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Abstract

Aims: The purpose of this work is to formulate the requirements for future
methods of searching for extra-terrestrial civilizations by use of the concepts
of information theory and the theoretically grounded method. Methodology:
To realize it, the number of dimensionless criteria contained in the Interna-
tional System of Units (SI) has been calculated. This value, without additional
assumptions, allows us to present a formula for calculating the comparative
uncertainty of the model of any physical phenomenon. Based on these for-
mulas, the magnitude of the inevitable threshold of misunderstanding of two
civilizations in the universe is determined. Results: New theoretical recom-
mendations for choosing the most effective methods to search the techno
signatures of extra-terrestrial civilizations are formulated. Conclusion: Using
the calculated amount of information embedded in the model, we showed
that the most promising methods for finding potential residents in the Un-
iverse should combine frequency radiation with thermal or electromagnetic
quantities.

Keywords
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1. Introduction

The amazing idea of the existence of extra-terrestrial civilizations has its sup-
porters and opponents, numerous on each side. The first theoretical studies on
this topic to be published in the scientific literature, apparently were presented

in the early sixties of the twentieth century. Because the direct study of the vicin-
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ity of stars using automatic and habitable spacecraft is obviously impossible,
scientists are forced to consider only remote sensing.

Sixty years ago, Cocconi and Morrison suggested choosing a 21.0 cm wave
because it should be known to all civilizations as the emission of neutral inter-
stellar hydrogen. Therefore, scientists assume that on this wave there is a sig-
nificant probability of accidental detection of artificial radiation. At the same
time, the search for intelligent life in the Universe was based on the assumption
that there is a mutual desire of extra-terrestrial civilizations to find each other.

Debates on the probability of finding intelligent life are still ongoing. Back in
1961, astronomer Drake proposed [1] a formula that estimates the number of
potentially intellectual civilizations in the galaxy. Most of the variables in the
equation are still estimates of uncertainties. The opposite opinion is based on the
theory of the Italian physicist Enrico Fermi and states that if another intellectual
form of life really existed, we would definitely have intersected with it by now.

With the development of scientific and technological progress and the
emergence of powerful radio telescopes such as Kepler and Transiting
Exoplanet Survey Satellite (TESS) in Earth orbit, it became possible to thor-
oughly research space, search SETI (search for extra-terrestrial intelligence) and
tech nosignatures. The latter term means radio emission, optical and infrared
radiation, and laser radiation and signals from a massive structure or a polluted
atmosphere, which are signs of advanced intelligence [2]. At the same time, the
latest report from SETI declares that the team did not find anything this time
around [3].

In general, unfortunately, the projects of special search for signals, in which
hundreds of millions of American dollars were invested, did not give positive
results. Currently, there is no evidence of the existence of extra-terrestrial civili-
zations above the threshold of observational capabilities achieved by our civiliza-
tion.

From this we can draw the following conclusions (although the author is con-
vinced that readers will find other, directly opposite conclusions):

- the generally accepted theory(ies) of the search for extra-terrestrial civiliza-
tions is incorrect;

- observational data are insufficient to draw any conclusions;

- human civilization is unique, and the theory is correct, but there are no
extra-terrestrial civilizations.

Of course, there may be other claims, for example, civilizations, having
reached the technological phase, quickly die, for example, from environmental
pollution, nuclear war, etc., without having time to solve communication prob-
lems with other civilizations. The author provides readers with the opportunity
to come up with any guesses and suggestions.

The purpose of this article is proposed to consider the problem of choosing
methods for searching extra-terrestrial civilizations from the point of view of
information theory, which, from the author’s point of view, is universal: only

practical activity and information exchange bring us into contact with the mate-
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rial world and allow us to generate scientific knowledge. The same can be said
about the possible life outside the Earth. This position is clearly absent in most

search patterns of the mind in the universe.

2. Informational Measure of the Model’s Inconsistency

When formulating new methods for detecting possible signals or manifestations
of intelligent activity of extra-terrestrial civilizations, scientists try to describe the
observed phenomena with the help of concepts instilled in Auman everyday ex-
perience, acquired knowledge and, often, intuition.

