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Motoo Klmura (1924- 19'94)

".'Dlscoverer of the NEUTRAL THEORY OF
EVOLUTION at molecular level (1968) |

Thus conF Irming the MOLECULAR CLOCK
To him this presentation is dedicated.

We intend to prove that :

MOLECULAR CLOCK = ENTROPY of b-lognérmals




Evo-ENTROPY = MOLECULAR CLOCK

EvoEntropy of the LATEST SPECIES in bits/individual
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ABSTRACT

The number of newly dlscovered exoplane‘ts keeps .
increasing constantly, espeC|aIIy for smaIIer planets,_
pOSSIb|y S|m|Iar to Ea rth

The time is thus rlpe to strengthen SETI,
‘the Search for ExtraTerrestrial Intelllgence

In 2012 the euthor puinShed a book 'e.ntitled'. ‘

that is a textbook for University courses on SETL




is book introduces the Statistical Drake Equation where,
from a simple product of seven positive numbers, the
Drake Equation is turned into the product of seven positive
random variables. The math tical wces of this

are d and it is proven that the
new random variable N for the number of communicating
civilizations in the Galaxy must follow the lognormal
probability distribution when the number of factors in the
Drake equation is allowed to increase at will.

Mathematical SETI also studies the proposed FOCAL (Fast
Outgoing Cyclopean Astronomical Lens) space mission to
the nearest Sun Focal Sphere at 550 AU and describes its
consequences for future interstellar precursor missions and
truly interstellar missions. In addition the author shows
how SETI signal processing may be dramatically improved
by use of the Karhunen-Loéve Transform (KLT) rather than
Fast Fourier Transform (FFT). Finally, he describes the efforts
made to persuade the United Nations to make the central
part of the Moon Far Side a UN-protected zone, in order to
preserve the unique radio-noise-free environment for future
scientific use.
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" Part S

~ DRAKE 'EQUATION




»In 1961 Frank Drake mtroduced h|s famous
“Drake equation” described at the web site
http //en.wikipedia.org/wiki/Drake  equation.

Ylelds the number N of communlcatmg |
CIVI zatlons in the Galaxy:

— ﬁ? ne . ffc

’ >’Frar'1k, Donald. Drake (b. 1930) :




» The meanlng of the seven factors in the-
Drake equatlon s WeII known %

>The mlddle factor.ﬂ IS Darwmlan‘EvoILition.'

.-->In ‘the classical Drake equatlon the seven
factors are just -

~ And the equation S|mpIy is the PF | -01", '
- these seven positive numbers.

>'It |s claimed. here that Drakes approach is
 too “simple-minded”, since it does NOT yield
- the /AR associated to each factor!




» If we want’ to assoaate an 20R E .Zto
each factor of the Drake equatlon then

> ... we must regard ‘each factor in the Drake -

equatlon as a

.,>Then the number N of communicating
~ civilizations aIso becomes a random variable.

>Th|s we caII the .
_and studied in our mentloned_.

reference paper of 2010 (Acta Astronautlca -
- Vol. 67 (2010), pages 1366-1383)




>Denot|ng each random varlable by capitals,
the AL B QUATION reads

">Where the D sub i ("D from 'Drake") are the .
.7 random variables, and N is a- random‘
varlable too (“to-be determlned e |




» Consider the s'tatisti"cél-eq uation:

any number

N= T D
i=l1

" » This is the generaIiZation of- our Statistical Drake -
Equation to the product of ANY finite NUMBER of,
p05|t|ve random varlables ' .

> Is- it pQSS|bIe to determln_e the statistics o'f-N ?

Rathe risingly, the answer js “yes” |.




