or predict into
any chaotic behaviour (Kellert 1993). Thus, from the perspec-
tive of nonlinear chaotic behaviours, every planet in the
Universe, as in the case of planet Earth, are samples of an on-
going and unique evolution. It is understood that the entire
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sequence of this evolution is necessary for the existence of intel-
ligent life. The evolution of a protoplanetary cloud (Safronov
1967), a deterministic structure, is followed by many probabil-
istic and deterministic stages. Moreover, the evolution se-
quence undergoes critical processes in chaotic phases, which
define and determine the emergence, sustainability and evolu-
tion of intelligent life or, indeed, any sort of life. Many different
results can arise from the chaotic nature and interactions of
these events. Even, the intelligent life evolution pattern,
based on carbon, DNA-RNA-protein, will differ from all pos-
sible sequences. The influence of chaotic behaviours and, per-
haps, riddled basins of attraction (Lufkin et al 2006;
Kapitaniak 1998) represents a one element among a variety
of physical and biological mechanisms that are necessary to
produce life, higher life forms or intelligent life. Chaos as an
important factor in differentiating the results of each trial:
without the differentiation of results from each trial, there
would be only a single deterministic outcome with no
variations, with a probability of P=1, giving rise to the
Fermi paradox. It is important to mention that the uniqueness
of life, from other authors such as (Tipler 1980) was already
claimed, arguing that extra-terrestrial begins do not exist
(Puertz et al. 2014).

One concise and paradoxical conclusion appears. The prob-
ability of the existence of intelligent life in the Universe tends
always to zero. Even the expected probability of repetition is
zero. We cannot know exactly the precise path of evolution
that mankind followed, although we may know some of the
most basic requirements. Mankind is extremely unique, un-
common, alone and irreproducible, given the known or un-
known processes that were, are or will be at work in the
Universe, as demonstrated by the iterative process of successes
through the stochastic dyadic Cantor set with temporal and
spatial randomness.

Acknowledgements

The author is indebted and, indeed, infinitely grateful to
E. Mahecha and H. Rodriguez for their guidance and sup-
port. This work could not have been completed without
their suggestions, humbleness and, most importantly,
patience.

References

Agnor, C.B. (1999). On the character and consequences of large impacts in
the late stage of terrestrial planet formation. Icarus 142, 219-237.

Argon-Calvo, M., Weygaert, R. & Jones, B. (2010). Multiscale
phenomenology of the cosmic web. Mon. Not. R. Astron. Soc. 408,
2163-2187.

Balbus, S.A. & Hawley, J.F. (2000). Solar nebula magnetohydrodynamics.
Space Sci. Rev. 92, 39-54.

Bbeckwith, S. & Sargent, A. (1996). Circumstellar disks and the search for
neighbouring planetary systems. Nature 383, 139-144.

Beaugé, C., Callegari, N. Jr., Ferraz-Mello, S. & Michtchenko, T.A. (2005).
Resonances and stability of extra-solar planetary systems. In Proc. IAU
Colloquium on Dynamics of Populations of Planetary Systems, pp. 197.


https://doi.org/10.1017/S1473550415000415

Booth, M., Wyatt, M.C., Morbidelli, A., Moro-Martin, A., Levison, H.F.
(2009). How common are extrasolar, late heavy bombardments? In Proc.
Pathways Towards Habitable Planets, ed. du Foresto, V.C., Gelino, D.M.
& Ribas, 1., pp. 407. Astronomical Society of the Pacific, San Francisco.

Boss, A.P. & Goswami, J.N. (2006). Presolar Cloud collapse and the
formation and early evolution of the solar Nebula. In Meteorites and the
Early Solar System II, ed. Lauretta, D.S. & McSween, H.Y. Jr., Vol.
943, pp. 171-186. University of Arizona Press, Tucson.

Chian, A.C. et al. (2007). Chaos in driven Alfvén systems: unstable periodic
orbits and chaotic saddles. Nonlin. Process. Geophys. 14, 17-29.

Chiang, E. & Youdin, A.N. (2010). Forming planetesimals in solar and
extrasolar nebulae. Annu. Rev. Earth Planet. Sci. 38, 493-522.

Diacu, F., Holmes, P. (1997). Celestial Encounters: the Origins of Chaos and
Stability. Princeton University Press, Princeton, NJ.

Feigenbaum, M. (1983). Universal behavior in nonlinear systems. Physics D
7, 16-39.

