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REALITY, INFORMATION, AND INTELLIGENT OBSERVER

Vladimir S. Lerner

This  paper identifies  scientific path to fact of realty through its observed information.

It Connects Reality, Information and its Observer. Connection reality and information allows measuring each observed reality
in bits of information and providing constructive math formalism, method, math tool, and applications to uncover reality from
observation. The identifying path describes the observing formation of the Observer logic, memory, cognition, encoding an
Intelligent Observer consciousness, motor function; and enable creating Al intellectual brain in the discrete reality.

ABSTRACT: What is scientific path to fact of realty through its observed information?

Is reality continuous or discrete as 0s, 1s information?

However, up to now both information and its connection to reality have not scientifically conclusive
definitions, neither implicit origin. What is information being observed?

And how is the observed information connected with reality of observation.

The scientific path emerge in observing a multiple impulses inter-active yes-no actions modeling information
Bits.

Multiple interactions build Universe independently of their origin, and reality is only the emerging
interactions as universal actions. Or information is phenomenon of interactions bringing certain reality with
information of observing bits encoding an image.

Multiple interactions are random composing random process which covers both the interacting bits and the
process certainty.Uncovering the bits and information process, carrying certainty through observation of the
random process, runs an Observer. Otherwise, the information carries reality of its observation and creates
certain information process from which emerges the Information Observer.

The observed information creating its Observer connects reality, information, and Observer.

Solving these problems requires formal probabilistic approach where the notions of object, particle, and
image are replaced with the probability of their events observation. Observing these events’ probabilities
models Markov process whose sequence of interacting yes-no impulses carry both bits’ hidden information,
covered by entropy of the process correlations and certainty, revealed by maximal observing probability.

The impulse of the interactive No-action cuts the maximum entropy, while its Yes-action transfers a cutting
minimum to the next impulse, thus creating the maxmin-minimax principle, decreasing the uncertainty along
the observing process. The hidden entropy releases an attraction of the correlation being cut.

The impulse minimax probabilistic’ a priori and a posteriori observing actions convey the process
probabilistic causality in the entropy logic along the observations.

Merging action and reaction of the interactive impulses generate a microprocess within a bordered impulse
bringing together probabilistic a priori and a posteriori actions on edge of predictability.

The emerging microprocess runs superposition and entanglement of the impulse yes-no conjugated entropy
fractions. The fractions entangle during the time interval before the space is formed, composing two qubits
and/or Bit which set up the information process, beginning with reversible logic within this impulse and
creating geometry. When the impulse interacting actions curve the impulse space geometry, such interaction
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logically erases previous form of the entangled space entropy creating asymmetrical logic Bit as a logical
Maxwell demon. With approaching probability one, the impulse' attracting interaction captures energy of
such a real-certain interactive action physically erasing the entropy of bit logic.

The erasure costs compensation of high—quality (quantum) energy of the physical process for entropy of
lesser quality carrying the initial Markov diffusion. That removes the causal entropy of the asymmetrical
logic, bringing asymmetrical Information logical Bit as certain impulse Bit.

Such a Bit is naturally extracted at minimal energy measure equivalent to entropy In2.

The virtual probabilistic (entropy) interaction becomes real physical Bit.

Bit is memorized at cost of Landauer’s energy, working as Maxwell Demon.

The memorized impulse includes information Bit and free information, enclosing hidden information cutting
correlation of the Markov process impulses, which measures interaction.

Statistical micro-thermodynamics describe the interacting energy of the microprocess ensemble.

Multiple Bits self-organize information macroprocess, performing functions of Weller‘s Bit-participator.
Along the multi-dimensional observing process, each memorized information binds the reversible
microprocess with irreversible information macroprocess. The cutting entropy is automatically converting to
information conveying the process logical information causality, certain logic, and complexity.

The process free information self-cooperate the Bits in triple information units. The triplet units assemble
information network (IN) encoding the units in information geometrical structures enclosing the triplets’
code. The IN triplets request the needed information generating a logic of probing impulses, sequentially
cutting the observing process entropy measure and encoding new information units in the IN. The memorized
and encoding information frizzed the interactive reality units. Multiple INs bind their ending triplets,
enclosing information, cognition, and intelligence of the interactive reality units. The Observer cognition
assembles common units through multiple attractions in resonances loops at forming IN triplet hierarchy.
The distributed cognitive logic self-controls encoding of the intelligence in a double helix coding structure
(DSS). The Observer clock time intervals open access to external energy at each specific level of the IN
multiple hierarchy, enabling memorization the hierarchy of the Bits encoding an explicit image.

Information Bits become hierarchical measure of certain reality on the path from uncertainty.

Multilevel interactions bring the multilevels reality and its information hierarchical measure.

The intelligent Observer, self-reflective to the DSS logic, enables reading and understanding the message
meaning.

The Information Path Functional integrates the multiple interactive dynamics in the finite bits, which observe
and measure reality during the time integrating path to reality.

The time and space of reality exists only as the discrete units of information. That brings the information
measure to Wheeler’s fundamental constant of Nature. The basic physical laws describe continuous reality.
The Interactive Integrated Information Dynamics describe the observing interactive dynamics of doublet-
triplet logic, the IN formation, integration the logic, memory, cognition, encoding the intelligent observer in
triplet code, which further encodes physical information, cognition, intelligence including consciousness,
motor function, enable creating Al intellectual brain in the discrete reality.

KEYWORDS: reality, interaction; random impulse; interactive observation; causality; logic; information;
certainty; information process; micro-macroprocess; information path functional; triple structural unit, triplet
code, observer hierarchical structure; encoding the structure geometry; double spiral triplet coding structure;
self-forming cognition and intellect; recognizing meaning; designing Al observer; applications.
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I.INTRODUCTORY
Introducing notions: reality, observation, uncertainty, certainty, information,
information observer

In book [1A], the eminent scientists discussed various aspects of information, from quantum
information to biological and digital information, in order to understand how Nature works.
Most discussions focus on unproven physical phenomena (like multiple Universe, “everywhere is

conscience”, “complexity emerging through cosmological and biological evolution”, others
whose origin is still unknown. However a concept “that all reality is information and all information is
reality, and the universe is composed of bits of information” is close to ours. But how the bits of
information emerge from reality is not discussed. According to concept [2A]:”It from bit
symbolizes the idea that every item of the physical world has at bottom—at a very deep
bottom, in most instances—an immaterial source and explanation; that what we call reality
arises in the last analysis from the posing of yes-no questions”.

This concept is most closely related to ours. We add that “information bits models multiple yes-no
actions. Inter-actions unify all yes—no actions in physics and human being behavior. That why
reality is not inactions—statists but a dynamic phenomenon of interactions, which create
information”.

Other concept [3A] is that “information makes no sense in the absence of something to be
informed—that is, a conscious observer capable of choice, or free will.”We agree that
information should be observed, adding concept observation and its observer to ours.

For example, searching information on Web, a potential observer of this information sends probing impulses
interacting with Web observing events and activating its brain neurons impulses until actual information fact
appears for the observer. This observer becomes observer of this information or the Information Observer.
Similar examples are in scientific research, searching certain facts-information by multiple experiments-
probes, or observing unknown particles, planets in a yet unknown Galaxy, tracking their probable or real
interaction. Like an astronomer traces unobserving planet measuring image of its probabilistic trajectory until
it become most probable and informative; or a physicist traces a trajectory interactive particles in an
Accelerator. Observers are everywhere from communicating people, animals, different species up to any
interacting subjects, accepting, transforming and exchanging information.

This brings concept of Observer interacting in Reality.

The questions are: What they actually observe?

Do they observe Reality? What is Information they observe?

And how is the observed information connected with reality of observation?

What is the time of observing reality? And how reality, information, observation, and the time, integrating a
path to reality, are connected? All these questions are still unanswered.

The known publications do not explain the connection Reality-Information-Information Observer.

Interaction is fundamental reality building structure of Universe from deep levels of physics: four
fundamental interactions (gravitation, electromagnetic, weak, and strong) toward different chemical,
thermodynamic, biological, human observation, up to brain neurons’ inter-active actions, cognitive,
intellectual, communication, all forms of life.

They evolve in various substances of our world. Some reveals reality as actuality (which acts, or interacts).
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What is scientific path to uncover the fact of realty through its observed information?

However, up to now both information and its connection to reality have not scientifically conclusive
definitions, neither implicit origin, and interactions were not considered as phenomena of reality.

The formal recursive yes-no inter-action is an impulse modeling elementary information unit-bit (or 1/0,0|1
qubit) independently on their physical nature-from elementary particles up to any multiple interacting
objects. Since interactions are fundamental phenomena building structure of Universe, they bring our
concept: “information is natural phenomenon of interactions, and observing information measures a certain
reality”.Reality as a natural physical existence is abstract entity only as universal interaction. But each
observation creates specific certain reality of the observed interaction as the bits of discrete impulses
encoding explicit image. Hence, to observe reality, as inter-actions, the observation, carrying reality, should
convey impulses. The sequential observing interacting impulses convey information process that integrates
the discrete observations. Where interaction is, there is a reality, and information transferring the
interaction. For example, interactions of discussions, memorized could be in any places as frozen reality.
Each observation is act changing an observing process like its measurement. That generates an interactive
observation. Exchanges between the interactive actions contribute connecting and binding these actions.

The interaction of multiple impulses is source of randomness modeling series of random impulses.

Multiple interactive impulses compose a random process which conceals (hides) the interacting information
bits and random process’ reality. Such observation is a random process of interactive impulses.

The observation is a form of measurement: classical or virtual when, for example, Bayes probabilistic
observing interactive impulse is a primary indicator of a potential probabilistic certain reality.

While before the measurement, at beginning of this process there are no facts about reality, the beginning is
uncertain or imaginary, virtual regarding the facts certainty.

How uncover a path from uncertainty to certainty-as the fact of realty, focusing not on physics of observing
process but on its information-theoretical essence?

In observing interactive processes, the subsequent yes-no interactive actions, converting the observed
uncertainty to observing certainty, creates information Bits carrying certain reality.

Uncovering the bits and hidden reality through observation of the random process reveals the information
process that creates Information Observer.

What runs binding the Bits in information process during the observation of the multiple interactive
impulses?

How to find the information process uniting multiple certain bits that reveals multiple facts?

The other question are: How to restore the information impulses carrying certain Bits, hidden in random
observations, using the observing probes, which primarily interacting, able generating the randomness?

What is fundamental source of random interacting impulses, which potentially cover the information bit and
their sequence in information process?

How to measure the rapprochement of the observing process uncertainty to certainty and extract a certain
physical bit? How to rebuild the information process from multiple sequence of observing bits hidden in
interactive random process? How does the observing information create the Information Observer?

These are fundamental questions, essential for Science and Applications, rising at observing multiple events
and processes in physics, biology, cognition, cosmos, economy, sociology, experimental science, learning,
reading, acquiring knowledge, examining investigations, playing games, dealing with many human activities;
for example, in human interactive communications, discussions searching facts (truths).
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Consequently, “what is the common in all of these” and how to use that common ground for answering the
essential questions above?

The common is reality as interaction which brings the discrete interactive reality as a source of information
in the interactive observations.

That primary includes the interactive processes at different levels: from quantum microprocess to multiple
physical macroprocesses up to human interactions.

That creates different levels of information quantity and quality evolving in an intellect and conscience.
Multilevel interactions bring the multilevels’ reality and its information measure.

Understanding these processes and their regularities requires information laws describing development of the
Information Observer from a discrete observing reality.

Since basic physical laws describe continuous reality, the sought information laws should describe interactive
processes resulting from integration the impulse observation in discrete reality.

Such study requires more general and formal approach aimed on artificial design of human thoughts.

Here we focus on the joint notion of information and reality, the observer’s generating multilevel micro-
macro processes, emerging cognition, intelligence, and their information-physical regularities.

Below | present my Main New unpublished Results from my http://arxiv.org/abs/1602.05129 with the needed author
References at the end). This paper was accepted for presentation and publication at the Intelligent Systems Conference
(IntelliSys) 2020. (Below in the Introductory part we briefly describe the main results).

1.1.Foundation of the Approach
Axiom

Multiple interactions build Universe independently of their origin, and reality is only the emerging
interactions. Reality is abstract entity only as universal interaction.
The observed interaction creates a specific certain reality.

Corollaries

1. Natural interactions unify a sequence of interactive impulses Yes-No (or No-Yes) actions. Each real
(certain) inter-action is opposite yes-no action modeling elementary Bit of information or a discrete impulse
of 1]0, 0|1 qubit. Information is phenomenon of interactions which also bring reality.

2. Bringing reality, as interactions carrying information, requires the observation conveying the impulse
information.

3. Each observation is act changing an observing process that generates an interactive observation.

The interaction of multiple impulses is source of randomness, which model series of random impulses. .
Multiple interactive impulses compose random process in a surrounding random field [1], which covers the
the random process’ reality through the interacting information bits.

The field random process and its states (events) are formally considered independent of specific substances
conserving energy of actual (real) events.

4. Uncovering a real Bit and/or multiple Bits, qubits from random process provides the observation process
of probabilistic interactive impulses. Disclosing the Bit discrete impulses requires interactive cuts of the
random process during a virtual probabilistic impulse observation.

5. Reaching the observing certain reality runs the interactive process probability approaching one when the
real cut delivers the impulse high quality (quantum) energy. That exposes Bit emerging from the observing
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specific impulse interactions as unit of information, information process, carrying explicit image and certain
reality, creating Information Observer with a Net of assembling multilevel interactive information units.
Information emerges as phenomenon of interactions and an observed measure of the interactions.

1.2.Essence of mathematical modeling methodology implementing the Axiom and Corollaries

Our formal model of a probabilistic observation runs axiomatic probabilities of a random field
[1]. The field connects sets of possible and actual events with their probabilities as a triad.
The field’s energy covers actual events.

Each triad specifies the observation. Multiple triads generate multi-dimensional observations.
The probability field’s triad emanates a sequence of probing events which form Markov chain [1:25].

The chain processes independent random increments which carry discrete Yes-No actions{7T
modeling potential information Bits whose sequence depends on each triad. These impulse’
probabilities virtually observe the running chain by multiple interactive acts. A probabilistic
observation of at least two discrete impulses of the chain connects a minimum of three its
random events in mutual correlation during the observing random time. The Markov chain
under such observation transforms into Markov diffusion process [2]. The process transitive
probabilities define Bayes probabilities [1:77], whose sequential a priori-a posteriori
probabilities bring probabilistic impulse observation of the Markov diffusion process.

Each observing action |, in a sequence of these probabilities, virtually cuts entropy of the
impulse correlation from the initial Markov diffusion process.

During the impulse switching time, the action { transfers to actions T the cutting entropy
minus entropy spent on the transferring. The cutting entropy virtually decreases the Markov

process entropy and increases the entropy enclosing within the impulse interactive actions {7 .
Each following interactive impulse of the Bayes probabilities, observing the Markov process,
maximizes the entropy of the Bayes observing process impulses.

The multiple Bayes observing impulses generate the secondary Markov diffusion whose
entropy increases comparing with that in the initial Markov process.

Under such observations, the Markov diffusion evolves to a Lévy process [3].

The Lévy process’ independent random increments model multiple observing impulses of the
random bits. The Lévy-Khintchine decomposition [3:113-117] characterizes any Lévy process in terms of
three components (the Lévy triplet) one of which is the Lévy measure.

This measure describes the distribution of the Lévy process potential jumps.

Until any two time intervals of the process’ independent random increments do not overlap,
the jump absent and Lévy measure is zero. The overlap is a merge of the yes-no impulses, when Lévy
measure is nonzero, finite. The merge of the yes-no impulses indicates zero random bit.

When Levy measure becomes finite, the jumps have started.

The jumps initiate a microprocess within the observing Levy process, which releases the entropy-
uncertainty hidden in the cutting correlation, finally generating a non-random real bit.

At the merge, the probability of the impulse carrying a bit is zero.

It means there is no reality, defined by the interaction, when the microprocess starts.

With zero probability of the microprocess start and it is unpredictable.

The information process starts when the microprocess generates real qubit and/or bit.
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The considered path from emerging probabilistic impulse observation up to zero impulse identifies virtual
(uncertain) process covering hidden information, which precedes the starting information process.

1.2.1.A Mathematical model of raising the jumps
Consider a one dimensional Levy process [4] {X(t),t €[0,o0) defined by a Brownian motion W(t) and a

jump process ¢(t), where X(t) =at+oW(t)is Markov process with continuous part and ¢(t) =J'zN(t,dz) is
R

a jump process with independed components. It is peace-wise constant with right—continuous and left limits,
the jump height at time t asAg(t): ¢(t) —g(-t) .
For any Lebesque measurable set D ¢ 0, the jump measure of ¢(t) defines
N(t,D) = Z (D] Ag(s), where 1(D|x)=1if and only if x € D is the identity function.
s:0<s<t

Here N(t, D) is number of jumps of size Ag(t) € Dwhich occure before or at time t, which is a random
number depending on the sample path of {¢(t),t €[0,x)}.
The average number of jumps of size A¢(t) € D in a unit of time, as the jump rate v, is called Levy measure:

v(D):=E[N@LD)]=E[ > I(D|Ag(s)]. 1)

s:0<s<t
The Levy measure can be extended on the n-dimensional Levy process [3].
It follows, if Lévy measure is zero, the jump absent.

1.2.2.About the experimental frequencies forming Markov chain

Probability of random events (inter-actions) defines ratio of a favorable event numbers to total number of
events. This ratio measures frequency of the multiple events.

When this ratio grows, satisfying symmetry, or equal possibility for the experimental frequencies,

independence of the events, and Big Number Law, defining frequency stability, then formulas below counts
probability of the random events for that experimental frequency.

Specifically, with occurrence in multiple tests m-events frequencies f' in n-sequence they approach
experimental probability:

E[falis = Pn. 2)

where mathematical expectation for these frequencies theoretically satisfies to Big Number Law.

Hence the multiple interactions frequencies produce the random events* probabilities, while a sequence of the

independent random events, with conditional probabilities depending only on previous event, forms a random
process-Markov chain [1:25]. That also leads to the Markov chain our initial random model of observation.

1.3.The integral measures of the virtual and information processes
The integral measure of the observing process trajectories formalizes an Entropy Functional (EF)[5,6]
which is expressed through functions drift a“(t,%) and diffusion b(t,%)=1/20c(t, % )o(t,%)" of Markov
diffusion process X, :

T
ASIR][T=1/2E, £ a" (t, %) (2b(t, X)) "'t X)dtk= [ ~In[p(@)]P,, (dw) =-E,,[In p(a)]. ©)

X(t)eB
and the probability density measure p(w)on the process trajectories.
The process entropy integral EF specific is its connection to time of observation (T —s)=T,.
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Cutting the EF by the impulse Kronicker function determines the discrete increments of information Al [z, ]
for each impulse during its time interval z, .

The EF cut off [6] models the observing discrete interacting impulse.
Information path functional (IPF) [7] integrates the cutting information increments during time interval T, of

observing information, where T, = Zmlfk-
k=1
The IPF integrated impulses information measures a certain reality. The sum of the discrete increments along

the path of the cutting process intervals approximate the IPF 1 in a limit

I, = lim > Al x[7,] 4)

k=1
Each EF increment AS, [x(z, )], cutting an invariant impulse measure[x(z,)], is proportional to the impulse
time interval [X(z, )] ~ [z, ], and it satisfies AS, [X(z, )] = Al, [z, ].

The minimax variation principle (VP) [8] for the EF-IPF determines invariant information
increments Al, [z, ] and size of the cutting impulse time intervals[z,].

Along the VP extreme trajectory, these invariants satisfy the following relations:
Al, =Al,_Q"™" and 7, =7,,Q ™™, at coefficient of decreasing [, ]: Q = 3 (for each three IPF increments).

That leads to the IPF in form

1, =lim ;Alk:ﬁ”‘*l x7,,3 " = lim kZl:[Alk:l x 741 (5)
which, for invariant impulse information measure Al,_, =|1|,=1Nat, brings

I, = 1im > [11) <7 1= imm| 1, <z, 4] (6)
k=1
Here 7,_, is time interval of the impulse starting information process; thus, the starting [|1|_, xz,_,]is fixed.

m
The observing time T, = Zrk determines the sum of geometrical series sequence of 7, = 7,3 ™™
k=1

T, =(@-3™7) /3P which at the limit T, = lim T, (m) =3/ 2 identifies the finite time on the observing
extreme trajectory. During this time, the number m of the observing the IPF contributions is limited:

T =72, 3 "V =7,3"mm=9/27,_, atlimited 7,_, .

That also limits value of the total IPF observing during T, : I, =m[|1]|,_ xz,,]=[1|,_, 9/2.

Generally, at any Q > 0, upper time T, in the IPF functional is limited by

T = L‘LE'O 7.,Q"Y >0, (7)

as well as

minl, = min[[!nimAlm—lx(Tm—l)] = min[yIDOAlm—l[Tm—l] -0,

which limits the above sum of | at m—« , and therefore, the cutting Entropy Integral converges in the Path
Functional, and both of them are restricted at the unlimited dimension number. (The sum 1 at m-« does
not diverge since the limit of the min | is zero).
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Moreover, for the invariant impulse, its geometrical measure M =|1|, = is proportional to the time
measure [z, ]:[z,]1=7p, p=1/\/§:Mgk = px[r,] at constantp=1/+/2, while the information and
geometrical measures hold invariant [10]. That leads to limited

I, =1im > [Al, <[z, ]]> Y px[r, >0 atr, = 7, Q "V, (8)
m=>*% k=1

The density of information for each following impulse
DAL ]=Al /7, = AIk:lQm_l / Tk:lQ_(m_l) = (Al / Tk:l)QZ(m_l)
is substantially growing along the observing extreme trajectory. In the limit, at Q >0:

D, =lim 3 [(Al,., / 7, ,)Q*" ] - co. )
m—oo P

Since the time transition to each following IPF’ Nat decreases, each such Nat integrates all preceding Nats
concentrating the integral information in the final IPF Nat. Such Nat of infinite density cannot exist as real.
Or such reality measure is unobservable even during finite observation time (7). It measures absolute reality.
The time, starting the information process of the discrete information impulses, begins its IPF
integral information measure in Information Macrodynamics [9,10]. This integral information
measure on the extreme trajectory of information impulses is limited measuring certain reality; while the
impulse information measure density growing to infinity reaches an absolute and unobservable reality.

The IMD formalism evolves to Interactive Integrated Information Dynamics (I1ID)[11]. The
minimax variation principle for the EF-IPF determines equations of 111D which formalize the
information regularities of observing random process, and information measures of its
interactive reality. The IlID integrates the multiple interactive dynamics in finite bits, which observe and
measure discrete reality during the time integrating path to reality.

1.4.Essence of Information Process and Intelligent Observer

The Information process emerges within observing random Levy process, starting with
unpredictable (probability zero) merge-overlap of the yes-no impulses creating random jump with
conjugated entropy fractions beginning a microprocess. The emerging microprocess runs
superposition and entanglement of the impulse yes-no conjugated entropy fractions. The fractions entangle
during the time interval before its space is formed, composing two qubits and/or Bit which set up a reversible
logic within this impulse created geometry. When the impulse interacting actions curve the impulse space
geometry, such interaction logically erases previous form of the entangled space entropy creating
asymmetrical logic Bit as a logical Maxwell demon. With approaching probability one, the impulse*
attracting interaction captures energy of such a real-certain interactive action physically erasing the entropy
of bit logic. The erasure costs compensation of a high—quality energy of the physical (quantum) process for
entropy of lesser quality carrying the initial Markov diffusion. That removes the causal entropy of the
asymmetrical logic, bringing asymmetrical Information logical Bit as certain impulse Bit.

Such a Bit is naturally extracted at minimal quality energy measure equivalent to entropy In2. The virtual
probabilistic (entropy) interaction becomes real physical Bit. The Bit is memorized at cost of Landauer’s
energy, working as Maxwell Demon. The memorized impulse includes information Bit and free information,
enclosing hidden information of cutting correlation of the Markov process impulses. Statistical micro-
thermodynamics describe the interacting energy of the microprocess ensemble. Multiple Bits self-organize
information macroprocess, performing functions of Weller‘s Bit-participator. Along the multi-dimensional
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observation process, each memorized information binds the reversible microprocess with irreversible
information macroprocess. The cutting entropy is automatically converting to information conveying the
process logical information causality, certain logic, and complexity. The process free information self-
cooperate the Bits in triple information units. The triplet units assemble information network (IN) encoding
the units in information geometrical structures enclosing the triplets’ code. The IN triplets request the needed
information generating a logic of probing impulses, sequentially cutting the observing process entropy
measure and encoding new information units in the hierarchical IN. Multiple INs bind their ending triplets,
enclosing Observer Information, hierarchical reality, cognition, and intelligence [11]. The Observer cognition
assembles common units through multiple attractions in resonances loops at the forming IN triplet hierarchy.
The distributed cognitive logic self-controls encoding of the intelligence in a double helix coding structure
(DSS). The Observer clock time intervals open access to external energy at each specific level of the IN
multiple hierarchy, enabling the memorization and encoding the hierarchy of these Bits. These Bits become
hierarchical measure of certain reality on the path from uncertainty.

The Intelligent Observer, self-reflective to the DSS logic, enables reading and understanding the message
meaning. The I1ID describe the emerging doublet-triplet logic, the evolving hierarchy of the information
process with IN formation, integration the logic, memory, cognition, encoding the intelligent observer in
triplet code, which further encodes physical information, cognition, intelligence including consciousness,
motor function, enable create Al with intellectual brain.
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I1. Emergence of the Discrete Time-Space, Information, and Constrains

2.0.Transition to Markov disffusion process. Specific of Rising the Entropy Functional
A. Let us substantiate how probabilistic observation of the Markov chain starts Markov division process.
A continuous random time Markov chain can converge to diffusion [1] if observation is a three time-scale

motion transiting an average sequence of each three time states of the chain along the Markov chain.

Since the Markov chain is a sequence of possible events in which the probability of each event depends
only on the state attained in the previous event, the three-time observation can start at time states of the
previous event i—1, continue at time state of a current event iand ends at the time state of a following

event i =2.
Suppose random states & =& (t.),& =< (t,)at a fixed random time t_,t, are observed within three

moments t—t ,u—t,t, —u at t, <t <u <t ,where observation begins at time t, and continued up to timet_,

which covers above three time intervals.
Then, between random ¢&_, &, establishes a coefficient of correlation [2:23]:

t . L t
M = /—m which exists if | fﬂ >0.
t t
n n

The impulse probabilities of the running chain may virtually observe two states
& =¢&.(t). & =& (t,) atafixed random time t_,t, within three moments t—t ,u—t,t, —u att, <t <u<t,
, Where the last holds the two current impulses.

This three time-scale motion, transiting two impulses, correlates the beginning & and ending state &, of

the observing impulses. Those cooperates-binds the three times of Markov chain in Markov diffusion.
Hence, when at least two discrete impulses of the Markov chain connect a minimum of three
its random events, their transitional probabilities transform to Markov diffusion process.

B.The Markov diffusion process trajectories are defined on n-dimensional probability distribution
P, = P.[X (w)]with transitional probabilities P(s,X,t,B), O -algebra F(s,t) created by events {X(zr) € B}

at s<r<t, and conditional probability distributions P,, on F(s,t), where transitional probability is

equivalent to the conditional.
Transformation of this probability measures relation [3]:

P, (d) = ()P, (d) 1.0)

on trajectories of Markov process (X,P.,) which holds distributions P,, =P (A) on extensive O -
algebra F(s,0) with density measure:
Rx(dw)
p(w)=m (1.1)
Applying the definition of conditional entropy to mathematical expectation of logarithmic probability
functional density measure (0.1), we introduce entropy functional on trajectories of Markov diffusion
process [4]:

S=E{-In[p(@)}= [ -In[p()]P,,(do), (12)

%(t)eB
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where E = Exm is conditional mathematical expectation, taken along the process trajectories %, at a varied
(X,s) (by analogy with M.Kac [5]).

Markov diffusion process describes drift functiona=a(t,x)and function of diffusion o =o(t, x) which
define additive functional [6-9]:

ol =1/ 2} a(t, X)" (2b(t, X)) "a(t, % )dt + ]a(t, ) a(t, ) (L), 2b(t, X) = o (t, o (£, %) >0 . (1.3)

Functional (1.3) describes transformation of the Markov processes’ random time traversing the process
trajectory.

Additive functional (1.3) measures probability density (1.1) which also can define ¢} () :

p(w) = exp{-¢;(®)}(a), or ¢(»)=~In p(a) (b) (1.4)
Transitional probabilities for a diffusion process ¢, transforming density (1.4) with aid of additive
functional (1.3), satisfy relation (1.0) in form

P.s.t.B)= | exp{—gi(o)}P, (do). (1.5)

X(t)eB
Applying definition of entropy functional (1.2) to process %, conditional to process ¢, , we get the entropy

functional measure expressed via additive functional goﬁ (@) on the trajectories of the diffusion processes:

S[% /6.1 = El¢{()]. (1.6)
Minimum of this functional, depending on the additive functional, measures closeness the above
distributions:
minS[X, /¢]=S°
e : (1.7)
Let the transformed process be

6 =[ow.£)de, (1.8)

having the same diffusion as initial process %, , but the zero drift, then ¢, models a standard perturbations -
“white noise”. Process ¢, is a transformed version of process & whose transition probability
satisfies (1.1).

Transformed probability Iss,x for this process evaluates the Feller kernel measure [10, 11].

Since transformed process ¢, (1.8) has the same diffusion matrix but zero drift, the right part of
additive functional in (1.3) satisfies

E[ j (o(t, %) ta(t, X)d ()] = 0. (1.9)

It brings the integral measure of the entropy functional expressed via parameters of Ito stochastic equation
[4,12]:

.
AS[% ][ =1/ ZES,X{I a“(t,%)" (2b(t, %)) "a" (t, % )dt} = I —In[p(@)]P,,(dw) = -E,,[In p(x)]. (1.10)

S X(t)eB

Formulas (1.2-1.5), (1.6), (1.7), (1.8) and (1.10) are in [13,14] with related citations and references.
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The entropy functional (EF) in forms (1.6, 1.10) is an information indicator of distinction between the
probability measures of processes % and ¢, ; it measures a quantity of information of process £

conditional to process g, .
The right side of (1.10) is the EF equivalent formula, expressing it via probability density p(w) of random
events o, integrated with the probability measure P, (dw) along the process trajectories X(t) € B, which

are defined at the setB .

Formula (1.10) directly connects the probabilities, defining the EF, and the Markov process functions drift
and diffusion without necessary to the implement probabilities measurement for the given process.

The process is irreversible if its entropy (1.10) is positive, or

—E, [In p(w)] >0 at 0< p(w) <1. (1.11a)

The observing probability of triple cooperative events above leads to their forth probability
more predictable with growing the density and satisfaction of (1.11).
Observing more cooperating events increses the density which is limited by p(w)=1.

That leads to zero entropy (1.2).
It requires zero additive functional ¢, (@) =0, or its negative diffusion part in Eq. (1.3). This is possible at

negative drift, since o = o(t, x) > 0and the quadratic form in first part of (1.3) are positive.
The negative drift decreases speed of the Markov diffusion following from the increasing cooperation.
The decreased speed compensates for the diffusion part at the same o = o (t,X) >0 in Eq.

1/ 2} a(t, %)" (2b(t, X)) a(t, % )dt = ]a(t, %) a(t, )d () (1.3a)

before math expectation in (1.6) is taken. Eqg. (1.3a) defines zero EF at satisfaction (1.9), while diffusion
part of (1.3a) limits its minimal drift of the Markov process. The limit holds start of the process dynamics
running only its drifts. Since the time, following from the zero EF, is also equal to zero, the observation of
the process dynamics has not begun, being indicator of the starting observation.

According to [9:358], if after some momentt >, additive functional satisfies¢,. (@) =0(a), while at
previous moment t < it holds ¢/__ (@) =1(b); such situation calls the Markov process’ break off.
If at the previous moment approaching t<z,p_, (w)—>0.3679, then following 1(b):

gofﬁf (w)=-Inp,_,, (@) >1. Therefore, at the moment approaching the break off , the additive functional
satisfies (b), and at the following moment holds (a) that satisfies p,_ (@) =1 and limits the cooperation.
Hence, the cooperation may start with p, , (@)and end with the process break off. Then, at the moment
following beak off, after p_, ()|, =1 att>7, and p, ., (@) — 0.3679 the cooperation may restart.

It involves altering 0-1 values for ¢ (@) (which ref.[1] formulates as a law).

Zero entropy limits the observed cooperation, but it also lowers limit of minimal entropy (1.10). The
minimal entropy imposes extreme principle on the cooperating process probabilities, which leads to
invariant maximal p(w) —1. Thus, the maximal predicted events may follow the beak off unpredictability.

The extreme EF determines equations of Information MacroDynamics [15] as part of the 111D [16].
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Here, the minimal entropy principle limits the admissible cooperation, at decreasing speed of the
cooperative Markov process. Such Markov diffusion imposes a limit of its irreversibility.

The IMD starts on this limit.
When the Markov diffusion continues approaching the break off, its probability density
P_,.(w) —0.3679 binds the triple connected events’ probabilities, starting on step i=1 with

P (@) | = 3P, (@) - 3/0.3679 ~0.7788..