At the same time, despite the 100-year-old efforts, it has not yet been possible
to create a unified theory uniting classical determinism, general theory of rela-
tivity and probabilistic laws of quantum mechanics. So far, the only tool that
unites all modern physics is that scientists use the System of Base Quantities
(SBQ), such as the International System of Units (SI), to implement their ideas.
This means that the harmonious construction of modern science is based on the
simple agreement that any physical laws of micro- and macrophysics from the
point of view of mankind are described by fairly specific dimensional quantities:
base and derived quantities. Accepting a quantity as a fundamental means that it
can be assigned as a measurement standard, which does not depend on the
standard chosen for another fundamental quantity. Base quantities are chosen
arbitrarily, while derived quantities are chosen to satisfy the detected physical
laws or the corresponding definitions.

The concept of SBQ is taken from our everyday experience and is valid only
for short-term perception by human beings of observed phenomena. It would be
surprising if someday it was possible to exclude concepts from the physical the-
ory, which are the very basis of our daily life. True, the history of science reveals
the amazing fruitfulness of human thought, and one should not lose hope.
However, until we succeed in spreading our ideas in this direction, we must,
with greater or less difficulty, squeeze the observed phenomena into the frame-
work of the concept of SBQ. Although we will always be bothered by the feeling
that we are trying to insert a huge human foot into a small diamond shoe that
does not suit her.

SBQ, in its essence, is a new element of scientific knowledge, completely alien
to classical concepts. It exists only due to the consensus of researchers, although
there is no SBQ in nature. By default, the use of dimensional quantities con-
tained in an SBQ to describe the micro- and macrocosm implies a certain struc-
ture that limits our knowledge. Thus, quantities/variables are selected in a
pre-agreed SBQ, which is a set of dimensional quantities that are base and gen-
erated derived quantities. These quantities are necessary and sufficient to de-
scribe the known laws of nature [4]. This means that any scientific knowledge
and, without exception, all formulated physical laws are discovered thanks to the
information contained in the SBQ. This is a unique channel (generalizing infor-
mation carrier [5]) through which information is transmitted to the observer or

the observer retrieves information about the object from the SBQ. The SBQ in-
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cludes a finite number of physical dimensional quantities that can characterize
the physical properties of the world and, in particular, the observed phenome-
non qualitatively and quantitatively. So, the observation of a material object and
its modelling are limited to the scope of SBQ. We model only what we can
imagine or observe, and the mere presence of a selected SBQ, such as a lens, sets
a certain limit for measuring an observed object.

Each quantity carries a certain amount of information about the object be-
ing studied. Because the number of elements in SBQ is finite (see below), the
total amount of information contained in SBQ is, of course, finite too. Thus,
we conclude that there is a certain limit to knowledge about the surrounding re-
ality. This limit is not due to any existing physical laws but to the presence of
collective human consciousness. The very fact of the measurement process pre-
supposes the existence of an already formulated physical and mathematical
model of the object under study, including equations and boundary conditions.
In this case, it is already possible to make a list of the registered dimensional
quantities and calculate their number in advance. Most importantly, this is the
ability to calculate the change in entropy between the initial state corresponding
to the maximum number of quantities in the SBQ and the final one correspond-
ing to a certain number of quantities in the model.

The SBQ includes base and derived quantities used to describe various classes
of phenomena (CoP). In other words, the additional limits of the description of
the material object under study are determined by the choice of the CoP and the
number of derived quantities taken into account in the mathematical model [6].
For example, in mechanics, SI uses the basis {Z-length, AMmass, 7-time}, ie.
CoPs; = LMT. There are four additional base quantities: ® is a thermodynamic
temperature, /is the amount of electric current, /is luminous intensity and Fis
the amount of substance.

If the SBQ and CoP are not specified, the definition of ‘information about the
object under study’ loses its force. Without SBQ, modelling a phenomenon is
impossible. ‘You can never get something out of nothing, even by watching’ [7].
SBQ can be interpreted as the basis of all the available knowledge that people can
have about the environment at present.

SBQ has a function called universality, which stems from a deep connection
with mathematics and information theory, and helps to model complex systems
involving any physical phenomenon. With a certain degree of imagination, we
can assume a situation where a material object has a huge number of properties
(criteria) that characterize its content and interaction with the environment.
Then, we assume that each dimensionless complex can provide the observer
with some information about the dimensionless field under investigation u (the
observed object). In other words, a researcher studying a physical phenomenon
chooses—in accordance with his experience, knowledge and intuition—certain
characteristics of the object. With this choice of an object, the links between the
real object and its environment are destroyed. In addition, the model designer

takes into account a relatively smaller number of quantities, compared with the
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existing reality, due to lack of time, as well as technical and financial resources.
Therefore, the ‘image’ of the investigated object is displayed in the model with a
certain uncertainty, which depends primarily on the number of quantities taken
into account. In addition, different groups of researchers who use different ap-
proaches to solve specific problems and, accordingly, different groups of quanti-
ties that differ from each other in quality and quantity, can access the object.
Thus, for any physical problem, the appearance of a certain quantity in the
model can be considered as a random process.