Gomes, R., Levison, H.F., Tsiganis, K. & Morbidelli, A. (2005). Origin of the
cataclysmic late heavy bombardment period of the terrestrial planets.
Nature Lett. 436, 466—469.

Hadjidemetriou, J.D. & Voyatzis, G. (2011). Different types of attractors in
the three body problem perturbed by dissipative terms. Int. J. Bifurcation
Chaos 21(8), 2195-2209.

Hahn, J.M. & Malhorta, R. (1998). Radial migration of protoplanets
embedded in a massive planetesimal disk. Am. Astron. Soc. 30, 1052.

Harvard-Smithsonian Center for astrophysicist. (2013). Release No.: 2013-0.
Monday, January 07, 2013 01:30:00 PM EST. (http:/www.cfa.harvard.
edu/news/2013/pr201301.html)

Hassan, M.K., Pavel, R.K. & Kurths, J. (2014). Dyadic Cantor set and its
kinetic and stochastic counterpart. Chaos Solitons Fractals 60, 31-39.

Haynes, W.B. (2007). Is the outer system chaotic? Nat. Phys. 3, 689-691.

Horton, W., Weige, R.S. & Sprott, J.C. (2001). Chaos and the limits of
predictability for the solar-wind-driven magnetosphere—ionosphere
system. Phys. Plasmas 8, 2946.

Tovane, G., Laserra, E. & Tortoriello, F. (2004). Stochastic self-similar and
fractal universe. Chaos Solitons Fractals 20, 415-426.

Ispolatov, 1. & Doebeli, M. (2014). Chaos and unpredictability in evolution.
Evolution: Int. J. Org. Evol. 68, 1365-1373.

Kapitaniak, T., Maistrenko, Y., Stefanski, A. & Brindley, J. (1998). Bifurcations
from locally to globally riddled basins. Phys. Rev. 57, 6253-2356.

Kellert, S.H. (1993). In the Wake of Chaos: Unpredictable Order in Dynamical
Systems, pp. 32. University of Chicago Press, Chicago.

Konigl, A. & Pudrtiz, R. E. (2000). Disk winds and the accretion outflow
connection. In Protostars and Planets IV, ed. Mannings, V., Boss, A.P.
& Russell, S.S., pp. 759-787. University of Arizona Press, Tucson.

Kretke, K.A., Levison, H.F., Buie, M.W. & Morbidelli, A. (2010). A method
to constrain the size of the protosolar nebula. Astron. J. 143, 91.

Kretke, K.A., Levison, H.F. & Buie, M.W. (2011). Constraining the size of
the protosolar nebula. EPSC-DPS Joint Meeting 6, 1588.

Lake, G., Quinn, T. & Richardson, D.C. (1997). From Sir Isaac to the sloan
survey: calculating the structure and chaos owing to gravity in the universe.
New Orleans, LA, Jan. 5-7, 1997, pp. 1-10. In Proc. 8th Annual
ACM-SIAM Symposium on Discrete Algorithm.

Lammer, H. (2013). Evolution of the Solar/Stellar Radiation and Plasma
Environment. Origin and Evolution of Planetary Atmospheres, pp. 15-2a.
Springer, Berlin, Heidelberg.

Laskar, J. (1994). Large scale chaos in the solar system. Astron. Astrophys.
287, 9-12.

Laskar, J. (1997). Large scale chaos and the spacing of the solar system.
Astron. Astrophys. Lett. 317, 75-78.

Laskar, J. (2003). Chaos in the solar system. Ann. Henri Poincaré 4(Suppl. 2),
693-705.

Laskar, J. & Robutel, P. (1993). The chaotic obliquity of the planets. Nature
361, 608-612.

https://doi.org/10.1017/51473550415000415 Published online by Cambridge University Press

The uniqueness of mankind

Laughlin, G., Steinacker, A. & Adams, F.C. (2004). Type I planetary
migration with MHD turbulence. Astrophys. J. 608, 489-496.

Levison, H.F., Morbidelli, A., Gomes, R. & Backman, D. (2007). Planet
migration in planetesimal disks. In Protostars and Planets, ed. Reipurth,
V.B., Jewitt, D. & Keil, K., Vol. 951, pp. 669-684. University of
Arizona Press, Tucson.

Lissauer, J.J. & Stewart, G.R. (1993). Growth of planets from planetesimals.
In Protostars and Planets I11, ed. Levy, E.H. & Lunine, J.I., pp. 1061-1088.
University of Arizona Press, Tucson.

Lufkin, G., Richardson, D.C. & Mundy, L.G. (2006). Planetesimals in the
presence of giant planet migration. Astrophys. J. 653, 1464-1468.

