BBK 28.02 87.21

‘Evolution’ Almanac

Editors Council: H. Barry 1II (USA), Yu. E. Berezkin (Russia), M. L. Butovskay
(Russia), R. L. Carneiro (USA), Ch. Chase-Dunn (USA), V. V. Chernykh (Russia),
H. J. M. Claessen (Netherlands), D. Christian (Australia), S. Gavrilets (USA),
A. V. Dybo (Russia), K. Yu. Es'kov (Russia), I. V. Ilyin (Russia), N. N. [ordansky
(Russia), P. Herrmann (Ireland), A. A. Kazankov (Russia), E. S. Kul'pin (Russia),
G. G. Malinetsky (Russia), A. V. Markov (Russia), A. Yu. Militarev (Russia),
M. V. Mina (Russia), V. de Munck (USA), A. P. Nazaretyan (Russia), E. B. Nay-
mark (Russia), A. D. Panov (Russia), Zh. . Reznikova (Russia), B. H. Rodrigue
(USA), P. Skalnik (Czech Republic), F. Spier (Netherlands), D. White (USA).

Evolytion: A Big History Perspective / Edited by Leonid E. Grinin, Andrey V. Ko-
rotayev, and Barry H. Rodrigue. — Volgograd: ‘Uchitel’ Publishing House,
2011. - 304 pp.

The rapidly globalizing world needs global knowledge and a global overview. That is
why the ideas of universal history or Big History, which cover all of the Universe's existence,
from the Big Bang to the present human networking of the planet, are becoming more and
more popular. This volume includes a number of the exciting works in this relatively new
field that, along with a macroevolutionary approach, seek to develop an inclusive view o
the Cosmos, Earth, life and humanity by erasing boundaries between disciplines.

This volume is the second in a series of almanacs that has Evolution as its general
subject and title. This volume is also a special edition with the subtitle: 4 Big History
Perspective. We have tried to collect a wide variety of contributions by very different au-
thors — not only from different countries, but also authors who have very different educational
backgrounds (historians, astrophysicists, biologists, sociologists, geologists, psychologists,
archaeologists and others). All of them have come to the shared understanding that we need
a unified picture of the evolution of the Universe.

The first section of the Almanac (‘Evolution and Understanding of Big History’) pre-
sents articles analyzing the evolution of views on the development of the Universe and
the Big History concept itself. The second section (‘Big History's Trends and Phases’)]
analyzes major phases of Big History (cosmic, geological, biological, social), including
some possible forecasts. The third section (‘Essays on Big History’) considers literature,
art and poetry, as well as the teaching of children and personal views of the world — all
through the prism of Big History.

This Almanac will be useful both for those who study interdisciplinary macroprob-|
lems and for specialists working in focused directions, as well as for those who are inter-
ested in evolutionary issues of Astrophysics, Geology, Biology, History, Anthropology,
Linguistics and other areas of study. More than that, this edition will challenge and excite
your vision of your own life and the exciting new discoveries going on around us!

‘Uchitel” Publishing House
143 Kirova St.,
400079 Volgograd,

Russia

ISBN 978-5-7057-2905-0 © “Uchitel” Publishing House, 2011
Volgograd 2011




12
Post-singular Evolution
and Post-singular Civilizations

Alexander D. Panov

Abstract '

1t is shown that the ability of the world civilization to overcome a singularity bor-

der (a system crisis) determines some important civilization's feature in an inten- %

sive post-singular phase of development. A number of features of the post-
singular civilization can stimulate its ‘strong communicativeness’, which is
a prerequisite for the formation of ‘the galactic cultural field'. Post-singular
civilizations — carriers of the cultural field — are considered as potential part-
ners in interstellar communication and as our own potential future.

1. Introduction. Scale-Invariance and the Singularity
of Evolution

Initially, this work was motivated by a question related to the SETI program
(Search for Extra-Terrestrial Intelligence): If intelligent life is a normal phe-
nomenon in the Galaxy and if the rate of technological evolution is as high as
on Earth, then the Galaxy must be full of highly-developed technological civiliza-
tions and we should see them in all directions.' So why do not actually we see
them? This question is well known and is frequently referred to as the ‘Fermi
paradox’.

I prpfer, however, the following form of the question, which is of much
more significance: Assuming intelligent life to be a normal phenomenon in
the Galaxy, what would such a highly-developed, technological civilizations look
like and why would it be “invisible’ to us? This question has great practical im-
portance. If we would like to find extraterrestrial civilizations, we need to under-
stand what we are trying to find. Our methods should depend on the object of our
search. If you go hunting for a duck, you should know that the duck likes water!

In order to find such an answer, one needs to first develop an understanding
of what civilization might look like in the future. This is a challenge, of course,

' The Kepler mission (Borucki ef al. 2011) has already discovered 68 planetary candidates of ap-
proximately Earth-size during its first three months of operation; 54 of these are found in the tem-
peratun? range appropriate for a habitable zone. Undoubtedly, this is only the first small portion of
what will be much larger results, because long-period planets (about one year and more) have not
yet been considered, etc.
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but not impossible. The idea is to look at technological development in the light
of the general laws of evolution.

I outlined one such model of evolution on Earth, from the origin of life up
to the present, as a sequence of phases with phase transitions between them., It
was a model of global biospheric revolutions. Each biospheric revolution is the
result of some evolution crisis, and the revolution (the phase transition) over-
comes the crisis. The list of these phase transitions includes 19 events, includ-
ing the Cambrian explosion, mammalian revolution and the Neolithic revolu-
tion; The last analyzed event was the information revolution (computers, post-
industrialisms — 1950) (Panov 2005).