2.1.The impulse cutting action on the entropy integral during observation

Each observation is act changing the observing process that generates the interactive impulse observation.
During the observation, the impulses sequentially cut the observing process. The impulse probabilities
bring virtual cuts, which provide Markov transitional probabilities. With probability approaching one, the
cut provides the real no-yes impulse actions bringing physical cuts.

The transitional probabilities, transferring along the Markov process trajectories, defines the Entropy
Functional (EF) on these trajectories.

The impulse observing probabilities virtually cut the EF on the trajectories on its fractions. When a certain
probability one brings real impulse, physically cutting-erasing its entropy, the impulse entropy converges to
equivalent information. Then, the cutting EF converges to related Information Functional (IPF) defined
along the cutting path on trajectories of an information process.

These operations need detail analysis and mathematical substantiation.

For the formal analysis of the cutting action of EF and a produced IPF, we introduce an abstract impulse
control below.

Since such controls actually belong to the Markov process impulse, we identify a class of the discrete
controls satisfying the cutting action of the Markov process in Sec.2.1.1.

Using these discrete controls properties, we find specific their cutting fraction of the EF.(Secs.2.1.3, 2.2).

2.1.1. Evaluation of the cutting process EF fractions by an impulse control
Let us define control on the space KC(A,U) of a piece-wise continuous step functions u, at t e A:

def . def .
u = limu(t,x ), u, = lim utx ) (2.1)

t—>7,-0 t->7 +0

which are differentiable on the set
A° :A\{Tk}rknzl,kzl,...,m, (2.1)
and applied on diffusion process % from moment z__, to r,, and then from moment r, to 7,
implementing the process’ transformations X (z,_,) — ¢, (z,) = % (z..,); the n-dimensional process holds
m such transformations.
At a vicinity of moment z, , between the jump of control u_ and the jump of control u,, we consider a
control impulse

ou, (7)) =u (7, ) +U, (7,,)- (2.2)
The following statement evaluates the EF information contributions at such transformations.
Proposition 2.1.
Entropy functional (1.10) at the switching moments t =z, of control (2.2) takes values

AS[%, (8u, (z,)]=1/2, (2.3)

52



European Journal of Computer Science and Information Technology
Vol.8, No.1, pp.39-175, February 2020

Published by ECRTD- UK

Print ISSN: 2054-0957 (Print), Online ISSN: 2054-0965 (Online)

and at locality of t=7,: at 7, ,—»>7 and 7, -7, ,, produced by each of the impulse control’s step
functions in (2.1), is estimated by

AS[X (u_(z)]=1/4,u =u (z), 7, , 27, (2.3a)
and

AS[X (u,(z,)]1=1/4,u, =u (7)), 7, = Tp,o- (2.3b)
Proof. The jump of control function u_ in (2.1) from moment 7z, , to z,, acting on the diffusion process,
might cut off this process after moment 7, — 7, .
The cutoff diffusion process has the same drift vector and the diffusion matrix as the initial diffusion

process.
The additive functional for this cut off has the form [6-9]:
o |0t<7
P = : (2.4)
o,t>7,

The jump of the control function u, (2.1) from z, to z,,, might cut off the diffusion process after moment
7. — 1., With the related additive functional

" o,t > 7, 25)
%= 0Ot<r., '

For the control impulse (2.2), the additive functional at a vicinity of t=z, acquires form of an impulse
function

Q.+ =5p;, (2.6)
which summarizes (2.3) and (2.4).
Entropy functional (1.10) following from (2.4-2.5) takes values

0t<r
AS[X (U (t<z,_t>7)]=Elg 1= {OO t :T : (2.79)
N _ B e O I>T
AS[Xt(u+(t>Tk’tgz-k+o))]_ E[@s ]_ 0 t<r ' (27b)
't = Yk+o

It changes from 0 to coacquiring absolute maximum at t >z, , and back from o to 0, acquiring absolute
minimumat z, , and 7, .
The multiplicative functional [9], related to (2.4-2.5), are:

o |0t . [Lt>g
P, = , Py = . (2.8)
1t > Ty O1t£Tk+o
Control impulse (2.2) provides an impulse probability density in form of multiplicative functional
Sps =ps ps, (2.9)
where S p; holds §[z,]-function, which determines probabilities
P,(dw)=0 att<r, ,t<z,,,and P, (do)=P,, (do) att>r,. (2.9a)

For the cutoff diffusion process, transitional probability (at t<z, , and t<<z, ) turns to zero, and states
X(z, —0), X(z, +0) become independent, while their mutual time correlations are dissolved:

r ... =E[X(z -0).X(z, +0)] > 0. (2.10)
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Entropy increment AS[x (su, (z,))] of additive functional ¢ (2.5), produced within or at a border of
control impulse (2.2), defines equality

Elp! +¢1=E[6p7]1= | 6] (@)P;(dw), (2.11)
where P;(dw) isa probagﬂity evaluation of impulse s¢7 .
Integral of symmetric 0 -function 5,7 between the above time intervals on the border is

E[spi1=1/2P,(z )at 7, =7, ,,0f 7, =7, (2.12)
The impulse, produced by deterministic controls (2.2) for each process dimension, is random with
probability

P.(r,)=1k=1..m (2.13)

at each z, -locality.

This probability holds a jump-diffusion transition probability in (2.12) (according to [17]), which is
conserved during the jump. For each jump, condition (2.4) leads to a“(t, %) — oo..

Therefore, each jump increases Markov speed up to infinitely within a finite impulse with fixed z, , and
Tktor
From (2.11)-(2.13) it follows estimation of the EF increment under impulse control (2.2) applying at t =z,
in form
AS[% (Su.(z, )] = E[sp]1=1/2 (2.14)
which proves (2.3), while delta impulse at sp7 — oo brings absolute maximum to (2.14) within each K
cutoff impulse.
Symmetrical entropy contributions (2.6) at a vicinity of t =7, :
E[p. 1=AS[X (U (t<7, ,;t>17))] (2.15a)
E[p! 1= AS[& (u, (t > 7,;t < 7,.,))] (2.15b)
estimate relations
AS[R(u_(t<z_,;it>7)]=1/4,u =u (7)1, 27, (2.16a)
AS[X (U, (t>7;t<7, (2.16Db)
which prove (2.3a,b).
Entropy functional (1.10), defined through Radon-Nikodym’s probability density measure (1.4), holds all
properties of the considered cutoff controllable process, where both p,, and I5S,X are defined.
Thus, cutting correlations (2.10) extracts entropy of hidden process information which directly measures
each 0 -cutoff:
Al [X (6u(z )] = AS[X (6u.(z )] =1/2 . (2.17)
The known information measures do not provide such measuring.
According the definition of entropy functional (1.2), it is measured in natural Inwhere each its Nat equals
log, e = 1.44bits; therefore, the EF does not using Shannon entropy measure. ®

D=14u =u (t>7),7, —>7, "

2.1.2.The Proposition Corollaries
From Proposition 1.2 it follows that:
(a)-Stepwise control function u_=u_(z,), implementing transformation % (z,_,) — ¢, (z,), converts the EF

from its minimum at t <z, _ (2.16a) to maximum at 7, , — 7z, (2.17);
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(b)-Stepwise control function u, =u, (z,) , implementing transformation ¢,(z,) — %(z,,,) , converts the
EF from its maximum at z, | — 7z, (2.17) to minimum at z, — 7, (2.16b);

(c)-Impulse control function éu; , implementing transformations % (z, ,) — ¢, (z,) — % (z,,,) » SWitches the
EF from its minimum to maximum and back from maximum to minimum, while the maximum of the
entropy functional at a vicinity of t=7_ allows the impulse control to deliver maximal amount of
information (2.17) from these transformations;

(That maximum relates to p,__(w) =1 maximum following break off that limits the speed of correlated

cooperation).
(d)-The dissolving (cutting) correlation between the process’ cutoff points (2.10) cuts functional

connections at these discrete points which border the Feller kernel measure [11];
(e)-The relation of that measure to additive functional in form (1.3) allows evaluating the kernel’s
information by the EF (1.5). The jump action (2.2) on Markov process, associated with “killing its drift”,
selects the Feller measure of the kernel [18, 19], while the cutoff of EF provides information measure of
the Feller kernel (2.17);
(f)-Stepwise control u_=u (z,), transferring the EF from z, , — 7, , maximizes (by moment z, ) the
minimal information increment (brought at t — z, ), implementing condition

max min Al [X, (ou(z,))]:; (2.17a)

T T

0

(9)-Stepwise control u, =u,(z,), transferring the EF from 7, — 7, , Kills the additive functional at
stopping moment z,., minimizing the maximal information increment by the end of this transformation,
implementing condition

min max Al [X, (ou(z, ))]. (2.17h)

Tkro Tk
Such transformation associates with Killing the Markov process at the rate of increment of related additive

functional dg!' /¢! for each single dimension i [20].

Control u, =u,(z,) transfers the rate of killed Markov process to a process with probability (2.13), which

is conserved during the jump, and starts a maximal probable (hon-random) process with the eigenvalue of
diffusion operator [21].That process balances the killing at the same rate [22].

The step-wise controls, acting on the multi-dimensional diffusion process dimensions, sequentially stops
and starts the process, evaluating information of multiple functional, and changes probabilities 0-1 of each
impulse.

That impulse observation (Sec.2.0(A)) cooperates the random events starting the minimal entropy principle
at random observations.

The dissolved element of the correlation matrix at these moments provides independence of the cutting off
fractions, leading to orthogonality of their correlation matrix. ®

The control action on the Markov additive functional with drift function a" =a(x,t,u)is an equivalent of
changing the EF measure under the No-Yes actions. The above transformation carries the jump of Markov
probabilities densities p(w) in Sec.2.1.1, which in the Proposition 2.1 runs §p? under the controls.

Each observing impulse, acting on the Markov probabilities, virtually cuts the EF until real control
impulse converts the cutting EF entropy to information unit.
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Mover, as it follows from the Proposition, each jump increases Markov speed allowing the arising
maximin-minimax impulses running faster than the initial Markov movement. That speeds up getting
information unit from the impulse observation compare to any of non-impulse observations.

2.1.3.The entropy integral functional for a single dimensional Markov process

The EF integrant in (1.10) is partially observable via measuring only covariation function on the process’
trajectories.

For a single dimensional Markov process with drift function a =c%(t) at given nonrandom function ¢ = c(t)

and diffusion o = o(t) entropy functional (1.10) acquires form

S[X /¢]=1/ 2} E[c®(t)%3(t)o 2 (t)]dt , (3.1.1)
from which, at function o(t) and nor:random function c(t) , we get

S[X. /¢ ]= 1/2j[c (o 2(tE, [X° (t)]dt—llzj c2[2b(t)] *r.dt . (3.1.2)

For the Markov diffusion process, the followmg relations hold true:

2b(t) =o(t)> =dr/dt =¥, tvEs,x[X t]=r.. (3.1.3)
This allows identifying the EF on observed Markov process X = X(t) by measuring above correlation
functions, applying positive function u(t) =c*(t), and representing functional (1.10) through a regular
integral

S[X. /¢ ]=1/ 2}u(t)A(t, s)dt (3.1.4)

with non-random functions
A(s,t) =[2b(®)]*r, =r7'r, (3.1.4a) and u(t) =c(t) (3.1.4b)

The n-dimensional form of functional integrant (3.1.4a,b) follows directly from the related n-dimensional
covariations (3.1.3), dispersion matrix, and applying n-dimensional function u(t).

At given nonrandom function u(t), regular integral (3.1.4) measures the entropy functional of Markov

process at the probability transformation (1.2) with additive functional (1.3), where the integrant averages
the additive functional.

Proposition 3.1.
Integral (3.1.4), satisfying variation condition (1.15) at linear function ¢*(t) =ut=c’lt , forms

T
S[% /¢,1=1/2 j u(t)o(t)dt, (3.1.5)
where the extreme of function (3.1.4a) holds minimum
A(t,s.°) =0(s)b (s:°) b (t) = o(t) (3.1.5)
which decreases with growing time t =,° +0(t) at t —T and fixed both b, (5;”) and the starting interval
0(s) = A(s,S) . (3.1.5b)

Since satisfaction of this variation condition includes transitive transformation of a current distribution to
that of Feller kernel, the b, (t) is the transition dispersion at this transformation, which is growing with the
time of the transformation.
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Proposition 3.2.

Entropy integral (3.1.5) under impulse control c?(t,z, ) = ou, (t — 7, ) takes the following information values:

(a)-at a switching impulse middle localityt =7, :
S[X, /gt]t:Tk =1/2 Nats,
(b)- at switching impulse left localityt =7, ° :
S[X /6]
(c)-and at switching impulse right locality t=7,°:
SI% /], =1/4Nats.

=1/4Nats,

t=1; °

Proof. Applying delta-function c’(t,z,) = du,(t—z,) to integral

AS[%. /gt]|ZE:=1/2I5ut (t—7)o(t)dt, 7,° <7, <7;°,

determines functions [23:678-681]:
Ot<rz.’

1/40(z.°),t=17"°
1/40(z.°), t=17,°

1/20(z, ) t=7,7,° <7, <7,°

AS[% /]I =

Or such cutoff impulse o(z,) brings amount of the EF on

its

(3.1.6)

(3.1.6a)

(3.1.6b)

(3.1.7)

(3.1.8)

middle

locality

AS[)?t/gt]t:Tk=1/20(rk):1/2Nats, and on borders of interval o(r,) the EF amounts are

AS[X, /gt]t:T;o =1/40(z,°)Nats and AS[X, /gr]t:,;o =1/40(z,°)Nats accordingly.
The results concur with (2.2.3, 2.2.3a,b).

The cutoff delivers entropy 3/4Nats transferringl/ 4Nats to the right border of the impulse.

Sum of the impulse localities of cutting interval o(z, ) :

t=7,°

S AS[% /), =1/ 40(7.°) +1/20(z,) +1/ 40(z;°) = o,

t=z-|:° (319)
evaluates constant-the invariant 1Nat fraction of the EF cutoff on this interval, which the interval encloses.
The invariant cutting fractions follow from variation condition (1.1.7) imposed on (3.1.4), which leads to

(3.1.9).

The impulse 0-1 probability, virtually cutting minimax entropy measure: AS,_, — —x,AS,_, =0 also applies

to a virtual observer with virtual-probabilistic density p(w) and entropy functional

Sg = . [-In p(@)]

2.1.4.The Information Path Functional

measure

Information path functional (IPF) defines the distributed actions of multi-dimensional delta-function on

entropy functional (1.10) through the additive functional for all dimensions:
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1, =5.45[% /6] |}=l/2E{]5m[a(t, %) (2b(t, 0)a(t, D]} . (4.4.1)

Relation (4.4.1) is summing discrete information measures Al [% (du(z,))] along the path on cutting process
intervals (3.1.9). In a limit it leads to

, =lim’Y" AL [%, (5u(z, )] @a2)

m—o k=1

Formal definition (4.4.1) allows the IPF representation by Furies integral [23] leading to the frequency
analysis with Furies series.
.The IPF is the sum of extracted information which approaches theoretical measure (1.10):

I p :ml_l)[p Imo |1s— = Lm Smo E - S[)zt /gt]l—7 (443)

if all finite time intervals tl—s =0,t,—t, =0,,....,t , —t, =0,,....t, —t,, =0, ,at t =T satisfy condition

m

(T—s)=lim Z 0, (1) (4.4.4)

tsm

According to (3.1.9) each cutting interval o(z,) encloses invariant entropy measure converting to
equivalent information measure Al, [ (su(z,))]. The |, (4.4.3) limits the initially undefined upper time T

of the EF integral (1.10), which brings direct connection I, and T —s, where each o(z,) limits invariant

discreet measure (3.1.9).
Therefore, at infinite sequence of the integrated time intervals, this sequence limits only zero discreet

measure:
limo(t,) >0, (4.4.5)

and sum of such sequence is finite [23:130, 4.8-1].

A random ensemble of the sequence, moving with time (4.4.5), would have infinite velocity at any finite size
of its space distribution.

Additive functional (1.3), EF (3.14), and relation (4.4.4) directly connect (1.10) with the process’ time T
Realization (4.4.1), (4.4.4), (4.4.5) requires applying the impulse controls at each instant
(X,5),(X,s+0(s)),... along the process trajectories with conditional math expectation (1.10).

However for any finite number m of these instants, the integral process information, composed from the
discreet information measured for the process’ fractions, is not complete.

The 1, properties:

1. The IPF measures information of the cutting process’s interstate connections hidden by the states
correlations, which are not covered by traditional Shannon information measure.

2. Since each cutting value AS,[x (Su(z,))]= Al [% (Su(z,))] maximizes the cutting information on the
path intervals, I, measures total (integral) maximal information on this path.

The cutting control  provides the equal maxmin-minimax information  contributions
maxmlnAI JX (du(z, )] = m|n maxAI JX (du(r )] (4.4.6)
oneach’ path t, , — (7, , —>rk —)rk+0) —t, from cutting t, , to following cut t, (Corollaries a-c).

3. If each K -cutoff “kills” the m dimensional process’ correlation at moment 7, , then at m=n relations

(4.4.1-4.4.6) require infinite process dimensions.
4. At m=n—>o,0, =t —t,, > 7, , the process time
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t=T k=n

T-s)=lim > 7, (4.4.7)

n_)Ootskl

approaches the summary of the discrete time intervals cutting all correlations on the path.
5. Sequential cuts transform the IPF discrete information contributions from each maximum through

minimum to next maximal information contributions
max Al, [%,(3u(5))] > min Al %, (6u(z, )] - max Al [%,(u(z, )] (4.4.8)
where each next maximum decreases at the cutoff moments
mkaB( Al [X (Su(z, 1)) < mrzk:lx Al [X (Su(z, )] (4.4.9)

Each Dirac delta-function preserves its cutting information (3.1.8).
The information contribution by final interval 7., =0, at its inner ending moment,
4.4.4), satisfies

according to (4.4.2-

m+o0?

min Al [% (Su(z,,))] — O, (4.4.10)

Tm+o

which limits sum (4.4.3)at m=n—oo.
6. Since EF functional S[X, /¢,]i limits the growth of S__ [l in (4.4.3), it limits the IPF in (4.4.8), (4.4.9).

Hence, the IPF approaches the EF functional during time (4.4.7) at the unlimited increase of the process
dimensions.

7. Because upper time T in both the EF integral and IPF functional is limited by (4.4.3),(4.4.4) and
(4.4.10), the cutting entropy integral converges in the path functional, and both of them are restricted at the
unlimited dimension number. (See also Sec.1.3.3 in Introductory).

8. For any of these limitations, EF measure, taken along the process trajectories for time (T —S), limits

maximum of total process information, while IPF extracts maximum of the process hidden information
during the same time and brings more information than Shannon traditional information measure for
multiple states of the process.

9. Information density of cutting impulse

Lo, = 1 [X(Su(z )]/ 7, (4.4.11)
grows to absolute maximum at 7z, —0:
|y, = . (4.4.12)

The time transition to each following EF’ Nat decreases. Each such Nat integrates all preceding Nats

concentrating the integral information in the final IPF Nat, which Feller kernel absorbs.

The final finite integral information impulse approaches the Kronicker 0-1 impulse generated during finite

7._, » Which is preserving measure (3.3.6).

The invariant probability measure applies to the impulse probes on an observable random process, which

hold opposite Yes-No probabilities—as the unit of probability impulse’ step-function [14] preserving the

max-min.

Comments. Number M of equal probable possibilities determines Hartley’s quantity of information
=InM measured on Nats, which for the impulse M =2 holds H =In2Nat. The impulse information

measured in bits is | =1/In2InM =IgMbit =1bit. The correlation cutting by the impulse brings

information 0.75Nat from which §S, =~ 0.0568Nat delivers the impulse controls. Since each cutoff brings
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invariant 1Nat (3.3.6), the difference (1—0.7)Nat =0.3Nat presents “free information” for each cutting

impulse. e

The IPF final impulse evaluates maximal speed of enclosing information (4.4.11) in the finite impulse time
interval. That impulse time of cutting correlation evaluates hidden information equals to Bit=1In2.

All integrated information encloses the Feller kernel whose time and energy evaluate results [18].

Minimal physical time interval limits the light time interval ot =1.33x10"°sec defined by the light

wavelength &1 =4x107"m. That allows us to estimate maximal information density (4.4.14) for 1 bit:

lo, =IN2/1.33x107"° =5.2116x10"* Nat/s. (4.4.13)
Or for each invariant impulse1Nat, the maximal density estimates
Lo, = 1/1.33x107*° = 7.5188x10"° Nat / s. (4.4.14)

Variety of the impulse 1T physical interactions unites the impulse information model, which the EF-IPF
integrate.

2.2. The evaluation of impulses in the interactive observing process
2.2.1. Discrete control action on the entropy functional

Let us find a class of step-down U' =U_(7.°) and step-up U. =U,(7,°) functions acting on discrete

interval O(Tk) :Tk+ ’ —-Ty ’ ,which will preserve the Markov diffusion process’ additive and multiplicative
functions within the cutting process of each impulse.

(These are controls implementing the interactive cutting actions required to reveal the Bit discrete impulse.)

Lemma 1.1.

1. Opposite discrete functions u' and Ui in form

u () =k T () =1 T, (1.1)
satisfy conditions of additivity

[u -u'1=U, @)or[u +u']=U, ) (1.1A)
and multiplicativity

[ul —u'Ix[ul +u'1=U_ (1.1B)
at

U,=U_ =U,_ =c*>0, (1.1C)

where instance-jump irk,o has time interval U_ and instance jump Trkw has high U, for relation (1.1A)(a)
at real values

u =050=0 =20, (1.2a)

and for relation (1.1A) (b) the considered intervals at real values hold

w=0=2 (1.2b)
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2. Complex functions
(U8 U, U =, =(j-D,u = (j+1)] , j=v-1 (1.2¢)
satisfy conditions (1.1aA), (1.1B) in forms
U -u =(j-0-(j+)=-2, u xu =(j-)x(j+1) =(j*~)=-2,
which however do not preserve positive (1.1C).
Therefore it holds ¢® <0and imaginary opposite complex functions
u (-uh) =u, (u?),uf =[u, = (j+1),u_=(j-1), (1.2d)
satisfying (1.1bA)-(1.C).
At equal absolute values of actions |u' |<|u' |, imaginary functions
ut = jy2,ul =—j2 (1.2d1)
satisfy only multiplicative part U, =u; xu' =-2 when the impulse additive measure holds U, = 0.

Proofs are straight forward.
Assuming both opposite functions apply on borders of impulse interval o(z,) = (z.°, 7, ") in forms

U =u_(7,°) Ul =, (7,°) and UZ =u_(7°) UF =, (7)) (1.2e)
at UL =¢*(r°), U =c’(r°), t=1°, (1.2)

then it follows that only by the end of this time interval at t = Tk+° both Markov properties (1.1A,B) satisfy,
while at beginning t = Tk_o , the starting process satisfies only (1.1A). «

Corollary 1.1.

1. Conditions 1.1A-1.1C imply that c?(z.°),c*(z,;°) are discrete functions (1.1a), (1.2f) switching on
interval A, =7,° —7,°.

Requiring A, = &, leads to discrete function 0°U, which for 6, = (7,° —7,") holds
§°utsz =[u (z,°)—u, (z°)/ (z,° —7,°) and using (1.1) and (1.2b) for a° =, =2 brings
u(z.’)= _1rg° u,u.(z°)= +lrk+° U,atd =05,0 =2, (1.3)

when positivity of ¢? >0 implies equality
é“’utzrk =[u,(z,°)-u () (z,° —7,°)>0. (1.3a)

2. Discrete functionon A = (s, °,7,°) :
u (s°)=+1.0,u(7))=-1,0 (1.3b)

are multiplicative: (U_(z;°)—u, (5°))x (U_(z;°) —u,(5°)) =[u_(z.°) —u,(s:)).
2a. Discrete functions (1.2e) in form
U, =Ju,u =-ju,u=0 (1.3¢)

satisfy only condition (1.1A) which for functions (1.3b) holds
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[u_(7") —u, () =—(jO)°[-L . -1 >0, « (1.3d)

Let us find discrete analog of the integral increments under discrete function (1.3a) in a form of delta-
function on J,:

Su_(z.°)u, (7 u_(7°) = _1le0 u,u(z.”) = +1r;° u, . (1.3e)

Proposition 1.2.

1. Applying discrete delta-function (1.3e) to the EF integral in form (Sec.1.3.3) leads to

Ot<z’
N G AR S AR TE RSN
AS[X{IQ]EED: 120 (r,")-u (z,")o(z ) (7" =7.° )t =71,,7, " <7, <TQ°,1/2(¢1T[0—T11E0)Ukm (L4
L4, (°)0(r") 7, t=1" 1411 .0,
where
B, =0 X0(7)] 70 = (0,0 )x0(6) (370G <O X0,

U, =1/2(U, -u)=0.750(z,)=7."-7.,0(z,°) 7.° =0.5,0(z,°) [ 7,° = 0.1875
and |U_xU,_H1/2x2|4 1T, H1], is multiplicative measure of impulse ({ 1.-TL.)G,.

Measuring middle interval in (1.4), (1.5) by single impulse information unit U, =|1|k, determines finite

size of the impulse unit parameters Ug,U,, U, in (1.5), which estimate value U, on the unit border:

0, =0.25=1/30,,,0, = 2x0.1875=0375=050,, .. (L6)

Proofs follow from Proposition 1.3 below. e

Let us introduce an entropy unit impulse U; =|1|; with moments (SQO,SE,SEO) prior to impulse U, =|1|,,

which measures interval of impulse entropy Ug, .

7 °
S

Then we will find increment of entropy AS[X /¢,] on a border of impulse U, at prior

A, =0,4.=(5"-0 )and posteriorA, =0, =(0 —J; )moments under the impulse functions with unit
TR =|:|.|s :
SU_ o sy = (U (8) ~U (G ~ s5)t =1 1.0~ Yo o=[T L.~ J 1.1, @

7=( k

ou = (U (60) - (ENET -6 =v 1 u-T1

r=(5 &)

0=[1, -TL.10, @8

T+
6k
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o°u = (U6 ~u(fNEC -7 =T o= o=[T1, V1.0, (1)

=8 -5°) a

Here U evaluates each impulse interval, which according to the optimal principle is an invariant.

Since the EF is additive functional, applying functions (1.7)-(1.9) leads to additive discrete sum of its’
increments:

AS[% /g1 = AS[% /G 1IE +ASI% /]I +ASI%/ 1l (1.10)
along the time interval
Age =8 =0 +0, =6 +6 -1 =8"-1"=A. (1.10a)

Proposition 1.3.

A. The increments of the entropy functional (1.10) collected on intervals (1.10a), under functions (1.7)-
(1.9), bring the following entropy contributions:

AS[% [ ]I 5k =1/ 2(u,(5°) -u_(6; Nols,” -5 N -6 ) =1/ 2T L.- v L, 10, (1.11)

at interval

O =0(0(s," =6 )" =6, ) (1.11a)
AS[% /] Iiti =1/2(u_(5) ~U, (oS = NS¢ -6 ) =1/ 2[4 1. - Tlﬁﬁlﬁk(ss, (1.12)
at interval

Oy, =Ux(0(6 =SNG —67)7, (1.12a)

and

ASIZ 1G] =1/ 2(u,(67) ~u (. )o(d; ~ 7 )67 -7 =1 2N~V 1 ]a,,, (1.13)

under function

(M1, -41.10, =111 +T1 .10, . (1.13a)

§T+

Here each impulse interval acquires a specific entropy measure at known T, , Uy, , Uy -

Let us find them.

The,; at on the impulse invariant interval U acquires form

0, =0x(0(0 -t )07 -.°) = Tx (67 )67 2,0+ Tx (e )5 (07 -.7) e, (1.14)
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Relation (1.14) leads to the impulse interval
Ues = Uyso +Usy (1.149)
with its parts

Uso = U X (0(5|<T+))(5|<T+ _Tk_o)_l)  Ugsy = Uy XUy, (1.14b)

Uiy = U X (O(Tk_o))(fk_o)_l, Uiz = o x7, (0 _Tk_o)_l : (1.14c)

B. IntervalsU,,, and U,, are multiplicative parts of impulse step-up interval Ues1, which satisfies

relations

Urso = Uyst =1/ s, Ugsy = Uy (1.15)
where invariant impulse | U5 |91l , acting on time interval &, =27, , measures

U =Ug at|Ugy [=1/20,, (1.15a)
and relative time intervals of U, and Uy accordingly are

0(z.°)(z.°) =05, o(z;°)(z,°) " =0.1875, (1.15b)
Step-controls of impulse U apply on two equal time intervals:

(6 -7.")=06,"12 (1.16a)  and r° =612 (1.16b)

On first (1.164a), its step-up part [T 1...] captures entropy increment

AS[% /6]

;t;:l/ 2[t 1.]o =1/ [t 1.1, (1.16)

on second (1.16b), its step-down multiplicative part in (1.14b) at U, =T transfers entropy (1.16) to
starting impulse action [ 1 ,] which cuts it within impulse (1.4) at G, =1/ 2G,, ;

where U in (1.14b) multiplies parts
a[TL. 167 12Xy 1.5 (1.16¢)

S

Both equal time intervals in (1.16b) are on the impulse border where the opposite inverse entropy
increments are orthogonal.

C. The applied extreme solutions (1.11, 1.13), decreasing the time impulse intervals, bring minimal
increment (1.10a) and
(a)-persistence continuation a sequence of the process impulses;
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(b)- balance condition for the entropy contributions;

(c)-each impulse invariant unit U, =|1|k , supplied by entropy unit U, =|1|s , triples information increasing
information density in each following information unit. ®

Proofs.
The additive sum of entropy increments under invariant impulses (1.7-1.9) satisfies balance condition:

W’ _

AS[K /gt] |;§0:AS[)~(1 /gt]ljgi +AS[)~(1 /gt]lziti +AS[)§ /gt] ot
VAT, -1 Jo+1/2Te, - T 1o, +1/2T1, T, -1/24 1 Uy =0

, (1.17)

1/24 L Un=1/4 \ LU (1.17a)
where action transfers entropy increment AS[X, /¢, ](z,°)=1/4 ‘l’]w" u,, on discrete locality |7 1" by step-
down actiond 1 T, -
Fulfillment the relations
(M1, 0~V 1, G+ T T = T G+ T, 0= 41 T,,,]=0
[T 15;0 U+ T lgkr— [Ukas - Uks]+ T 15{* [Ukﬁo - Ukés] = ]%I;" Uss \ ]%I;‘) Ut = -1/24 ]Tr|;° U
leads to sum of the impulse intervals:
s = Ui + Ty + Uy = Uiy +Uigo ~ Uy =0, andl Ty =1/ 20,

orto

Uso = Ugsr - (1.17b)
Impulse [T1. T;—41 .O,1=[T1.+T1 .10, contains intervals Us =Ueso T Uisrs

where from (1.9), (1.13a) it follows U, =U , and (1.17b) leads to

Ueso =05 =1/20 . (1.17c)
Interval
O =Tx[0(F NG - 7))+ 0 N ) (6 —7°) ' 7°] (1.17d)

consists of U; components:

0o = UX(0(GNG = 7°) ™) and Uy = Uy XU, T (1.176)
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where

- “ony(0y-l — 1 _—ofer+ -0yl

U =0x (")), Uy, =0 %7 °(6 -7.°)"

Intervals Uy, and [Uy, /U7 are multiplicative parts of impulse interval Uys; covered by starting interval
7.

From (1.17¢) and relations (1.17f) it follows

o =UX(0(57 )& -7,°) ) =1/ 20,

o N6 —1.°) =112 (1.18)
and
O =Tx(0(z°)(7") ) =1/ 2T (1.18a)

That leads to
o(r,°)(z.°) =112, (1.18b)

and from (1.18) to relation

G -r) =@ -5 =5, 106 - 1) =1, (1L.18¢)
then to
r. =1/26;". (1.18d)

From (1.18c) it follows

1

Uo =0 . (1.18f)
Applying the sequence of Egs (1.7-1.9), at fixed invariant U , leads to

U=u,(s")-u.(r."), (1.19)
U=u,(6)-u(s") (1.19a)

at U, (6 )-u(r,°)=0 ,
which brings invariant |US |=|1|S to both impulses (1.19) and (1.19a).
Relation

U (s")+U_(7") =2u_(57) + (U, (6)]=0
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following from the sequence of Eqgs (1.7-1.9) leads to

u_(6) =-u.(6"), (1.19b)

reversing and mutual neutralizing these actions on related moments 0, =0, .