» First,.you obwously take the natural IO? of both
- sides to change the finite product into a fin

any number

In(N) = Eln(Dl-) £

> Second to th|s f|n|te sum’ one can apply the.
It -

states that in the I|m|t for- an. infinite sum the |

dlstrlbutlon of the left-hand- S|de |s . '

> This is true WHATEVER the dlstrlbutlons of the

SO Y rIaDIES 111 e Str AT Do,

|te sum ‘



» So, the randcrpsvari'able on the left:is N(C

> Thus the random variable NV under the Iog must be
and its dlstrlbutlon IS determlned'

. » One must however, determlne the mean value and
. variance of this Iog -normal distribution ‘in terms of
.the'. mean values and variances of the factor
random variables. This is DIFFICULT. But it can be -
done, for example, by a suitable .numeric code that
this author wrote in MathCad language.
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N2M)D n

lognormal _pdf,(ne] O)=

Thispdfstartsat0, thaf&l.

Lognormal pdf with mu=0.9 and sigma=0.7

lognormal pdf{in,0.9,0.7)0.2
D




| Conc/u5/on :
The n umber of Signaling C/w//za tlons
-is LOGNORMA LLY distribu ted

» Our Statistical Drake Equation, now Generallzed to4
* any number of factors, embodies as a special case
the Statlstlcal Drake Eq uation with ]ust / factors '

o The conclusion is that the random variable N (the

number of communicating -ET Civilizations .in’ the
Galaxy) is . .

~ » The classical ' old pure humber Drake value” of Nis’
.how replaced by the - of such a log- -
normal dlstrlbutlon - |

» But we now also have an R BAR around.it !




REFERENCE PAPER

> The Statlstlcal Drake Equatlon

> Acta Astronautlca VoI 67 (2010) p 1366 1383.
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Contents lists available at ScienceDirect
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| Part 2 R
b- LOGNORMALS |n tlme

~as the LIFE =~
of a cell, of an anlmal
of a human a cwlllzatlon

iDeVLisEdulasiilial




» The lifetime . of a ceII ‘an anlmal ‘a human, a

civilization can be modeled as a b- Iognormal with tail
REPLACED at by the descendlng TANGENT

b-lognormal
probability density
values

eak (p,
Adolescence (a. 4) /

b a

Childhood




» The-equation of a INFINITE b-lognormal is :

1
\/ﬁ/&xZ(tb )

Thispdfonlystartsattime, thhbiEb}

b-lognormal _pdf,(fbé O )=

> The lifetime of a ceII ‘an- animal, a human,  a
civilization can be modeled as a FINITE b- Iognormal
namely an infinite b- lognormal whose TAIL has been

REPLACED at by the descendlng TANGENT
- STRAIGHT -LINE. , -




b-lognormal
probability density
‘ values

b = birthtimeissupposedtobeknown.

S /-
. Adolescence (a, 4) /

adolescence F=abe

b-lognormal , , =phacbe ' o
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> Let a :'increasin'g inflexio'ri' S = decreaSing inflexion.

» Then any b- Iognormal has birth tlme (b) adolescence
tlme (@), ‘time(] and

» HISTORY FORMULAE : ~ GIVEN (b, s, d)' it is- alw'ays-
' Bossmle to compute. the correspondlng b- Iognormal

y virtue of the HISTORY FORMU LAE




» Let a ='increasing inflexion, s = decreasing inflexion.

> 'TH.en any b-IognormaIi'has -~ ime (b adolescence
time (a), and <1/ iMme | ¥

» Rome’s civilization:

FINITE b-lognormal of the CIVILIZATION OF ROME (753 B.C. - 476 A.D).

0.00292

0.00234

0.00175

0.00117

0.00058

—0800 —-700 —-600 —-500 —-400 -—-300 -—-200 -—100 0 100 200 300 400 500

Years (B.C. = negative years)



Part 3™

-~ EXPONENTIAL -

oy PEAK—LOC;US THEOREM |




REFERENCE PAPER

> A Mathematlcal Model for Evolutlon and SETI |
> Orlglns of Lifé and Evolution of Blospheres

~ (OLEB), Vol. 41 (2011), pages. 609- 619

Orig Llfe Evol Biosph (2011) 41:609-619
DOI 10.1007/s11084-011-9260-3

EVOLUTIONARY PERSPECTIVES

A Mathematical Model for Evolution and SETI

Claudio Maccone




» Life on Earth e'v'o_'ll'ved sinc;'e.,..3.5 biI‘Ii'c;h"Ye’a"rs ago.
~assume that today 50 million species live on Earth

.> The n. ~ EXPONENTIAL INCREASE over the last billion years
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> Life on Earth evolved since 3.5 billion years ago.