Each of the phases becomes shorter in duration with the passage of time.
Moreover, the sequence of the phase transitions is scale-invariant, which means
that the corresponding sequence of time-points is a simple geometrical progres-
sion and that various parts of this sequence may be derived from other parts by
scale transformation. We call this the scaling law of evolution. But such a se-
quence of points may not be prolonged to infinity in the time. Yet, the duration
of phases tends to zero and the frequency of the phase transitions tends to infin-
ity near a point of time #*. Indeed, the sequence does not exist after the point #*.
This point is called the singularity of evolution. By its physical meaning the
singularity of evolution is a concentration of evolutionary crises — it is some-
thing like ‘a crisis of crises’. Of course, the singularity of evolution is only
a mathematical artifact, because any real quantity may not become infinite. But
the prediction of the Singularity inevitably means that the scaling law of evolu-
tion that has held for about 4 billion years must be changed to some other law
near the point £*.

The position of the Singularity point * may be estimated by extrapolation
of the sequence of the biospheric revolutions. The result is: * = 2004 + 15
(Ibid.). Therefore we are now in the time of the Singularity!

My analysis of the sequence of biospheric revolutions is not the only method
that leads to a derivation of the Singularity. It has been long known that the hy-
perbolic growth law of human population also possesses the property of scale-
invariance and that extrapolation of it predicted the Singularity for 2026 (Foer-
ster et al. 1960). Additional details of this scenario were elaborated by Kapitza
(1996). There is also the notion of a ‘technological singularity’ that was pro-
posed by Vernor Vinge (1993); it is based on arguments like scale-invariance and
was predicted to occur in the first half of the 21* century. Thus, a variety of ar-
guments, each of which points to almost the same date for ¢*, force us to seriously
consider the singularity of evolution. But, we must keep in mind that the Singu-
larity is not a single point in time — it is a period of time, approximately the first
half of 21* century, a time when the laws of evolution and historical trajectories
will change dramatically.
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Now, suppose that scale-invariance and the existence of the Singularity is
a umvgrsal property of evolution on all planets where life can produce intelli-
gent civilization. Based on our experience here on Earth, the technological pe-
riod Qf our civilization has only been a few decades long and our efforts at
cosmic transmission have been low. So the probability of us detecting a similar
pre-singular civilization in the SETI process would be almost negligible
Therefore, a potential contact partner could only be a post-singular civilization.
T.hl'ls., the problem t‘hat we should address is: What would such a post—singular.
c.1v1hzation look like? The other side of the question is: What is our own post-
singular future? We will argue that these two sides of the question are very
closely connected with each other.

2. The ‘Exo~-humanism’ of a Post-singular Civilization

Le.t us .consider the use of the concepts of “humanism’ and ‘ethics’. A human
being is a creature devoid of natural powerful tools of aggression — claws
fangs, efc. When a hominid took a stone tool and became the owner of the’
first .technology, nothing prevented them from crippling or even killing a near
relative with it. Perhaps, in many cases this was indeed done, but it might
also be a reason why populations of especially aggressive hominids did not
leave descendants. Less aggressive populations survived, and the prohibition
on murder was fixed — first genetically (by survival), then culturally (by regu-
lation).

As. technology developed, the killing power of weapons increased. Corre-
spondingly, cultural restrictions on aggression against both people and nature
need'ed to improve. These restrictions were imprinted in ethics, morals and hu-
manism. They were by no means given to human beings a priori, but were de-
veloped to limit the destructive action of human technology (Nazaretyan 2004
2009.; Eco 2002). There are also other such mechanisms in human culture sucl;
as criminal legislation and its punitive system of fines, prison, efc. Hereaﬂ’er the
term ‘humanism’ will be considered in this kind of a wide sense: any form of
cultural restriction on destructive technology.

It is clear that the survival of a civilization after its Singularity means that
that civilization has managed to overcome its deepest technogenic crises. In
order to overcome them successfully, a post-singular civilization must have
elaborated the corresponding adaptation mechanisms and used them for its
homeostasis. If a civilization does not elaborate such mechanisms, it will not
enter th? post-singular stage of development — it degrades and/or perishes. It
is not difficult to imagine at least some of the necessary preservation mec}'la-
nisms.

e First, sufficiently effective mechanisms to deter aggression must be
elaborated. Otherwise, a civilization will destroy itself by internal conflicts re-
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lated to the increasing use of irreplaceable natural resources and the simultane-
ous increase in the killing power of weapons.

e Second, powerful mechanisms restricting material consumption and ef-
fective use of resources must be implemented.

o Third, a civilization must overcome the centrifugal influence of corporate
and state self-interest and elaborate planetary concepts, because crises near
the Singularity occur on a global scale and can be overcome only by common
efforts and continuous compromise.

e Fourth, the preservation of civilization must include an increase of eco-
logical consciousness that matures to the point of becoming a social instinct.

A singularity crisis cannot be overcome without a huge jump in the power
and in the depth of the mechanisms developed to constrain the destructive ef-
fects of technology. We call this jump, the post-singularity humanization of
civilization. 1 emphasize once more that such ‘humanization’ should not be
understood simplistically or too literally. It certainly can include ethical princi-
ples accepted by the majority of people, i.e. humanism in its classical sense.
However, ‘humanization’ can also be implemented as a system of legal and
punitive measures. Its focus must be on a holistic system of cultural constraints
that curb destructive technogenic effects and which will keep civilization alive
as a cosmic-technological entity.