Impulse interval Uy, with Ues, and Ues;, starts interval of applying step-down action 0(z.°)(z.°) " =05
in (L4) at Uy =Uys, =1/ 20,

Invariant impulse |US |=|1|S ,consisting of two step-actions[T 15k,+ J,JW]U,( s» measures intervals

U =1/20, . (1.19¢)

At conditions (1.18c, d), limiting time-jump in (1.13a), step-actions of impulse U apply on two equal time
intervals following from (1.19c). On the first interval

(6 -1°)=6712
step-up part of U,; -action [T1 .-~ ] captures entropy increment

AS[X /¢]

On the second interval 7 °= O, "12, the captured entropy (1.20) through the step-down multiplicative part

w2t o =18t ] (1.20)

5"

(1.17¢,d) delivers to the cutting action U, =U_x0(z,°)(z,°) ™ equal contributions
AS[X /¢ ][ =1/ 44 Lo =1/8[ 1.1 (1.20a)

5
Control action [{ 1.,]at U_=0.5 cuts external entropy of correlation in impulse (1.4) at Ukol =1/2Uk0.

Comment 1.1. Action [T 1...] cuts the captured entropy from impulse U, =|1|5 , While multiplicative step-

-1
. e

down part (1.17c) transforms the captured entropy to the cutting action in (1.4) at U, =U

At the end of k impulse, control action U, transforms the entropy (1.20) on interval

Ugo =U_X (0(7;0) / TEO) to information

A%/ ¢] fk*°:1/4[T11k,o]u 0, =1/ 4x (20, )11, ] (1.21)

5t kio ™'+
and supplies it to k +1impulse.

(If between these impulses, the entropy increments on the process trajectory are absent (cut)).

That leads to balance equation for information contributions of k -impulse:
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70
i

AR T G115 +AIR g1 +AIR /6] = AR, /]

where interval Uy, holds information contribution AI[X, /gt]|150=1/4LTkm satisfied (1.4) at U, =-2, which

(1.21a)

measures U, =0.75. That brings relations

0.125+0.75+0,, =-20,,,0.125+0.75+30,, =0,0,, =30,, =0.375=0_x0(z,")/ 7,") (1.22)
and

o(r,*)/7.° =0.1875, (1.22a)
U,+0,+0,=125=5/30_ (1.22b)

from which and (1.21a) it follows

A|[)~(t /gt] |:,:+°: 3Al [XI /gt]

’[k_o

. (1.23)

Ratio Uy, / 20, =3/ 2at 20, =0.25evaluates part of k impulse information transferred to k +1impulse.
Relations (1.17c,f), (1.18b,d,f), (1.19c), and (1.22a) prove the Proposition parts A-B (including (1.16b)) ®

Since U_=0.5 is cutting interval of impulse Uy, it allows evaluate the additive sum of the discrete cutoff

entropy contributions (L.4) during entire impulse (¥ 1.~ T 1..)=0, using U_=U,:

AS[%. [ ¢] |j§j:1/4uk [2+1/20, +1/4x3/ 20, =T, . (1.24)
That determines the impulse cutoff information measure
AS[XI /gt](ik =Al [)zt /gt]ﬁk = (\L 17120 - T 1,;0)Uk :|1| Uk ,Uk :|1|k Nat (1.24a)

equals to =1.44 Bit, which the cutting entropy functional of this random process generates.

The above single unit impulse U, =| 1|k measures the relative information intervals

u,=1/30, 0,=1, 0,=1/30, =0, and 7,°/7,° =3 . (1.24b)
From relations

U =1/ 20, and U, =1/20,, =1/60, . it follows

U =3y (1.25)

which shows that impulse unit U, =| 1|k triples information supplied by entropy unit U, =|1|s or interval

U, compresses three intervals U, .
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At satisfaction of the extremal principle, each impulse holds invariant interval size |Uk |=|1|k proportional

to middle impulse interval o(z) with information Uy, which measureso(z), and vice versa, time 0(r)
measures this information.

2.2.1. Persistence continuation of the impulse sequence measuring by the IPF

Condition of decreasing t—S,°=0() >0 with growing t—T and squeezing sequence

+0

S;°—>rm_1,k:1,2....m leads to persistence continuation of the impulse sequence with transforming

previous impulse entropy to information of the following impulse: US =| 1|s—> Uk =|1|k.
The sequence of growing and compressed information increases at

Ut = 30, |:|1|k+1- (1.25a)
The persistence continuation of the impulse sequence links intervals between sequential impulses ( U ,

Uk(;s,ngo)whose imaginary (virtual) function [Tlsgo—ilﬁk,ﬁTlgﬁ]U prognosis entropies increments
(L.11), (1.12), (1.10).
Information contributions at each cutting interval 6,4, &,, K.k+1...m: Al[&/¢], A% /], -

. . . . -0 +0 .
determine time distance interval 7, — 7, = 0,(7, ), when each entropy increment

AS[% /] |:T“_° =1/2uo(z, ) =T, x0,(z,)

supplies each AI[X, /¢,]; satisfying

Uxo(r,) =A% /¢]; at Uxo(z,) =0 (z;° - 7°).
Hence, impulse interval
U =A% /¢l (7 - 7°) (1.26)

measures density of information at each 0, =Tk+° —Tk_o, which is sequentially increases in each following
Bit.

Relations (1.25a,b), (1.26) prove part C of Proposition 1.3.®

Such a Bit includes three parts:

-the first delivers multiplicative action (1.16¢) by capturing entropy of random process;

-the second delivers the impulse step-down cut of the process entropy;

-the third is information, which delivers the impulse step-up control and then transfers to nearest impulse.
That keeps information connection between the impulses and provides persistence continuation of the
impulse sequence during the process time T .

Corollaries 1.2.
A. The additive sum of discrete functions (1.4) during the impulse intervals determines the impulse
information measure equals to Bit, generated from the cutting entropy functional of random process.
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The step-down function generates 1/8-+0.75=0.875Nat from which it spends 1/8 Nat for cutting
correlation while getting 0.75 Nat from the cut. Step-up function holds 1/8 Nat while 0.675 Nat it gets
from cutting 0.75 Nat, from which 0.5Nat it transfers to next impulse leaving 0.125 Nat within k
impulse. The impulse has 1/8+0.75+1/8 =1Nat of total 1.25Nat from which 1/8 Nat is the captured
entropy increment from a previous impulse. The impulse actually generates 0.75Nat = 1Bit , while the step-
up action, using 1/8Nat , transfers2/8Nat information to next k impulse, capturing 1/8Nat from the
entropy impulse between k and k +1information impulses (on interval o_(z,) ).

B. From total maximum 0.875Nat, the impulse cuts minimum of that maximum 0.75 Nat implementing
minimax principle, which validates variation condition (1.1.7) and results (1.2.17a,b).

Transferring overall 0.375Nat to next k+1 impulse, that k impulse supplies it with its maximum of
1/3x0.75Nat from the cutting information, implements principle maximum of minimal cut.

C. Thus, each cutting Bit is active information unit delivering information from previous impulse and
supplying information to following impulse. It includes: the cutting step-down control’s information
delivered through capturing the external entropy of the random process; the cutoff information, which the
above control cuts from the random process; the information delivered by the impulse step-up control,
which, being transferred to the nearest impulse, keeps the information connection between the impulses
providing persistence continuation of the impulse sequence.

D. The amount of information that each second Bit of the cutoff sequence condenses grows in three times,

which sequentially increases the Bit information density. At invariant increments of impulse (1.4), every

U, compresses three previous intervals Uy _; thereafter sequentially increase both density of interval U, and

density of these increments for each k +1impulse. s
The IPF, at condition (1.25a), summing on invariant impulse time intervals (1.24b), acquires finite form

m m m
L _ m-1 _ —(m-1) B H m-1 —(m-1) _ |5
Ip—rLILTJOkZl:AIkx[rk],AIk—Alk=13 T =743 ,|p_mémk=13 x7,,3 _méAlkzlxrkzl,

which, for invariant impulse information measure Al,_, =|1|,=1Nat brings

1, = lim > [11}, x 7] = lim m{]1], xz, .. (1.27)
k=1

1, = lim > [AlL x[5 1> ) px[ ] >0 atr, =7,,Q"™, Q>0. (1.272)
k=1 k=1

where the proportional p =invfollows from relations (1.4), (1.5).
The density of information for each following impulse

DAL ]=Al /7, = AIk:lQmil / Tk:lQi(mfl) = (Al / Tk:l)Qz(mfl)

is substantially growing along the observing extreme trajectory.
In the limit, at Q >0:
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D, =lim > [(Al,, /7,,)Q*" Y] > . (1.28)
m—o0 1

Since the time transition to each following IPF’ Nat decreases, each such Nat becomes condense
integrating all preceding Nats concentrating the integral information in the final IPF Nat. Such Nat of
infinite density cannot exist as real.

Or such reality measure is unobservable even during finite observation time:

T, =limz_Q ™Y >0, (1.29)

as well as
minl = min[r!qigl Al X(7, )] = mi”[r!fﬂl Al 7,410,

which limits the above sum of | at M- , and therefore, the cutting Entropy Integral converges in the
Path Functional, and both of them are restricted at the unlimited dimension number.

2.3. The Emerging Microprocess on a Path to Reality
As the probabilities grow along the observations, neighbor impulses T and4T may merge.

A discrete merge generates interactive jump T within the impulse border in a Lévy process.

When Levy measure becomes finite, the jumps have started.

At the merge, the probability of the impulse carrying a bit is zero.

The merge location on the observing trajectory identifies the impulse’ probability and entropy.

The jumps releases the entropy-uncertainty hidden in the cutting correlation.

The merge meets causing action with reaction, superimposing a cause and effect and their probabilities.

It could cover unpredictable events within the merge, as the merge itself.

(J.A. Wheeler and R. Feynman [24,25], show that when action and symmetric (adjunct) reaction merge, a
direct self-interaction in a microprocess rises from classical Maxwell field)

Along the observations, the drawing together the neighboring impulse actions ¥ and reactions T decouple
correlation turning them orthogonal. That also turns orthogonal the correlated events time intervals.

The jumps initiate increments of these actions’ entropy movements.
The moving anti-symmetric trajectories initiate conjugated dynamics within the jumping impulse.
Mathematically the jump increases Markov drift (speed) up to infinity.

A starting jumping action ) interacting with opposites action ¥ of the bordered impulse initiates the

impulse inner process Xy, = X(te O(Tk ))) called a microprocess.
The microprocess arises during the cutting micro-time interval of the merging impulses through the
observation.

The jump T initiates an extreme entropy gradient on the orthogonal time intervals, identifying the virtual
radius of rotation of the time during its orthogonal displacement.

Comments 3.
In a sub-Markov process [26], potential kernel negative curvature exposes Markov drifts convergence,
which could lead to the merge.
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2.3.1. The conjugated entropy increments in the microprocess

The microprocess is developing under step-function Uf, Utf within the bordered impulse with the step-

function U, (U',U})=c*(te0(z,)) on a fixed impulse interval 0(z, ) within the discrete impulse (L. 4).

The impulse step-down U' =U_(7,°) and step-up U, =U,(7,°) functions, acting on the discrete interval
O(Tk) = Tk+° —Tk_o satisfying (1.1A-1.1C) and (1.2a-1.2d), generates the EF (2.1) increments:

AS_=AS [u'],AS, =AS_[u'], (3.1)

which preserve the additive and multiplicative properties within the Markov process.

(But the merging actions may not simultaneously possess both of these Markov properties).

Here, step function Uf (1.1c) is the analog of Uy (1.14b) which multiplies in (1.16c) at locality o712 of

the beginning of impulse moment Tk_o .

Opposite functions Uil(t*) of jumps N, starting at beginning of the process with relative time

{ =[F2/2x8t7 1 o(z, )], 6t € (S, —1/20(r,)) (32)

hold directions of opposite impulses

u; =[u, =Tt; (J-).u =¢t;+ (j+1)] (3.3)

on interval S,[t;,t"]1=0t <0(r) at a reversible locality of the impulse initial time 7.°. (The

multiplication (1.16c) applied to functions (3.3), leads to invariant impulse T, =|1|, by the end of the
locality.)

Functions (3.3), holding u=c® <0(1.2d), brings imaginable u and minimal time interval
0=(87"12) =(r,°). (3.3a)
The microprocess increments at interval O do not possess Markov properties (1.C) but holds (1.1B).

The jumps (3.3) initiate merging differential relative increments of entropy:

o —ut, o =M (-0 = (G+1)], (3.4)

which in a limit leads to differential Equations:
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S.(t)=(j-18,(t),S. () =(j+DS_(t). (3.5)

The applied (3.3) with symbol j of orthogonality to the microprocess entropy’ increments rotates them.

Solutions of (3.5) describe the microprocess with opposite conjugated entropies functions on relative time

t:
S, (") =[exp(~t")(Cos(t") - jSin(t DI >, S_(t") =[exp(t)(Cos(t") + jSin(t))]|.***’ (3.6)

with initial conditions S (t,"),S_(t,") at moment
tr =t =[Fr/20t,]. (3.6a)
The wide of step-function Uil:étj /o(r,)=0.2+0.005=0.205 relative to intervalo(z,) ,being relative to

the impulse beginning interval 7,° / o(z, ) = 0.25, determines the relative moment oty = ot /7,° =10.82
starting this function.
From that, numerical solutions of (3.6) by the moment of time Ot =%0.82 follow:

S.(t") =[exp(—z / 2x0.82)(Cos( | 2x0.82)) - jSin(z | 2x~0.82))] ~ 0.2758x1,

: 3.7
S (t,)=[exp(r/2x-0.82)(Cos(-r / 2x-0.82) + jSin(-r / 2x-0.82))] ~ 0.2758x1 &7
The numerical solutions by the moments of the reversible times:
t"=-7/2x1/20(z, )/ o(r,) =—n/4and t* =7 /2x1/20(z, )/ O(z,) =/ 4 (3.8)
are
S, (t7) =S, () xexp(~/ 4)[Cos(z 1 4) - jSin(x / 4)],
(3.9)

S.(t)=S.(t) xexp(~ | 4)[Cos(~ | 4)+ jSin(~7 / 4)] = S_(t") xexp(~ | 4)[Cos(~7 | 4) - jSin(x /4)]
These vector-functions at opposite moments (3.6a) hold opposite signs of their angles +7 | 4 with values:

S, (t™) = 0.2758x0.455 = +0.125,S_(t™) = 0.2758x 0.455 = —0.125. (3.10)

Function u” (1.2d), starting these opposite increments, turns them on angle ¢° -’ =7 /2 that equalizes
the increments and starts entangling both equal increments with their angles within interval t=7, ¥0:

Si(t=7,+0)=05 (=7, -0) iw nl2=S'(t=1, -0)xexp(z/ 2><t:k*+0)[Cos(7r/ 2><t::+0) +jSin(z [ 2><t:k*+0), (3.10)
Si(t=1,+0)=0S.(t=1, -0)x Two nl2=St=7 -0)xexp(-r/ 2><t:k‘+o)[COS(—7r/ 2><t:k'+0) +]Sin(-z/ 2><t:k_+0)
at moments

t", =[Frx20t,],6t, =6t 11/ 2r, =04375,6t =+(05-4t""),
St =1.° I 7, +6t /7, =0.25+0.03125 = 0.2895 (3.12)
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where 0t /7, =32 evaluates dissimilarities between functions U'> =[u, = (j+1),u_=(j—1)] switching

from moment t =7, -0 to moment t=r7, .

The resulting values at t =7, +0 are

§? (t=7,+0)=0.125exp(7 /2x0.4375)x1=0.25, Sf(t =7,+0)=0.125exp(7/ 2x0.4375)x1= 0.25 (3.13)
which, being in the same direction, are summing at that locality:

S =2S2[(5t /7,)]=70.5. (3.14)

The entanglement, starting with entropy (3.13), continues to entropy (3.14) up to cutting all entangled
entropy increments.

Thus, the entanglement starts at angle (7/2)x0.4375< /4 takes relative time interval of the impulse
St I 7, = 0.03125up to ends of angle 77/ 2.

Since only at angle 7 /2 the space interval within impulse begins, it means that the entanglement starts
before the space is formed and ends with beginning the space.

Here 7, =1/20(),0(r) =1Nat and
St =0.03125x1/ 20(r) = 0.0156250(z) = &, . (3.14a)

Moreover, the time interval within the entanglement that enables creating the space is reversible.
Comments 4. A potential path during creation of both entanglement and space could be a “wormhole ”’-a

short cut in space-time predicted by general relativity. But real space curvature does not exist at this time.
It may emerge only after end of entanglement by a moment of forming a Bit at the end of the impulse.
Hence, space curvature may forming at the end of a microprocess (analog of a quantum process) when the
Bit, as the elementary unit of a macroprocess, emerges.

Since the entanglement has no space measure, the entangled states can be everywhere in a space. «

The t=17,F0 locality evaluates the 0, -vicinity of action of inverse opposite functions (3.9), whose signs
imply the signs of increments in (3.14) and in following formulas.
The subsequent step-up function jumping action 4 changes increment (3.14) according to Eqs

S.(7;°) =S2(ot° I 7, ) x exp(t:kfo )’t:;+° =[x 125t°],6t° e (St > 7.° I 7.), (3.15)
at intervals
8t =6t 11/ 20,6t =+(05-0t™),

St =6t Iz, +7.° 7, =0.25+0.03125=0.2895,6t; =6t /1/ 27, 204375
with resulting value

S.(z,") =70.5exp(r [ 2x0.4375) =¥0.5x (= 2) = 1, (3.16)
which measures total entropy of the impulse

U, =1/, =1Nat. (3.17)
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Trajectories (3.10-3.16) describe anti-symmetric conjugated dynamics of the microprocess within the

jumping impulse ™, which is reversible generating entangled entropy increments (3.16) up to the impulse
cutting moment.

Comments 5. From relation (3.4) and Jacobi-Hamiltonian variation equation oS /ot = —H it follows that the
microprocess Hamiltonian gets form’

H(t)=-u’s(t). (3.17a)
That Eg. admits the conjugated Hamiltonian with both real and imaginary parts:
H(E) =-1(+8+(j-1S1=-(S.(t)/S.() +S.(t) /S (NS () (3.17b)

At the entanglement:
S, (t+)=S_(t'+),S=S,(t+)+S_(t'+)=2S (t+)=2S_(t'+)
and Hamiltonian acquires view

H(t"+)=-[(S,(t")/2+S_(t") /2] =-S(t'+) (3.17c).e
Cutting the entangled joint entropy at moment z; =0, +¢2* coverts it to equal information contribution
S2[z, 1= Al[r,1=1.44bit (3.18)

which each U, impulse produces.

An interactive action T of this impulse with the microprocess jumping action { delivers entropy on the 0, -
vicinity of the cutting moment:

*ro o+
S.(r,)=exp0, =1 (3.19)
The current impulse step-up action [Tfkw ;] generates an information Bit from the microprocess reversible

entropy.

The jumping actions provide the minimal discrete displacement (3.3a,3.2), which rotates the entropy
opposite increments. The interactive jump generates a pair of random interactive actions on the bordered
impulse, which are equally probable and reversible within the probabilities of multiple random interactive
actions. The curving shift initiates a microprocess within the bordered impulse running the superposition
and entanglement of conjugates entropy fractions during time interval starting with the jump.

The entanglement starts before the space of the shift is formed and ends with beginning the space shift,
being small part of impulse reversible time interval. o

2.3.2.The rotating conjugated dynamics of the microprocess
Starting step functions Ui initiates increments of the entropies on interval O(Tk -0) by moment t=¢, -0:

08, [uf]= 88! (=5, -0) =68} (t=5,") . (j-1,08 [W"]=68!(t=7,-0) =05 (t=,") ¥ .. (j+1) .(3.20)

rQo r@“

75



European Journal of Computer Science and Information Technology
Vol.8, No.1, pp.39-175, February 2020

Published by ECRTD- UK

Print ISSN: 2054-0957 (Print), Online ISSN: 2054-0965 (Online)

Step functions Uf (1.2d) starting at t=7, —0 contribute the entropy increments on interval o(r k) by
moment t=7,:

08, U] =08t =r,) =08t =7, ~0) T, (j+1,05 u]=08"t=5,) =05t =r, O\, (-j+1).3.20)

Complex function Uil turns on the multiplication of functions531(t=2'k_°) on angle (01 =—7T/4, and

function U" turns on the multiplication function 0S* (t=7,°) onangle @' =7 /4 by moment t=17, 0.
This brings the entropy increments
0SH(t=1,-0)=06S(t=r"xT , -7/4,68 (t=7,-0))=5S! (t=1,")xV ., 7/4 .(3.22)

Analogously, step-functions Uf, starting at t=7, =0, turn entropy increments (3.22) on angles (Df =rl4

by momentt =7, and on angle (Df =714 the entropy increments by momentt =17, :
0S%(t=1,)=0S’(t=7, - 0)x irk 714,68 (t=1)=06S%(t=r, —0)x Trk -l4 (3.23)

The difference of angles between the functions in (3.22): ¢; —¢ =-7x/2 is overcoming on time interval
o(r, —0)=7,"+1/20(z,) .

After that, control Uf, starting with opposite increments (3.23), turns them on angle (0_2 —(Df =2

equalizing entropy increments (3.23).
That launches entanglement of entropies increments and their angles within interval o(z, ) (on a middle of

the impulset =7, ):
0S’(t=17,)=0S’(t=1,)=0S:. (3.24)
Control U_=0.5, turning the time-located vector-function at the impulse beginning:

z'k’o 0_=0.5,

U =u_(r,°): 2L T 5p) =0 (3.25)

on angle 0¢, =@, —¢' =12 transforms it to space vector U, (7, —0) =Trk_0 ., =1 during a jump from
moment t =7,° to moment t=7, -0 on interval 0(z, —0) in (3.22).

Then, vector-function J’rk u=2, starting on time t=7, =0 with space interval u=2, jumps to vector-
function TT u’=2, forming on time interval O(Tk +0) =1/20(Tk)+fk+ the additive space-time impulse:

k+0

U, :[er+0 U_°]+[Trk+o . (3.26)

The first part of (3.26) equalizes (3.24) within space-time interval U_x1/20(z,), and then joins, summing

them on U_ ><0(Tk +0) which finalizes the entanglement.

The last part of impulse (3.26) cuts-kills the entangled increments on interval U, ><Tk+ at ending moment.
Relations (3.1-3.26) lead to following specifics of the microprocess.
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3.1a.Step-functions U." initiate microprocess X ., = X(t € 0(z, —0))on beginning of the impulse discrete
interval 0(z, —0) with only additive increments (3.2). Opposite step functions uf continue microprocess

X, = X(t € 0(7, +0)) within interval o(z, +0) with both additive and multiplicative increments (3.3)
preserving the process Markov properties.

3.1b.Space-time impulse (3.17) within interval 0(z, +0) processes entanglement of increments (3.25) of
microprocess X, = X(t € o(z, +0)) summing these increments on 0(z, ) locality of {=7,:

82 =25S2[(o(z, )] . (3.27)

Then it kills entropies (3.27) at its ending moment Tf+ - Tk+:

S[r;1=0. (3.27a)
The microprocess, producing entropy increment (3.27) within the impulse interval, is reversible before
killing, which converts the increments to the equal information contributions

Sz 1= Allz, 1, (3.27b)
That amount depends on the entropy of merging impulses starting the microprocess.
The information, emerging at the ending impulse time interval, accomplishes the injection of an energy

. —0
with step-up control [Trgo u’].

The energy injection can be a result of the impulse’s middle inter-action with an observed environment.

From the impulse ending moment starts an irreversible information process.

3.1c. Transferring the initial time-located vector to equivalent space-vector T , U, transforms a transition
Tk —

o

impulse, starting within a jump of time 7, ° on interval of U_=0.5 up to creating space interval with

o =1

The opposite space vectorirk U°=2, acting on relative time interval 1/20(z,)/(z;° -7.°)=0.5, forms

space-time function ifk U':0'=2x05=1 which, as inverse equivalent of opposite function Trkfo .,
neutralizes it to zero. Both time duration of U_=0.5 and U, =1 concentrate these functions in transition
interval 7, —(z, —0)=0, .

Within the whole impulse, only step-down functions[irk_o 0] on time interval U =0.5 and step-up

. =1 . . =1 =
function [T +o U+]on space-time interval U, =U, ><Tk+ =2 . are left.
Tk Tk

That determines size of the discrete 1—0 impulse by multiplicative measure U =0.5x2[d1| =0,
generating an information Bit.
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Therefore, functions u, (r, -0)=T T

+

and U,(Tk)ir a° are transitional during formation of that

impulse and creation time-space microprocess Xy, = X(t €1/20(z,),h, €2 ) with final entropy increment
(3.27) and a virtual logic of this microprocess.

The microprocess transits from the entropy at ending moment Tf+—>fk+-locality (3.27) to actual
information (3.27Db).

2.3.3. Probabilities functions of the microprocess

Amplitudes of the process probability functions at S.(z,°) =| S, |5/ S_ |=1 are equal and independent:

p,, =0.3679, p_, =0.3679. (3.28)
That leads to
P..P_, =P, =01353 S, =—Inpi, =2

1YFa T )

orat S., =2, to

p.. =exp(-2) =0.1353, (3.28a)
where
S., =S.(r;°+) + S, (¢, +) (3.28h)

includes the interactive components at Tk+° +following K -th impulse.

Functions U, =(j—1),u_=(j+1), satisfying (1.1A), fulfill the additive property at the impulse starting
interval O[tj] , running the anti-symmetric entropy fractions.

Opposite functions U, =(1+ J),u_=(1-]), satisfying (1.IB) by the end of impulse atTr;f U,, mount

entanglement of these entropy fractions within the impulse’ |1/2x 2|4 T, |H1|, space interval U, =12,

The entangling fractions hold the equal impulse probabilities (3.28), which indicate appearance of both
entangled anti-symmetric fractions simultaneously with starting space interval.

Interacting probability amplitudes p,,, p_, of p., satisfy multiplicative relation P., =+/P..P_, .

However sum of non-interacting probabilities: p, + p_ =exp(=S.)+exp(-S_) = p, #p,. does not comply
with it.
The summary probability P,,, =0.7358 of the non-interacting entropies components is unequal to

probability P., of interacting entropies.

The interacting probabilities in transitional impulse [Tlru ¢1T|Q]Uk on Ty -locality violate their additive
property, but preserve additive of the entropy increments.

The impulse microprocess on the ending interval preserves both additive and multiplicative properties only
for the entropies.
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The basic relations for the impulse’s entropy and probability are equivalent to the probability amplitudes’
relations in quantum mechanics (QM).

However, the impulse cutting probabilities P,,P. are the probability of random events in the hidden

correlations, while probability amplitudes P.,, P_, are attributes of the microprocess starting within the
cutting impulse.

That distinguishes the considered microprocess from the related QM equations, considered for physical
particles.

The multiple impulses integrates the microprocess entropy along the observing random distributions.

With minimal impulse entropy 2 Nat starting a virtual observer, each following impulse’ initial entropy

S, (t,) =0.25Nat self-generates entropy S, = 0.5Nat ,

Thus, the virtual observer’s time—space microprocess starts with probability p,, =exp(-0.5)=0.6015.
Probability p,, =0.1353 is relational to the impulse initial conditions, which evaluates appearance of time—
space actual impulse (satisfying (3.26)) that decreases its initial entropy on S;a =2 Nat.

The impulse’s invariant measure, satisfying the minimax, preserves [P,, along the time-space

microprocess for multiple time-space impulses.

Reaching probability of appearance the time-space impulse needs m,=0.6015/0.1353=4.4457 ~5

multiplications of invariant p,, =0.1353, which predicts a priori probability of the impulse’s reactive
action.

The space interval, beginning the displacement shift, starts within the interval of entanglement (3.15a)

having probability

P (5t") =exp(=| So (ot |, P, (St*") = 0.821214 (3.28¢)
at
St =0.2895,S_ (5t'") = 70.125exp(z / 2x 5t'") = 70.1969415 , (3.28d)

and continues during the shift, extending to the space part of the impulse multiplicative measure after the
displacement ends.

Hence, each reversible microprocess within the impulse generates invariant increment of entropy, which
enables sequentially minimize the starting uncertainty of the observation.

Assigning the entropy minimal uncertainty measure h, =1/137.036-physical structural parameter of
energy [27], which includes the Plank constant’s equivalent of energy, leads to relation:

S., =2h°, p., =exp(-2h°) = 0.98555075021 — 1, (3.29)
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This evaluates the probability of a real impulse’ physical strength of coupling entropy fractions
independently on chosen these fractions.

The initially orthogonal non-interacting entropy fractions S., =h | S_, =h° at mutual interactive actions,
satisfy multiplicative relation

S., = (h%)?[Cos?(Tt) + Sin*(Tt)] |gl’2f= (h%)? =inv,inv=0.53251x10"*, (3.30)

which at S, = (h®)? — 0 approaches p,, =exp[—(h})’]—>1.

The impulse interaction adjoins the initial orthogonal geometrical sum of entropy fractions in linear sum
2h? =2/137.036 =1/68.518 = 0.014594705 .

As J.A.Wheeler [28] pointed out, “constant \/E =1/11.70623765 = 0.0854424543 be Nature's
fundamental measuring unit.” Assuming entropy conjugated dynamics start after entangling fractions
S'. =S_(t))xexp(z/2x5t° [ 7,) =0.2758 xexp(7 / 2x0.0312) = 0.289676085,

St =S, (t)x(exp(r/2x6t° 17,) =S, (t) xexp(z / 2x0.0312) = 0.289676085

during time of the entanglement 5t° / z, , we get the starting coupled entropy

Si, =S' xSi, =0.08391224234 (3.30a)

which evaluates \/@ by the entagled entropy unit.
Approximating the realtive impulse’ transitive path through the uncertain gap up to creation of elementary
information unit by &t¥° /7, =0.0636/1.44 = 0.044166, according to [28:125] , leads to

S! =S' xS' =0.087387332. (3.30D).

+a —

This brings the evaluation of \/Eby the starting minimal information unit.

Evaluation (3.30a) determines a lower limit on \/E while (3.30b) determines its upper information limit.

The average of both limits brings S = 0.085649787 which is much closed to the Wheeler’s constant.
That means the Nature fundamental unit’ measure is Nat.

Starting a physical coupling unit with double structural parameter h’ creates initial information triple with
probability (3.29).

The microprocess initiates the merge that starts with the jumping actions multiplication on the bordered
impulse time according to (1.16b) succeeding displacement (3.3a) during the merge. Both follow from the
EF extreme. Random microprocess’ merge proves impossibility of deterministic prediction of QM.

The multiplication violates the Markov property (1.1B) leading to a complex control (1.2c), which starts
the microprocess within the displacement and rotates the initial conjugated entropy increments.

The microprocess (3.3) emerges from multiple interactions starting with probabilities (3.28),inverse
entropy S.. =2, and injection of the related random energy. With growing probabilities up to 1, this

energy increases rising the equivalent entropy, which is leading to equal information Bit.
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The energy aspect is in Sec.2.6, where the Jarzynski Equality (JE)[29], applied to the evolving
microprocess, measures thermodynamic energy connecting the JE with this process’s information
measure.

Thus, this developing microprocess presents a Stochastic Quantum process with evolving
thermodynamics and a path to Information Macrodynamics [15,16].

Results show that a window gap of interaction with an observed environment opens only on the impulse
border twice: at the beginning between moments & /4 and 7,° when the entropy flow with energy

accesses impulse, and at the end of a gap when an entangled entropy with accesses of energy converts to
equivalent information.
Thus, microprocess emerges from the classical process under the interactive observation, and returns to

classical information through the observing Bits.
The found evaluation of the Nature’s fundamental measuring unit brings its information measure in Nat.

2.3.4. Mesuring the curved time and equivalent space length within an impulse
Let us have a two-dimensional rectangle impulse with plain p measured in time length [] unit and

orthogonal h measured in space length [I] unit, with the rectangle measure
M;=pxh. (3.31)

The problem: Having a measure of the plain part of the impulse M, to find high h at equal measures of

both parts:

M, =M, and M +M, =M,. (3.32)
From (3.32) it follows

M, =1/2M. =1/2pxh. (3.33)

Assuming the impulse has only equal plain parts 1/2p, it measure M, = (1/2 p)%.
Then from M, =(1/2p)* =M, =1/2pxh it follows

h/p=1/2. (3.34)

Let us find a length unit [I1]of the curved time unit [¢] rotating on angle 7 /2using relations
27h[1]/4=1/2p[7] (3.35a), [z]/[I]=7zh/p. (3.35)

Substitution (3.34) leads to ratio of the measured units:

[z]/[l]=712. (3.36)

Relation (3.36) sustains orthogonality of these units in a time-space coordinate system, but since initial
relations (3.32) are linear, ratio (3.36) represents a linear connection of time-space units (3.35).

The impulse-jumps curve the time unit in (3.8). According to Proposition 1.3, the impulse’ invariant
entropy implies the multiplication, starting the rotation.

The microprocess, built in rotation movement curving the impulse time, adjoins the initial orthogonal axis
of time and space coordinates (Fig.1a).The curving impulse illustrates Fig.1b.
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Fig.1(a). Illustration of origin the impulse space’ coordinate measure h[l]at the curving time coordinate
measure 1/2p[z]in transitional movement.
Fig.1(b). Ilustrates curving impulse with curvature K of the impulse step-down part, curvature K, of the

cutting part, curvature K, of impulse transferred part, and curvature Ke3 of the final part cutting all impulse
entropy.

The impulses, preserving the multiplicative and additive measures, have common ratio of h/ p=1/2,
whose curving part p=1/2 brings universal ratio (3.36), which concurs with Lemma 1.1, (1.2a).