So, it is assumed that taking the quantity/criteria into account by the re-
searcher is equally probable. When researching an object at the stage of model
development, it is advisable to use vector (positional) methods for presenting
information about the observed phenomena. When there are a large number of
components (large vector space), only two states of the vector component can be
distinguished: for example, the presence or absence of a signal; in our case, the
appearance or absence of the specific quantity taken into account. It should be
noted that the statement of the equally probable appearance of the quantities is
justified by the aim of the study: finding the absolute uncertainty A, due to the
level of detail of the object under study. Indeed, any other distribution of read-
ings (quantities) gives less information, which leads to a larger model’s uncer-
tainty compared with the uncertainty calculated with a uniform distribution of
quantities.

This approach is universal in the study of any physical phenomenon. It is be-
lieved that universality occurs when a system is very complex, consisting of
many parts that interact strongly with each other. Universality is very common
in nature. Wigner's hypothesis states [8] that all complex, correlated systems
demonstrate universality, from the crystal ice to the Internet. The more complex
the system, the more reliable its versatility should be.

At the same time, the uncertainty of a mathematical model with a finite num-
ber of quantities cannot be infinitely small. This is because this uncertainty is re-
lated to the reliability of each natural or computer experiment and should be
part of the theory of measurement. When this theory is used as a physical model,
it becomes the object of application of both of the above limitations. In physics,
this leads to the assumption about the possibility of the existence of certain un-
certainty (limited accuracy) before applying the mathematical model.

There are fundamental objective (for example, thermodynamic) limits of ac-
curacy when conducting an experimental study. This, in turn, determines the
presence of an a priori source of inaccurate knowledge of all material objects,
information about which is received and processed by the observer.

The fundamental limitations of the maximum accuracy with which we can
determine physical quantities at present are determined by the Heisenberg un-
certainty principle [9]. However, the Planck constant is extremely small, so this
uncertainty in the macro world is devoid of practical significance. The uncer-
tainties of position and momentum resulting from this principle go far beyond

the limits of achievable accuracy of experiments.
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In turn, the creation of a certain SBQ (in our case, SI) means that we are talk-
ing about trying to limit the set of possible quantities to a smaller number of
base quantities. Then, all other required quantities can be found or determined

based on these base quantities, which must meet certain criteria [4].

2.1. Initial Unremovable Blur of the Object of Study

The hypotheses proposed so far about the existence of intelligent life in the uni-
verse remain highly speculative and rely in large part only on the assumption of
some universal motives or social dynamics of aliens, although many scientists
argue that there is a possibility that we are alone [10].

Continuing our reasoning, it should be noted that any model contains a cer-
tain amount of information that allows you to choose the optimal number of
quantities taken into account. The following is a simplified short introduction to
the above statements [11].

Obviously, the researcher must develop a model that takes into account cer-
tain features of the signals of an extra-terrestrial civilization, including any opti-
cal, frequency in a certain range, electrical or thermodynamic parameters. In this
case, the scientist uses quantities of the SI, which includes both base and derived
quantities, on the basis of which various CoPs are built. The dimension of the

derived quantity g can be introduced by the following equation [6] [12]
gLl -M™.T"1".0°.3).F' (1)

where I,m,---, f are the exponents of base quantities, which are limited to the
following intervals [13]:

3143, —-1<m<+], —4<t<+4, -2<i<+2,

—4<O0<+4, -1<j<+], -1< f <41

(2)

The number of options for the dimensions of the exponents of base quantities
€,6,, ", are

e=7¢,=3¢€=9¢€=5¢=9¢€=3¢=3 (3)

.