The assumption that elaboration of such constraining mechanisms is pos-
sible is not arbitrary. Based on many facts, Akop Nazaretyan has shown
(2004, 2009) that cultural constraints of aggression have been increasing
throughout the history and pre-history of humankind as technological power
was increasing. Moreover, they were increasing at a growing rate, so that in
spite of the increase in the killing power of weapons, the level of bloodshed
(per capita) decreased. Nazaretyan summarized this conclusion which is par-
adoxical for ordinary consciousness as the ‘Law of Techno-Humanitarian
Balance’ (Ibid.).

Recent examples of the Law of Techno-Humanitarian Balance in action are
the sweeping-out of the bloodiest political regimes of the 20™ century (Stalin,
Hitler, Mao Zedong, Pol Pot) and their replacement by gentler methods of ad-
ministration. A sign of the awakening of planetary consciousness and the de-
velopment of ways of overcoming corporate and state self-interest is the Kyoto
Protocol. A lot of other examples of the formation of ecological consciousness
can be adduced, from Earth Day to international NGOs. Certainly, the idea that
a developed form of humanism should be typical for highly-developed cosmic

civilizations is not new. It was expressed by K. E. Tsiolkovsky and I. A. Efremov

early in the 20" century, and recently, e.g., in the papers by Gindilis (2001, -
y ry g

2003) and the book by Nazaretyan (2004).
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It is curious that this humanization of terrestrial civilization finds its most
direct expression in attitudes to the Cosmos. For example, it is clear that if there
were life on Mars, it would be of a most primitive kind. We would expect that
humans would think only about their own safety and ignore such potential life.
But actually, all vehicles sent to Mars have been carefully sterilized so as to not
harm potential Mars life! Another example is the destruction of the space ex-
plorer Galileo in the atmosphere of Jupiter in 2003, so as not to allow terrestrial
microorganisms to igfect the Jupiter satellite Europa, where the existence of life
1s also possible.

The dispute about the permissibility of the experiment ‘Deep Impact’,
whose aim was to bomb the comet Tempel-1 in order to study the chemical
composition of the comet, is also indicative of such concerns. Opinions varied.
Many professional astronomers and astrophysicists thought that such ‘barbaric’
methods should not be allowed. The apotheosis of this dispute was a lawsuit
brought by Marina Bai in the Presnensky court of Moscow against NASA for
an award of moral damages caused by this experiment. The formulation of
the lawsuit was as follows: ‘The NASA activity encroaches on the vital cultural
wealth and the natural life of the Cosmos, which upsets the balance of natural
forces in the Universe’. The case was considered by the court, but the claim
was denied. A transfer of ethical norms and ecological thought to the Cosmos
lies at the heart of this case.

All this could be considered an amusing incident if not for the sympathetic
attitude of many professionals. Any large-scale astro-engineering activity, in-
cluding transformation of comets and other bodies in the solar system, would
cause fierce opposition from the public. Large-scale astro-engineering activity
may turn out to be impossible, not due to technical reasons but from a post-
singular cosmo-ethics point of view.

These examples show that post-singular humanism could hardly exist in
a civilization ‘for internal use only’. These properties must also appear in
relation to the Cosmos as a whole, whatever these relations might be: cosmic
engineering, contact with non-sentient and intelligent forms of life on other
planets, efc. An intrinsically perfect, highly-humanistic system cannot be
primitively aggressive in its external manifestations. Exo-humanism is a sys-
tem of cultural constraints that limit destructive potential at the technogenic

planetary level.

It should also be emphasized that it is unknown if the process of humaniza-
tion of terrestrial civilization is fast enough and deep enough to overcome the
crisis of the Singularity. Our statement is rather conditional: If post-singular,
cosmo-technological civilizations exist, then the process of their humanization
in the period of overcoming the Singularity must be fast and deep, and that is
why they must be exo-humanistic.

3. Cosmic Expansion and Intensive Development

There is a widespread belief that the negative consequences of the .need for ex-
tensive technological development and the related exhaustion of 1rrep1af:eable
resources on Earth can be overcome by expansion into outer space. Ip this fan-
tasy scenario, billions of people will live in cosmic towns, we will use re-
sources of other planets, all unsafe industries will be located in outer space, far
from Earth. But such visions are quite groundless. .

In particular, the time needed for preparation of such lgrge-scalt.e opening-up
and settlement of space is insufficient (Gindilis 2001). It is 1mp05.51ble to physi-
cally accumulate enough resources for organization of an egologlcally safe and
inexpensive but intensive traffic to even a near-earth orbit during the few .deca('ies
of the technological period. Another obstacle to large-scale astro-engineering
could be cosmo-ethical or cosmo-ecological reasons related to exo-humanism.
As we saw, these factors are already appearing, in spite of the modest nature of
the present-day challenges. .

Predictions from the 1970s about what would happen with space technc?logy
and space exploration by the end of the 20" century turned out to be highly
unrealistic. For example, K. Erike, a participant in the U.S. space program, pre-
dicted a space station for 25-100 persons that would be.put m.to orbit after.1985
(Levantovsky 1976: 37). Similarly, a solar power station Wlth the capacity to
produce 5 million kilowatts was also predicted, one that weighed 9570 tons and
had 45 km? of batteries in stationary orbit. .

These predictions had been based on a linear extrapolatilon of the rate (?f
space development that had occurred in the middle of the 20" century, which is
why they failed to materialize. The tempo of such advapces was too much to
maintain and many of the proposed plans are still unimplemented. Ind.eed,
a sharp decline in space activities has already occurred. Th'ere are qther things
that need to take place on Earth before such extraterrestrial activity can get
back on track. . .