At the above assumption, measure M, does not exist until the impulse-jump curves its only time plain
1/2p at transition of the impulse. This transition is measured only in time. The following impulse
transition is measured both in time 1/2p and space coordinate h.

According to (3.33), measure M, emerges only on a half of that impulse’ total measure M,.

The transitional impulse could start on border of the virtual impulses I T, where the transition, curving
time 6t, =1/2p under impulse-jump during 6t, = 0 | leads to

M, —0at M, =M, =pxh . (3.37)

If a virtual impulse LT has equal opposite functions U_(t),u, (t+A), atl, =U_, the additive condition for
measure (1.2a): U,(A) =0 is violated, and the impulse holds only multiplicative measure U _(A) =0 in

relation (1.2C): U_(A)=U,. which is finite only at U, =U #0_ If any of U, =0, or U =0, both
multiplicative U_(A)=0 and additive U,(A) =0 disappear. At T_#0, measure U, (A)is a finite and
positive, specifically, at U_=1 it leads to U,(A) =1 preserving measure U, =| U, |, .

An impulse-jump at 0[t§] - 5tp — 0 curves a “needle pleat” space at the transition to the finite form of the
impulse. The Bayes probabilities measure may overcome this transitive gap.

Since entropy is proportional to the cutting correlation time interval, whose impulse curvature K. =h[I]"is

positive, this curved entropy is positive.
The curving needle cut changes the curvature sign converting this entropy to Information.

2.3.5. Estimation Curvature of the impulse
An external step-control carries entropy which evaluates:

S =114(u,-u,), (3.38)
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where u, =In2=0.7Nat is the total cutoff entropy of the impulse and u, =0.5Nat is its cutting
part. The same entropy-information carries each impulse step-down and step-up control,
while both controls carryd,, =0.1Nat. That evaluates information wide of each single
impulse control’s cut which the impulse carries:

o' =0.05Nat. (3.38a)

To create information, the starting step-down part and the step-up part transfer entropy to the
final killing part generating information. These three parts carry the entropy measures

accordingly: 5u'e1 =~ 0.025Nat, 5&62 =~ 0.02895Nat, 5&63 ~0.01847Nat . (3.38hb)
The first relation in (3.38b) allows estimate Euclid’s curvature K, of the impulse step-down

part, related to currying entropy 0.25Nat and its increment 0K

= (1)1, =+/1+(0.025/0.25)* = ¥1.0049875, K, = -0.995037, 5K

The cutting part’s curvature estimates relations

= (r,) 1, =F\1+(0.1/0.5)> =1.0198,K,, =—0.98058, 5K, =—0.01942, (3.39a)
The transferred part’s curvature estimates relations

=(r,) ,r,= \/1+ (0.02895/0.25)* =1.0066825, K, = +0.993362 , 0K, = 0.006638 (3.39b)

WhICh is opp05|te to the step-down part.
The final part cutting all impulse entropy estimates curvatures

= (r,,) %1y = 4/1+(0.01847 /In 2)? = +1.014931928, K , = +0.99261662, 5K, = —0.00738338.
Thus, the entropy impulse is curved with three different curvature values (Fig.1b).

= . =-0.004963.  (3.39)

These values estimate each impulse’ curvature holding the invariant entropies.

The entropies emerge in minimax cutoff of the impulse carrying entropy S, =0.5 and a priori
probability p,. =exp(-0.5)=0.6015 after multiple numbers m_of probing impulses observe this

probability. Since the rectangle impulse, cutting a time correlation, has measure M=|1|,,, the
curving impulse, cutting the curving correlation, determines measure

ry =MxK,. (3.40)
The rectangle impulse, not cutting time-correlations, possess Euclid’s curvature K,, =1.
Accordingly, the impulse with both time and space measure |M, |=z, which could appear in

transitional impulse curvature of cutting part K_, determines correlation measures

eo’

Fiem ='\/Iio>< Keo' (3403)
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At appearance of the impulse with emerging space coordinate, the increment of the curved
Impulse correlations measure ratio of the measures for the curved correlation to one with
only time correlation:

ton [ Ty =7 |1 Ky T K, (3.40Db)
Counting (3.40b) leads to

Few [ Ty =3.08.

Relative increment of correlation:

Ay, /riM :(riM +ricM)/riM =1+ /riM =4

concurs with (2.12), which in limit:

lim [Ar, /r,)=rF, /T
Ar(At),Atao[ iM 'M) icm 7 Tim

brings the equivalent contribution to integral functional IPF (4.4.7), which is growing with
increasing the above ratio.

Measure | M, |=[7]x[l]|= 7 satisfies relations

[[1=7/V2,[11=+2 at [¢])/[1]=7/2 . (3.40c)
Shortening the cutting time intervals triples density (1.26) of each invariant curving
correlation for the minimax impulse (1.25), preserving its measure (3.40).

Since any virtual cutting impulse preserves its virtual measure (3.40b), the related virtual
time correlation is able to create the space during the entanglement that triple density
measures.

For the invariant impulse that compresses the impulse curvature, the probability of both

cutting time interval and emerging space coordinate increases.

The impulse measure M, =r,, x(K_)" defines correlation multiplied on inverse impulse
curvature. But since M, =inv=r, it follows direct connection the correlation with curvature

rw =7K,; with a growing correlation curvature increase, and vice versa.

Growing the impulse density accompanied with the shortening of cutting time intervals
increases the space interval for the invariant impulse measure, but changes the correlation
only with the changing curvature.

Since the increasing IPF with growing density accompanies the increasing curvature of
rotating impulses, the correlations also grow. After accumulating energy these information

curvatures evaluate the impulse information gravity.
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I11. The Emerging Self-Organization of the Observer Multi-level Reality and Information Dynamics
We focus here on the emerging hierarchy of information process and forming Observer’s structural
organization. This hierarchical organization follows from the observing multileveled interactive activities.
Starting with an observable random field of probable events, we show how the field’s interactive impulses
start self-connecting, develop an interactive Virtual Observer, generate the Bit during a microprocess, and
compose Bits in information macroprocess which creates the Information Observer.

The Virtual Observer of the observing process builds multiple observing probabilities.

The observing probabilities of Markov chain carry discrete Yes-No actions of the random impulses.
Each of these pair acts is a probabilistic impulse like a classic action and reaction.

When a virtual observing action and reaction merges within a bordered impulse, it brings probability of
both actions to zero-on edge of classical predictability. That’s why understanding quantum physical
microproccess becomes uncertain, fuzzy, weird, and on the edge classical knowledge and even reality.

An emerging microprocess composes two qubits and/or Bit starting information microprocess.

Multiple Bits self-organize information macroprocess which structures cooperative networks.

The emerging self-organized hierarchical dynamics of the network levels conceal increasing Bit densities,
where each Bit at a higher level condenses multiple events from lower levels.

These results bring new systemic descriptions of the stages and levels of structural organization that
compose the observing path of the evolving dynamics.

3.1.Stages and levels of the emerging Observer’s hierarchical self-organization processes

3.1.1.0bserving process
Multiple interactive actions are random events, mathematically expressed as variables forming a random

process of the impulses in the surrounding random probability field.

In the random field, the occurrence of specific events starts each sequence of the probabilistic observation.
The formal probability field emanates a stochastic process of random events and time.

The field probabilities, interacting with the stochastic process, virtually observe it by

multiple interactive acts. Each inter-action is a discrete Yes-No action of impulse 4T
modeling potential information Bit, while multiple interactions cover multiple potential Bits
changing the stochastic process to a Markov chain at level one.

The Markov transitional probabilities randomly shift each impulse 0-1 to a following 0-1 or to 1-0, which
connects them in a correlation through the Markov drift and diffusion.

The probabilistic impulse’s Yes-No actions represent the act of a virtual observation, where each
observation measures the probability of potential events.

The Markov chain under such observation transforms to Markov diffusion process evolving to a Levy
process at level two.

The observing probability of triple cooperative events above leads to their forth probability
more predictable with growing the probabable density.

Observing more cooperating events increses the density which is limited by p(w)=1. That

leads to zero entropy. Zero entropy limits the observed cooperation, but it also lowers limit of minimial
entropy. The minimal entropy imposes extreme principle on the cooperating process probabilities, which
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leads to invariant maximal p(w) —1. Thus, the maximal predicted events may follow the beak off
unpredictability at level three. A minimal entropy-uncertainty of a probabilistic virtual impulse,
overcoming maximal finite uncertainty, connects the probabilistic observations in a virtual observing
process. The process No-Yes actions ends this stage at level four.

3.1.2.The impulse’s max-min self-action

Each impulse’s opposite No-Yes interactive actions (0-1) carry a virtual impulse, which potentially cuts off
the Markov process correlation (at the first level) whose conditional (Bayes) entropy decreases as the
cutting correlations grow. (The interactive cuts the random process—virtual during probabilistic
observation, is required for disclosing the Bit discrete impulses, Sec.2).

If a preceding No action cuts a maximum of the cutting entropy (and a minimal probability), then a
following Yes action gains a minimum of the maximal entropy reduction (with its maximal probability)
during the impulse cutoff.

A part of the maximal entropy is spent in interactive impacts with the interacting Markov diffusion at level
two.

The impulse’s maximal cutting No action minimizes the absolute entropy that conveys the Yes actions,
raising its probability.

Thus, the cutting action maximizes the cutting entropy, while the reaction spends entropy, minimizing the
cutting entropy.

That provides the max-min principle for conditional (relational) entropy between the impulse No-Yes
actions. The following Yes-No actions transfer the probabilities and minimum of the impulse cutoff
entropy to the next impulse, initiating the minimax principle between the multiple impulses.

The maxmin-minimax principle rules the impulse observations at level three.

The virtual impulse, transferring the Bayes probabilistic observation, virtually probes the observable
Markov diffusion process. The probing impulse, consisting of step-down No and step-up Yes actions,
preserves the probability measure of these maxmin actions along the observation.

This sequence of interacting impulses, transforming opposite No-Yes actions, increases each following
probability and decreases the relative entropy, reducing entropy along the observable Markov diffusion.
The observation, under random probing impulses with opposite Yes-No probability events, reveals a
hidden correlation that increase each posterior event correlation at level four.

The hidden entropy releases an attraction of the correlation being cut.

The maximin-minimax self-defines a variation principle (VP) which formalizes the description of the
observing evolving path at level five.

he VP defines invariant measure of each impulse|1|,, .

3.1.3.Virtual self-observer
If the observing process is self-supporting through the automatic renewal of these virtual probing actions, a

Virtual Observer self-emerges, which acts until these actions resume, up to the emergence of a real
Information Observer (if it appears).
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Such Virtual Observer belongs to a self-observing process, whose Yes action virtually starts the next
impulse No action, and so on.

Both the observing process and Observer are temporal, ending when the virtual observation stops.

Starting the virtual self-observation limits a threshold of the impulse’s connection on the first level on this
stage. The virtual observations precede the real ones, but may not link up to them.

The sequentially reduced relational entropy conveys a probabilistic causality along the process as temporal
memory collects correlations. This cutting entropy defines the second level of this stage.

3.1.4.The emerging observer time
The starting correlation holds the entrance of a time interval of the impulse-observation process at level

one.
The time interval, connecting the probability-entropy in correlation, measures an uncertainty distance
between the nearest current observations at level two.

Beginning from the starting observation, the measure identifies the time interval from the start, which is
also virtual, disappearing with each new connection; that identifies a next interval temporally memorized in
that correlation connection.

The difference of the probabilities temporarily holds the memory of the correlation, as a virtual measure of
an adjacent distance between the impulse’s No-Yes actions.

It indicates a probabilistic accuracy of measuring correlation in a time interval’s unit at level three.

The impulses of the observing process hold the virtual observing random time intervals.

3.1.5.Emergence of the impulse space interval and space-time geometry in an Observer structure
With growing correlations, the intensity of entropy per the interval (as entropy density) increases on each

following interval. That indicates a merging of the virtual actions, measured in a time interval’s unit
measure|1],, at level one.

The merging interactive actions T of bordering impulses generate an interactive jump with a high entropy
density (within the Levy process) with a curving action s

The jump’s curving action y curves an emerging Y2 time unit of the border impulse’s time interval,
initiating a displacement of the curved action.

This originates a curved interval within an impulse quantified by the impulse U, discrete probability
measure p[d,](1 or 0).
The displaced curved jump action starts rotation of the % time unit within the impulse U, at level two.

The invariant measure|1|,, of the impulse with unit rotating on % times unit should be preserved,
which requires a jumping rotation of the % times unit within the impulse with probability
measure p[d,].

The rotating transformation, preserving the impulse U, invariant measure, satisfies the measure
transformation M[Uk]:|1/2x2|%|1|Mk, which originates two space units of the displaced

impulse. This transformation changes the primary impulse’s time measure |1|, to the equal
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measure |1, for the impulse with both time and space units, as a counterpart to the primary

impulse curved time interval measure |1|,, see Figs.1, 1a.

The emerging rotating time-space coordinate system involves the following time-space impulse in
correlated curved movement.

That initiates a time-space observing process within the Markov model which conserves the transferring
impulse invariant measure at level three.

The changing probabilities of the Markov process self-observe the correlated time-space
movement modeling a Virtual Observer. The Virtual Observer, being displaced from the initial

virtual process, sends the discrete time-space probabilistic impulses U, as virtual probes to self-test the

preservation of the probability measure in the observing process.

The probing impulses are sent with frequencies defined by the observing probabilities at level four.

The Observer’s self-supporting probes increase frequencies with a growing probability. Such probes also
check the probability symmetry condition, indicating its correctness at level four.

The memory of the correlating time-space intervals temporarily holds difference of the impulses’ space-
time, identifying both accuracy of their closeness and Virtual Observer’s location on the observing
trajectory. The space-time location measures the time-space shape of the Virtual Observer geometry at
level six. The evolving shape gradually confines the running rotating movement, which self-supports
developing both the shape and the Observer geometry.

The observer rotating geometry integrates the sequential conditional probabilities in a final a posteriori
probability and the entropy of correlated impulses.

The Observer self-develops its space-time virtual geometrical structure during virtual observation, gaining
its real form with the sequential transformation of the integrated entropy to the equivalent Information at
level seven.

3.1.6.The microprocess

The microprocess emerges inside a Markov diffusion process which, therefore, should preserve the Markov
additive and multiplicative properties during the rotating correlation movement.

These conditions satisfy the following levels of the emerging microprocess, detailed below.

1.Growing probabilities along the observations intensifies the entropy force, drawing together the

neighboring impulse actions ¥ and reactions T . This changes the width and curving of the impulse time
intervals. The curving squeezes the time interval up to its merging with the neighboring interactive actions
T on the bordering impulses, which are equally probable and reversible within the probabilities of
multiple random interactive actions. The merging action and reaction within bordered impulse brings
probability of both actions to zero-on edge of classical predictability.

A jumping action J starts the entropy increment, beginning a microprocess.

The curving jump T initiates an extreme entropy gradient on the curving time interval, identifying the
virtual radius of rotation, which displaces the curving action.

As the displacement starts, the opposite entropies of the microprocess emerge.

During the jump’s curving time the displacement’s space emerges.
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The interactive jump identifies the impulse curvature, entropy measure, and time-space
measure equal to = which is invariant under the minimax principle.

The jumping impulse T develops this impulse time-space volume.

When that displacement rises between the actions with probabilities 0 or 1, the displacement has no

classical Markov probabilities measure.

The process within the displacement has been studied as a sub-Markov process, loops [26], and a
Schrodinger bridge [30,31], which is a unique Markov process in the class of reciprocal processes
introduced by Bernstein [32].

2. When the sub-Markov process receives a negative entropy measure S-. =-2 through a jumping action

4 with relative probability p,. =exp(—2) =0.1353, it initiates the minimal time microprocess on the verge

of the displacement.
3. With the development of the merging jumping impulse anti-symmetric (conjugated) rotating entropy

increments, the observing entropies become correlated. The correlation increases with the growth of the
classical prior probabilities of multiple random actions 4, and the posterior probabilities of the random

action T . Both of them are virtual, decreasing with the growing probability measure.
The sub-Markov process with its opposite random actions disappears from the observation.

At the maximal probabilities, only a pair of the Markov additive entropies increments with axiomatic
symmetric probabilities (that contain symmetrical-exchangeable states) advances in the correlated

superposition of both actions e

These random actions, belonging to the Markov process, measure a multiplicative probability.

At the satisfaction of the symmetry condition, an interactive jumping action transforms the observing
axiomatic probabilities to “quantum” probabilities with pairs of conjugated entropies to their correlated
movements.

4. The conjugated entropies, increments rotating on angle z /4, raise the space interval with a virtual

transitive action T within the microprocess, initiating the correlated entanglement. Maximal correlation
adjoins the conjugated symmetric entropies, uniting them in a running pair entanglement.
The conjugated entropies increments, rotating the space interval on angle —x/4, transform the

transitive action Tto an actionythat settles into a transitional impulse TV, finalizing the
entanglement at total angle 7/ 2=7/4—(-x14).

The transitional impulse, holding actions T opposite to the primary jumping impulse 4T, generates
an inner conjugated entanglement involved, for example, in left and right rotations(=+).

The transitional impulse, interacting with the opposite correlated entropies +, reverses it ont .

Since the correlated entropies are virtual, transition action within this impulse TN is also virtual, and its
interaction with the forming correlating entanglement is reversible.

Within the impulse time interval, the entanglement starts before the space is formed and ends as space
begins. It occurs during the reversible relative time interval 0.0156257, being part of the impulse time-
space invariant measure .

Since the entanglement has no space measure, the entangled states can be anywhere in a space.

The space emerges with probability P (S5t‘") =0.821214 on the time interval 5t*.
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5. The following interaction logically erases (cuts) each previous directional rotation of the entangled
entropy increment of the entropy volume. This erasure emits minimal energy €, of quanta [33].

The transitional impulse absorbs this emission inside the virtual impulse, which logically memorizes
the entangled units, making their mirror copy. (Like a rubber ball, hitting a surface, makes a temporal
copy of a dent). The interacting probabilities in transitional impulse-locality violate their additive
property, but preserve additive of the entropy increments. The impulse microprocess on the ending
interval preserves both additive and multiplicative properties only for the entropies intcrements. Such
an operation performs the function of a logical Maxwell’s Demon, creating asymmetrical logic Bit.

The transition to the asymmetry abruptly changes the probability multiplicative to additive property.

6. The entangled logic transfers to information logic when the rotating step-up action T of the
transitional impulse moves to transfer the entangled entropy volume to the ending step-up action T of

the jump, which follows that real step-down action { .

This ending impulse attracting action captures energy of the real interactive action physically erasing
the entropy logic Bit. Each process’s high—quality energy compensates for entropy of lesser quality.
That removes the causal entropy of the asymmetrical logic, bringing asymmetrical information logical
Bit as certain impulse Bit. Such a Bit is naturally extracted at a minimal quality energy measure
equivalent to entropy In2. The Bit memorizes at cost of Landauer’s energy [34,35] working as Maxwell
Demon. The memorized Bit freezes the energy spent on the erasure for its creation as the Bit
equivalentIn2.The memorized impulse 1 Nat includes information Bit and free information enclosing
hidden information from cutting correlation (connected the Markov process impulses).

7. The microprocess is different from that in quantum mechanics (QM), because it arises inside the
evolving impulse under No-Yes virtual and real final actions. The superposing rotating anti-symmetric
entropy increments in the microprocess have additive time-space complex amplitudes correlated in the
time-space entanglement that does not carry and bind energy. It just connects the entropy in joint
correlation. These complex amplitudes model elementary interactions with no physics, while the real cut
brings a physical Bit. The QM probabilistic particles carry analogous conjugated probability amplitudes
correlated in time-space entanglement.

Theoretically, Kolmogorov's probability measure at the QM entanglement, when both additivity and
symmetry of probability for mutual exchangeable events vanishes, challenges the predictability of the QM
probability. In this Observer-probabilistic approach, the microprocess holds the predictable relational
probabilities until the entangled entropy is cut. These relational probabilities satisfy the multiplication
property, while, before the interaction, these probabilities are additive. Cutting the entangled entropy and
generating qubits and/or a Bit, ends the microprocess in the evolving observation.

8. Logical operations with Information units integrate the discrete Information hidden in the correlations of
cuts, creating the structure of Information Observer. The integration performs entropy path functional EF.
The relational entropy conveys the probabilistic causality with a temporal memory of correlations, while
the real cutoff memorizes certain Information causality during the objective probability observations.
The self-observing Observer self-generates the elementary Bit self-participating in building the self-holding
geometry and the logic of its prehistory, thus predicting evolving dynamics without any physical law.
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3.1.7. Specifics of memorizing and encoding elementary information through interacting curved
impulses

The interaction of the impulse Fig. 2A and Fig. 2B holds the opposite action N, curving a displacement
between them, which provides a time-space asymmetrical barrier between 0 and 1 actions, which is

necessary for creating a Bit logic In2.
o- K, =+0.992

02

B

Figure 2. A virtual impulse (Figure 2A) starts step-down action with probability 0 of its potential cutting part; the impulse
middle part has a transitional impulse with transitive logical 0-1; the step-up action changes it to 1-0 holding by the end
interacting part 0, which, after the inter-active step-down cut, transforms the impulse entropy to Information Bit.
In Figure 2B, the impulse Figure 2A, starting from instance 1 with probability O, transits at instance 2 during interaction to
the interacting impulse with negative curvature —K_, of this impulse step-down action, which is opposite to curvature

+K,; of ending the step-up action (—K_, is analogous to that at beginning the impulse Fig.2A). The opposite curved
interaction provides a time—space difference (a barrier) between 0 and 1 actions, necessary for creating the Bit.

When the interactive process provides Landauer’s energy with maximal probability (certainty) 1, the
interactive impulse’ step-down action ending state memorizes the Bit. Such certain interaction injects the
energy overcoming the transitive gap including the barrier toward creation the Bit.

The curving topological geometry of the asymmetry can enclose minimal energy In2 in a transitional

impulse.

Forming a transitional impulse with the entangled qubits leads to the possibility of memorizing them as a
quantum Bit. The required memory of the transitional curved impulse encloses entropy 0.05085Nat [40].
The step-up action of an external (natural) process’ curvature +K_., is equivalent of potential entropy

e, =0.01847Nat which carries entropy In 2 of the impulse total entropy 1 Nat.

The interacting step-down part of internal process impulse’ invariant entropy 1 Nat has potential entropy
1-In2=eg,. Actually, this step-down opposite interacting action brings entropy —0.25Nat with anti-
symmetric impact—0.025Nat which carries the impulse wide e, ~-0.05Nat with total entropy —0.3Nat
that equivalent to—e, .

The step-down state of a real action J (carrying the energy) supplies Landauer’s minimal energy equivalent
In2 with maximal probability. This action kills the entropy and erases it, which memorizes a classical Bit

in an irreversible process of multiple Bits.

Thus, in transition to certainty, the transitive impulse geometry enables memorizing a quibit.
Creation of the entangled entropy volume is a reversible process following the memorizing of this

volume, which freezes —In2 in two opposite qubits.
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Finally, the impulse’ (Fig. 2A) step-down cut 1, extracting each Bit’s hidden position, erases it at a
cost of cutting the real time interval, which encloses the energy of an interactive process.

The impulse’ (Fig. 2B) step-up action T, stopping at the end of the impulse’s time interval, memorizes
the impulse logic of the Information Bit by encoding it.

3.1.8.The gap between entropy and information

As maximal a priori probability approaches P, —1, both the entropy volume and the rotating
momentum grow. Still, between the maximal a priori probability of the virtual process and a
posteriori probability of the real process P, =1, is located a gap whose left (starting) edge

belongs to the ending microprocess. The gap associates with a time-space probabilistic transitive
movement, separating entropy and its Information (at P, <1 throughout P, —1).

The gap holds a hidden real locality which the impulse cuts within the hidden correlation.

The rotating momentum, growing with the increased entropy volume, intensifies the time-
space volume transition over the gap. That momentum acquires a physical property near the
gap end when the last posterior probability P, overcomes the last prior virtual probability,

and the momentum curves a physical cut of the transferred entropy volume. The real local gap
reveals a physical Markov diffusion containing energy of the hidden entropy of correlation.

Transition maximal probability of observation through the gap up to Killing the resulting entropy runs a
physical part of the microprocess when the entanglement creates a space, which preempt memorizing.

Until that, the microprocess within impulse is reversible.

Ability an observer to overcome its gap depends on the entropy volume, collected during
virtual probes, whose entropy force and momentum spin the rotating momentum for
transition over the gap. The real microprocess builds each information unit-Bit within the cutting
impulse in real time, becoming irreversible after the cut.

It is impossible to reach a reality in the quantum world without overcoming the gap between
entropy-uncertainty and Information-certainty, which is located on the edge of reality.

Within the gap, the entangled microprocess’s conjugated entropies S., =2h°, limited by

minimal uncertainty measure h}=1/137(a fine structural parameter of energy) and the
entangling qubits, are confined. Injection of the energy has probability

P,, =exp(—2h;) =0.9855507502.
The energy starts the erasure of entropy and creation of Information, while the actual killing with
probability P =0.99596321 ends the erasure. A gap to reality evaluates probabilityl- B, = 0.004.
Forming the classical Bit and qubits has a higher probability, but less than 1, which does not allow reaching
absolute certain reality.
3.1.9.Information process
This process emerges from the observing process of the Virtual Observer (at level one) starting
microprocess which is evolving from the conjugated entropies within a merging interacting impulse (at
level two). Information arises from multiple random interactive impulses when some of them could erase-
cut others, providing Landauer’s energy (on the first level of this stage).
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Asymmetrical interaction (involving transitional impulse topology), enables erasing the impulse, becomes a
Bit of Information, finalizing the next level of the stage at level three.

The impulse cutoff correlation sequentially converts the hidden entropy to Information that memorizes the
entropy logic in a Bit. Each created Bit participates in the subsequent conversions, which generate an
interactive Information process at level four. Thus, the origin of Information is associated with the impulse
ability of both the cut and the observing process, generating Information under the cut, whose memory
holds the impulse’s cutting time interval. Since the curved topology of the interacting impulses decreases
total needed energy, this energy, at the found ratio of the impulses’ external and internal temperatures [40],
can deliver the minimal Landauer’s energy equivalent to In2. The increment of Information covering the
asymmetric interaction evaluates free Information i, =0.23bit, which enables connecting multiple Bits
through Information attraction at level five. Multiple cuts of the more probable posterior correlations in the

interactive multi-dimensional observation are a source of persistent Information attraction through the i, of
a sequential impulse. That i, can comprises multiple Bits which concurrently memorize the impulse’s

cutting time intervals. The emerging discrete information freezes the observing events dynamics in
Information processes at level six.
Integration of the cutting Bits’ time intervals along the observing time course converts it to the Information

Observer’s inner time course. That time course is opposite to the virtually observable process time course
in which the process entropy increases. This difference emerges at level seven.

On the Information process trajectory, each previous impulse’s Information is distinguishable from that in
the following impulse. The distinction measures a random interval between these impulses.

The interval is predictable through the cutting correlations that integrate the entropy—information path
functional (EF-IPF) [46]. The random difference can model “mutation” in an evolving Information process,
which the EF-IPF measure estimates at level eight.

The difference a priori holds the imaginary entangled entropy of a microprocess, which proceeds along the

EF. Each impulse observation creating a Bit estimates a frequency of probing impulses F,, =107* x1.13276

while the frequency F,,, =107 x1.13636 anticipates memorizing the Bit. That is evaluated at level nine.
3.1.10.The emerging macroprocess composing its basic triplet structural units

The rotating movement (Figs.3) connects the microprocess imaginary entropy and
information Bits in a macroprocess, where the free information binds the diverse Bits in
collective information time-space macrotrajectories (Figs. 3,4). That is main specific of
information macroprocess building its structural units.

Fig.3. Forming a space -time spiral trajectory with radius o = Asin(¢sin ) on the conic surface at the points D, D1, D2,
D3, D4 with the spatial discrete interval DD1= /¢ , which corresponds to the angle ¢ = 7k /2, k = 1,2,...0f the radius
vector’s o g, £¢) projection of on the cone’s base (01, 02, O3, O4) with the vertex angle g —=y°.
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The macroprocess free information integrates the Bits in information path functional (IPF)
which encloses the Bits time-space geometry in the process’ information structure.

4a. 4Dh.
Fig. 4. Time-space opposite directional-complimentary conjugated trajectories+ T SP, and—{ SP,, forming spirals

located on conic surfaces (analogous to Fig.3). Trajectory of bridges +SP. (4a) binds the contributions of process
information unit£UP through the impulse joint No-Yes actions which model a line of switching controls. Two
opposite space helixes and the middle curve are on the right (4b).

ol
a P o @y
— SR | wip2
‘ T —&/p3
5 o ' ? > or
L= sp, I -
| |
1 l - o
a o —:r-f‘-’T’/ :
o S — |
| 1
1 [ )
—_— 1 — 7‘——1— —_—
4 t i ot b

Fig.5. Illlustrative dynamics of assembling units +UP1,+UP2,—UP3 on the space-time trajectory and adjoining
them to UP,; knot along the sections of space-time trajectory SPF,, SP, SP, (Fig.4) at changing information speeds
froma , ap  ap toag", an”,ai™ accordingly; ais dynamic information invariant of an impulse.

The free Information binds the multiple diverse Bits in collective Information time-space
macrotrajectories of Information macrodynamics [47] (Figs. 3, 5) at level one.

The observing Information moves the macroprocess through the rotation which depends on
forming the entropy gradient (as a potential Coriolis force).

A minimum of three rotating Bits join in a triplet unit (UP) which measures macroprocess invariant

Information a,,(;,) (at level two).
The parameter of Information dynamics y,, = f,/a, connects the UP imaginary entropy part
B, with the forming UP real part «;,. The formation begins with speed c,, transiting

entropy speed S, to real o, while forming dynamic invariant a, =g, t, at S, =C,,.
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With information speed c_, the entangled entropy volume transits through the gap.

ev !

When the unit is complete information a,, the imaginary speed will turn to zero.

This requirement connects a; and ;.
The entropy volume, rotating with speed ¢

.., 1S measuring the frequency of imaginary speed S, — f,.
When the imaginary speed turns to zero, the frequency f, will periodically appear as the bleaching

signal emanating from the microprocess.

Comments. Within the microprocess reversible times (+t=-t), the ratio of current
imaginary entropy increments to real ones follows from the equations for opposite entropies:

S.()/S,(t) =B, /e =y =[1+jtg(-t )]/ [1- jtg(+t )] =1.
This means that when the entangled conjugated entropies are equal, the frequency of each “bleaching
signal” from the microprocess, depending on ratio y;, remains invariant.

The bleaching frequency signals the approach of the end of the microprocess.

Each forming UP carries the frequency of its free Information f_ =7/3 in an attracting
process that joins the Free Information of triple Bits rotating in the cycle Fig.4a. The cyclic loop

harmonizes the equal speeds-Information frequencies in a coherent resonance movement.

The rotating loop is analogous to Efimov’s scenario [49-50] of resonance frequencies which
give rise to three-unit systems, Fig. 6.

The loop includes the Borromean knot [51] and Borromean ring [52], memorizing two cooperating Bits to
third Bits in the triplet knot (at level three).

The dynamic logical loop assembles each triplet trl, tr2,... in the resonance on Fig. 7.

The resonance movement joins the free Information of triple Bits which carry the minimal Landauer
energy. The energy initiates memorizing two cooperating Bits to third Bits in the triplet knot (at level
three). Memorizing the three Bits’ free Information provides a time-space asymmetrical barrier of rising
irreversibility between the segments of the observing trajectory.

Defined through the structural parameter of energy, the barrier is an indicator of rising irreversibly at the
creation of Information. Multiple segments of the Hamiltonian dynamics emerge between the barriers. (The
barriers evolve from the conjugated bridges Fig.4a).

Each barrier memorizes a triplet’s Bit, which encodes the triplet logic in the knot code (at
level four). The Information binding the third Bit in the triplet knot provides the stability of
the formed UP.

The Information triplet can build a pair of qubits from the observing process’s opposite segments under the
step-down actions, attracting other qubits within the gap from the complementary segments. Such opposite
triple qubits can assemble a triplet Bit (Fig. 4).

That enables forming a UP from the qubits at level four.

The forming UP depends on the Bit’s fitness for the triple cooperation in the UP. Fitness
implies the ability to alter the direction of the Bit’s moving speed.

The conjugated Hamiltonian dynamics of the opposite processing segments brings this ability
to the segments, attracting with free Information.
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Such fitting UP enables binding accumulated information a,.
A variety of the Bits with different moving speeds brings a “mutation” at macrolevel, which changes its
fitness for a particular forming UP. Variation of the fitness’s for three Bits could produce a different UP,

which the minimax selects. Or, it does not produce any UP if they do not fit its triple self-connection and
ending triple cooperation (at level four).

The free Information of the UP knots comprises an irreversible macroprocess at level five.

The macroprocess integrates the UP’s Bits in the IPF which encloses the UP’s time-space
geometry in their Information structure (at level six).

3.1.11. Emerging Information networks
1. The UP assembles triplet cooperative units UP, during the attractive macro movement,
which cooperates in a time-space hierarchical network (IN) (Fig. 6) (at level one).