Macek, W.M. (2009). Chaos and multifractals in the solar system plasma. In
Proc. WSPC, pp. 62-81.

Malhorta, R. (1998). Giant Planet Orbital Migration in the Early Solar System,
Vol. 30, pp. 1052. American Astronomical Society, Madison-Wisconsin.
Martinez, V. & Bernard, J. (1990). Why the universe is not a fractal. Mon.

Not. R. Astron. Soc. 242, 517-521.

McNeil, D. & Duncan, M. (2005). Effects of type one migration on terrestrial
planet formation. Astron. J. 130, 2884-2899.

Montmerle, T., Augereau, J., Chaussidon, M., Gounelle, M., Marty, B.,
Morbidelly, A. (2006). Solar system formation and early evolution: the first
100 million years. Earth Moon Planets 98, 39-95.

Nagasawa, M., Thommes, E.W., Kenyon, S.J., Bromley, B.C. & Lin, D.N.C.
(2007). The diverse origins of terrestrial-planet systems. In Protostars and
Planets, ed. Reipurth, V.B., Jewitt, D. & Keil, K., Vol. 951, pp. 639-654.
University of Arizona Press, Tucson.

Néron de Surgy, O. & Laskar, J. (1997). On the long term evolution of the
spin of the Earth. Astron. Astrophys. 318, 975-989.

Papaloizou, J.C.B. & Szuszkiewicz, E. (2005). Orbital migration in
protoplanetary disks. In Proc. IAU Symp., p. 229.

Park, H., Ryutov, D., Plechaty, C., Ross, S. & Kugland, N. (2013). Chaotic
plasmas give birth to orderly electromagnetic fields. Science and
Technology Review 23, 21-24.

Pesin, Y. & Weiss, H. (1997). The multifractal analysis of Gibbs measures:
motivation, mathematical foundation, and examples. Chaos 7, 89.

Puertz, S., Prokoph, A., Borchardt, G. & Mason, E. (2014). Evidence of
synchronous, decadal to billion year’s cycles in geological, genetic, and
astronomical events. Chaos Solitons Fractals 62—63, 55-75.

Radburn-Smith, D., Lucey, J., Woudt, P., Kraan-Korteweg, R. & Watson, F.
(2006). Structures in the Great Attractor region. Mon. Not. R. Astron. Soc.
369, 1131-1142.

Rafikov, R.R. (2004). Fast accretion of small planetesimals by
protoplanetary cores. Astron. J. 128, 1348-1363.

Rafikov, R.R. & Slepian, Z.S. (2010). Dynamical evolution of thin
dispersion-dominated planetesimal disks. Astron. J. 139, 565-579.

Safronov, V.S. (1967). The protoplanetary cloud and its evolution. Sov.
Astron. 10, 650.

shCherbak, V. & Makukov, M. (2013). The “Wow! Signal” of the terrestrial
genetic code. Icarus 224, 228-242.

Sussman, G.J. & Wisdom, J. (1992). Chaotic evolution of the solar system.
Science 257, 56-62.

Sussman, G.J. & Wisdom, J. (1998). Numerical evidence that the motion of
Pluto is chaotic. Science 241, 433-437.

Szuszkiewicz, E. & Papaloizou, J.C.B. (2010). Dynamical architectures of
planetary systems induced by orbital migration. E.A.S. Public. Ser. 42,
303-312.

Thommes, E.W., Matsumura, S. & Rasio, F.A. (2008). Gas disks to gas
giants: Simulating the birth of planetary systems. Science 321(5890),
814-817.

Tipler, F.J. (1980). Extra-terrestrial intelligent beings do not exist. R. Astron.
Soc. 21, 267-281.

Walker, S.1., Cisneros, L. & Davies, P.W.C. (2012). Evolutionary transitions
and top down causation. Proc. Artif. Life 13, 283-290.

331


http://www.cfa.harvard.edu/news/2013/pr201301.html
http://www.cfa.harvard.edu/news/2013/pr201301.html
http://www.cfa.harvard.edu/news/2013/pr201301.html
https://doi.org/10.1017/S1473550415000415

	Evolution through the stochastic dyadic Cantor Set: the uniqueness of mankind in the Universe
	Abstract
	Introduction
	Review of chaotic processes in the history of Solar Systems, terrestrial planets and planet Earth
	Chaotic behaviours, emergence and evolution of intelligent life

	Method
	Theory
	Results
	Further developments
	Discussion
	Acknowledgements
	References