After overcoming a singularity, a civilization must establish a sta.ble exis-
tence for itself without any hope of engaging in rapid cosmic expansion. This
period of stabilization must focus on the intensive developrgent Qf l’Earth'.s own
resources. Even if large-scale cosmic expansion is possible in prlnc.lple, it can-
ot be allowed to occur at the expense of the technological explosion. A con-

siderable period in the post-singular phase must pass before enough necessary
resources are accumulated. Since it is difficult to make forecasts about the pos-
sibility of cosmic expansion in a distant post-singular phase, and since transi-
tion into the intensive phase of development must come first, then le.t us con-
centrate on features of behavior of a cosmic civilization in the intensive phase
of development.
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Proposed models of SETI research during the intensive phase of devel
ment would be determined by the overall existing conditions. Since ener e
sources of a cosmic civilization would be rather restricted tr.ansmitters o}:}y i
nals would be only of pencil-beam diameter, whatever ca’rrier might b Sl%i_
The most probable receivers also would be of pencil-beam size ar%d w: ;Ids eb .
;);;:ni:(c)l ‘;((; rlrjlonitorl s(;:p;rate stars. Powerful omni-directional stationary liadiae

u ¢ excluded because of their large ener i it
would also be quite probable that they would %)e rejec%eydrgg:ailrlesr:f)rt{t::.thir:li 01:
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4. Information Crisis

The issue of ‘the end of science’ deserves a large paper or even a book of its
g\ynf,\zbuF for our purposes here, this range of study will only be considered in
rief. Flrst,.lfet us define what we mean by ‘science’. There are several meth
ods of cogmtlop: philosophic, religious, efc. Science is one of these fo ; ;
cognition. A scientific truth is not a synonym for truth in general, but its rrms lo
can be reproduced. In science, there are two basic classical met’hods t ori y
resulFs: ].) a reproducible experiment in natural sciences, or 2)a deductior(l) Verlfly
culation in mathematics (deduction is also a method of ;eproducible reaso g in
na@al smencgs). We call the methodology based on the combined use ofmng o
duplble experiment and deduction: the classical scientific method. By defi lr(')’tl')ro—
science is a m.ethod of cognition assisted by classical scientific met.hO(}i/ e
In the period of technological explosion, science — along with cc;nsum ti
of resources and energy — is in a state of a heavy (exponential) growth. Th pt'lon
of dgubl}ng (of different characteristics — the number of scientists. the n E lmi‘
pubhcatlons, and the number of discoveries) is only 10-15 yea’rs (Lel;:l;)r()g'
Idh§ 1981). The current rate of the development of science cannot last infinitel :
or 81mpl.y for a long time; this follows from elementary arithmetic Py
' In his famous book, Summa Technologiae, Stanistaw Lem aéserts that
will reach the near ‘saturation’ of the scientific method (Lem 2002) Aa}l) ‘:re
teﬁ]tly,hhe was among the first to seriou§ly discuss the limitations of science I:md
ought that it would cause a future crisis of civilization, which would de d
spec1al measures to overcome it. Lem called it the ‘info;mation isis’ o
will use this term here. i andwe
grovl‘?thl (9)?3S; i\;v:Ceen v&l;llls]db;);l: ;:/)as7 gvrltten, Lzmhthqught that the exponential
between 1990 and 2030. Lem wrotczez‘l'rl‘shirs1 i; the cumrent oo the_Per}Od
growth will remain, then in some 50 years éver;hienlf:gf;:t r(ilft"eEZitl?C\l:irlllt]fl;lz

2 - oo
Much more detailed analysis is presented in our paper (Panov 2009)
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a scientist’. Apparently, his forecast refers to about 2010 and, as can be easily
seen, strongly overestimates the real number of scientists. Indeed, as with the
space program discussed above, the growth rate in numbers of scientists has
already fallen. It seems that Lem's general forecasts are coming true.

The problem of ‘the end of science’ still keeps exciting peoples' minds. Cur-
rently, there is a lot of literature dedicated to it, such as Krylov (1999) and Hor-
gan (2001). From my point of view, the issue is especially important in the con-
text of the evolution of civilization. Such an approach allows us not only to
better understand the essence of the crisis but to also think of possible ways of
overcoming it.

The scientific method arose in the evolution of civilization, at a specific
stage of development, for the solution of important problems. The first ele-
ments of the scientific method appeared in the ancient world; however, they
were not a leading factor of development at that stage, i.e. they were merely
one of the forms of superfluous diversity (superfluous diversity is a pool of ide-
as from which society selects and which then lead to new systems after a phase
transition). In the ancient world, the leading methods of cognition were phi-
losophy, religion and art. However, the scientific method played a more impor-
tant role in overcoming agrarian crisis in the late Middle Ages, and then be-
came one the leading factors of the first industrial revolution and the subse-
quent development of civilization. It was a special case of very general mecha-
nisms of evolution. Superfluous diversity was involved each time in overcom-
ing evolutionary crises (Nazaretyan 2004).

However, sooner or later, effective solutions become exhausted, and the
classical scientific method is not an exception. This does not mean that science
will disappear. Old forms do not totally disappear when new forms appear; they
just remain in a reduced form, yielding leadership to more progressive systems.
It should be expected that the classical scientific method will lose its leading
role in the development of civilization and will be replaced by other forms of
cultural activity. ‘“The end of science’ is not necessarily the end of cognition,
and, moreover, it is not the end of evolution. New forms of cognition or other
types of cultural activity will arise, ones that might not even be considered cog-
nition in our contemporary meaning. This has happened before: The world of
mythology was extracted from a whole primeval worldview, which was then
replaced by philosophy on nature, religion, efc.

Although we employ inductive logic to consider the future of science, it
should be understood that, while induction can be a method of constructing
such hypotheses, it cannot be used as proof of anything. As far as questions
about the very distant future go, a special caution should be made, since some
ideas are extrapolated from the scale-invariant pre-singular stage of evolution
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to the post-singular stage, where the evolutionary result can turn out to be very

different than expected.