Xy V2 N

Fig.6. The IN information geometrical structure of hierarchy of the spiral space-time dynamics (Figs.3,5) of triplet
nodes (trl, tr2, tr3, ..);{a, } is a ranged string of the initial eigenvalues, cooperating on (t,,t,,t,) locations of T-L
time-space.

Specifically, Information speeds of primary triplets UPLUP2 connect them to UP3, building the
triplet’s UP, knot by the Information spent on their attractive movement. The knot’s
attracting free Information forms the rotating loop, which attracts the next forming UP, and

then triplet knot UP,;, possibly from different observing process dimensions.

This happens when the triplet fits the cooperative minimax conditions analogous to the
forming UP (at level two).
Free Information of the sequentially cooperating UP, builds a hierarchical IN Information

structure of the nested knots-nodes (at level three). Each UP, has a unique position in the IN
hierarchy, which defines the exact location of the UP, Information logical structures.
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The position depends on each unit’s Information measure a,(y;,), which identifies the IN

position dynamic parmeter y,,.

The IN node hierarchical level classifies the quality of the assembled Information, while the
currently ending IN node integrates Information enfolding all previous INs’ levels and
measures the IN information quality (at stage level three).

Enfolding each second node through free information provides the IN inner dynamics with
no connection to environment.

New Information for each IN delivers the requested node’s interactive impulse.

The impulse interactive feedback impact [53] cuts off the entropy of the observing data,
bringing their Information to the requested node (at level four).

The appearing new quality of Information builds the IN temporary hierarchy.

The observer IN’s hierarchy high level enfolds the Information logic that requests new
Information for this running observer’s IN.

That extends the IN hierarchy and logic (at level five).

The ending IN triplet integrates these cooperative qualities, holding Information, frequency,
and space-time location, which evaluates the quality of the enclosed IN (at level six).

In the IN hierarchy, where the node quality grows with the node hierarchical level, the
ending triplet-node has a higher quality compared to other nodes.

The IN nested structure harmonizes its node’s quality, enfolded by the ending node, through
the resonance frequencies.

A variety of distinctive UR can cooperate multiple different networks IN;, which
harmonizes its node’s specific cooperative qualities with the related frequencies.

The IN, ending node enfolds the particular quality of Information and time-space positions of each
enclosed UP, , depending on the nested node Information a,,(7;,) (at level seven).
2. The attracting minimax movement assembles each three ending network IN, nodes UPR, in a newly

formed 1, unit which forms a new loop on the higher structural organization level. The loop connects the
cooperating speeds of each triple (Fig. 6) in a coherent movement of resonance frequencies.

Specifically, the attractive motion of rotating triple units (+UP,,-UP,,,+UP,;), emerging from
opposite (conjugated) ending nodes of the running networks, can cooperate in composite
triplet units -1, (+UP,,-UP,,,+UP,,). The opposite composite triple units +2 (-UP,,+UP,,-UP,)

cooperate the same way. A third composite triplet unit —3,, forming analogously, adjoins the

first two in the triplet knot.

Each of these triplet units enfolds the qualities of the enclosed three networks though a loop
of resonance frequencies, which depend on the location of the nodes and Information values.

Thus, this unit’s resonance frequency joins the qualities of the IN ending nodes in a new
quality which adjoins qualities at the next level network.
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The resonance frequency of each IN node is only a part of the spectrum of these network
node frequencies. The highest of these frequencies can adjoin a new IN enclosing the higher
Information quality from all three that it composes.

As a result, Information qualities of each IN’s composite triplet units -1 ,+2,,—-3, grow

when they join in a rotating cooperative circle, forming new triplet unit 1, since this unit
encloses the composite units from the above three which join in the cooperative circle.
Multiple triplets 1.,j=3,5,7,.. sequentially cooperate in a new network IN;, which

harmonizes its nodes to higher qualities and enfolds the highest of these qualities in its
ending node (at level eight).

3. Each harmonized IN, forms the domain of an observer with its specific qualities and high

density of Information enclosing all IN node densities (at level nine).
The sequentially built triplet knots memorize only the IN current composite unit
1,,1=35,7,..., while the previous units hold only logical Information.

The sequentially memorized Information implements the IPF concurrent maximum,
minimizing the total time of building each composite Information unit.

The minimax leads to the sequentially decreasing ending Information speed of each node,
and therefore to decreasing starting Information speeds on the next cooperative unit of the
growing structural organization.

The growing levels of structural organization automatically restrict the spectrum of
Information frequencies for each self-built IN.

Since each self-built IN has a limited number of cooperating triplets and the IN nodes, it
restricts the ability of each IN ending node for the next cooperation.

The violation of the restriction leads to growing the IN instability with rising chaotic
movement. Building each higher level cooperative unit toughens the requirements for the
fitness of the variety of primary Bits, units UP,UP,-UP,, etc., which requires decreasing of

their variety (at level ten).
Any forming INs should satisfy invariant relations for ratios of starting Information speeds 7 =, / «

i+1o

and y, =,/ o,

0 1 @10 » CONNected by dynamic invariant a(y). These speeds bind the ending eigenvalues
composing each triplet along the segments of the macrotrajectory (Fig.4).

Transfer occurs from one cone’s trajectory to another one located on the cone’s base (Fig.3), where each
location satisfies the extreme condition for entropy—Information.

The sequential transfer requires the rotation of each spiral on the space angle to adjoin the next optimal
trajectory and relocate it in cooperation (Fig. 6).

The space-time trajectories, rotating on the cones and cooperating in the triplet, shapes its
geometrical structure (Figs.5, 7) evolving during each triplet formation with growing

parameter k.
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> UR

- DSS

c)
Fig. 7. Simulation of the double spiral cone’s structure (DSS) with the cells (c[l]), arising along the

switching control line Lc (a); with a surface F,' of uncertainty zone (UR) (b), surrounding the Lc-
hyperbola in the form of the Ls-line, which in the space geometry enfolds a volume V7 (b,c).

Both information dynamics and its space structure evolve concurrently, producing each other (Fig. 7).

Each IN triplet accumulates three Bits enfolded in its knot, which forms the IN node.

The nested nodes enclose Information logic enfolded in an ending IN knot.

This ending triplet in every network contains the maximum amount of free Information.

The INs can be self-connected through the attraction of their final triplet’s Information logic.

The attracting Information logic of multiple moving INs sequentially equalizes their ending speeds, whose
frequencies cohere in resonance assembling the joint INs logic.

Each forming IN emerges with the logic of assembling triplets, whose knot memorizes and encodes the
triplet code of the triple logic.

The code of multiple IN holds geometrical double spiral structure (DSS), Fig. 7 is enfolding each triple
Informational knot’s code.

Each IN ending knot encloses the cell that condenses its local DSS code. The double structure of the
conjugated segment builds Hamiltonian dynamics, becoming irreversible at composing the triplet knot on a
bridge between segments (Fig. 4a), and then encoding the bridge in the knot-barrier code.

Since each Bit of the knot code holds energy, allowing the multiple IN knot-code physically organizes their
local codes in coding the Information structure of Information Observer.

The Egs. of rotating time-space trajectory on the cones (Figs.3, 7) and the space volume determine the
Observer geometry, generated by the Interactive Integrated Information Dynamics (111D)[48] .

The IN scale parameter {j/i”} [15] identifies the rotating velocity and cooperating volumes of each knot,
which are transferred to the next triplet.
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The multiple IN geometry structures the Observer’s Information geometry by a manifold of the cellular
DSS (Fig. 8).

i:ig. 8. Structure of the cellular geometry, formed by the cells of the DSS triplet’s code, with a portion of the surface
cells (1-2-3), illustrating the Observer space formation.
This structure geometry integrates information contributions modelling on Figs.3, 7.

The geometry composes “anatomy” of multiple Bits’ structures, where each following triplet’s knot creates
a new class of Information Bits, which assemble the units, distinct from the first-class Bits.
In each following class, the Bit grows the density of the enclosed information, geometrical density, and the
curvature.

Therefore, the information emerging from the interactive observation builds the Observer’s hierarchical

reality.

3.2. Statistical micro-thermodynamics

An impulse ensemble describe statistical micro-thermodynamics [41] applying C. Jarzynski Eq. (JE) [29]
to the evolving microprocess.

Results [41,42] connect the JE thermodynamic energy’ measure with this process’ information
measure. Such energy creates Bit after the space forms.

This developing microprocess presents a Stochastic Quantum Process (SCP) with evolving
thermodynamics and a path to Information Macrodynamics [15,16].

Applying the Jarzynski equality (JE) of the irreversible thermodynamic transition to conversion energy

in Information, and using results of its experimental verification [43], lead to the JE in form

e —<eVhe? 5=y, (3.45)
Here AF is increment of free energy needed to produce energy W,yis parameter of the
verification, which defines sum of probabilities P, = y that an inverse trajectory is observed

in the experiments.
At y =1, the JE satisfies exactly:

ekl _ cgWike? 51 P =1, (3.45a)

A thermodynamic process, satisfying the JE for all its states sequence, evolves irreversibly in the
microprocess enables generation qubits or Bit.

AF/kg6
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The quantity of information 1 at a curved cut has equivalent of free energy AF =AF; to produce
energy W, during a fixed time J,, satisfying relation

AF;, =k 0l . (3.45b)

Average exponential energy <expW /k, 6 >, collected during natural interactions at interval 6T, U &,
measures the EF integral increment AS, :

<expW /k, 8 >=expASg. (3.45¢)

Since EF counts also curved observing probabilistic impulses, the average energy includes the curved
impulses. Erasing that entropy by the natural source’ high quality energy brings a non-random
information |, measures of the curved impulse during 5, < JT, .

Influx of impulse energy AF; at 6, enables converting entropy AS;, to equivalent information | .
Substituting 1, from (3.45b) and AS; from (3.45c) to the JE (3.45a):

expl; —expAS, =1, (3.45d)

brings the equivalence of JE in both formulas for transition the entropy to information at probability
P.=1.

During the thermodynamic process, a free energy compensates the entropy dissipative energy.

By emerging real time on cutting intervals o6,a certain logic with 1, appears with probability P, =1,
which brings entropy AS, =0; that relates toIn(P, =1) = AS,, =0.

Substitution these in the previous equation leads toexpl, —1=11, =In2 which is equivalent
to free energy AF;, =k;6In2.

Thermodynamic conversion of entropy to information Bit occurs during a probability
approaching one when the entropy jumps from In2 to zero, while related information jumps
from zero to In2.

While the first jump starts the microprocess with its thermodynamics, the second opposite
jump occurs when the probability approaches to one at potential entropy conversion to Bit.

It confirms our initial statement about connection the entropy and information and condition
of their conversion.The equivalence of JE in both formulas for the transition to information
requires invariant Iz =1Bit, the unit of information per impulse to compensate for the
Maxwell Demon energy at the time interval of transition.
Thus, to satisfy the MD, the information produced by each impulse time interval should be invariant,
holding constant unit (Bit, Nat) in |,.
It confirms that the impulse extreme minimax principle (EP) satisfies the JE for impulse information
transition, or vice versa. Each impulse time interval enables encoding invariant unit of information.

Or, the EP follows from the JE in the physical process whose interactive time interval is an
equivalent of the impulse information cutting from the correlation carrying the above energy.

The cutting correlation’s time intervals hold the information equivalent of this energy, and any real
time interval of interaction brings the entropy equivalent of energy AF,, which compensates for the MD

while producing information during the interaction.
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In interactive random process, whose sequence of cuts satisfy the EP, each impulse encodes the cutting
correlation, and all information of the process cutoff correlations encodes the information process
fulfilling the minimax law applied to any impulse independent on size and curvature.

Moreover, with probability P, =1, the inverse conjugated trajectories of the interacting impulses in the

microprocess are part of the natural interacting process.

That exactly satisfy the JE initial conditions [43, 44].

This developing microprocess presents a Stochastic Quantum Process (SCP) with evolving
thermodynamics.

3.3. A bridge connecting physical results with our approach [24, 25,and 35].

Many years have passed since Schrddinger introduced his equation of Quantum Mechanics as a new
physical microscopic theory of interacting particles. But, until now, the origin of the connection between
Quantum Mechanics and classical physics has not been scientifically established. That must include linking
a wave function to a probabilistic field, and connecting Quantum Mechanics to Quantum Information
Theory. Results [25,35] have shown that a “theory of direct inter-particle interaction, associated with a
particle acting upon itself, derives from the motion of a system of charged particles under the influence of
electromagnetic forces.” However, the inter-particle interaction in the electrodynamic Maxwell field must
deal with the problem that action and symmetric (adjunct) reaction should merge. Satisfaction of this
requirement allows Maxwell’s equations to be connected with the equations for atomic particles using the
variation principle for total energy as the equivalent of a conservation law for such adjunct interactions.
Solution of the obtained equation leads to a discrete action crossing reaction.

Reference [35] obtains Schrédinger’s equation in quantum mechanics from Maxwell equations. The
equations for energy, momentum, frequency and wavelength of the electromagnetic wave in the atom are
derived using the model of the atom by analogy with a transmission line. The balance of electromagnetic
energy in the atom satisfies the structural constant for the so= 8.27756. This constant connects to the

physical structure constant 1/h°" =137.036 (the updated value) by relation so = (1/2h%")"?.
The results shown in [15] identify a bridge between minimal uncertainty and a certainty measured by the

*

entropy invariant S_, =2h’ which enables the creation of an initial Information macrounit—a triplet with

+a
probability p,, =exp(-2h]) =0.98555075021 — 1 approximating the certainty.
This is the bridge between micro- and macroprocesses emerging along the path of observing the impulse
interactions from maximal uncertainty to Information certainty.
The invariant connects this microprocess, which arises at the merge of interactive action and reaction, with
the motion of the interactive adjunct charged particle in a Maxwell field.
This proves the requirement for the discrete action merging reaction, which leads to impulse interaction
rising the microprocess. Since the merging microprocess emanates for random field, it indicates that
equations of the electromagnetic wave in the atom also originate in a random field.
Moreover, the Schrddinger equation, describing the microprocess, emerges from the initial random
impulses of the merging actions and reactions, while references [24, 25] and [35] have studied the
deterministic processes.
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The invariant constant also binds the emerging micro-macroprocess with Maxwell equations extended to an
equation of the interacting atom particles. In addition, the extended model of the atoms, covering three of
the four fundamental interactions (electro-magnetic, weak, and strong interactions), allows the Information
description, which confirms “It from Bit.” The merging impulses 1-0 and 1-0 also explain the creation of
qubit |01 and |10 in the emerging microprocess during the entanglement [37] L

Study [38] requires ‘“that gravity, just as electromagnetism in Wheeler-Feynman’s time symmetric
electrodynamics, also be an ‘adjunct field’ instead of an independent entity.”
In [15] we calculate a weak Information force analogy with the gravitational force. |

Reference [39] has revealed that “the entangling space-time works just like a quantum error-correcting
code, protecting information in jittery qubits to store it not in individual qubits, but in patterns of
entanglement among many,” starting with a triple |

Finally we show that microprocess emerges from the classical process under the interactive observation,
and returns to classical information through the observing Bits.

3.4.Selection Information, and structuring a selective observer
1. Forming an Information dynamic cooperative requires increasing cooperative Information force between
the potential cooperating triplets:

m_ Ol m
Xy == | =a, ()7 -1
ol (4.1)
where current IN’ triplet m,, currying Information sl =a, +a% =a,, attracts m, -triplet,

depending on Information a;(y)with IN invariant parameter 5" and on relative distance

"=t /th =" =" /1N =l (4.2)

That cooperative force measures the cooperative attraction between these triplets in Nats
(Bits).

2.The cooperative force, relative to the Information of the first IN triplet, measures

Xy =0 —1). (4.3)

The relative cooperative Information force between the IN first and second triplets:

Xp 2 [y =1, (4.4)

at limited values 7, = (4.48-3.45). That restricts the related cooperative forces by inequality
X[, >(3.48-2.45). (4.5)

The quantity of Information, needed to provide this Information force, is

o (X2) = X358, (722) (4.6)

where a,(y;,) is an invariant evaluating quantity of Information concentrated in a selected

triplet measure a,(y;,) =1bit at 7, =7, .
It follows that
l,,(X%) > (3.48 — 2.45)bits . (4.7)

3.The invariant quantities a (y,, — 0), a(y, — 0) provide maximal cooperative force X};" =3.48.
The minimal quantity of Information needed to form the very first triplet estimates invariants
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[, =0.75Nats = 1bits . (4.8)
Therefore, the total Information needed to start adjoining the next triplet to the IN, estimates
I, = (1, +1,(X)3)) > (4.48 - 3.45)bit (4.9)

which supports the node cooperation and can initiate the IN feedback.

That Information equals or exceeds the Information of the IN current node, requesting
sequential cooperation with the next triplet.

This Information should deliver an observer to select the requesting unit.

The minimal triplet’s node force X,, =2.45 depends on the ratio of the starting Information

speeds of the nearest nodes, which determines the force scale factor y,, =3.45 satisfying the
minimax.

The observer, satisfying both minimal Information |, and 1,(Xx2), delivers the total
Information (4.48-3.45)bit. We call it a minimal selective observer.

It includes the feedback, carrying the needed Information for a triplet’s node.

These limitations are the observer boundaries of the admissible Information spectrum, which
depends on the related scale factors, applied to a multi-dimensional selective observer.

At the satisfaction of a cooperative condition (4.9), each observed Information speed,
delivering the required frequency of Information spectrum to an existing IN, enables creating
the next IN’s level of the triplet’s hierarchy.

This leads to two conditions: necessary-for creating a triplet with the required Information
quality, and sufficient —to provide a cooperative force, needed to adjoin this triplet with an
observer’s IN.

At the satisfaction of the sufficient condition, each next Information unit joins a sequence of
the triplet’s Information structures forming the IN. This IN progressively increases the
Information bound in each following triplet. The ending IN triplet’s node conserves all IN
Information. The node location in the IN spatial-temporal hierarchy determines the quality of the
Information bound in the IN node, which depends on the node’s enclosed Information density. When

acquisition of Information brings new y; =4.81, the related cooperative force Xj =3.48 enables

transfer to the next cooperative level, extending the IN. Both above conditions should satisfy the
observer’s ability to select Information of growing quality.

The minimal selective observer, satisfying only the necessary condition, we call an objective
observer. A selective subjective observer satisfies these conditions, limiting delivered Information to 4.48
bit.

3.5.The Information mechanism of selection and structuring a multiple selective observer
Suppose an external observer requires its evolving IN by increasing quantity and quality of

Information which could deliver the current observer’s IN ending node emanating the
requested information. The external observer is assumed satisfying the VP information law.
Let us evaluate the interactive information impact on an external observer, carrying its own IN information
with m triplets, from the current observer’s IN carrying information to form a requested new m+1 triplet.
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t
m+1

Such a request carries the free information a_., ~0.25Nat with information speed «,,,, determined by the
requested IN node, which encloses information density

Yo = (o) (712)" s 0t /a:n = Vet (5.1)

where &, is the information speed of a dynamic processs on a segment of the requested IN first triplet.
Ratio &, to speed its third segment: «,, / o, = 3.45=y;; determines y,,_, = 71, Which identifies the scale

factor for cooperating m triplets.Attaching the m+1 triplet to the current IN’m triplets extendsy,_toy,.,.

Parameter 7%, = (%)™ identifies the scale factor for (m-+1)th triplet requesting IN’s node density (5.1)

allowing cooperation the m+1 triplet.
The requested density 7., requires relative information frequency

fina =1/ 3(Vmia) - (5.2)

Any increasing frequency has a tendency of growing 7., thereby increasing the information quality of the
requesting nodes, which is extending this IN.

That quality for these nodes distance delivers information forces (4.1), which automatically overcome the
single selective observer limitations and extend the IN.

Minimal IN with a single triplet node and potential speed of attraction c, (Sec.3.3.10) requests its
Information density with speed:
c?, =(3.45)*x0.1444x10" ~11.9x0.1444x10" ~1.7187 x10"* Nat / sec . (5.3)

at yo, =y, =345 =119, (5.32)
Adjoining the requested Information |, (4.9) to the IN node with speed (5.3) requires a time interval for
transporting this information:

t =3.45Nat/1.7187x10" Nat /sec = 2x10™" sec. (5.4)

This time interval approximates the impulse width’s time J,, ~1.6x10* sec with ratio t, /&, 212546 .
Comparing this ratio to the related ratio (5.3a), it follows that the time interval increases in ratio~12 to both
the initial speed of attraction 0.1444x10" Nat /sec, and the impulse density.

The increased impulse information density decreases the impulse time width J,, to

5, =0, 112=0.1333x10™ sec, (5.5)
which is less than the communication time (5.4) in ~15 times.
Impulse with time width J,, (5.5) enables transferring the requested information to and from the observing

external process where it interacts through 15 such probing impulses.

This information action should deliver the step-down cut of external impulse that requires quantity
Information 0.25Nat, the same as the Information which carries the requested free information.

The communication time (5.4) should deliver to the node the needed frequency-density (5.2) from the
observing external process.

This time also determines the density-frequency which limits the interval of the sending probing impulses.
That requires an increase in the initial impulse’s attracting information  density

i, =0.25Nat /5, =0.25Nat /1.6x10™* sec = 0.15x10" Nat / sec (5.6)
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in~12 times up to

i, =1.8x10" Nat/sec. (5.7)
The observer time of inner communication between the IN initial eigenvalue ¢, of its first triplet and m+1
eigenvalue «,,,,, where the requested information is transferred, depends on the ratio

(Vg)mﬂ =Yma =0 la,, =M.
Preserving the information invariant for each triplet including the m+1 eigenvalue:

aom = alz-l = am+1z-m+1 (5.8)
leads to relation M_ =7, ., /7, and to
Ay, =M _-1=(r, ., —1,)/ 7., =(a)"" -1=inv (5.9)

which determines the invariant relative interval of inner communication (5.9) defining the observer time
scale.

For y%,, =%, =3.45 the time scale is
Ay, =11, (5.10)

Comments. For the elementary objective observer withM_ =z, /7, =3.45° =12, for example, each 12

m+1
hours of external communication squeezes to one hour of internal communicational.

Thus, to have uninterrupted intercommunication with external information, this observer should open the
intercommunication each 12 hours. Hence, to coordinate the inner and external time course, the observer
must periodically switch in a 12/1 rhythm.

That implies memorizing a code of this rhythm on the knot of the observer IN’s second triplet, which the
cooperating IN automatically includes.

Then, each one hour of inner communication will request external information (4.9) which needs

8, ~1.6x107* sec for observing an external observer’s IN.

Therefore, such an observer should potentially have N_=3600/1.6x10" =2.25x10" single
communicating networks. The last one, which memorized the code, will automatically switch to external
communication, requesting needed information.

Consequently, the rhythm, coordinating the observer's inners and external time course, is a part of the
observer information regularities, even for an elementary subjective observer. (The N_could model a

number of communicating-interacting pairs of particles and/or cells). «

3.5.1.The time of inner communication and threshold separating subjective and objective observers
The growing Information density increases both the quality of Information enfolding in the observer

current IN and the time of delivering this Information.

Thus, each observer posseses the time of inner communication, depending on the requested Information and
the time scale, depending on the density of accumulated (bound) Information.

Supppose that formation of the IN new node requires k cutting multiplicative information actions.

The time interval of such cuts J will depend of the IN time scale, increasing proportionally:
ek = (AMr)k X Oo
On =2.6x10"° x2x10"°sec =5.2x107°2.6 x10° sec . (5.11)

eik —

which for k=10 increases initial &, =0.2x10™sec in 11° times up to

eio —
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This is time of the observer’s external communication, which in 2.6x10° times more than the related time
of inner communication (5.4), counted for the IN single node.
As the node’s number grows, the estimated time of inner communication increases by multiplying the node
number on the invariant time scale (5.10).

am

Thus, free Information, carrying attracting Information force X" =3.48 with quantity of the force
Information 1, (4.9) delivers a related quality to the forming IN node with density (5.1).

The delivered Information enables forming new IN triplet with a,(y;;) = 1bit = In2Nat, which should be

attached to the current IN.

The impulse, carrying this triplet, interacts with the existing IN node through the impact, which provides
Information 0.25Nat, the same as that at the interaction with an observer’s external process.

The relative Information effect of the impact estimates ratio In2/0.25~ 3.

The attracting Information 0.231Nat, which carries the triplet Bit, brings the total
(3In2+0.231)Nat = 3.573pit .

That increase compensates for the current IN triplet node’s requesting 1,,(XJ;) > (3.48—2.45)bits .

This is the minimal threshold for building an elementary triplet, which enables attracting and delivering the
requested Information to the IN node.

The selective observer can choose this node with the needed frequency of the probing impulses.

The triplets are elementary selective objective observers, which acquire the requested IN level’s quality of
Information.

That quality evaluates the IN level of the distinctive cooperative information, building the sequential IN
nodes.

The identified Information threshold separates subjective and objective selective observers.
A selective observer, working as observer-participator, builds its first triplet’s structural unit with free
Information whose attraction arranges the IN hierarchy of growing quality Information, automatically
selecting the maximal quality observer.

Note that such a selective process, emerging within a macrodynamic process, is distinct from Darwinian
Natural Selective, where “only the organisms best adapted to their environment tend to survive and
transmit their genetic characters in increasing numbers to succeeding generations while those less adapted
tend to be eliminated.”

3.6.The IN limited time-scale, speed of cooperation, and dimension of cooperative process
Minimal admissible time interval of impulse acting on observing process is limited by

80 =a h~0.391143x107" sec.

tmin —
The minimal wide of the internal impulse J,, ~1.6x107™ sec limits the ratio O | Onin =41, that evaluates

the limited IN time scale (5.10) and scale ratio y%,, = (y3)™" = 3.45™" .

For m+1=3 triplets, that ratio brings the IN time scale

Ay, =3.45™" ~1=140.06, or 3.45™" =41.06, (6.1)

which limits m+1=3 bym=2.

It forms a minimal subjective observer whose IN binds two triplets enfolding n =5process dimensions.
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Defining the IN geometrical bound scale factor by F, =./(»%_,)" , we find its value for process dimension
n =5 and the IN scale ratio y,,_, = 3.45 binding these dimensions in the IN.

Thus, F,_.=./(r%)° =22.1 identifies the geometrical bound scale factor for the minimal subjective

observer.

In Physics, a bound stable resonance of three particles has been observed [49, 50] with the predicted scale
factor= 22.7.

If an observer enables condensing the external Information by decreasing the width of its impulse, then the

number of the IN enclosed triplet grows.
This number limits a relative cooperative speed of the IN’s last triplet M node, which determines the ratio

of the triplet maximal cooperative speed C,, to the triple node Information cooperative speedC,, :
Cam / Coa = Cocm
The C,,, evaluates invariant relation [41]:
Coom =1/ 28, ()8 (V) (720 D) - (6.2)
Since each cooperating pair requires 1/2In2Nat of Information, applied during time of cooperationd,,
the maximal speed of cooperation:

c,,; =0.35Nat/ 5, =0.21875x10" Nat / sec , (6.2a)
is close to the maximal speed killing an entropy bit (at conversion to Information Bit):
¢, =0.1444x10" Nat / sec = 20x10"bit / sec . (6.3)

(That means the cooperation may follow the forming Information Bit).

The ending node cooperative speed C,; =1bit/sec =~0.7Nat/sec predicts the ratio

Comi / Cog = Coi = 0.2062857 x 10",

Applying to (6.2) the numerical values of the optimal minimax invariants leads to:
C,.. =1/2In2/0.33In2(2.45)(3.45)" =1.515x 2.45(3.45)" = 3.77(3.45)" . (6.4)

ocm —

Equalizing C_,; =C,, brings the maximal number of IN node m,  =23.6 capable of cooperating with the

process dimensionsn, ~ 48.

A new IN, starting from such triplet, can produce another triplet, cooperating with other INs, and so on.
That integrates all observed Information in sequentially composed INs (Figs. 6, 7).

Speed ¢, ~10bit/s at C,, =10°requests the information frequency B, =10°bit /s ~10Gbit /s .
A human being’s single IN approximates maximal number of the nodes levels m,, =7, which encloses

4 >m,,, >3 levels of minimal selective subjective observers.

The minimal self-selective observer with a single triplet adds one more triplet, building the minimal IN
with two triplet’s levels m,,;, = 2.

The observer is able to building multiple Information networks, when each three INs “ending nodes” (of

maximal My, ) can form a triplet structure which enfolds all three local INs.

That increases the encoded Information in 3m, and then multiplies it on other M,, :3m,,m,, by building a

new IN, starting with this triplet.
This process allows progressively increase both quantity and quality of total encoded Information in
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(Bm,,m,, ) x(3m,,m,, ) x....... =(@3Bm,m,,)™ =N, times of the initial IN’s node Informationa, =In2:
I, =In2(3m,m,, )™ (6.5)

with maximal density

14 =1In2(y)" . (6.6)

and the time scale

A = ()" =1 (6.7)

This huge quantity and quality of Information is limited by maximal m,, .

The IPF maximal Information available from an external random Information process is limited at the
infinite dimension of the process (Sec.1 and [48]).

3.7.The Information conditions for self-structuring a multiple selective observer
Satisfaction of the sufficient condition (4.9) in multiple IN’s interactions determines a multiple selective
observer, whose attracting cooperative Information force grows from X/, >[(y,) —1] to

X5 = (rialraD) " at (rislra)) = Gaslra )™ (7.1)
accumulating at y,, = 0 maximal Information
L, (X5) = X33 a, [(73) "] (7.2)

The communicating multiple observers send quality messengers (qmess) [15], enfolding the sender IN's
cooperative force (7.1).

This requires access to other IN observers in order to obtain more Information quality and logic. The
observer-sender generates a collective IN logic of the accessible multiple observers.

Comments. Observer’s Information units interact in an communication information channel, producing
randomness, entropy that generates nonrandom Information of the channel errors which may corrupt the
sender Information message.

Each observer’s IN memorizes its ending node Information, while the total multilevel hierarchical IN
memorizes the Information of the whole hierarchy in the ending node of this hierarchy.

The observer, requesting maximal quality Information by its Information forces, generates probing
impulses, which select the needed density-frequency’s real Information among imaginary Information of
virtual probes.

That brings to the observer-sender all current IN logical Information.

The IN Information dynamics enable renovation of the existing IN through the feedback process of
exchanging the requested Information with the environment, rebuilding the IN by encoding and re-
memorizing recent Information.

Since the whole multiple IN Information is limited at a total time of the IN existence, the possibility of the
IN self-replication arises (Sec. 8.5).

The observer ability to self-organize each next level of the evolution dynamics, we call the observer
creativity which limits each observer’s integrated Information.

All described stages and levels comprise the observing path of the evolving dynamics.
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IV. The Observer Emerging Self-Encoding, Cooperative Complexity, Information Mass, Space
Curvature, and Self-Replication

4.1. Encoding Information units in the IN code-logic, and Observer’s computation using this code

The Observer code serves for common external and internal communications, encoding different
interactions in a universal Information measure. It conducts cooperative operations both within the
Observer and outside. Different Observers unites a common observation, the collective triplet code
building a cooperative Observer.

4.1.1.The code, program, and Information quality of the code-logic

Each triplet unit generates three symbols from three segments of Information dynamics and
one impulse-code from the knot binding the triple.

The triplet composes a minimal logical code that encodes the observing Information process.
The knot’s Free Information, attracting the next observing Bit, forms a duplet which self-cooperates a Bit
in the following triplet unit. The knot of that triple attracts another incoming Bit, and so on.

That sequentially creates the nested structure of an Information network (IN) whose nodes-knots
concurrently self-encode the observing Information units.

Thus, each three observing Bits self-cooperate a triplet which encodes the knot composing hierarchy of the
IN preceding code’s nodes.

Each Information unit has its unique position in the time-space Information dynamics, which defines the
exact location of each triple code in the IN nodes hierarchy.

Even though the code impulses are similar for each triplet, their time-space locations allow the
discrimination of each code, its logics, and the distinction of the codes unit’s geometry.

The IN code units include digital time intervals, enclosed in the unit code’s geometry, which depend on
digits of Information collected by the information path functional (IPF).

The shortened process intervals in the IPF, enclosing in the IN, condense the observing Information in the
rotating space-time triplets’ knots.

The knot’s nodes cooperate and integrate the IN Information logical structure.

The code logic emerges from the observing probabilistic and Information causality.

The self-participating Bits generate the Observer’s (0-1) probes and the observing logic Information units.
The IPF collects the Information units, while the IN performs logical computing operations using the
doublet-triplet code. The operation creates the Observer’s program, which is specific for each Observer,
and therefore is self-encrypting.

Performed with the entangled memorized Information units, these operations model quantum computation
[54-57].

The operations with physical Information macro-units, which cooperate quantum Information units, run the
IN modeling of a classical computation.

An Observer, uniting the logic of quantum micro-and macro- Information processes, enables the
composition of quantum and/or classical computation on different IN levels.

The program holds a distributed space-time processing generated by the Observer Information dynamics.
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Information, emanated from different IN nodes, encloses a distinctive quality measure and
logic, which encodes the specific Observer’s IN genetic code.

The triplets are elementary logical units enclosing the IN genetic code that composes a helix
geometrical structure (Fig.4a, 7) analogous to DNA [58-60].