So, SI contains the total number of dimensionless complexes s,

s = (e e e e —1)/2—7 =38.265 (4)

where -1 corresponds to the case when e,e,,---,e, are equal to zero in Equa-

e
tion (1). The SI includes direct and inverse quantities, for example, length (Z')
and running length (Z'). Because an amount of information about an object
having symmetrical parts can be calculated from its one part, while others are
considered informationally empty, the total number of quantities can be divided
by 2. As already noted, the SI contains seven—7—basic quantities.

It can be stated that the proposed method can be applied to any models in the
search for activity of extra-terrestrial civilizations. It is explained by the fact that
the relative and comparative uncertainties of the dimensional quantity Uand the

dimensionless quantity uz are equal:

AU/S" =(AU/a)/(S"/a)=Au/s (5)
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(r/R)=(AU/U)/(Au/u)=(AU/U)-(a/AU)-(U/a) =1,

where S is the dimensionless interval of changes and Au is the dimensionless
overall absolute uncertainty when measuring the dimensionless squantity u; S*is
the dimensional interval of changes and AUis the dimensional overall absolute
uncertainty when measuring the dimensional quantity U; a is a scaling factor; r
is the relative uncertainty of the dimensional quantity U; and R is the relative
uncertainty of the dimensionless squantity uz. Equation (5) proves the possibility
of applying the information method for both dimensional and dimensionless
quantities.

Based on the above formulae, it is possible to formulate the necessary condi-
tion for choosing the optimal version of the model that describes the phenome-
non under study, in particular, the process of searching for a signal from an
extra-terrestrial civilization. Namely [11]: when modelling a physical phenome-
non, a system of base quantities is specified, in which there are ¥ dimensional
quantities and ¢ base quantities. The developer chooses the target dimensionless
basic quantity u, the values of which are located in the interval S, and specifies
the class of phenomena with the total number of dimensional quantities z' and
the number of base quantities f’. In this case, for a given number of dimen-
sional quantities z' and a selected number of base quantities £’ in a model,

the absolute uncertainty A, when measuring uis determined by the relation:
A =S-[(2'=B) 1 (2"~ B") (2= "] ©

where £=A,, /S iscomparative uncertainty [7].
Equation (6), surprisingly, turns out to be very simple. Absolute and relative
uncertainties are familiar to physicists. As for the comparative uncertainty, it is
rarely mentioned. Nevertheless, comparative uncertainty is of great importance
for the application of information theory in physics and engineering sciences [7].

Equation (6) has a physical meaning. The u hypothesis states that in nature
there is a fundamental limit to the accuracy of measurement of any process that
cannot be surpassed by any improvement in the tools, measurement methods or
computerization of the model. The value of this limit is much higher and
stronger than the Heisenberg uncertainty relation dictates and imposes addi-
tional serious restrictions on the search and detection of reasonable activity in
the universe.

At its core, Apmn is an a priori conceptual uncertainty that is inherent in any
physical and mathematical model and is independent of the measurement proc-
ess. This is only due to the decision of the developer to choose a specific class of
phenomena and the number of quantities used to describe the observed signal.
Moreover, the general (integral) uncertainty of the model, including the uncer-
tainties due to the simplification of the original object or phenomenon, as well as
the uncertainties caused by the transition from the mathematical model to the
numerical method, will be much larger than A, Thus, the inaccurate (fuzzy)
representation of an object depends both on the class of phenomena and on the

number of quantities selected and taken into account by the conscious observer;
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the latter directly depends on the knowledge, life experience and intuition of the
researcher.
Equating the derivative of A / S (6) with respect to Z'— /' to zero, we

obtain the following condition for achieving the minimum comparative uncer-

pmm

tainty for a particular CoPs:
’ ! 2 " ”n
(Z _ﬂ)/ﬂ5|:(z _ﬂ) @)
Using (7), one can find the values for the lowest attainable comparative un-
certainty for different CoPgj; it should be noted that the values of the compara-
tive uncertainties and the recommended number of selected quantities are dif-
ferent for each CoPs:
when searching for a certain frequency (Hz = ¢™) in a given range (CoPs = 7),

taking into account the above explanations, the smallest comparative uncertainty

of &rcan be achieved under the following conditions:

(z-p)=(e -1)/2-1=(9-1)/2-1=3

8
(2= B")=(2' = B') | ticyy = 9°/38.265 = 0.0021 < 1 ®

where -1 corresponds to the case when all exponents of the main quantities are
zero in formula (1); division by 2 indicates the presence of direct and inverse
values, for example, L' is the length, ™! is the running length; and 1 corresponds
to one basic quantity 7.