> | " a
.assume that today 50 miillion species live on Earth .
» Then: . | '

B cxponentialcurvein time : Ez(4§= Bi

' 4 =50millionspecies=510spccies

s 2_(El( ) ngi& 7)) 1eosio e M8
t, 23.510yearsec R




1
\/MXZ(tb )

Thispdfonlystartsattime, thabiHb}

b-lognormal(,z;bé O )=

- b-lognormals are just Iognormals starting at any f’nlte-
positive instant b >0, that IS supposed to be known."

> b- Iognormals are thus a family of probablllty denS|ty
functlons with three parameters u, o, and b."

» u and b are REAL varlables, but o'must be POSITIVE..




- EXPONENTIAL as “ENVELOPE”
of . b- LOGNORMALS

i Each b-lognormal has its peak on.the exponent|al

> PRACTICALLY an “Envelope”.

10
10

exponential(t) S

bl _lognormal(t) gf-

[l b2 lognormal(t)
b3 _lognormal(t)

4.—




| b-lognormalpeakabscissa O=pbe

AN
;: b-lognormalpeakordinate. B=P

* » QUESTION: Is it POSSIBLE to match the second .
equation (peak ordlnate) with ‘the EXPONENTIAL .
~Curve of the mcreasmg number of Speues 7 i

» YES, by setting:




- exponentialordinateatreadép e

"

0
;: b-lognormalpeak ordinate at : 1p#=

- » We noticed that it is POSSIBLE to MATCH these
two equatlons EXACTLY]ust upon settlng St




> Moreover the Iast two. equatlons can be INVERTED
i, e solved for u and o EXACTLY, thus y|eId|ng

» These two equations prove that, knowing the-
exponential -(i.e. 4 and B) and peak time p, the b-

lognormal HAVING TITS PEAK . EXACTLY, ON THE -
EXPONENTIAL is perfectly determined (| . its wand. .

o are - perfectly determlned (1;(|ven B and p.

~This is the | . to make further ‘progress.




P/T AND K/T EXTINCTIONS
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‘exponential mean value

Geometric Brownian Motion
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exponentlal mean value

Iog'normal probability 'den’sit_y-,--:




WA RNING 1.

WRONG NAME

Thls process in NOT a Brownian Motion at aII
since its probability den5|ty functionisa
LOGNORMAL, and NOT A GAUSSIAN ! . g

So, the p'df ranges betiNeén ZERO and 'INFINITY:
and NOT between mlnus infinity. and mﬂmW'll |

GBMs are the <<BIack-ShoIes>> Models N FINANCE.




extension in. time

i t=1
I

‘K UL
ol Jpiprz.

The two Iognormals (of mowe &
plcture) then COINCIDE.




1) The CLASSICAL DRAKE EQ
IS STATIC *and - iS: a SUBSET of the
STATISTICAL DRAKE EQUATION

2) But in turft, the STATISTICAL

DRAKE EQUATION iS the STATIC
VERSION -

(i.e. the STILL PICTURE) of the
GEOMETRIC . BROWNIAN MOTION
(the MOVIE). | | |




is a GBM '

in the mcreasmg numbér of Speues

INCREASING NUMBER OF LIVING SPECIES on Earth

Number of living Species

—04.5 -4 -35 -3 -25 -2 -15 -1 -05 0

Time 1n billions of years before present (t=0) with 50 million Species




IS a GBM

in the mcreasmg numbér of Species

Number of living Spectes
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Y ;cLADisTICS'= %

Evew new Speaes is a-
b- |ogn°rma' IN TIME




CLADISTICS : evew new Speaes
S just a new ‘b- LOGNORMAL

» Each b- Iognormal has its peak on.the exponent|al

> PRACTICALLY an “Enye_lope”, though not so formally. |

10
10

exponential(t) S

bl _lognormal(t) gf-

[l b2 lognormal(t)
b3 _lognormal(t)
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A REFERENCE PAPER

» Evolution and Hlstory m a new" ‘Mathematical

»

SETI" model.
» .ACTA ASTRONAUTICA Vol. 93 (2014), pages
317-344. Online August 13, 2013.