The genetic code can reproduce the encoded system by decoding the IN final node and the
specific position of each node within the IN structure.

Finally, the observing interacting process naturally encodes the impulse interactions with
environment.

4.2.The emerging Cooperative Complexity at forming a cooperative network of multilevel
information units

The IN nested structure holds Cooperative Complexity (CC), which decreases the initial complexity of
collected uncooperative Information units.

The CC measures the origin of complexity in the interactive dynamic process, cooperating an elementary
duplet-triplet, whose Free Information anticipates new Information, requests it, and automatically builds
the hierarchical IN [61].

The CC emerges from both the probabilistic and Information logics of observing processes.

Existing complexities measure complexity of already formed complex system and processes [62-66].

The CC is an attribute of the process’s cooperative dynamics and its logics.

Bound information of cooperating units is potential source of decreasing the CC, which measures the
concealed Information.

We study both the complexity of Information Macrodynamic process (MC) and the CC, arising in interactive
dynamics of changing Information flows from I ,tol,, moving their shared volume from V;to V,:

Al =1, —1,,AV, =V, -V,
The MC defines an increment of concentration of Information in the Information flow before and after
interaction, measured by the flow’s increment per changed Information volume: MC, =Al, / AV, .
The flow’s increment measures the increment of entropy speeds Al, =0AS, /ot in the form

Sik
AV, ot
production), which evaluates the specific Information contribution, transferred during the interactive
dynamics of the Information flows.
Complexity (2.1) is measured after the interaction has occurred, assuming that both increments of speeds
and volumes are known.

To evaluate complexity arising during interactive dynamics, the Information measure of a differential
OAS,,

This complexity determines an instant entropy’s concentration in this volume: (the entropy

interactive complexity MC(E is introduced, defined by increment of Information flow — per small
volume increment é\/if (within the shared volume AV ):
MC,‘i = aHik /%1 (2.2)

ot
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where (2.2) defines ratio of the speeds, measured by the increments of the Information Hamiltonian
H, =—0AS, /&t per increment of volume 8V,) = 6AV, ats=ét:

MC? =0H, / 0AV, :%/% :

ot ot

The MC. automatically includes both MC,, and its increment 0MC,, .
The MC,, measures the differential increment of Information of interactive elements i,k , whose current
Information difference —AS, per shared volume AV, -before joining, will reduce to increment —0AS, per

volume éVif after their cooperation in a macrodynamic process.
Thus, within the IN nested structure, the IN Cooperative Complexity arises from both the MC complexity

and differential MC® complexity of the Information process.
The Information path functional (IPF) integrates the observing Bits of the Information process.

Applying the VP Information invariants allows the direct measurement of both MC, and MC;, in the Bits

of Information code. Both complexities measure the triplet’s dynamics through their eigenvalues, which
connect them with related geometrical structure’s volume.
Complexity (2.2) of a triplet is defined at the moment t =t , of three segments’ eigenvalues equalization

o =a,,, =a,,. That complexity measure is

i+2 "
M i(,si+l,i+2 = 36‘(H—Z,t /V

ii+1,i+27

(2.3)

at a;,,, |t:ti+2.t = [ai2+2,oti2+2,t eXP(&,z,0t.20)(2 —€XP ai+2,oti+2,t)71 - ai2+2,oti2+2,t exXp2(, o otii0)]/ ti2+2,t

which takes invariant form

M ib,}+1.i+2 = ai[expao (2 - expao)_l _expzao] / ti+2,t = (aoa_asexpao) /ti+2,t a= expao (expao (2 _expao)_:l ' (233.)
The retive volume in (2.3) holds
vi,i+1,i+2 = éVi,i+1,i+2 /5t'é\/i,i+1,i+2 :V05t31 évi,i+1,i+2 /ot :Vc§t2 :Vcti2+2,t§t2 /ti2+2,t :Vcti2+2,t‘c"(7/)2 . (2.3b)

Here space area &2(y) is an invariant at fixed 7, and V, = 2z¢® / 3(kz)*tgy° is an invarint volume at angle
w° =716 on the vertex of each cone (Fig.3) at k=1, and the invariant speed of rotation cof each cone’s
spiral which produces angle /2.

Differential complexity M’ = Mfm’m. for any joint m-th triplet-node is:

M _5

ii+1,i+2

=3(a,a-a’exp2a,)/V.t', &(r)’, (2.4)

cri+2,t

depending on that time interval.
Applying Mj to each triple cell (Fig.8) with volume 6V,;,,;,, =6V, , formed during time interval

Ot 1110 = O, leads to
M26t =3¢ ot 1oV, =3Aa, |6V, ,

where Ac,, is increment of Information speed during Ot .
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The related increment of quantity Information at the same Ot is Ae, ot =a, = ¢, 5t , where

anAw = (aoa_ai exp(2a0))§tfn /ti2+2,t : éﬁq /tr2r1,t = e, = Loy (2.5)

mymt —

Each 3a. invariant measures the quantity of Information produced during an interaction of three equal
eigenvalues within the area & .

Increment of entropy per the cell volume 6V, , measured by equivalent quantity Information and Mrf;
during the time ot . holds invariant measure

M2st2 = M2 =3(a,a—-a’exp(2a,))e> 1 oV, . (2.5a)
Information 3a;, binds the three segments in anzq prior the two impulse attract, and assembles them.

i+2

By the moment of interactive assembling 7z, °, the three equal -eigenvalues have signs
142\ ai i+2 142\ a3 i+2 [EVAP i+2
(7, °)sigNe, (7,77) = @0, (7,7) 51N 4, (7,7) = =0t (7, 7)SION G, o (7, )
i+2 i+2 i+2 i+2

The negative eigenvalues o, (7, “)signe, (7, ") = &, (7,77)signe;,,, (7,") hold the stable dynamics, and
positive eigenvalue —a; . (7, %)signa; ., (71%) brings unstability.

Their interaction associates with a choatic attraction, which leads to the instability localized within area & .
The attraction, delivering Information 2a?, cooperates three segments by joining them into a single node
within area eni . Thus, relation (2.5a) measures Cooperative Complexity of the interactive three segments,
forming a single node of m-th triplet’ cell.

The cooperative node forms its cell within volume OV, where both the eigenvalues’ interaction and

cooperation takes place.
Since quantity Information 2a2 =1bit of the joint segment from m-th triplet’s node is transferred to a first

segment of the following m-+1-th triplet, the quantity of binding Information 3a. (in (2.5)) is spending on
holding the m-th triplet concentrated in volume 6V,

Let M2 =3a5(y) 1[0V, | 2] evaluate the quantity of Information per cell volume &V, related to a cell size
area & .

Then using M. =3Aq, AV, M 5t =3Aa St | AV ,we have M’ =3a>/AV_ which for each AV,
evaluates MY =3a’.

Aty=05a,=-075a=025 we get M,

cmN

=32 (y=05)=-0.897Nat  per cell, or

MZY (7 = 0.5) = —1.29bit per cell-volume, which each M -th node conserves during it formation.

This invariant, produced during the considered interaction (that primary binds these segments), measures a
cooperative effect of the interactions holding the node’s inner Cooperative Complexity.

This relative Cooperative Complexity does not depend on the IN actual cell volume and the number of

nodes that the cell enfolds, since the MCANY invariant quantity is not transferred along the IN nodes’
hierarchy.
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Actually, in volume 6V, /&2 =V t? at a fixed both invariant &> and volume V., the increment 6V grows

as more nodes are assembled. Since that complexity M %Y =inv(y) for any fixed cell’s volume (according
to (2.5)) decreases with assembling more cooperating nodes within this volume.

As the size of the cooperative nodes grows, the Cooperative Complexity per its volume decreses in the ratio
M2 M2 =t2/t2 = (r2)7 while each following M %, enfolds complexity of the previous M 2.

The absolute value of the interval ot =t & growsas t,, /t =y, increases, leading to St,., /S5t =5
and M2 =3a% /6t oV, 0V, = t2, M2 =al IV.St =al IVt at M2 =a) IV ot: =al IV et

c-m™m? c'm™m*

This confirms the previous relations.
The ratio of the nearest triplet’s complexities (2.4) is

Mo/ My =to /t at (a,a-2,exp(2,)) /Vee(r)’ = A, (inv(y)). (2.5b)
Attt = (.l a,) =(m) " satisfaction of (2.5b) with 7,,., = 7,(7) =inv,(¥), brings
Mo/ M = Vi, (26)

which for 7,(y =0.5) = 3.89 takes valuesM °, / M =0.00437 .

m+1

Complexity M., . measuring m+1node, also enfolds and condenses the complexity of a previous node.
By the moment 7,, of the M -th triplet’s cooperation, its three eigenvalues equalize: @3, = @,. = @, and, at

the moment of the triplet’s knot formation 7, +0, the cooperative eigenvalues @, encloses the joint triplet
eigenvalues in a knot:

a; (7,+0)=3a,; =« . (2.7)

In the IN, M -th triplet’s first eigenvalue ¢, equals to last eigenvalue of (m —1) -th triplete,, o = @, 4

, where ), enfolds all three eigenvalues of previous (m —1)- triplets.
The M -triplet holds ratio of these eigenvalues

a lagy=(rm) ™ (2.72)
Substituting (2.7a) to (2.7) leads to o, = 3, (%)™, and with @, , we get ratio
aylag,=3(rm) " (2.7b)

The sustained cooperation of the IN eigenvalues requires »2(y =0.5) = 3.9, which brings ratio (2.7b) to
am/a;‘_lz(l.B)’l. Decreasing the eigenvalues of the triplets, cooperating along the IN, encloses the
increased Information density, which condenses more MC{E complexity.

Specifically, at M2, /M =(a2 la2)IN IV and V.,
M2 IM = (i, Tat)IN, IV, =(a,, | a)=(13y,,,) " brings decreasing ratio M’ / M? = 0.203.
Comparing (2.6) to the differrence of relative complexities:

AM M= (M =M ) M= (1-7,),

/vm = al‘|21 /anz1+li am+l / am = (1/37/m+1)711 ratiO

m+1

we get AM®/M? =0.996 |at y,(y = 0.5) =3.89, indicating that the difference decreases insignificantly.
Relative sum of these complexities:
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AMPIME =(M2+M8 )IM?2 =(1+7,),AM°. [ M? =1.0044 also grows insignificantly.

m+1

Comparing these complexities to the complexities of double cooperation within a triplet, we have

lesz / Mf = (a0, 1 0Vy,) [ (a0t 1 0V)) = 2(a, 1 0V,) [ (e, 1 6V,) | which at ot, = ot and

ay oy =(ys) oV, 1OV, =(r5) 2, leads to M,/ M, =2(y5)™.

For a triplet we have

Myps /My =3(75) ™, (2.8)

which at » =2.215, y,(y =0.5) = 3.89 brings M;, /M, =0.083, M.,/ M, =0.013. (2.8a)

During a triple cooperation, the complexity decreases more than that in douple cooperation within a triplet.
The MC{Z (2.6) between the nearest triplets decreases much faster than it occurs in the cooperation within
a triplet. At the cooperative cooperation, each following nodes’ complexity wraps and absorbs complexity
of previous node, binding these node units and conserving the bound Information.

The CC complexity cooperative binding effect is a part of the IN inner dynamics.

The decrease of the IN Cooperative Complexity indicates that more cooperations have occurred, while, at
negative eigenvalues jump, the complexity grows with decoupling nodes and rasing the choitic movement.

The MC for each extremal segment and their ratios determine the following relations:
M = [ AV M =, AV, MY, = [AV 0 Mig IMy = (0 ) [ (AV, 1, TAV,),

it VIisn = Gisag i+t i+2t
w2 I My = (@0 T i) (A, [ AV,)
which at (ai+1,t lay,) = 7’1_1 , (ai+2,t o) = 72_1 ’ (AVi+1,t [AV,) = (1_713) ) (Avi+2,t [AV,) = (1_723) ,
leadto M, /M = 77" (1-7) "and M, IM{ =y (1 77) 7
For M -th triple we get:
(M + M+ M) TME =AM My =147 (L= 57) 7, (- 77) (2.80)
and AM; /M =1.05 at 7,(y =0.5)=3.89,7, (» =0.5) = 2.215.
Invariants relaltions (2.3a) bring invariant forms for each i,i+1i+2 triple of these complexities:

M =altAV, M =alt AV, M, =alt AV, ., (2.9)

ity il T i+1 i+2 i+2

i+1

where each of the volume encloses its invariant Information.

Comparing two ratios of Cooperative Complexities in (2.8a) with the related sum of dynamic complexities
(2.8b) brings

Lty (A=) +7, U=7) 7 >>3(r) ™, (2.92)

for which, at 7, (y =0.5)=3.89,7, (¥ =0.5) =2.215 ,we obtain inequality 1.05 >>0.013.

The results indicate the essential differerence between both types of complexities, where Mf measures the

unit’s Information intensity determined by the quantity of Information needed to spend on cooperation with
other units.

When cooperation occurs, the intensity is diminished, being compensated by Information that binds these
units and conserves the bound Information.
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A collective unit holds less Information intensity than prior to cooperation, measured by a summary of each
unit complexities. With more units in the collective, each complexity of an attached unit

Mfm,nz,i =1,....,m tends to decrease.

The growing cooperatives intend to spend less Information for attracting other units, accepting the
assembled units with decreasing Information speeds under the minimax.
A total (integral) relative MC-complexity for the IN with M triplets approximates sum of (2.8b):

MC> = m , which grows as each new triplet is added.
The IN integral relative differential Cooperative Complexity

MCE = 3 [30591" = (1A~ 3G /1 -[3(3)] (2.10)

decreases with adding each new triplet.
At m—w,7,(y =0.5)=3.89,7, (y =0.5) = 2.215 it holds MC> =1.013.

When total MC,‘;2 grows, the complexity of each following cooperation diminishes the contribution to the

IN Cooperative Complexity, and with growing number of the IN inits, the sum of the contribution
approaches zero.

The MC;, defined for a non-cooperating triplet’s segment in M | is higher than the IN’s cooperative
complexy MC[;2 of the growing triplets number.

The evolution dynamics with the adaptive self-controls keep the MC> decreasing at each evolving IN in

the observation.

Therefore, the MC complexity decreases in the observation with reduction of the uncertainty of
randomness. This complexity emerges from different interactive process being observed [67].

The cooperative complexities integrate the Entropy Functional following the Information path functional.
The IN complexity decreases during formation of the nested structure where each following knot-node
enfolds complexities of the previous formed node, and the ending IN node encloses and integrates
complexities all IN.

4.3.The cooperative Information mass and Information space curvature
Each Information speed of a triplet’s third eigenvalue &, =090, , processes in space a

differential volume v, =0V, /ot :\/mduring cooperation.
Relation M, =,V we call the Information cooperative mass in this volume.

That eigenvalue is equivalent to the elemenary unit’s Hamiltotian @, = H,, in Information dynamics.
This leads to Information mass in the form

M, =HV. . 3.1)
The connection of entropy derivation 0AS /0t=~H, with entropy’s divergence OAS /ot =C diVAS, for

the same volumeV,,, moving linear speedC, at cooperation of M the triplet, measures the Information
mass (3.1) in the form
M, =—-(c divAS V. . (3.1a)
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The ratio of the Information masses for the nearest triplets:
M, /M, =a o (v IV, Vil Ve =0l op =1 3ya,)?, (3.1b)
Ivlvm / Ivlvmﬁ-l = l/ 37n01£+l ! 7g+l = 39 (310)

grows in 1.3 times when each following IN’s triplet is added.
The triplet Cooperative Complexity (2.3) for the same cooperative volume measures differential
Hamiltonian:

M2 =3H, /V ,H IV =HY H =g (3.2)
where the derivation applies on the EF extreme trajectory’ segment between the emerging new Information
acceleration ¢, is finite.

Multiplication Information mass M,, on the complexity (3.2) leads to M, M?=3H_H_ which brings
MM, =3a,d,. (3.23)
Information curvature K[ at the cooperation of the three triplet’s eigenvectors describes a curving phase

space at a locality within cooperative volume V,,.

This curvature originates in the curved impulse interactive cooperation creating its increment at a curving
instant. The curvature defines the ratio of the increment to this instant.

This curvature connects classical Gaussian curvature with that in a Riemann space, where curvature K
rises by the increment of Information speed on an instant of geodesic line metric ds.

The Riemann space’ curvature is defined via fundamental metric tensor \/5 and the phase space metric

ds=v_dt in form:

Ke=(J9)"d(Jg)/ds=(g) d(g)/v,dt, (3.3)

where g describes a closeness of the space vectors in the cooperative curving interactions.
For the eigenvectors in Information phase space, a metrical tensor \/E is expressed [47] through the

Information of triplet eigenvectors @, , localized in a space, generates an increment of tensor \/5 for the
triple cooperation:

J9 =(a,)>. (3.3a)
Substitution to (3.3) determines M -th triplet curvature

K'=-3a,la,v, , (3:4)

which connects the triplet’ differential complexity and differential Hamiltonian (3. 2) with the curvature:
Ky =-M:H, . (3.4a)

According to [68], multiplication of a physical mass on /g determines the mass density.
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Multiplying Information mass M on /g , expressed through the eigenvector (3.3a), leads to mass density

Min: My = (@) oV, = (0) Vo - (3.5)

vm *

*

In the simulated IN hierarchy (Fig. 7), the cooperating eigenvalues ¢, decrease with the growing number

of triplets m —n/2, which increases M, .

Since that, the mass includes the Information speed and originating an instance—unit volume.
It allows estimating Information units encoding during the mass formation.

The encoding requires energy €,, covering the entropy s, cost of conversion to Information i,, at s,, =i,
and memorizing the resulting effective complexity.

Expressing (3.4) at MC_ =a, /v, inform K| =3¢, V.V, V. . a,V.V, leads to

K'=-M, ,M’MC_ =-M, =MC’* =M’MC,_,MC> =H'MC_ (3.6)

*

vm?
where MCnfe is a triplet effective complexity and HY is density of Information Hamiltonian per volume.

The effective complexity generates the Information curvature of the joint cooperation and memorizes the
unit Information mass in the cooperative Information mass.

The cooperation decreases uncertainty and increases Information mass at forming each triplet.

The cooperation, accompanied by decreases of the triplet’s eigenvalues and complexity, declines the
curvature of the IN cooperating structure.

The negative curvature (3.5) characterizes a topology of the space area where the cooperation occurs.

The Information mass emerges as a curved Information space per cooperative Information complexity.
Multiplication information mass density of curvature:

M, K'=-3H,H,*=-3d"H, (3.6a)
determines the relative decrease of the differential increment of energy d H_" spent on forming this
mass.

Simple estimation of the classical Gaussian curvature by inverse radius I, of a cooperating triplet node:
| K = () =) =107 1) = ()T B.7)

connects the estimated curvature with the triplet invariants’ ratios. That brings the invariant evaluation of
the curvature for the triplet cooperating within radius &,,(7*) = 0.33.

To evaluate maximal speed C,, of a single Information cooperation, measured by Information invariant
a, we use relation connecting a space divergence at the cooperation with speedc, , time interval of the

cooperation t_,anda :

OAS, /ot =|allt, =c, divAS

which at a minimal time of cooperation t,, leads to

c,, =[t,,divaS_/|af]™.

The minimal interval of cooperation t_estimates the minimal physically admissible time interval

t  =1.33x10"sec of light wavelenght.
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The entropy space’ divergence, normalized by ratio to invariant a , estimates the structural invariant of
minimal uncertainty h? =1/137 at the Information cooperation:

div*AS, =divAS /|al=1/137 (3.7a)

The resulting maximal Information speed c,, ~1.03x10" Nat/sec restricts the cooperative speed and

minimal Information curvature at other equal conditions.
Information mass (3.1a) in form :

M, =—|al (c,divAS, /|al)v, =—|a|v,h (3.7b)
encloses the impulse Information measure a, volume V,,, and the triplet structural invariants h_ .

The elementary cooperation binds space Information div*AS; (3.7a) that limits maximal speed ¢, at t_ for
incoming i-Information units, imposing an Information connection on the time and space.

An Unbound Information unit does not have such a limitation.

The ratio of maximal speed C,,, to speed of light C, :

¢, /c, ~0.343x10°Nat / m = 0.343gigaNat / m (3.8)

(measured in a light’s wavelength meter) limits a maximal Information space speed.
In this case, each wavelength of the speed of light delivers =137 Nats during t,, =1.33x10 " sec.

The physical mass-energy that satisfies the law of the preservation energy (following the well-known
Einstein equation), is distinguished from the Information mass (3.1), (3.5) defined for the cooperating
triplet’s units.

The law is satisfied when the triplet acquires energy (as the mass-energy) carrying the Information mass.
This triplet Information curvature and the effective Cooperative Complexity also hold physical energy.

4.4. Relative Information Observer

Let’s analyze how impulse linear space speed ¢, on the IPF path curves the time-space trajectory—an
extremal of the observing process, affecting the impulse with invariant geometrical measure 7 that
encloses its invariant Information measure|1],, .

Suppose the impulse 7, located on distance |, along the IPF trajectory, is moving with linear speed c,,
and another invariant impulse 7,, with the same invariant Information measure, located on distance 1., is

moving along this trajectory with linear speed c,, >, relative to impulse 7.

Each impulse speed is the ratio of invariant geometrical measure to the impulse location’ time interval on
the trajectory: 7, and z,, accordingly, at ¢, ==, /7,,C, =7,/ 7,,, Where at ¢, >C,, 7, =7, =7..

Since with growing a total time along the IPF extreme trajectory, the impulse time intervals is shortening:
T, <7, It leads to the persisting increase of Information density. The Information densities:
D, 1|, /7., D,, 91|, /7,, of these impulses’ invariant Information measure |1|,, growsat D,, > D, .

The distance  between these impulses on the trajectory determines  relations
Al =l =l =y -c)/ (za—7) ALy = (7 /7y — 7 1 1) (700 — 7)) = (5, _Tk1)2 [T T < T
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Since the impulse preserves the invariant measure =, this distance is limited by the condition
(r, —74) 1 tyr =1,

The minimal distance at this condition satisfies (z, —7,,)*/ 7.,z =1 (r, —7,,)* = 7,47, Which, after solution
by the quadratic Eq. 7 -3r,7 +7/,=0 leads to a minimal admissible time ratio
7,17, =(3—\/§)/2,Tk1/rk =038, or to the vrelated maximal admissible time ratio
17 =(3+~/5)12,7, /7, 2236,

In both cases, at Al ,, = 7, the decreasing time ratio satisfies only the first solution.

Moreover, this ratio limits the minimal distance of observation of each invariant impulse 7.

As the growing speed decreases this ratio, the observing impulse does not preserve its invariant measure.
Therefore, this ratio limits both the distance of observation each invariant impulse and all observing paths
along the trajectory.

The path of observation of the invariant impulse from the starting location(l,,, z,,) is minimal on the
trajectory. The nearest 7, 7, impulses hold a third one distance Al ,, =7 =7, between them.

These three identify a triple located on each k dimension of the n-dimensional observing process
n=12,3,...,k,...Such triple possess the above features.

At the minimal time interval, more Bits concentrate in the impulse time unit, which increases the speed of
natural encoding. This growing Information density increases the impulse curvature along the trajectory.
The rising curvature and the impulse speed of natural encoding enfolds the growing impulse Information
mass. The encoded Information impulses determine Information Observer moving with that speed.

Moving with maximal speed, the Information Observer encodes maximal Information with maximal
speed, combined with the growing curvature, density, and Information mass, which shortens
the path of observation.

The IPF integrates the density in the Observer’s geometrical structure (Fig. 8).

The structure’s rotating speed grows as the linear speed increases, shortening the time
intervals of the invariant impulse Information measure.

The growing density increases number of the enclosed events in both time and space
intervals.

Hence, the observing minimal impulse time interval automatically increases its linear speed, curvature,
density, speed of encoding, and shortens the enclosed Information mass. That links to a growing
attraction in Information gravitation on the reduced path of observation.

The relative moving Information Observer possesses the relative encoding and attractive curved
gravitation. Both initially emerge in the microprocess, in addition to relative time and space (Sec.3).

Formula X, =-1/4r"? connects the weak Information force, arising from the microlevel correlationsr,,
with the topological curvature K of the impulse correlation: r,, = 7z xK_atr, =rg, .

It leads to connection through a strong Information force:

Xsom =—114( | K )72 (4.1)

with the macroprocess curvature which links to a potential observing space gravitation.
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m
a !

The topological curvature turns to Information curvatureK, and leads to the connection with the

Information force X' arising with the Information curvature in form (3.6).

The Observer’s relative time encloses Information and the curvature (gravitation). This also connects the
Information force with Information mass and complexity according to formulas (3.6).

4.5. About origin of a time and time course

The origin of time is an attribute of probabilistic observation of sequential states (events) in a probability
field.

Time is a measure of the correlation interactive connection.

Following [2:21], let the correlation between random states or interacting events X , X, to satisfy the
relations 1, = E[%2]~ \[t, 1, = E[®']~ L, .

Then, because E[X,(t,)]is independent on E[X, (t,)— X (t,)], it follows that

E[%,%,]— E[%] = E[%, (%, — %,)] = E[%,JE[(%, - %,)] = 0, E[%] = E[X,%] ~ |} .

According to these formulas, correlation r, , = E[X,(t,)%,(t;)]satisfies the relations

b I g, = TUT2 =15 I (5.1)

At fixed 1 ; and t,, increasing time t, increases correlation r; ,or the correlation connection of the states-

events, and vice versa. Decreasing t, decreases this correlation or the correlation connections of the states-
events; and vice versa.
Let us start counting time by comparing different Observers at the same starting time of clock t, .

The Observer with the increasing correlation connection will observe more clock time t;, than an Observer

having less correlation connection during time clock t, .

Or, the clock may move faster in the Observer with stronger correlation connections compared with the
Observer having less correlation connection where the clock moves slower.

Therefore, the increasing correlation connections of interacting events speed up their time course, while
decreasing correlation slows their time course.

Stronger correlation connects larger number of the states-events with successively smaller intervals of the
time holding this connection or the time of coupling the correlated states.

That is also connected with effect of Zeno behavior [69].

For the microprocess’s entangled states, correlations I, are very strong. At r,; — r, — oo, the related time

of the entangling states t, — oo, these states loose a notion of time and the time difference.
They are indistinguishable by the time and stay coupled forever.
For the comparing Observers with events X ,% , there is no the time difference at E[X % ]-E[%:]—0.

With zero time t,of observing microprocess correlation 1y, , it leads tor,; — 0, or the comparing

Xo%o !
Observers loose correlation connections.
This analysis shows the common connection of the observing time of random microprocesses, which is
evaluated by classical probability theory.
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For the certain Information process, the Observer time measures the Free Information spent on attraction
and binding Bits, triplets, Information networks, and encoding, while building the Observer time-space
Information structures.

These structures have growing complexity, curvature, and Information mass, whose attractiveness
measures a force (4.1) analogous to gravitation.

It’s known that an object, attracted to a black hole, will hold there forever.

Hence, the Information approach connects the relative times of moving Observers, the observing process’s
time, the microprocess time, and the certain-real time of Information Observers.

The inner and external time courses in the Information Observer are also mutually connected (Sec. 3.4).
The observing sequence of time intervals initiates its logic.

For the Information Observer, the increasing time of observation holds more encoding Information.

Finally, all these results follow from the fundamental phenomena of interactions and are an attribute of the
random field and the reality of interactions.

4.6. The Observer’s IN self-replication and conditions of self-generation the Observer new
Information quality
Each IN node’s maximal admissible m,,-th level ends with a single dimensional process, which in

attempting to attach the new triplet over the constrained y,, =1, loses the ability to enfold newly attracted

Information. Such IN stops, satisfying the minimax Information law, leads to its instability.

That violation is a natural intention, growing for each IN node, is constrained by limitations [41].
Specifically, after completion of the IN cooperation, the last IN ending node n initiates an
one dimensional Information process

X, =X, ,(2—exp(e; t.) (6.1)

with relative speed X, /x =a', where the process eigenvalue o depends on the previous n—1
node eigenvalue « , and dynamic invariant a, =a ,t =In2 :

ay =—a  explay t,)(2 —exp(an it,) ™ (6.1a)
The invariant allows defining time t, throughe; |, :

=2/, (6.1b)
but its substitution to (6.1a) leads to « approaching infinity with a potential infinite relative
phase speed

X [ X —>o00. (6.2)
At condition (6.1b), process (6.1) with infinitive (6.2) cannot reach a zero final state
x,(¢,)=0.

Adding a potential k —dimensional process with relative speeds :

Xn+k—1 / Xn+k—1(tn+k—1) = art1+k—ll Xn+k /Xn+k (tn+k) = _artwk (63)
leads to periodical process of the alternating the opposite values of each two relative phase
speeds. That brings instable fluctuations of these speeds at each t=(t ,,t ) starting the
alternations with eigenvalue

n+k
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% % = (7). 7 <Lk =12,.. (6.3a)
The instable fluctuations in a three-dimensional process involve their oscillation interactions
approaching y, >1. That generates a frequency spectrum of model eigenvalues /l,*(tmk) in
each of its space dimensions i=1,2,3.

Formal analysis of this instability associates with nonlinear fluctuations [70], which describe
a superposition of linear fluctuations with a frequency spectrum ( f,,..., fm) proportional to

imaginary components of the spectrum eigenvalues (4;,...,3.), Where f,="f. and fm = fmaX
are the minimal and maximal frequencies of the spectrum.
In this model, the oscillations under interactive actions generate imaginary eigenvalues ﬂi* (t):

Im ﬂ“i (t) = Im /1:1+k—1[2 - eXp(’%k-lt)]fl

ik (6.4)
at each t=(t, ,,t ) for these i dimensions.
This leads to the relation
M2 ) = § () == syl IS ) (6.5)
2— Cos(ﬂmk—lt) + ) Sln(ﬂmk—lt)
atB =B, B #0+zk, K where A, includes a real component:
i i 2sin(f.i4t)
a . )=— . ot . . 6.5a
)= s G aos( )+ ) &5
At o, =q, (t,,)#0, the ratio determines the relative parameter of dynamics
7i = ﬂn( n+k) — Cos(ﬁmk—l ) ) (66)

ari1 (tn+k) B ZSin(ﬂrin—lt)
At 7, =1 relation (4.6) brings

(B, ) ~0.423rad (24.267°) =0.1346457 . (6.7)

The fluctuations may couple the nearest dimensions by an interactive cooperation
overcoming a minimal elementary uncertainty (UR) as a border between the dimensions.
The question is could the interactive oscillations couples dimensions regenerating a triple?

Applying the Fine Structural constant in Physicsh’ =1/137 to the UR coupling allows
evaluating the UR border’s entropy or it information measure by the increment

i,y =h’a,(y =0)=0.00547 Nat . (6.8)

Here a,(y =0) =0.75is maximal dynamic invariant, and invariant (6.8) separates the dimensions.
Suppose a k —thinteraction from 1,2,3,.m,.k,.... fluctuations is needed to create a dynamic
process’ dimension which carries a single unit of entropy s,(y)=a2 () .

The potential bordered cooperative dimensions evaluate the minimal interactive increment of
information Ja, =a,(y=0)—a,(y) between a new dimension carrying invariant a,(y=0)

interacting with other dimension carrying invariant a,(y) during the fluctuations.
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The k—th fluctuation interaction may overcome the UR border invariant increment of the
entropy concentrated in UR (4.8). That requires equality hla, (y =0)=2a’(y).

To create the double cooperation, the invariant Information quantity 6a, should compensate

the UR bordered entropy invariant aﬁk(;/) satisfying the equality

da, =a’ (y) =0.00547 (6.8a)
which is equivalent to minimal Information
a,, (7) =0.073959448 . (6.8b)

Each k—th interaction changes the initial y >1 on-Ay=—y™, bringing the minimal

Information increment in (6.8b).
That Information creates three of the k —th interactive multiplicative changes, creating Free

Informationa, =0.23, enabling a cooperative attraction by generating Information
3a,, (Ay)=0.221878345=0.23. (6.8c)
Information attraction a, can cooperate the interactive Information invariant a,(y)=0.7

through another three interactions.
The last invariant binds three dimensions in single Bit through a total of nine interactions.
The question is: Can the interactive fluctuations creating triplet self-replicates a new IN?

The dynamic invariant a(y)=a, of Information attraction determines ratios of starting
Information speeds y =¢, /e, and ¥, =a,,, /., needed to satisfy invariant relations
(6.5.) and 2sin(y,a,) + 7, Cos(yia,) — 7 exp(a;,) = 0. (See [71])

To create a new triplet’s IN with ratio » =@, /e, relation (6.6) requires the ratio

ﬂi* (tn+k ) — I m
ﬂn—l,o (tn—l,o) "

with Information frequency £ (t ) that generates the needed a,(t,.,) from Re 4 (t,.,).