According to (7) and (8), eris equal to:
& = (Au/S )T = 3/38.265+0.0021/3 = 0.000078 . 9)

In other words, according to (8), even one dimensionless basic quantity does
not allow achieving the smallest comparative uncertainty. Consequently, within
the framework of the proposed approach, the initial comparative uncertainty
cannot be realized using any model with one, two base quantities (for example,
CoPs; = T, CoPs; = LT, CoPs; = MT) or mechanistic model (CoPs; = LMT).
Moreover, the greater the number of mechanical parameters, the greater the in-
herent uncertainty. In other words, no frequency radiation or optical methods,
in the framework of the information-oriented approach, are recommended for a
search for signals from extra-terrestrial civilizations. This statement is confirmed
by the data of Table 1 on comparative uncertainties and recommended number
of dimensionless criteria in models for several CoP:

The reader must remember that the optimal number of criteria selected in the
model corresponds to the comparative uncertainty inherent in a particular
CoPs. Because the values of comparative uncertainty and the required number
of selected quantities are completely independent and different for each class of
phenomena, the proposed approach is a universal metric for comparing different
models describing the same object of study.

2.2. Maintaining Insurmountable Barrier in Understanding an
Alien Civilization

As already noted in Chapter 2, the only tool that is used in all areas of human
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Table 1. Comparative uncertainties and recommended number of dimensionless criteria.

CoPst Comparative uncertainty Optimal number of criteria
T 0.000078 0.0021 <1
MT 0.00058 0.0032<1
LT 0.0015 0.022<1
IMT 0.0048 02<1
LMTF 0.0146 =2
LMTI 0.0245 =6
LMTO 0.0442 =19

activity is SBQ (SI). It reflects the long-term knowledge accumulated over 12,000
years of community development. Therefore, a common indicator of the vast-
ness of our knowledge is the value of u. An alien civilization must have an idea
of their world, which would reflect to their knowledge systems, like ours. We
denote this indicator 1.

Let us try to compare these two values to find out, of course, very relatively,
but on the basis of a theoretically sound information method, the depth of the
abyss or the approximate correspondence of what we have with the volume of
alien scientific treasures. The author, not being a zealous optimist or avid pessi-
mist, admits the possibility that in distant worlds rational beings do not have nine
senses (sight, hearing, taste, smell, touch, a feeling of warmth (or lack thereof) on
our skin, a sense of balance, which determined by the fluid-containing cavities in
our inner ear, the perception of pain by the skin, joints and organs of the body
and “body awareness”—understanding where our body parts are, even if we do
not feel or see them) and intuition. It is these feelings, along with our activity in
the surrounding material world and the exchange of information that allowed us
to rise to the highest level in terms of science, technology, biology and psychol-
ogy. Unfortunately, we do not know what is on the other side of the potential
contact. While we can only expect a miracle or step by step to understand nature
and another's mind.

Continuing our reasoning, one can note that the model of the investigated
object in the observed universe contains a certain amount of information AB.g

calculated using the formula [14]

AByg = x-In[ 1 /(2" - B")] (10)

’

where AB. is expressed in units of entropy [14], z' and S’ are, respectively,
the number of all and base quantities registered in a model of the signal from a
specific object, xis the Boltzmann constant.

To calculate the amount of information in bits AB,s; embedded in a model, it

is necessary to divide A B.gt by dn2 = 9.569926 x 107** kg-m*s™2-K™! [7] [14]:
ABy, =In[ 15, /(2" = B") ]/In2(bits) (11)

Proceeding from (11) and comparing different models proposed by two dis-
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tant intelligent civilizations and which study the same technological proc-
ess/physical phenomenon/ signal/techno signatures, you can determine the sig-
nificance of the inevitable threshold misunderstanding of neighbours AB; in

the universe:
ABy;, =1In [ﬂa/(zl”_ﬂl”)]/ln 2-In [:uET/( z;- é’)]/ln 2
(In gy =In (27— B) =N iy +1n(25 - 7)) /In 2 (12)

= {In (45, / e )~ In[ (2~ B)) /(23— ) ]} /In 2 bits)

Where z; and f are, respectively, the number of quantities and the number

of the base quantities in a model of the first civilization; z' and f, are, re-
spectively, the number of quantities and the number of the base quantities re-
corded in a model of the second civilization.