‘ It is also important to have a notion of the concrete causes that can lead t
saturation’ of the scientific method. It will allow us to understand the dynami "
of the process and to estimate, at least roughly, the time scale involved }:At 1 o
three'basic groups of causes can be identified. ‘ o
F 1rs.t,' sooner or later, science will run into limitations caused by the lack. of
availability of natural resources. Such tendencies already exist. In the United
Stat'es, we saw the cancellation of construction on the Superconducting Super
colhder'ln 1993 and the recently pared-down space programs. In prog ectp a;
best, s01er.10e expenses could be stabilized at a constant level. takin ilx)rto ,a
count the intensive character of development of post-singular civilizatgion 3 Th(i:
must mean stabilization and a gradual decrease of the flow of new sci'entiﬁc
results,.because the cost of every newly solved scientific problem increases due
to the increase of its complexity, in spite of development of new scientifi
methods (computer simulation, processing of data, etc.). e
. At present, only rare cost-effective studies are carried out by lone scien-
tists, as was done a century ago. For the most part, scientific teams work to-
gether today, exploiting giant and very expensive experimental facilities
Many modem scientific problems can be solved only by international col-‘
labora}tlon. Decline in the flow of scientific information (more precisely, di
coveries) causes a decrease of interest of the society in science Whichyieag_
to a decrease of fiscal appropriations for studies and a further decre;;se in the ﬂovssf
pf new rqsults. A positive feedback loop is thereby closed. As a result, scientifi
Investigations are cut back. This is especially dangerous because, due t’o the hi I(i
Z:t:l;i:l c;)f cl:loltlgpse, many participants in these events can have n<; time to undegr-
Opmenvtv( Ie)la ;f, Vg;g})gg ;n. I have presented a mathematical model of this devel-
Secondly, it is clear that science will also encounter ethical limitations r
lated to post-singular humanization. From examples of recent history, we c:r;
femember the. strong opposition to experiments on the cloning of hu’man be
ings. cher kinds of concern also fall into this category, such as opposition t_
genetlcally modified products that impede genetic inV:estigation of concerno
le-lbout rﬁdloactive contamination that hinder the development of nuclear—powei
C:izzr;e(.) ;Z.en a general distrust of science is quite widespread among unedu-
‘In addition, a third group of limitations exist — a field of research can simpl
be exhgusted’ for further scientific study (Horgan 1996). L. V. Leskov a{)nzil
V. M. Lipunov wrote about that problem in relation to SETI research (Leskov

3
* Please, note that it would n iti
ot be so under the conditions of th i
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1985; Lipunov 1997). Certainly, the potential completeness of studies in fun-
damental physics would not cancel out a possibility of studying phenomena at
higher system levels, but it strongly reduces a probability of scientific discov-
ery which, in fact, coincides with the interests of society.

Please, note that, in my opinion, there are no serious grounds to consider
the problem of ‘the exhaustion” of science to be real. But the public opinion re-
lated to it is quite real. Expectations of the end of fundamental physics (even if
based on false premises) can cause public pessimism which, via feedbacks, af-
fects the stability of science on the whole.

We have not yet mentioned the expansion of pseudoscience with its dis-
tinctly negative attitude towards real science, as well as other factors that scem
to us to be less important. Thus, there is not one, but a number of interacting
causes that can impede the development of science. That is why the information
crisis is actually, to a great extent a system crisis of science. Apparently, sooner
or later, post-singular civilization must deal with this phenomenon.

Overall, resource limitations would seem to be the most important issue in
the crisis of science, but ethical concerns can grow stronger with time. We do
not at all mean that the current state of scientific research soon forebodes the
end of science; it just indicates an inevitable falling off of efficiency by the clas-
sical scientific method. Apparently, terrestrial civilization is near the first phase of
this scientific crisis. Nonetheless, developing processes are so dynamic that it is
unlikely that the classical scientific method will be a leader of cognition in the
coming centuries. This is an issue that will unroll over the next few decades. This
knowledge presents us with an opportunity to seek a solution.

Is the information crisis dangerous for civilization? A positive answer is
most obvious, but some qualification is necessary. If the cognitive function of
mind can be exhausted, then the end of civilization is inevitable (Lipunov
1997). Though this thesis has not been proven, it seems quite plausible and
I accept it as a hypothesis. Although science is now the leading method of cog-
nition, it is not the only one, as mentioned above. The information crisis means
the closing of only one channel of cognition.

Can a civilization avoid the crisis by making one of the other existing meth-
ods of cognition the leading one? Every method mentioned above is older than
science and was once a leader, but evolution does not enter the same river
twice. It seemns that the information crisis will inevitably lead to a general crisis
of civilization. This crisis could first manifest itself in science and technology,
but it is easy to imagine that such a crisis of science will lead to a larger crisis
in general culture: An all-planet ‘longing for something new’ and a feeling of
being in a blind alley may arise.