. Which deliver the imaginary invariant (8., t) = (z/3+7k),k=1,2,... at each k

In the case Ay —0, it generates IN with minimal y*=y, which can be achieved in (6.6) at

2cos(f,, t) —>1, or at

(Bl = (x13+7K),k=12,.., with al(t,)=-05778 . (6.9)

That determines the maximal ratio of frequencies:

s :ﬂriwk—l/ﬂri]—l,k:o (6.9a)
which at y=1, B, ,(t, 1,) =1, 1.)and B, =, ;/0.577 holds

I = s 10577 oy 1o, sl Oy =75 (6.9b)

Ratios (6.9a) and (6.9b) identify the triplet invariant

|7, =y 10577, (6.10)
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generated by the observing (n-1)-dimensional spectrum with an imaginary eigenvalue

Bi1o(t,1,) by the end of the interactive movement.
Invariants (6.9a) and (6.10) lead to 7 =@,/ ,,,=3.89 and to the ratio of initial

frequencies 17 =6.74. The next nearest @,/ a3 =7, needs to increase the first ratio in

Im:2 ~

m?=3.8, and the following &,/ &1 =75 needs I =3.8.

That is needed to build new triplet, which at 7=1 is not ending with a stable segment.

The I,:”_le_3 identifies the maximal ratio of spectrum frequencies generated by the instable
fluctuations to create a triplet.
Each three Information units 3a, (Ay) binds a pair of the nearest spectrum frequencies,

starting with the pair ﬂ,i,lyo,,Br:,kzl which sequentially grows with each k—th interactive

Information (6.8a-c), intensifying the increase of the frequency.
The first three pairs bind three dimensions in a single Bit a,(y)=0.7 Nat through nine

interactions of the multiplicative frequencies requiring ratio 1™ =6.74, while the next pair

n-1 —
ratio grows in ~2.24 multiplications, and each next in 1.26 multiplications.
Thus, a natural source, producing a first triplet, is a nonlinear fluctuation of an initial
dynamics. The fluctuation should involve a minimum of three such dynamic dimensions that
enclose memorized Information on an IN ending node. That, at the node Information
invariants a,(y =1)=0.58767,a(y =1)=0.29, brings »7 =2.95with ratio 17! =5.1126.

A natural source of maximal speed frequency is the light wavelength whose time interval
t, 1.33x10 ™ sec determines maximal frequency f,, =0.7518x10"sec™.

The required frequency ratio 177 *identifies the minimal frequency f . =0.7724586x10"sec™
multiplied ratios

1" = 1" x 1M x 1 = 97,3256 (6.10a)
Let us find the energy equivalent to (6.8b).

Following [34], the energy equivalent of 1Natis €, =0.0248ev.
Then Information (6.8b) holds the energy equivalent

e, (i,y) =1.35735x10ev . (6.10b)
The triplet invariant is therefore Information equivalent of energy spent on creating such a
triplet. In this Information approach, (6.10b) evaluates the energy that conceals the IN node
bordered dimension. The triplet creation needs nine of such interacting increments, which
evaluate the triplet energy’s equivalent

e, =1.221611x10%ev. (6.10c)

Invariant conditions (6.6), (6.9a) enable modeling cyclic renovation [72], initiated by the two
mutual attractive processes, which do not consolidate at the moment of starting the
interactive fluctuation.
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After the model disintegration, the process can renew itself with the state integration and
transformation of the imaginary Information to the real Information during the dissipative
fluctuations, which bring energy for a triplet.

A direct source is a joint Information of three different IN nodes a () a,,(7,),8,;()

enabling the initiation of attracting Information with three Information speeds, where one
has opposite sign of the two, whereas the Information values cooperating in initial triplet
will satisfy the above invariant relations.

Creating a triplet with specific parameters depends on the starting conditions which initiate
the necessary attracting Information [73-74].

To achieve an Information balance satisfying the VP and the invariants, each elementary
a,, (y;) searches for partners for the required consumption of Information.

A double cooperation conceals Information s (y)=a(y), while a triple cooperation conceals

Informations,, (y) =2a2(y). It could produce less Free Information than is needed for

cooperation, while each of the above values depend on y.

With more triplets cooperating IN, the cooperative Information grows, spending that Free
Information on  joining each following triplet. Minimal relative invariant

h? =0.00729927 =1/137 evaluates a maximal increment of the model’s dimensions m,, =14, and
the quantity of the hidden invariant Information (6.8) that produces an elementary triple

code, enclosed into the cellular geometry of a hyperbolic structure Fig.8.
The hidden non-removable UR uncertainly conserves a potential DSS Information code.

Results (6.6-6.9a), and (6.9b) impose important restrictions on both maximal frequency
generating new starting IN and maximal IN dimension which limits a single IN.

That IN’s ending node may initiate this frequency.

For example, y=1 corresponds to relations

(B.,..t) ~0.423rad (24.267°) , with B'(t..) = -0.68.,, . (6.11)

Here f(t...) = ap(t,) determines maximal frequency, of fluctuation by the end of optimal
movement at o (t) = -0.64, ,, where af (t,)=a, (t,)(75)™ with a,(t)as the starting speed of
the IN with m,, dimension. At &, (t,) =0.002sec™ and m=14 it follows

ay,, (t,) =0.00414sec™, B, =0.0069sec™. (6.11a)

The new macro-movement starts with that initial frequency.

This newborn macromodel might continue the consolidation process of its eigenvalues,
satisfying the considering restrictions on invariants and cooperative dynamics up to the
ending consolidations and the arising periodical fluctuation movements.

Initial interactive process may belong to different IN macromodels (as “parents”) generating
new IN macrosystems (as “daughters™) at end of the “parent” process.

The macrosystem, which is able to continue its life process by renewing the cycle, has to
transfer its coding life program into the new generated macrosystems and secure their mutual
functioning. This leads to cyclic micro-macro functioning when the state integration
alternates with state disintegration and the system decays with the possible transformation of
an observable virtual process to evolving Information-certain process.
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4.6.1.The functions of evolutionary Informational mechanisms
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(t

X |ab’ Ve v x(t,t) S o
I R |
N tr | \/x’/
DSS° RE1 ME  AILX(E)V] DSS1

]
!

C(y°)n" = DSS2

Fig. 9. The functional schema of the evolutionary Informational mechanisms

Fig. 9 includes: the system macrodynamics MS, defined by the model operator A(t, x(z),v) that is
governed by the inherited double spiral structure DSS’; the control replication mechanism REL that
transforms the DSS° code into the initial controls v, and delivers v, as the MS input programmable
controls; the IN, formed in the process of the macrostate cooperation and the macromodel renovation,
generating a renovated pDsSs1; mechanism of mutations MT, delivering external perturbations, which act on
the total system; the adaptative and the self-organizing mechanisms AS, stimulated by the MT, which
generate (G) fluctuations & ; replication control mechanism RE2, which selects the macrostates x(z) at DP
t'=7 and forms the current control V(7)=—2X(z) by the duplication of X(7); act of coupling of the two
macrostates CP that carry both parents’ DSS1 and DSS2 invariants; generation of stochastic dissipative
fluctuations SDF after coupling, while forming new macrosystemic invariants (y°,»n°) that define a new
DSS’, initiating the new MS and IN, which are renovating under the MT and the AS, in the process of
functioning (a previous inherited DSS2 minimizes a possible SDF set, generating a new DSS)); repeating
the whole cycle after coupling and transferring the inherited invariants to a new generated macrosystem.

The IMD software package simulates the main mechanisms of the evolutionary cycle, arXiv:1212.1710

127


https://arxiv.org/abs/1212.1710

European Journal of Computer Science and Information Technology
Vol.8, No.1, pp.39-175, February 2020

Published by ECRTD- UK

Print ISSN: 2054-0957 (Print), Online ISSN: 2054-0965 (Online)

V. The Observer Information Cognition And Intelligence

5.1.Emerging the observer’s cognition and intelligence
We show how from multiple linking INs, enclosing Observer Information, emerge cognition, and
intelligence.

5.1.1.The Observer logic

The Observer logic emerges on the path from the collected observing interactive probabilistic logic, the
curving impulses interactive certain logic, the rotating triplet logic, and the nested Information logics of
attracting triplets.

The rotating speeds of each three logical Bits generate frequencies with the attractive logic of free
Information.

Equalizing the speeds of the attracting free Information synchronizes the frequencies of the triplet’s logic in
a resonance which assembles a logical loop. That loop assembles the triple logic of the attracting logical
Bits. The assembled logic forms a non-chaotic logical attractor [75].

The attractor assembles triplets’ logic in a logical knot. The attractor-knot’ free information attracts new
forming triplet logic in resonance loop which assemble other logical attractor.

These logically organized triplets’ attractors-knots build a logical chain.

The chain resonances assemble the attractors-knots in nested logical nodes.

The nodes logically organize the nested hierarchy of Information network (IN).

The IN nodes self-organize the hierarchical frequencies of the nested attractors-knots.

The ending node of the IN encloses all the attracting logic of its triplets’ node hierarchy.

The IN ending node holds a frequency which could attract in resonance other Observer INs.

The logical attractors-knots of the multiple INs triplets’ logic form a distributed logical chain which
encloses the hierarchy of the assembling local loops with their hierarchical frequencies, up to the
Observer’s highest level IN.

This hierarchical logic of the Observer consists of the mutual attracting free logic which self-organizes the
assembling logical rotating loops in a chain enclosing all observing time-space logical structures.

The logically organized Observer’s highest level IN structures the Observer Logic.

5.2.The Observer cognition

The observing time-space logical structure, composing a distributed chain of the multiple cooperative
logical loops, is the Observer cognitive logic, or cognition.

The Observer’s cognition assembles the logical chain through the multiple resonances of nested
logical loops forming the IN-triplet hierarchy.

Such a multi-level logical structure possesses observations of virtual probabilistic causality, ability for real
Information causality and complexity.

All of that measure the cognitive intentional actions along each cooperative logical loop.

Each nested coherent loop accepts only such units that each IN node logic recognizes.

Finally, the IN finally memorizes each recognized unit in its Information node.
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The cognitive rotating movement, upon forming each IN node and level, processes a temporary loop (Fig.
6) which might disappear after the newly formed IN triplet unit is memorized.

The Observer cognition emerges as an evolving intentional information ability to request, integrate, and
predict the needed Observer Information that builds the Observer’s growing networks.

The free logic resonances self-organize a logical chain of cognitive functions, which are distributed along
hierarchy of the assembling logical units: triplets, IN nested nodes, and the IN ending nodes.

These local cognitive functions self-organize the Observer’s cognition, up to the cognitive functions at the
upper level’s synchronizing frequency.

Along the IN hierarchy runs the distributed resonance frequencies spreading a chain of the nested loops.
The chain rotates with minimal energy of the synchronized frequencies.

These cognitive thermodynamics process the chain’s resonance logic.

5.3. Arising the Observer intelligence

Since each assembling logical unit possesses the free logic, its topological opposite curved interaction with
an external Yes-No impulse brings the asymmetry of interaction with a logical entropy Bit.

The multiple local Bits self-assemble a triple cognitive logic at all Observer’s IN hierarchical levels.

Each level of the assembled triplet’s interactive “Yes-action” can capture the external Landauer’s energy
which starts erasure the asymmetrical triplet’s logic entropy bits, memorizing the information triplet up to
encoding it in the knot. Such switching actions encode the logical triplet assembling the attractor-knot with
its Free Information. The Bit’s Free Information “No-action” stops delivering this energy.

The multiple level’s Free Information self-organize cognitive information logic at all Observer’s IN
hierarchical levels. The nested triplet’s logic knots are encoding in cognitive information the codes on the
IN hierarchal levels when all levels are synchronized in the IN ending knot-node.

In that hierarchy, the loop logic, assembling in each the knot lower level, will be released after this knot
logic is memorizing and then encoding in the ending node.

(Thus, currently emerge knot-node has not instant effects on the IN code.)

The Observer hierarchical codes hold the energy of memorizing and encoding.

This code hierarchy physically organizes the multiple IN, self-encoding their local codes in the Information
structure of Information Observer.

We call this coding structure the Observer intelligence originated by intelligence functions.

The logical nested-organized switching actions perform intelligence functions, which generate each local
code. These functions are distributed the hierarchically along the assembling units’ local codes.

It is the Observer intelligence cooperative code which self-organizes these local functions.

The question is: What initiates the switching to memorize the cognitive logic Bits and their encoding?
Evidently, it requires opening the access of external energy to each local logical unit at every hierarchical
level. That requires a coordinating connection of the Observer’s inner and external times, which schedule
the switching along the Observer hierarchy.

As it had shown (Secs.3.5, 3.6), such coordination takes place exactly at the moment ending interval of the

free logic at each unit level. The switching time interval At runs units with specific time intervals oT,,
and related frequencies of switching f,, =1/06T, . The OT,, rate changes from oJT, =12 (for an

elementary objective Observer with IN two triplet units) up to 0T =69242. 359 for a subjective Observer
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(with 9 triplets IN). If the unit runs one hour, then the objective Observer opens to get external energy with
frequency f, =1/12, or each 12 hours.

The subjective Observer gets external energy with the frequency f =1/69242. 359, or ~1/30 min, which

Is equivalent to one opening for two seconds, or 30 times per minute.

This means that each Observer has its own time clock with its time course which commands the
hierarchical switching. The clock interactive switches command the encoding of each cognitive function to
an intelligence function, starting the Observer intelligence.

Within the sequential segments of the observing dynamics (Fig. 3), each switch links two segments through
a bridge between them, while the third segment ends with its bridge.

This bridge holds the triple segments’ logical attractor, which is memorizing and encoding at the scheduled
time. Each third bridge shapes a knot of the IN node hierarchical level.

At forming each node and level, the cognitive rotating process holds the coherent loop of harmonized
speeds-Information frequencies at different levels. These frequencies determine the clock time units at

different levels. At the unit level with a longer interval oT,, its frequencies are lower, and vice versa up to

the highest frequencies of the subjective and an intelligence Observer.

The higher frequency grows the Information density of the encoding Information Bits.

The subjective Observer, self-assembling a hierarchy of logical structures, possesses a hierarchy of the
frequencies and clock courses. The harmonized speeds-Information frequencies automatically setup the
switching times and the frequencies when the cognitive loop at each level is self-established.

Finally, the coherent cognitive dynamics, assembling the cognitive functions of the units, self-organize the
hierarchy of intelligence functions, encoding the Bits in the hierarchical codes. Or, the local cognitive units,
involved in the resonance chain movement, self-organize themselves in local cognitive function which self-
forms the Observer’s cognition. The hierarchical cognition schedules the switching clock of intelligence
functions, encoding the Observer hierarchy in the Observer cooperative code.

Since each assembled unit encodes the triplet code, the Observer cooperative code integrates the structural
units of the triplet code at each level. These local codes have increasing densities of encoded impulses
according to their hierarchal locations. The cooperative code, which the clock synchronizes, has a
rhythmical sequence of time intervals scheduling access the external energy to each Observer logical
structural unit as it needs. The clock time course assigns the frequency through the repeating time intervals,
which determine each local resonance frequency of the assembling structural unit.

These frequencies-local rhythms identify the moments of the ending intervals of Free Information at each
unit level, or the interacting cognitive and intelligence local actions. Each stable Observer logically
conserves its switching time intervals. Therefore, the Observer code enhances multiple rhythms of the local
structural units. That’s why the rhythms of an external melody, resonating with the Observer code rhythms,
supports the cognitive functions, intelligence actions, and generation of both the cooperative Observer’s
logic and the code encoding this intelligence logic.

Recently experiments have confirmed the influence of music on neural encoding [36, 76, 77].

5.4. Arising structure of Observer code

The curving interactive movement, starting the curving impulses, rotates the trajectories of the observing
process, forming spirals on a cone surface (Fig. 3).
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During probabilistic observations, these spiral trajectories hold a random periodic sequence.

With the emerging space and the space-time conjugated entropy increments, the rotating trajectories shape
the conjugated space-time spirals (Fig. 4a). The emerging Information process continues rotating its
trajectories in double spirals, assembling them according to Fig. 6.

The path from each interacting entropy impulse along the observing process entropy integrates the entropy
functional (EF).

The minimax principle, preserving each interacting impulse invariant measure, leads to the minimax
variation principle (VP) for the EF. The VP described the conjugating trajectories of the observing process
as the EF extremals converging to the Information processes’ conjugated Information trajectories as the IPF
extremals. These EF-IPF trajectories satisfy the Hamilton equations for the Observer dynamic process.

The interactions of opposite directional conjugated spirals form bridges between the trajectory spirals (Fig.
4a). Each spiral segment integrates its observing logic in the bridge. The bridges locate the switching
interactions which hold this logic according to the time schedule.

The attracting Free Information of the triple Bits connects the memorized Bits within the triplets’ logic.
The triplet’s knot encodes the bridge logic of the triple segments in the barrier code according to the time
schedule. The barriers, located along the observing trajectory, connect the encoding knots of the INs nested
nodes, and then, in the ending IN triplet code.

The trajectories integrate the observing process logic, including the logic enclosed in the segments bridges,
and the barrier encoding the logic in each ending the IN node.

The multiple IN ending triple codes integrate the double space spiral coding structure (DSS) (Fig. 7).

The time schedule sequentially builds a hierarchy of the memorized triplets and their encoding. That
schedules sequential transfers from the logical to the memorized, and the encoding bridges along the
observing trajectory.

The hierarchical cognition schedules the switching clock of intelligence functions, encoding the hierarchy
in the triplet codes.

Encoding starts when the hierarchical switches open access to the external energy. Then, sequentially
emerges the triple code and the intelligence cooperative coding structure DSS.

The bridges localize the coding units where external interactions may change the DSS coding structure.
Each triplet, memorized in the conjugated interactive bridge, divides the trajectory on a reversible proces’
segment which does not include the bridge and irreversible bridge between the reversible segments.

Thus, the Observer’s irreversible dynamic trajectory includes the reversible segments, ending
assymmetrical logical bridge. Each irreversible information triplet emerges from the encoding of the
observation logic in the trajectory barriers-knots.

The conjugated trajectories integrate the EF extremals, while the emerging Bits encoding in the barriers
integrate the IPF. The IPF encloses the integral Information in its final encoding Bit.

Therefore, the Observer’s integral Information identifies the IPF final code, which the observation predicts
through the VP minimax optimal Information law.

This IPF code has increasing densities, which triple with each following Bit.

The prediction, based on the EF-IPF integration of the observing process with its both probabilistic and
Information logic may project artificially designed Observer cognition.
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The EF logic predicts the conversion of cognition to the IPF Information, memory, and to the Observer
cooperative encoding in an artificially designed Observer intelligence. It starts with the persisting
Information speeds-frequencies of the attracting observing impulses on the EF-IPF trajectories segments.
The attracting Information sequentially equalizes the Information speeds-frequencies in the attracting
resonances which assemble the cooperative (cognitive) logic.

The evolving logic self-organizes each hierarchical level’s specific time-space Information logical
structural unit that assembles the triplets, builds the IN, and the domains [74].

The assembling Information memorizes the self-organized logic.

The assembling resonance frequencies identify the clock, commanding the logical switching, which
coordinates cognitive and intelligence actions. The cognitive functions perform the impulse switches
delivering Landauer’s energy for memorizing each unit’s logic.

The intelligence functions encode the triplets’ Bits logic.

The Observer EF-IPF integrates the observing process in the multiple Information process, coordinates and
unifies the observing Information in the IPF code.

In the artificial designed Observer, where the EF integrates cognitive logic and IPF integrates its encoding
Information, the automatic conversion of the EF in the IPF implements encoding the triplet cognitive
barriers in intelligence barriers. It allows prediction of the intelligence potential in the evolving Observer.
The IPF frequencies initiate the Observer clock time course which the EF prognosis in the observation.

The time course sustains the EF-IPF integration in an optimal observing process of Information dynamics,
and maintains the optimal Observer DSS double spiral structure which finally encloses the predicting
Observer code. (Each persisting time interval encloses the entropy of the interval impulse, Sec. 3).

The Observer triplet code memorizes the Observer cooperative Information structure which encloses
multiple rhythms of the local structural units. The DSS coding structure memorizes total collected Observer
quantity and quality Information, which determine the Observer cooperative complexity.

The Observer assembled Information self-organizes the functions of cognition commanding the encoding
intelligence on all hierarchical levels. These functions self-connect the local codes in the Observer code,
which encodes all these structures in the space-time Information structure of Information Observer.

The EF-IPF observing process and its Information dynamics artificially design the DSS.

The DSS measures the total Information IQ of this Observer. The DSS code integrates each Observer’s 1Q.
The difference of these 1Qs measures the distinctness of their intelligence. and the potential of Intelligence.
The maximal Information, obtained in the observation, allows designing the DSS with the maximal
achievable 1Q measure in the optimal Al Observer and the potential score of 1Q Intelligence.

The space-time Information structure, enclosing the encoded EF-IPF, integrates the observed Information
in the analytically designed Al Information Observer (Fig. 8).

The observing Information of a particular Observer is limited by the constraints of each observation [41].
The constraints also limit the conversion of the observing process to the Information process.

The thresholds between the evolving stages of the observation limit the stages’ evolution, which can stop it
at any stage in Sec.3,[74].

All these limit the integral cognitive Information and the following intellective actions, which also limits
the amount of Free Information that reduces ability to make the intelligent IN’s connections (see also
Sec.2.1.4).
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5.5. Essentials of the Information Cognition
The Observer logical structure possesses both virtual probabilistic and real Information causality and

cooperative complexity (Sec.4.2).

A virtual Observer, forming the rotational space-time displacement of the impulse’s opposite actions during
virtual observation, starts accumulating virtual Information by temporally memorizing it in probabilistic
logic, initiating cognitive movement.

The rotating cognitive movement connects the impulse microprocess with the Bits in the macroprocess.
The microprocess disappears automatically when the probability of the impulse borders approaches zero
(Sec.3), and certain logic arises. It means the microprocess from that border has no going past, as well as
the microprocess cognitive movement.

The forming macroprocess composes the triple macrounits through Free Information, which assembles
each evolving IN. The INs ending triplets integrate multiple nested IN’s Information logics in the
assembling Information domains with the evolving growth of the quality Information.

The Observer’s cognitive dynamic movement models the Observer’s hierarchical rotation mechanism
(Fig.3), which enables transferring the Observer through the evolution stages by overcoming the stage
thresholds.

The mechanism rotating movement characterizes potential of power P, (i) which measures the current (i)
rotating moment M (i) multiplied on angular speed (i) :

R. (i) = M (i) x (i) - (5.1)

This minimal power compensates the resonance movement along each loop of the Observer cognition.

The loop rotates the thermodynamic process with minimal energy of cognitive thermodynamics.

The cognitive movement, upon forming each node and level, processes a temporary loop (Fig. 6) which
might disappear after the newly formed IN triplet is memorized. That memorizes the loop logic.

After the memorized Bit emerges during the observation, the rotation movement develops Information
form of double helix dynamic movement (Figs.4, 4a).

The Observer’s cognition assembles the multiple resonance logical loops, forming in the IN-triple logic
hierarchical levels, which accepts only the Information units which each cognitive loop recognizes.

The rotating process in the coherent loop harmonizes speeds-Information frequencies at different
hierarchical levels. The cognitive functions model the correlated interactions and feedbacks between the IN
levels, which the highest domain level’s feedback controls. Both cognitive processes and cognitive
functions emerge from the evolving interactive observations with their emerging properties.

The discrete impulses provide a discrete Information language for the cognitive logic.

The rotating double spirals (DSS) compose the evolving Information logic by running the macrodynamic
process segment’s logic. The DSS knots memorize the sequence of process’ reversible segments and
encode the cognitive process in the Observer time course.

In the rotating DSS, the cognition merges with the natural memorizing of each Bit on all evolution levels.
The cognition emerges in two forms: a virtual rotating movement, processing temporal probabilistic logic,
which follows certain Information process’s logic rotating in a double helix structure.

The DSS concurrently organizes the observing Information Bits in the IN nodes which end with the knot.
On the observing trajectory, the sequential knots memorize the Information causality and logic and
structure of the IN node hierarchy.
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These processes start with the elementary virtual Observer and the emerging Bit at the microlevel, which
holds the irreversible prehistory and participates in the evolving Information Observer.

The starting cognitive thermodynamic has no actual physical cost.

Results [78] confirm that cognition arises at the quantum level as a kind of “entanglement in time” in the
process of measurement, where cognitive variables are represented in such a way that they don't really have
values (only potentialities) until you measure them and memorize, even “without the need to invoke
neurophysiologic variables,” while “perfect knowledge of [a cognitive variable] necessitates uncertainty for
the others.” Moreover, this analysis shows that both cognition and intelligence have an Information nature.
Recent work in cognitive maps [79] confirms “large-scale internal representations of navigable spaces,”
showing how cognitive maps are encoded, anchored to environmental landmarks and used to plan routes.
Similar neural mechanisms might be used to form ‘maps’ of nonphysical spaces, and “applied to
nonspatial domains to provide the building blocks for many core elements of human thought.”

Since certain interaction and reality start a microlvel, following cognition also emerges there as well as
neural mechanism dealing with cognition.

5.7.The self-forming hierarchical distributed logical structure of cognition

Multiple moving INs, sequentially equalizing the nodes speeds-frequencies of attracting Information logic
in a resonance, assembles total Observer logic.

The mutual attracting free Information logic, sequentially interacting, self-organizes the cooperative logical
rotating spiral loops in a chain which encloses the observing logic.

Each curved impulse invariant time-space measure 7z enfolds the Information measure 1Nat which
includes a Bit, Free Information, and the Information needed to encode the impulse Bit.

This Free Information attracts the impulse with intensity ~1/3 Bit per impulse.

The IPF integrates the Bits with Free Information connecting the sequence in information trajectory.

The minimax principle, applied along the IPF extreme trajectory, maximizes the Information enclosed in
each current impulse, squeezing its time interval.

The growing attracting Free Information along this trajectory minimizes the time interval between the
nearest impulses proportionally to 1/3Bit. For each third impulse, that interval of Information distance
becomes proportional to 1 Bit, preserving the impulse’s invariant Information and the time-space measure
7. By the end of the IPF integration, all integrated Information is concentrated in a final impulse, whose
Information density approaches the maximal limit. Since Free Information encloses Information logic, the
multiple Bits with triple growing density increase the process’s Information logic.

The IPF integral Information with its logic is condensed in the last integrated impulse time-space interval
volume. For multiple Information impulses, each third curved impulse having invariant measure 7 appears

in the Information process with time frequency f. =k, k. =3,5,7,9,..., which indicates the entrance of the
triplets and their specific sequences.

The invariant impulse time measure, :;z/ﬁ, the impulse flat surface space measure |, = \/E and the
orthogonal to surface space measure h, = 7 determine geometrical volume v° =7, x| xh = z°of each i—
three-dimensional impulse.

134



European Journal of Computer Science and Information Technology
Vol.8, No.1, pp.39-175, February 2020

Published by ECRTD- UK

Print ISSN: 2054-0957 (Print), Online ISSN: 2054-0965 (Online)

Information time-space density D =k;Nat/v;, concentrating k, Nat for each third impulse, increases with
growing k; while the time-space geometrical volume v;’ holds the invariant geometrical density.

The Information density measure D, = k;Nat/z* grows only with each k;.

Let us evaluate the relative Information density of each triplet’s Bit encoding Information in its relative
time-space interval u, =1,1/31/9,...1/k,...,.

Since each triplet’s Bit encodes 3 Bits in its starting relative time-space interval u, =1, its Information
density is Nj =3.The following triplet also encodes 3 Bits in interval u, =1/3, but 3 Bits are already

encoded from the previous triplet’s Bits. Thus, the Information density of such two triplets equals N} = 3°
and so on. Hence, for the m -th triplet density is Nj" =3".

The density of the process’s dimension n with m=n/2 triplets is N~ =3"2,

Thus, each current impulse time-space geometry encloses Information, its density and frequency,
concentrating Information logic, and the Information of all previous impulses along the Integrated
Information Path [48].

The EF extreme trajectories, starting from the multi-dimensional observing process, the EF-IPF
transformation converts to the multi-dimensional orthogonal processes (Sec. 2.1) whose curved impulses
hold the above Information measures.

The EF-IPF space-time extremal trajectories rotate the forming spirals located on conic surfaces (Fig. 3),
which starts from virtual (entropy) process and continues as the Information process.

Since the cutting entropy in the impulse observation converts to the Bit on this trajectory, the trajectory
consists of the segments of Information process dynamics and the intervals between segments delivering
each Bit to the following segment. On Fig. 3 each segment starts on the cone vertex-point D and ends on
point D4, which connects to a vertex of the following cone.

The observing Bit is delivered at each cone vertex.

The segment includes the observing impulse with its logical Bit, intervals of free logic, and the correlation
connecting the nearest segment, temporarily memorizing the segment logic.

The logical and Information dynamics describe the process of sequential logical interactions

of the multiple impulses, rotating with Information speed determined by impulse density D..

The dynamics on trajectory between the cone points D and D4 is reversible and symmetrical
described by Hamiltonian equations [46,47].

The logical anti-symmetry brings the anti-symmetrical logical Bit prior to the interaction
with an external impulse which starts delivering the external energy.

This Bit is supplied at each cone vertex, as well as the interactive impulses, with intervals currying the Bit,
the intervals memorizing the Bit.

After the external energy generates the physical multiple Bits, the physical Information process starts.
According to [37], the moment of appearance of the interactive logical Bit from beginning of the impulse is

t, =0.2452, which defines interval At =0.2452/1.44=0.17 relative to invariant information measure of

each impulse. 1.44Bit =1Nat.The time interval for memorizing the Bit Aty identifies the Bit information
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measure In2 which is the equivalent of the invariant impulse relative time part
At;=In2/1.44=0.481352. For impulse relative measure ||1||,,, the relative difference

1-(0.17+0.481352) =0.348648 includes intervals of supplying external energy, erasing the asymmetric
logical Bit, memorizing this Bit, and interval of Free Information logic At,, =0.23/1.44=0.1597 .

The deduction brings interval 0.188948 which includes the interval following the opposite asymmetrical
interaction 0.01847. The interval of interaction 0.01847 disappears at the end of the encoding interval

At,., =0.188948. Therefore, the interval of encoding is At, =0.188948-0.01847 =0.17039 which
approximates the time interval of the appearance of the asymmetrical logical Bit t,.

The encoding Bit releases the Free Information interval 0.01847 emerging after other impulse is encoding.
The external impulse, erasing the asymmetric logical Bit, spends interval At; and ends with the interval of
encoding At,, for each invariant impulse. Along the IPF trajectory, the moment of creation logical Bit,
which ends forming the triple logic follows interval At; that binds the free logic the triplet.

The interval of memorizing the physical Bit requires the same interval At, during which the entropy of
logical Bit erasure.
The interactive impulse with external energy, supplied in time interval t,, =0.481352+0.18948 =0.67083,

includes both the erasure of the logical Bit and the needed for its encoding.
Since the external impulse interactive part measures 0.025Nat, it brings the total

t,,, =0.67083+0.025=0.69583=In2 measuring the interval of supplying the external Bit. (It also
numerically confirms the direct connection of the Information and its time measures.)

Since each impulse’s curved measure 7 with its time interval At, appears in the Information process with
frequency f,, =, the relative frequency is f, =(0.17/7)xz=0.17.

The frequency of spectrum @, =27 f, =1.068 identifies the time of opening supply of the external energy,
memorizing the Bit. The time interval of memorizing the Bit At; identifies the frequency f;, of the
appearance of that interval within the impulse with the frequency of spectrum
w,=2rf,=27In2/1.44=3.02< r.

The time interval of the impulse encoding At,, determines the spectrum frequency @, = w,, estimating
also the process frequency f;,.

Therefore, the frequency spectrum {wm,® } initiates the frequency of the appearance of the logical Bit,
following the frequency of the memorized Bit and the frequency of encoding, which equals @, .

Spectrum {®, ®,, @} = @,,», =(1.068,3.0.2,1.068) delivers the logical Bit, energy memorizing it, encoding
the Bit, which includes the Free Information attracting the Bit along the trajectory

Or, these frequencies approximate spectrum @, ={1,28277,1}x1.068 ~{1,28277,1} .

After supplying the external energy during the sum of the impulse’ invariant intervals, the impulse becomes
the segment of a physical Information process.
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Therefore, physical dynamics describe the IPF extremal trajectory rotating on sequential cones (Fig. 3).
Each cone vertex encodes the Bit memorized with the frequency o, delivered from a previous impulse-

segment with the frequency of a logical Bit o, .
Hence, each physical Information impulse carries spectrum {®,@,0,}=@,, while their sequential pair on

the trajectory carries the impulses spectrum {@®, o,,[o =@ ] @, o =..1}=a,, where [o,=®] is the
resonance frequency for two impulses whose distance is shortening by 1/3.

That allows closely connecting the impulses in the resonance.

Along the trajectory, each of these pairs appears with the growing frequency f, =1/k ,k =35,7,...

Since the fixed time intervals At, At,, At, are relative to the invariant impulse measure, they are
repeating for each invariant impulse with the increasing Information density and growing frequency.

Thus, along the extreme trajectory, each third impulse will deliver triple frequency of spectrum
{o, 0, 0 =0, 0,0 =0l 0,lo =0y, .} =0y, with related time intervals | At _, At,,, Aty ..