If ABy1;; < 0, then a model of the second civilization contains more detailed
information about the observed phenomenon. If AB;;, > 0, then a model of the
first civilization is more informative. It is obvious that the AB;;; cannot be equal
to zero due to the low probability of the situation when w5 = er and
2-B=2-f

Even if we assume that z; — f/ =z, — /5, , due to the aforementioned charac-
teristics of humanity, A B, will not be zero, and this will significantly reduce the
success of a possible meaningful contact between two civilizations. Conse-
quently, information about the rationality of life on Earth sent by the Voyager
spacecraft (sounds and images chosen to represent the diversity of life and cul-
ture on Earth) is unlikely to be decoded by aliens. This situation greatly compli-
cates the search for convincing signals of extra-terrestrial life, due to the pres-
ence of unavoidable blurriness of perceived signals, which results in a non-zero
AB,, value. Thus, we have problems with the reception of extra-terrestrial
transmissions. On the other hand, even if we accept such a transmission, it may
be that it will not be perceived as a reasonable signal.

It should be noted that formula (12) was obtained without any assumptions.
Therefore, the proposed approach makes it much easier to interpret the results
achieved compared with the Drake formula or Kardashev’s classification of ex-
tra-terrestrial civilizations in accordance with the energy that they have [15].
These formulae, proposed dozens of years ago, contain variables, the exact val-
ues of which are unknown. The possible limits of their changes are so huge that

they lead to results that differ hundreds and thousands of times.

3. Conclusions

This article presents an information method and its possible applications for the
analysis of methods for finding an extra-terrestrial civilization. It is theoretically
justified and, surprisingly simple in perception and explanation of the results
obtained. With its conclusion, there are no assumptions, and it is deprived of the
subjectivity of the researcher who makes decisions in accordance with his

knowledge, experience and intuition. The presented formula (6) for calculating
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the absolute and comparative uncertainties of the model designed for searching

techno signatures is simple in form and does not require much effort on the part

of the developer to apply it.

Comparative uncertainty is a theoretically sound tool that allows scientific
groups to provide substantial evidence in favour of the identified relationship or
effect obtained in the course of research. The present study suggests that ignor-
ing comparative uncertainty leads to a situation where scientific statements are
far from achieving real results, positive or negative.

Thus, the new theoretical positions can be formulated:

- System of Base Quantities (SBQ, in our case, SI) can be interpreted as the ba-
sis of all the available knowledge that people can have about the environment
at present,

- In nature there is a fundamental limit to the accuracy of measurement of any
process that cannot be surpassed by any improvement in tools, measurement
methods, or computerization of a model;

- any frequency radiation or optical methods, in the framework of the infor-
mation-oriented approach, is not recommended for a search of signals from
extra-terrestrial civilizations,

- the presence of unavoidable blurriness of perceived signals, results in a
non-zero A By, value.

But even if we are not able to use the frequency of radiation to search for po-
tential candidates of existing civilizations, what are our chances to observe them?
We must select methods for finding potential residents combining thermal
(CoPs; = LMTO) or electromagnetic quantities (CoPs; = LMTI). In this case, the
magnitude of the experimentally comparative uncertainty, using high-precision
measuring instruments, can be close to the theoretically achievable. However,
this limit means that in any case, the perceived signals will be “blurred” for ob-
servation.

Despite huge investments, the use of super-powerful computers, unique al-
gorithms and high-precision measuring equipment, the continued use of only
frequency search methods to detect extra-terrestrial civilizations without tak-
ing into account electromagnetic or thermodynamic components in observa-
tion models, unfortunately, is doomed to failure. There is no thorough search
programme, despite the fact that SETI of NASA created the necessary base for
identifying a developed extra-terrestrial civilization. Unlike other areas of phys-
ics and technology, its theoretically based search has become static. We will
probably find the answer whether our Earth is unique or not, but an analysis of
history shows that it is unlikely to be able to find out in the foreseeable future.

If the results of the presented work are positively received, they will help theo-
rists to choose the most suitable models and methods that have comparative un-
certainties that are the closest to the theoretically recommended ones. This will
help increase the likelihood of detecting extra-terrestrial civilizations if they ex-
ist. However, at the moment, it should be recognized that the emergence of hu-

man life is a very rare combination of subtle states. And the appearance of intel-
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ligent life is an extremely rare event. Perhaps the only one in our galaxy.
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