The crisis can be overcome, if a new strategy is found that can replace the
classical scientific method as the leading function of cognition. Such a new
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(SitraFe.g}" could be related to a considerable modification of ideas about repro- |
ucibility or truth. Brand new channels of obtaining information could also

appear. The search of possible new directions for future development should be

related to analysis of the pool of superfluous diversity, since all known cases of

new st.rategies were taken from these pools. Therefore, a number of different
scenarios can be conceived. That is to say, it is quite possible that the informa-
tion Hcrlsls is a point of polyfurcation with different possible exits.
CriSiSe(rte;;e\:;e ;};f;lﬁ&t ar;a;lifhze all the ppgs@hﬂes of overcoming the information
y ¢ em). But it is important that one of the ways of re-
placement of the classical scientific method is related to solution of the SETI
pr.oblem. This variant will be discussed in detail in the next section together
with other partigularities of post-singular civilizations. It is not difficult %o see
thgt.we are dealing with the search for possibilities to overcome the information
crisis among the factors of superfluous diversity. Keep in mind, though, that
whlle.wor}( on the SETI problem is one of the forms of cultural a’ctivit}% o’f h
mankind, it does not yet play an essential system-forming role. "
_ Let me make one important concluding remark about this information cri-
sis. Althqugh we see the inevitability of a system crisis in science in the mo
or less distant future, it does not follow that the support of science should t:e
discarded. On the contrary, science should be supported as much as possiblee

because scientific knowled i i
‘ ge will serve as a basis for overcomin
crises of the singularity. £ many other

5. Communicativeness of Post-singularity Civilizations

It was shown above that, in the post-singular phase of development, a civilization
Wlll. have.t(.) meet two problems: A restriction on space exploration’ and an infor.
mation crisis. Besides taking out a civilization to the way of intensive developme y
the first prqblem can cause serious internal discomfort, because it will make ; I;t’
feel closed-in, restricted to their stellar system or a planet, as in a shell. The srf):z(())[r)lg
frqblem can cause a fiangerous destabilization of the overall syster.n. Let us try
a(:] ;I;lzil'ne the behavior of a civilization in this situation, relying on the above
A civilization like ours, which has approached the information crisis, must
understand that it is necessary to access new ways of obtaining knowle(’i (d iS
order .to preserve homeostasis. These new pathways to knowledge must bge alr—1
ternative to the saturated and degraded classical scientific method. If the rob
lem cannot be solved in some other manner, then obtaining of info;mation[;’ro .
ther non-terrestrial civilizations could provide such a method. if it i ffm
ciently rich and connected to as many correspondents as possible’ S
. Mpr.ec.)vef, in such a crisis situation, the discovery of at least (;ne extraterres-
trial civilization could give powerful moral support for it to overcome its crisis
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because it would demonstrate that civilization has prospects for progress. Si-
multaneously, this would also solve the problem of ‘the shell complex’: Real
cosmic expansion would be replaced by a virtual informational one. Such cos-
mic transmissions probably contain information about the historical path of
millions of other civilizations, which could be used to optimize pathways for
our own civilization's development. That is why SETI contact could radically
increase the stability of our civilization.

Such information could be obtained only if other civilizations made cosmic
transmissions, which is most likely. Being exo-humanistic, a post-singular civi-
lization would have to engage in this form of communication, which would be
so important for other civilizations in the Cosmos. Highly-developed civiliza-
tions would not spare themselves with transmissions into space but would try to
maximize these efforts. It should be expected that transmissions into space
would actually be a stabilizing component for a post-singularity civilization
that had experienced the information crisis. Perhaps, this is a possible answer to
the question raised by Viktor Shvartsman (1986) about the purpose of interstel-
lar transmissions: Since obtaining new knowledge cannot be the purpose of
transmissions, consequently, this activity does not belong to science. But what
could be their purpose then?

Civilizations should seek to not only send transmissions into space, but to
make them as informative as possible. The simplest way to do that is the trans-
mission of not only its own information but also that received from other cos-
mic civilizations. An exo-humanistic civilization also must think how to share
information about vanished civilizations, which is similar to our present attitude
about ancient monuments. Thus, one of the actions of a post-singular civilization
at the stage of a system crisis and afterwards is active transmission of messages
into space and the relaying of everything that has been received.

On the basis of such a model, any civilization that may have not yet found
a contact partner and which is at the stage of the information crisis must apply
all of its efforts to solve the SETI problem. Obtaining a new source of knowl-
edge becomes a vital necessity of the civilization, if only to provide hope for its
people. Only in this state of awareness will a civilization becomes communica-

tive in a strong sense. The readiness of a civilization to spend significant re-
sources to address the SETI problem should not be expected to take place
carlier than when the information crisis becomes evident to the majority of its
people. Historical experience shows that the important problems of civiliza-
tion are solved only on the principle that: ‘Without thunder, there is no relig-
ion’. It is evident that terrestrial civilization is still far from this communica-
tive phase.
Does it mean that it makes no sense to engage in solving the SETI problem
now? — By no means. At the time when such contact will be seriously needed,
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the theoretical base and methods of search for cosmic civilizations and commu-

nication with them must be ready. The on-going research and growing database
of exo-planets of the terrestrial type is extremely important. And all that should !
be done now. As was noted, the work on the SETI problem could be a key fac-

tor in overcoming the future information crisis.

6. Galactic Cultural Field and the Character of
Information in Cosmic Transmissions

t

In’ an earlier paper, I discussed the positive influence that such cosmic contacts
might have on stabilizing civilizations. I also showed how a phase transition might
be possible in our Galaxy, from the time when the probability of finding a contact
partner during the lifetime of a civilization is much less than 1 (the epoch of si-
.lence) to when it is close to 1 (the epoch of contact saturation). Moreover, dur-
ing the latter state of the Galaxy, it would be very stable (self-sustained). it has
been shown that the dynamics of such a transition would be similar to a second
order phase transition (Panov 2007).

¥t was further argued in the previous section that the possibility to overcome
the. 1nf"ormation crisis by engaging in cosmic transmissions would actually have
a significant positive influence on the linked civilizations. The expected proper-
ties of post-singular civilizations create the possibility for the transition of the
Galaxy from the ‘epoch of silence’ to the ‘epoch of contact saturation’. In such
a state, the cosmic civilization population of the Galaxy would have rather re-
markable properties.