Acta Astronautica i (M) 1M -m1
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ENTROPY
- . as the . |
EVOLUTION MEASURE




» Shannon ENTROPY for a probability density (in bits) :

ShannonEntropyfx?gmé ol )logzﬂd@( )

..initsfxfrdx %—é ,m( ) {f)@( )

> Shannon’s-ENTROPY for b-logho_rmérls (in bit's)

b lognormal in_bits (I m




» But 'is.,a' fu_nction (.)'f',the .pe'ak"ébs.ciissa P

» Shannon ENTROPY fdr any b-lognormal in bits

] .
Hgl?ognormal in bits ( ) =>i+2_ ) p art_nOt_dep endlng_on_p =
B - n

B .
=2<-1I-7 p another part not depending on p.
n



» The ENTROPY DI -FERENCE among any two |
Civilizations having their two. peak abscissae at
p sub 1 and p sub 2 is given by. |

B
E(

EntropyDIFFEREN CEppwﬁ%ﬁg_bitszl

.> ENTROPY IS THUS A MEASURE OF THE | BVE
REACHED BY EACH CIVILIZATION.

» ENTROPY DIFFERENCE measures the DIFFERENCE'-iri'
civilization level among any two Civilizations. -

» If it is known WHEN the two, C|V|I|zat|ons reached
the|r two peaks, the above formula y|elds thelr




»

The DIFFERENCE in C|V|I|zat|on Level between the
'Spaniards and Aztecs in 1519 was about 3.84 blts .

per individual.

. The DIFFERENCE in C|V|I|zat|on Level between a
Victorian Briton and a Pericles Greek was about
- 1.76 bits per individual.

The DIFFERENCE.in C|V|I|zat|on LeveI between
Humanity and the first Alien Civilization we W|II .
flnd |n the Galaxy is UNKNOWN of course,’ but -




»

> The DIFFERENCE in Darwmlan Evqutlon between

.two species on Earth. IS given by the same equatlon <
B
co=2X2annonEntr OPYPPin bits21 ﬁ (

» The result is that the DIFFERENCE INE VOLUTION.
LEVEL between the first living being 3.5 billion years:.
agdo —dRI\IIA and Humans IS about 25 57 bits per
individua .

> As for the DIFFERENCE in C|V|I|zat|on LeveI except
we must now use the
_the enveloping Danwinian exnonential found. earlie




. EVO'ENTROJPY:

»

» We had to introduce EVO ENTROPY as a measure of
the ORGANIZATIONAL LEVEL of different: SPECIES 35

EvoEntropyfiif{ (& Life,, Origin),

»1) We have dropped the MINUS SIGN in front of the

Shannon Entropy in order to pass from a measure of
disorganization 8,% ood for gases) to a ‘measure of

organuzatlon of the I|V|ng SPECIES

>2) We.also wanted a stralght I|ne startlng at Zero at L
the time of the ORIGIN OF LIFE = 3.5 b|II|on years




Evo-ENTROPY = MOLECULAR CLOCK

EvoEntropy of the LATEST SPECIES in bits/individual
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4 GBMs in the

~ DECREASING -
- NUMBER OF  °
& LIVING SPECIES 4




a. GBM |n the

decreasmg number of I|vmg speaes

DECREASING number of species durlng the K-Pg MASS EXTINCTION
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CONCLUSIONS boUt ..-E-.VQ-SZIO:_T.'I

1) We developed here a new mathematlcal deeI embracmg all
of Big History, including Darwinian Evolution (RNA to Humans),
‘and Human H|story ‘We caII it “Evo-SETI" Theory.

3) Our mathematlcal model is based on LOGNORMAL pr‘obebility'
distributions, It is compatible with the Statlstlcal Drake

- Equatlons the foundational equation of SETI.




- Thank you very t.milg:h! s