.In the epoch of contact saturation, messages sent by a civilization to space
during the communication phase will be received and relayed by at least one
o'th.ef civilization with a probability of about 1. That is why information about
c1V1.hzations that completed the communication phase can be kept in the Galaxy
during an indefinitely long time, being transmitted from one civilization to an-
qther. Upon establishing the state of contact saturation, the amount of informa-
tion available to all in the Galaxy increases steadily and turns into a single cul-
tural field. We emphasize that the existence of the cultural field does not mean
two-way communications between civilizations.

As information in the cultural field is accumulated, every civilization pfo—
ceeding from the imperative of exo-humanism, will process and relay g;eater
apd greater amounts of it. When that information begins to flow, the post-
smgular communication system will become so saturated with data that it will
be impossible to relay all of it. Cosmic civilizations will start selecting the most
valuable. In its turn, changes of the information content will have a feedback in-
fluence on the constitution and properties of civilizations in the Galaxy. The cul-
tural field will turn into a single umbrella-civilization, evolving according to its

S e
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own laws. Actually, we deal with a qualitatively higher level of organization of
matter following the social one. As such, the galactic cultural field has many
interesting properties, which I have discussed in detail in a previous paper
(Panov 2003).

Establishment of the cultural field is very similar in its essence to the ‘big
correction’ of V. A. Lefebvre (1997). The case in point is the coordinated activ-
ity of many intelligent ‘cosmic subjects’ for improved development of life and
intelligence in the Universe. Lefebvre considered the situation in which cosmic
subjects do not have the possibility to agree directly with one another upon ful-
fillment of this work and have to act on the basis of the moral imperative in the
hope that the others act in the same manner. Such a scenario of behavior of
post-singular civilizations corresponds closely to his idea.

A model of the cuitural field suggests that the typical cosmic transmission
of one cosmic civilization must contain information of many, maybe millions
of other civilizations. It would be a complicated and branched information sys-
tem. The term ‘transmission’ is inadequate; one needs to talk about an exo-bank
of data. Transmission of such a huge amount of information with the help of
a modulated laser beam or a wide-band but narrow-beam radio signal would
not be an unsolvable problem for a civilization whose energy resources do not
exceed those at the planetary stage of development, as expected for an exo-
humanistic, post-singular civilization.

It is easy to imagine the possible character of information in exo-banks of
knowledge. Obviously, it is mainly meant for post-singular civilizations that
have already faced the information crisis (since only such cosmic civilizations
could find a contact partner). That is why, such fundamental sciences as phys-
ics, mathematics and astronomy would not be the most interested parties n
exo-banks, because post-singular civilizations that are close to exhaustion of
the scientific method must have a similar level of knowledge in this field. Cer-
tainly, some specific information of the fundamental character can be of inter-
est, for instance, parallaxes of quasars and distant galaxies, which was pointed
out by V. S. Lebedev (2007).

However, a more fundamental kind of knowledge will become important to
facilitate the decoding such exo-bank data. It should be expected that most in-
formation will be “humanitarian’ in character, such as biology, history, sociol-
ogy, literature, art and religion. It would feed the function of cognition instead
of cognition in the form of natural sciences. We call a cosmo-technological

civilization that has stabilized its existence by processing external information
of a humanitarian character as an exo-humanitarian civilization.

The conclusions by which we arrive here are close to the idea expressed by
Philip Morrison at the Byurakan SETI conference in 1971:
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In my opinion, the most part of this rather complicated signal will mainly re-
fer to what we would call art and history, but not natural sciences and math-
ematics. For me this is clear from combinatoric considerations, because our
society or any other long-living society will solve many natural-scientific and
mathematical problems by easier ways than by studying records of interstel-
lar messages (Morrison 1975).

Victor Shvartsman stated similar ideas in 1986: ‘An opinion generally ac-
cepted among physicists that the extra-terrestrial intelligence must pass frag-
ments of its scientific knowledge to “younger brothers” seems to be very dis-
putable’. He noted that information related to art and games can turn out to be
much more important. This opinion is mainly grounded in two considerations.
First, scientific information forms a single logical construction. If a part is
lost, the whole is lost too. In other words, the scientific information is difficult
for decoding and understanding.® Whereas information contained in art is much
more resistant to the loss of fragments — the kept parts have a definite integ-
rity and value as before. Rules of logical games are very simple and compact.
They can be transmitted easily. At the same time, they contain huge amounts
of information about an unimaginable number of potentially possible logic
sets. Second, art and games say much more about the intellect that created
them than impersonal scientific information or even data of neurophysiology.

It should be noted that, in the present paper, the way to similar conclusions
differs from arguments of both Morrison and Shvartsman. They consider that
the main motive of ‘humanization’ of a message is that it is difficult to under-
stand interstellar messages of a scientific character. Our idea is that interstellar
messages will be accessible for study (or, perhaps, the necessity to study them)
only after most of the problems are solved within the framework of the classical
scientific paradigm. However, our second motive about the predominant impor-
tance of ‘humanitarian’ information in comparison with scientific has much in
common with Shvartsman's ideas though it does not repeat them literally.

But the considerations of Morrison and Shvartsman that it is difficult to ex-
tract information from an interstellar message are also very important. How do
we decode the exo-banks of knowledge? Certainly, it is difficult to pose such
a problem. Only some general considerations about that can be expressed.

It should be expected that an exo-bank of information will contain one or
several root messages with a signal attracting attention and instruction for fur-
ther search for information. This part of the exo-bank must be decoded easily
(for instance, on the basis of reduction to natural-scientific or mathematical
concepts). But difficulties are certain to be faced in advancement to the ‘hu-
manitarian’ parts of the exo-bank.

* 1 do not agree with this reasoning. Vice versa, the knowledge in mathematics, physics, chemistry
and astronomy (cosmology) are common to all and should be easy to decrypt.
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Here the papers of B. N. Panovkin (1981) about the difficulty of mutual un-
derstanding of different cosmic civilizations should be remembered. Panqvkm
considered the process of setting up correspondence between sys.tems gf ideas
(thesauri) of these civilizations and showed that, generally speaking, this prol?-
lem is not solvable algorithmically even for a two-way contact. However, in
our opinion, such a conclusion does not mean that understanding is irr}possible.
It only means that the process of understanding must be of a gubstantlally non-
algorithmic character. But it is the man that is able to an illogical guess or irra-
diation inaccessible to a finite automaton.

At the initial stage of studying materials of the exo-bank there can be no
correspondence between thesauri of different cosmic civilizations at all (except
a very narrow field of simple mathematic or natural-scientific concepts). It can
be built gradually as the exo-bank is studied in the cycle of a conceptual model
or a test. Models of the understanding of some fragments of the exo-bank are
suggested, and then these models are tested on other materials of the exo-bank.
If the model stands the test, it is accepted and used for construction of newer
and finer models, otherwise it is rejected. A non-algorithmic element of this
process is the suggestion of new models. Here it is impossible to .do without
guesses and irradiations. The understanding achieved in this way will never be
final, but it will always be of a model-building character.

It is easily noticed that this cyclic process is very similar to the standard cy-
cle of the classical scientific method of a hypothesis — an experiment. That is
why the process of understanding the exo-bank can be called ‘exo--sc.:ience’.
Thus, after the information crisis the leadership in methods of cognition can
pass from science to exo-science.

Exo-science is not simply another version of science. The key-components
of exo-science are truth and reproducibility. In exo-science the notion of truth
turns out to be of two-levels: 1) How adequate are models of interpretation of
information, and 2) How truthful is the interpreted information itself? If it is
still possible to achieve something resembling repeatability of results a't the.ﬁrst
level, then at the second level, in many cases, it will be unachievable in princi-
ple. The element of belief becomes inevitable in the obtained knowledge. Be-
sides, the obtained knowledge itself refers not to nature directly, but either .to
artificially generated information, or to nature, but indirectly through artificial
information. o

Let us emphasize that the possibility itself of a long process of obtaining
knowledge by the method of exo-science is not less important than the content
of obtained knowledge. The process of exo-scientific cognition can drag on
many thousand years, but this is just what is necessary to support the homeosta}—
sis of civilization at the intensive post-singularity phase of development. It 1s
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hard to tell how and when this process of exo-scientific cognition will be ex- i
hausted (since this must happen eventually). :

7. Final Remarks

We proposed the scenario of post-singular evolution in which the leadership sys-
tem is a post-singular civilization in intensive phase of development. A post- &
singular civilization is exo-humanistic and exo-humanitarian, one that is part of | 4
the galactic cultura field (Section 6). The typical features of an exo-humanitarian
civilization must be moral imperatives of exo-humanism (Section 2) and, appar- |
ently, a declining state of investigations with the classical scientific method, at &
least in the field of fundamental sciences (Section 4). Such a civilization is
communicative in the strong sense (Section 5). It would not be overstating the
case to say that, when establishing contact with such a civilization, we contact |
the wider cultural field and become an element of it.

We would like to emphasize that the quantitative estimates show (Panov
2007) that even at the epoch of contact saturation of the Galaxy (Section 6) it is
a very difficult problem to find the first partner for interstellar communication
if pencil-beam channels dominated in the galactic cultural field. Therefore,
the Fermi paradox (silence of the Cosmos) may easily coexist with the galactic
cultural field: Great efforts from each civilization are needed to establish con-
tact with the cultural field. We cannot see a lot of civilizations in all the direc-
tions because the civilizations are in intensive post-singular exo-humanistic
stage when the energy resources of the civilizations are not large and they can
use only pencil-beam channels for interstellar communication. This is a possi-
ble answer to the main question stated at the beginning of this paper.

Though we were trying to avoid arbitrary hypotheses, the approach used in ‘
the analysis is the scenario approach. The scenario suggested in this paper can |
turn out to be more or less plausible or be wrong. The crisis phenomena in sci-
ence can be softer than it was assumed, but they can occur against the back-
ground of other crises, which was not taken into account. The strategy of over-
coming crisis phenomena based on the solution of the SETI problem can be
combined with the strategy of creation of an artificial intelligence or other
global conceptions. Maybe, different strategies are incompatible, so, civiliza-
tions can be divided into several types according to their way of overcoming
the information crisis: cybernetic, communicative, ezc. Even if a suggested sce-
nario is correct in general, nevertheless, rare strong deviations from it are pos-
sible. So, for instance, at a small distance between two civilizations the contact
can be established not at the post-singular phase when the strong communica-
bility is achieved, but much earlier. It easily may take place in a star cluster.
Such civilizations can go by the way of creation of super-civilizations with
a large-scale astro-engineering activity, as is assumed, for example, in some

Alexander D. Panov 229

papers (Kardashev 1981; Kaplan and Karadashev 1981). Maybe,.the gal'actic
cultural ficld created by exo-humanitarian civilizations is only a kind of ‘incu-
bator’ for super-civilizations and only a phase in development of intelligence.
All that means that both the search for beam signals typical for the cultural field
and the search for ‘cosmic miracles’ typical for super-civilizations must be im-
plemented simultaneously.
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