These time intervals are sequentially proportional to the distance between each Bit in the ratio 1/k;, or the

invariant time measures of these impulses 7; =7z/«/§ are shortening in the sequence
At =713\2,Aty =7 15v2, Aty =71 742
In the sequentially shortened distances between the impulses on the extreme trajectory, each such three
impulses (with their Free Information) assemble in a triple of the resonance frequencies.
The triple resonance frequencies, in collective resonance, assemble the trajectory of the triplet segments.
Sum of these interval assembling triplet equals . %23Atko =712.09=0.4787.

0=1,7,

Adding the interval of binding the knot At,, =0.0257 we get ko_Zl‘,z 3Atko +At, =05037=7/2.

The trajectory of the three not shortening time segment turns on 3z,, =2.127 or on a circle assembling
each three segments in the triplet loop.

5.8. Self-forming triplet logical structures and their self-cooperation in the IN hierarchical logic
In the multi-dimensional observing process, a minimum of three logical Bits with free logics can appear,

which, attracting each other, would cooperate in a logical triple.

Multiple probabilities of interacting impulses (in this multi-dimensional process) produce the numerous
frequencies. Some of those, a minimum of three, can generate an attractive resonance, cooperating in a
triple. This triple logic starts temporarily memorizing two sequential pair cross-correlations during their
time of correlation. A locally asymmetric cross-correlation memorizes the asymmetrical logic during this
correlation process.

Comments
As reported recently [81], such anti-symmetric cross-correlations have been observed. o

When this cooperating process is ending, the triple correlations temporarily memorize the triple logical
Bits, and the minimal entropy of cross-correlation In2 can be memorized at a cost of the equivalent
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minimal energy of the logical Bit. This is the Information cost of memorizing the triple logical Bit, which
includes the free logic.

Comments. Recent publication [82] experimentally confirms our theory proof of Landauer energy squuzing
factor in the logical irreversible microprocess-quantum.

The attracting free logic of the emerging three logical Bits starts the Bit’s self-cooperation in the following
sequence. The free logic of the emerging logical Bit holding the frequency w, attracts next logical Bits

toward a resonance with the equal frequency of next Bit’s free logic, assembling the two in joint resonance.
This resonance process links these Bits in duplets.

The free logic from one Bit of the pair gets spent on binding the duplet.

The free logic from the duplet’s Bit attracts the third Bit and binds all three in a knot Bit, creating the triplet
logical structure. The knot Bit still has Free Information, and it is used to attract a different bound pair of
emerging Bits, creating two bound triplets.

This process continues creating nested layers of bound triplets, three triplets and more (Figs. 4-6).

Hence the triplet logical structure creates the resonance frequencies of the attracting logic, joining the triple
Bits. The free logic attraction toward the triple resonance of their equal frequencies is the core Information
mechanism structuring an elementary triplet.

The trajectory of the forming triplet describes the rotating segments of their cones (Fig. 5), whose vertexes
join the triplet knot and start the base of the following cone. When the next rotating segment starts, the knot
frequency joins the cone vertexes in resonance along the cone base. It connects the next triplet in the
resonance, and so on, creating the nested layers of a logical space-time network (IN), where the knot
hierarchy identifies the nested nodes of the IN hierarchy.

Each triplet unit generates three symbols from three segments of Information dynamics, and one when the
segment attracting triple logic binds the three in the logical triplet knot.

These symbols can produce a triplet logical code, while the knot logic symbol binds the triple code,
potentially encoding all triples. Each assembled knot enables releasing its Free Information logic, which
transfers this triple logical code to the next triplet node.

Thus, the nodes logically organize themselves in the IN logical code. The network, built through the
resonance, has limited stability. Therefore, each IN encloses a finite structure.

The external energy, encoding the IN triple logical code, sustains the frequency spectrum mentioned above.
The IN emerging logical structure carries the triple information code on each node’s space-time hierarchy,
and the last triplet in the network collects and encloses the entire network’s Information code.

The observing process enables self-building only limited multiple INs through the Free Information of its
ending nodes. The final triplet in every network contains the maximum amount of the enclosed Free
Information. The limited networks develop self-connection through the attraction of their ending triplets.
Even after each IN potentially loses stability, evolving in chaos, it possesses the ability of self-restoration
(Sec.4.6).

The multiple INs self-cooperate in a hierarchical domain, starting as each three ended triplets’ Free
Information assembles a knot which joins this IN’s triples in resonance. This IN ending knot’s Free
Information resonates with the other three INs ending Free Information, forming a triplet structure
analogous to the elemental triplet. This high-level triplet joins these three INs, structuring the next IN of the
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domain hierarchy. The hierarchical logical trajectory describes the space-time spiral structure (Figs. 7.),
evolving in observations. This hierarchy enables generating sequential triple codes located on the rotating
trajectory of the cone vertexes, which are spatially distributed at the different hierarchical levels of the
multiple IN and the domain hierarchy.

Such a discrete space-time code (DSS) integrates the observing process in space-time Information
geometry, self-organizing an Observer.

Still the question is: What self-organizes the structuring of the Information units in the Observer
geometrical space-time shape during their movement along the observing trajectory?

5.9.The Observer wave function self-forming hierarchical distributed logical structure of cognition

The self-creating units of the hierarchy generate  frequency  delivering  spectrum
{o, 0,0 =0l o,lo =0l 0,0 =0y, .} =0y, which is growing in the triple sequentially
shortening intervals | At , At,,, Aty; | for each i trajectory of the segment.

The answer on the previous question specifies Propositions 5.1 below with the following initial conditions.

The space-time spiral trajectory of the EF extremal (Fig. 3) describes the sequence of multi-dimensional
curving rotating segments, representing the interacting impulses of the observing process, which integrates
the observing process’s logic. Each segment’s impulse with invariant entropy measure 1Nat moves along
the trajectory, rotating the impulse with invariant geometrical measure 7.

This curved impulse’s three-dimensional measure includes time coordinate measure 7; =7z/«/§, flat

surface’s space coordinate measure |, :\/5 , and space coordinate measure h, =7z orthogonal to both of
them. The Information measure 1Nat includes the impulse logical Bit In2 and the free asymmetric logic
measure f, =1-In2=0.3Nat on each trajectory segment. The logic density per each third segment volume

v =7, x|, xh = 7% increases according to D} =k;Nat/v;,k; =3,5,7,...

The asymmetric logic divides the sequential segments by bridges: logical, Information, and physical
barriers. Between segments, the bridges transfer the anti-symmetrical interval At of interactive logic,

following the barriers forming interval At; of memorizing the Bit, and interval At,, of encoding and

releasing the Free Information. These three intervals identify the locations of bridges and barriers along the
space-time trajectory. Each sequential location on the trajectory repeats this triple with invariant frequency

spectrum{m, ®,, @} = @,,», =(1.068,3.0.2,1.068) .
The ratio of the spectrum’s adjacent parts to its middle part repeats with the frequency f., =1/k., where k.

indicates each third density logic per segment. Thus, along the trajectory, the repeating invariant triple
frequencies of the spectrum prognosis appearance of each logical bit, it’s memorizing and encoding.

Propositions 5.1
Along each of i-dimensional space-time segment rotates three-dimensional space wave function on the
cone external shape, Fig. 3 with the following rotating speeds:

(a) around each spiral cross-section &’ =1square/ radian], or ¢;* = 7/ radian, and
(b) orthogonal to this rotation space speed o' =1[volume/ radian], or o/* = 7 / radian.
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Accordingly, the related frequencies of each orthogonal rotation are ®’ =« /27,@° =1/2 and
o' =a 27,0 =1/2.
Each i-dimensional segment’s cross-Sectional rotation spins the rotation on the space interval 7z of the

segments invariant measure. The three-dimensional wave function distributes the space rotation along the
trajectory’s segments with the above invariant speeds, delivering the invariant spectrum

{0, 0, 0}=0, 0,=(.068,3.0.2,1.068) .
Proof. We use the equation of a wave u=F(vt—x) depending on velocity of movement v and distance X
of the movement along a trajectory. This equation we apply to a wave function u(ug,u,) whose component

U, describes the rotation of the wave running along its forming cross-section square s" =7, xl, =7 and

component U, running along the rotating orthogonal space length h. = 7 .
The wave function’s u, =F(f,.)argument f, =’ p’—s"describes a two-dimensional rotation of the
trajectory rotating i-dimensional cone’s radius p’ of the cone’s cross-section with speed «;', where p’ is

the analog of the curved distance moving to reach cross-section’s square S" = 7 .
From the geometry of rotating movement follows that each i1—segment is rotating along trajectory on the
cone square-basis reaching angle ¢’ =k, ., , where k;, =1,2,3,.. is sequence of the cone basis for segment

107710 !

12,3,..,i,...(Figs. 3, 8). This rotation reaches distance s'=7 at f,=a'p’—s"=0 when radius p’
rotating the wave cross-section with speed ¢’ reaches the segment geometrical measure 7. At s = 7 and
p’ =, itdetermines ¢ =1. Since, the wave function argument f, reaches f,,, =0 by the end of each i

-segment movement with period equal to impulse measure 7z, the wave function u,is periodical with
period 7 .The wave function U, moving along its cross-section with speed o =1square/radian], or

a;» =/ radian, holds the related frequency @’ =¢; /27

The wave function’s U, =F(f,) argument f,, moves along the segment length h" with space-rotating
speed a to reach the impulse volume Vv according to Eq. f, =ah"—v". The movement reaches

volume v'=r% at f, =a'h"-v"=0, h"=h =7 with speed o =7r"/z=1volume/radian] and
related frequency @™ =1/2. Thus, the wave carries the frequency ®" =1/2 along the spiral trajectory and
the equal frequency @* =1/2 along its cross-section. Or, each i—rotation with frequency @’ equal to
frequency " brings the space rotation during the cross-sectional rotation, or vice-versa.

Since the wave function argument f,,, , decreasing along the spiral trajectory, reaches f.,, =0 by the end

of each i-segment, with the period equals impulse measure , the wave function u,, is also periodical, with
period .

The arguments of these orthogonal components of the wave function connect the relation
arg(F)=f,f=f,xf, .

Therefore, the space-time trajectory, starting on the cone shape basis and moving on the cone’s external
shape, reaches the cone vertex when the projection of this trajectory reaches the base shape center (Fig. 3).
When each i— rotating segment reaches the cone vertex it develops a logical bridge between i and the next

i +1segment on the moving space-time trajectory. The bridge holds the relative interval 0.00653 of this
logic [53]. Depending on the time course on the moving trajectory, the logical bridge moves to a memory

iwh 1 iwh
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barrier following an encoding barrier. During the movement along the trajectory, the cone segmentsi,i+1,
i+2 join a triple whose bridges and barriers develop sequence of assembling units: a logical triple, a
memorized triplet, following an encoding triplet. Moreover, since these triplet units sequentially join in a
node of the IN, forming according to the time course, the logical, the memorized, and the encoding
structures, these structures become the triplet’ nodes of the related INs.

One scenario illustrating the assembling trajectories of the space-time triplet is shown in Fig. 6.

The knots of the triplets, cooperating in the IN, are shown in Fig. 7. The bridges at moment t,t, (Fig. 4)
form as the double segments assemble. At moment t, they join in the triplet’s knot. e

Proposition 5.2

Let us consider i,i+1,i+2 three-dimensional segments along the multi-dimensional rotating segments on
the extreme trajectory. Each of these triple belongs to the related dimensions of the multi-dimensional
trajectory with the intimal conditions above, and the distributed triple logic starting on each of the segments
locations| At _, At,,, Aty, | to become the triplet’s and encoding Bits.

Along the extreme trajectory, each segment of equal measure 7z increases density proportional to the
segment‘s shortening invariant intervals | At _, At,,, At,, | on their locations along the trajectory.

From  these locations, these  segments  deliver the related invariant  spectrum
{o, 0 [0, =]y, @ [0, = O]y 05,00 = @)y} = 0y {@, 0, 0} = 0, 0, = (1.068,3.0.2,1.068)

through the cross-section rotation, which is speeding the space rotation that distributes the spectrum along
these three-dimensional space segments.

Then, the wave function’s frequencies synchronize the triple segment’s logic in a collective resonance.

The sequentially forming triple bridges are squeezing the initial observing multi-dimensional process’
segments, first to three-dimensional rotation forming Bits’triple, and finally to a single dimensional
Information process barrier encoding the Bits of all multiple knots. «

Proof. The wave consecutive three-dimensional space movements picks segments i, i+1, i+2
sequentially from each of these segments’ trajectory-specific locations in these dimensions, and

simultaneously starts rotating each of them during interval |At ,At,, Aty |, placing these shortening

intervals between segments i, i+1, i+2 accordingly. The densities increase proportionally to the
shortening-squeezing of time interval measures along each of these trajectory dimensions.

The first of the wave three-dimensional rotation moves i segment rotating during interval At,=1
(equivalent to space interval 7z with density proportional k, =1). The second of wave three-dimensional
rotation moves i-+21segment during interval At,,=1/2At,, (equivalent to space interval 7 with density
proportional to k. =2). The third of wave three-dimensional rotation moves segment i+2 during time
interval At,, =1/3 (equivalent to space interval 7z with density proportional k; =3).

With growing Information density along the trajectory, these three-dimensional movements repeat the
shortening these intervals for each triple segment with increasing frequency f. =k ,k =3,5,7,...

1 1
Since each of the segments deliver the equivalent spectrums, the equal frequencies of the sequential
segments’ spectrum {@y, 0y, [0, = o], 0y [0, = @]y, @, [0 = @], }= oy, are synchronized during the

sequence of these time intervals.
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According to the Proposition 5.1 initial condition, the invariant spectrum frequency o, repeats time
interval At; of the logical anti-symmetrical interaction on a bridge separating i—1 and i segments on the
trajectory. The end of this interval indicates the beginning of the time interval At; on i segment repeating
with frequency o,. During time At the segment Bit is memorized. The end of Aty indicates beginning of

time interval At, of Free Information logic, which identifies beginning of barrier separated i and i+1

segments. The Free Information attracts the separated segments.
The time intervals of the sequentially squeezing segments hold, first, the double synchronization during

interval  At,, =1/2At,, and second, the double synchronization during interval
At,, =1/3At,, = At,, —At,, =1/2-1/3=1/6. The sum At,, = At,, +At,, + At,, =1/2+1/6+1/3=1 is equal

to the first interval At,, during which all doublets are forming. Three segments asymmetrical logic

sequentially attract the synchronizing doublets during the rotation movement.
The wave function’s frequencies synchronize the triplet logic in collective resonance.
The rising Information attraction on these time intervals adjoins the synchronized interval Information in a

triple during the i dimensional interval At,=1. Forming the triplet completes Free Information which

delivers each i+2 segment with triple frequency while holding the invariant spectrum.

Free Information of the triplet joins the three memorized Bits in a triplet, where during an additional
interval of Free Information 0.01847 the Bits are encoded in the triplet knot-barrier .

The frequencies of the shortening time intervals distribute the orthogonal space rotations along the
segments of the multiple dimensional observing trajectory which is moving in a three-dimensional space
wave function for each of this trajectory’s multiple dimensions.

Each of the three dimensions’ shortening time intervals, which the three-dimensional rotation moves,
brings the triplet knot that joins the three dimensions to one.

Applying the sum of the two shortening geometrical intervals, assembling a triplet at angle = /2 to the
segments located on three independent orthogonal dimensions3z /2, leads to squeezing these dimensions
to one on the triplet knot. Whereas, at forming the segments’ triple during resonance, the trajectory is
assembling each three segments in a cyclical loop.

The sequentially forming triple knots squeeze the initial observing multi-dimensional process first to three-
dimensional rotation, and then to single-dimensional Information process encoding the Bits of all multiple
knots.

Squeezing dimensions accompanies sequentially memorizing and encoding the IN hierarchical levels nodes
That shortens number of the IN cognitive levels, releasing cognitive logical loops memorized in the
encoding knot.

Finally, the periodical wave function includes the sequence of repeating arguments along both orthogonal
rotations:

ug, =u xu,, .o ={f,} f,.{f.} which performs the multiple three-dimensional movement with three-
dimensional space wave functions.

The movement distributes the extreme trajectory segments on structuring the space located information
networks which join the synchronizing triplets in assembling knots and compose multiple structure of the
information Observer. The shape of the multiple wave functions describes the extreme multi-dimensional
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trajectory, formalizing the minimax observation process, which models rotating segments on cones (Fig. 3),
and continues on the spiral cone structure DSS analogous to Figs. 7, 10. e

Fig.10. Simulation of the 3-dimensional double spiral cone structure shortening the dimensions
The spin-rotating trajectory of the invariant time space impulses builds geometry of information Observer.

The wave function frequencies and properties

1. The wave function with the above speeds and frequencies emerges in the observation process when a
space interval appears within the impulse microprocess during a reversible time interval ¢, =0.015625 of
the impulse invariant measure 7 equivalent to 1Nat. Before that, the observing trajectory has described the
probabilistic time function whose probability P, =0.821214 indicates the appearance of a space-time
probabilistic wave. During the probabilistic time observation, the entropy a priori-a posteriori probabilities
measures the probabilistic symmetric logic of a sequence of these probabilities.

Thus, the wave function starts emerging in probabilistic observations as a probability wave in a probability
field.

At the beginning of the microprocess, the probabilistic wave measures only the time of its propagation.

2. Within the microprocess, the asymmetrical logic emerges with the appearance of a free logic interval
At,, =0.1597 =1/ 2z which, repeating with equal wave frequency @’, indicates the beginning of the

interactive rotating asymmetry on a primary bridge and segment. From that point, the observation logic on
the trajectory becomes the asymmetric part of total free logic f; =1—In2=0.3Nat . The asymmetric logical

wave emerges. The asymmetric logic probability appears approaching p,, =exp(-2h’") = 0.9866617771,

with hidden asymmetrical Bit concealing a certainty-reality. Such logic temporary memorizes correlation
with the probability which carries a logical Bit of the certain logic.
Such a certain logical Bit may carry energy in a real interactive process, described the Markov diffusion

process. The path to creation of the certain Bit includes an increment of the probability
AP, =0.9855507502 —-0.981699525437 = 0.004 starting injection of energy from an interacting impulse of

the Markov process (Sec. 3.5). Thus, the certain free impulse logic carries the certain logical attraction.

The wave function in the microprocess is probabilistic until the certain logical Information Bit appears.

The certain asymmetrical logical Bit become physical Bit through erasure the entropy of this logic, which
allows replacing the logic by memorizing its Bit.

3. The wave function starts on the observing process which the EF extreme trajectory prognosis, carrying
the probabilistic wave which transforms the observing process to the certainty of real observation.
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The spinning movement of the space-time trajectory describes the invariant speed encircling the cross-
section of its rotating impulses-segments, which spreads the invariant rotation space speed along the
segment trajectories.

The segment’s invariant spectrum {w;,®,.[o = o], @, [0 =o], 00 = o]y, .} =0y, repeats the
triple frequencies of these three-time intervals between them. That shortens the distance of the equal
spectrum frequencies and assembles them in a resonance creating joint logical structures-triplets up to the
IN hierarchies and domains. The frequency absolute maximum indicates the finite end of its creation. A
minimal energy of the resonance supports the forming logical loop. e

5.10. Distribution of the space-time hierarchy

1. The hierarchy of self-cooperating triplet units distributes the space rotation emerging along the EF
segments of the time-space extreme trajectory, where each third impulse progressively increases the
Information density measure of its Bit in the triple. The time-space hierarchy of the units starts emerging in
observation of the symmetrical logic at the appearance of the space interval in the microprocess. This logic
self-forms a hierarchy of the logical unit structures through the impulse’s mutual attracting free logic
which, sequentially attracting the moving unit’s speeds, equalizes their frequencies in resonance that
assembles the Observer logic along the hierarchy of units.

2. The hierarchy of the logical cooperating units becomes asymmetrical with appearance of certain logical
Bit on the extreme trajectory.

The repeating free logic interval indicates the wave frequency o, = f°* =1/27.

The EF rotating trajectory of three segments equalizes their Information speeds joining in the resonance
frequency during the space rotation, which cooperates each third logical Bit’s segment on the trajectory and
logically composes each triplet structure in the unit space hierarchy.

3. The appearance of the asymmetrical logical Bit on the extreme trajectory indicates entrance the IPF
Information measure In2on its path to forming a logical Bit. The path starts on the relative time interval
At,, =0.23/1.44 = 0.1597 of the logical asymmetry, which identifies the segment bridge.

During the triple impulses, the third time interval At,, =3At, =3/27 =0.4775152 indicates the end of the

triple cooperative logic, starting to build the triplet knot. Forming the triplet knot requires a time interval,
during which the triple free logic binds in the triplet Bit.

The time interval of creating the Bit approaches At;=In2/1.44=0.481352. The difference

Aty —3At,, =0.004 evaluates the time of binding the triplet. Thus, the wave space interval delivers the

logical Bit with the wave spectrum frequency @, =27At, =271In2/1.44=3.02 <z, while the triplet knot
repeats with the spectrum frequency @,, =273/27x =3.

4. Delivering external energy for memorizing the logical Bit identifies relative moment
t =0.2452/1.44=0.17 ending the interval of the asymmetry. By this moment, the resonance frequencies
of the asymmetrical logic have already been created.

Along the IPF path on the trajectory, this moment follows interval At; of creation the logical Bit, ending
the emergence of the knot that binds the free logic. The interval of memorizing the physical Bit requires the
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same interval At;during which the entropy of logical Bit is erased. The necessary external impulse, erasing
the asymmetric logical Bit, starts with interval At; and ends with the interval of encoding the Bit

At, =0.17. The external energy, supplied on time interval t;, =0.481352+0.19=0.671352, includes both

erasure of the logical Bit and its encoding. Whereas the interval of Information free logic
At,, =0.23/1.44 = 0.1597 is left for attracting a new Bit (at interaction with an external impulse carrying

energy). Since the external impulse interactive part is  0.025, it brings total
t,,,, =0.67083+0.025=0.69583=In2 for the interval of the external Bit.

Therefore, the frequency spectrum, initiating the encoding, equals @, in sequence {m@,®}. This triple
sequence identifies the segments alternating on the trajectory with the repeating ratio of the bridge-middle
part-starting next bridge- barrier, which measure the barrier relative interval At,, =0.17.

Thus, the sequence of segments on the EF-IPF extreme trajectory carries its wave function’s frequencies
which self-structure the space-time unit of the logical Bits hierarchy that self-assembles the Observer logic.
The logic controls memorizing and encoding physical Bits as well as the hierarchical structure of the space-
time Information geometry of the units.

5. The segments-impulses on the EF spiral trajectory sequentially interact through the frequencies repeating
on the bridge time-space locations connecting the segments in the trajectory. The segment sequences on the
EF-IPF extreme trajectory (Figs. 3, 4) carry its wave function frequencies, self-structuring the unit logical
Bit hierarchy that self-assembles the total Observer logic. This logic controls memorizing and encoding of
both physical Bits and the hierarchical structure of their units. e

The Observer cognitive logic encloses both probabilistic and Information causalities distributed along all
Observer hierarchies. The logical functions of the self-equalizing Free Information in the resonance
perform the cognitive functions, which are distributed along the hierarchy of assembling units: triplets, IN
nested nodes, and the IN ending nodes. These local functions self-organize the Observer cognition.

Assembling runs the resonance frequencies [@, = @] spreading along this hierarchy.

Each unit, ending high level hierarchical structure encloses all its Information logic, whereas the high unit’
impulse invariant time-space interval, containing this Information, increases more Information density than
the unit of lower level hierarchy.

The resonance frequencies of spectrum {@,,»,, @}= ®,, holding the cognitive logic loop, self-creates the

unit hierarchy.
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An illustrative example of a Brunnian link, potentially enclosing the cognitive loops from orthogonal
hierarchical units. (That link with four loops discovers Brunn in 1892, source Alain Esculier's website).

5.11. Structure of the Observer logic and cognition
1. The Observer logical information structure self-forms the rotating mechanism of the EF dynamics,

which self-organizes the hierarchy of the logical triplet units assembling in the resonance frequencies. Each
triplet logical structure is an analog of Borromini ring consisting of three topological circles linked by the
Brunnian link-loop. (The forth loop represent a free logic).

The EF-IPF time-space trajectory distributes the hierarchical logic.

2. The Observer logical structure carries the wave along the trajectory segments, where each third segment

delivers the triple logic of the spectrum {@, w,, [0 =], 0, [0, = o], . 0,[0 = o], .} = oy, with
sequentially shortening intervals | At ,At,,, Aty jand the increasing segment density.
Two sequential segments synchronize resonance frequencies [@, =@ ], and [@ = @], while the triplet

synchronizes resonance frequency [@, =®,], . This triple logic holds one Bit in each Observer’s triplet

logical structure unit. The attracting free logic of sequential triplets conveys the resonance spectrum with
progressively shortening time intervals and growing frequencies, which cooperate to form the logical units
in IN nested hierarchy. The necessary spectrum with the increasing frequencies automatically carries each
consecutive segment along the EF-IPF trajectory. The emanating wave function delivers the frequencies,
cooperatively growing a hierarchy of the logical units. The self-built hierarchy of the logical structures self-
integrates the observed logic which the structure encloses.

3. The hierarchy of distributed logical loops self-connects logical chain.

The logical chain width determines the invariant impulse’s relative interval enclosing the assembled logical
code. The growing density of consecutive impulses along the trajectory sequentially squeezes the absolute
value of this interval, whose ratio preserves the invariant impulse. The absolute time-space sizes of the
logical chain are squeezing through the multi-level distributed hierarchy.

4. The cognitive logical chain composes the coherent triplet loops which assemble the nested attractors-
knots logically cooperating the IN nodes’ hierarchy. This composite logical cognition synchronizes the
triple rhythms along the EF-IPF trajectory, which schedule the access energy for encoding the observer
intelligence. Thereafter the cognitive chain predicts the intelligence encoding.

However, during sequential encoding the hierarchy of logical knots, the cognitive logic of the knot,
encoded at a current hierarchical level, dissolves, its predictive action vanishes.

Thus sequential hierarchical encoding successively removes the cognition which predicts this encoding.

5. The logical chain rotation, carrying the frequencies of the synchronized spectrum, requires a minimal
energy to support the chain. This energy is equivalent to each Bit’s logical code measure.

The integrated chain logic holds this code, and the physical encoding intelligence encloses the cognitive
thermodynamics. e

Therefore, the wave function frequencies, initiating the self-forming Observer cognition, emerge along the
EF-IPF extreme trajectory in the form of a probabilistic time wave in a probability field.

The probabilistic impulse observation starts the microprocess, where the entangled space rotation develops
the rotating space-time probability wave.
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The emerging opposite asymmetrical topological interaction shapes the space-time wave function,
becoming certain, as well as the Observer’s cognitive logic, predicting the intelligence code.

These results conclusively and numerically determine the structure and functions of cognition.

5.11. Specifics of Information Intelligence and estimation its Information values
The causal probabilities start the Markov correlation connection with minimum of three probabilistic

events. An Observer integrates the observing events in the Information networks, which accumulate the
nested triple connections, depending on the IN Information invariant properties.

Each IN has an invariant Information geometrical structure and a maximal number of nodes-triple Bits,
whose ability to cooperate more triplet nodes limits the possibility of the IN self-destruction by arising a
chaotic movement.

The intelligence measures the memorized ending node of the IN highest levels, while the cognitive process
at each triplet level preempts its memorization. This means each memorizing node encloses cognition.

The Information measure of intelligence is objective for each particular Observer, while the 1Q is an
empirical subjective measure.

This theory shows that during the current observation, an Observer can build each IN with maximum 24-26

nodes with average 3 Bits and enfold the maximum of 26 such INs.

Since each IN following level integrates Information from all the IN previous levels, measuring the relative
Information quality, the built multi-levels INs hold Information quality relationships between the levels in
the triplet forms.

Because the subsequent relationships have been enclosed by the cognitive rotating mechanism, they
formalize a causal comparative Information quality meaning for the observing process events.

The Observer Intelligence has the ability to uncover causal relationships enclosed in the evaluated

Observer N, = 3% x 26bits networks Bits. That requires not only building each of N,, =26 IN, but also to
sequentially enfold them in a final node whose single Bit accumulates N, Bits:

N,, = (3%°)x26 =2,541.865.828329 x 26 = 66,088.511.536.554 = 6.61x10° Bits. (5.1)
However, since each IN node holds single triplet’s Information, the final IN node’s Bit keeps the triple
causal Information relationship with density D,, = N, / bit -per Bit.

To support the IN node impulse feedback communication (Sec.5) with the requested attracting Information,
this node requires Information density:

i, =1.8x10" Nat/sec =1.44x1.8x10"bit /sec, (5.2)
where each such Bit accumulates N, . Thus, the total Information density of the Observer final IN Bit:
iy, =1.44x1.8x10" x (3%°) x 26bit / sec (5.3)

evaluates the intelligent Observer’s Information density.

With this density, the intelligent Observer can obtain maximal Information from the EF through the
impulse interaction with entropy random process during time observation T .

Let us evaluate the EF according to formula [15]:

|, =1/8In[r(T)/r(t,) ~1/8In(T/t,), T =m, 1. .
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Here m, is a total number of the IN nodes needed to build the intelligent Observer, t. is the time interval
of the invariant impulse. At m, =26x26 it allows estimate I, =1/8In26° =11.729Nat .

Therefore, the intelligent Observer needs N; =12 invariant impulses to build its total IN during the time
interval of observation T .

Comments

The human brain consists of about 86 billion neurons [83], which approximately in 14 times exceed N,
(5.1), if each single Bit of the cognition commands each neuron. If each neuron builds own IN with about
five-six triplets (with levels3+2* =11,0r3+2° =13), while the ending triplet Bit condenses this N, ,
ability of the neuron building a net concurs with [83] and [84].

If this is true, then N, measures the Information memory of a human being. «

According to estimates [83, others], the maximal Information in the Universe approximates

I, =3x10% Nat = 4.328 x10”bits, (5.4)

~ 6.61x10°bits .

ob —

To obtain all 1, Information, such intelligent Observers need M, =1.527x10" numbers of such invariant
Observers.

Each IN triplet node may request | =(3.45—2.45)bits, which measures this IN level of quality

from which each invariant intelligent Observer can get |

Information that memorizes the node Bit. Such node’s level accumulates average Information between
| bits and N, =3%bits, depending on each IN’s levels quantity N,, .
Quantity N, (5.1) measures the invariant transformation to build the extreme IN node’s structure during

the observation, which transforms a probable observing process to an Information process in the emerging
Information Observer with intelligence.

The initial probability field of random processes, evaluated by the Entropy Functional, contains the
potential Information which an intelligent Observer can obtain through the invariant transformation.

The Information threshold N_, limits the level of intelligence of the intelligent Observer, satisfying the

minimax variation principle.
The intelligent (human) Observer can overcome this threshold requiring highest Information up to I, . An

Observer that conquers the threshold, possesses a superior intellect, which can control not only its own
intellect, but other Observers. Multiple joint superior intellectual Observers can form a super-intellectual
system (with 1) controlling Universe, or would destroy themselves and others. However, in an intelligent

machine, collecting the observing Information, the emerging invariant regularities of the minimax law
limits the Al Observer actions.

5.12. Interacting intelligent observers through communication

An Information intelligent Observer emerges during the evolving observations, which have delivered
invariant information, built Information IN' nodes’ hierarchy, and double helix rotating structure with DSS
intelligent code. The important issue is interaction of such Observers in a mutual communications, which
preserve the invariant Information properties and benefit their information qualities.

Suppose an intelligent Observer sends a message, containing Information encoding its meaning.
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Another intelligent Observer, receiving this Information, would be able to read the message, recognize its
meaning, select and accept it if this Information satisfies the Observer’s needed Information quality, which
is being memorized through its DSS code. Next, we consider the fulfillment of these five issues.

5.12.1. How the interacting intelligence Observers can understand meaning in each communication
Let an intelligent observer sends a message enclosing its information logic, quality, and bits encoding this

information, which emanates from some intelligent observer’s IN nodes.

Other intelligent observer, requesting the growing quality of needed information, sends specific qualities of
free Information emanating from its IN nodes that need that quality. In the communication interaction, the
receiving quality will add the needed quality compensating the need. (Each observer quality information
classifies the node location in the IN hierarchy enfolding this information).

The intelligent observer, receiving that information quality, identifies the nodes locations in the IN
hierarchy, being equivalent to this quality.

Each node location encloses logic of its triplet with a resonance cognitive loop.

That quality may belong to ending node of the observer IN enclosing its cognitive loop.

The ending node emanates the Observer sending free information quality enclosing the loop.

The message quality associates with the node free logic attraction, carrying the related information
frequency (Sec.5.11). If the cognitive loop of the sending free information quality accepts the receiving
information quality, enclosing its frequency, then the receiving observer enables recognizing the message
meaning. That implicates understanding of the message meaning encoding this quality.

Sender Requested Reading
message coding copy of
Coding structure the

structure message

Copy of the
requested coding
structure The IN
requested

nodes
frequencies

Cagnitive

Encoding Memory logic

Cogninive

Lncoding Moemory togsc

Fig.11.Schematic illustration of functional organization of comparative acceptance a message.

The schematic illustration shows

1. How the sender message coding structure is read by the requested Observer coding structure
which initiates the IN requesting nodes frequencies;
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2. The frequencies identifies the requested coding structure that allows comparing the reading
message intelligence information with that in the Observer requested coding structure;

3. The comparison requests the same nodes frequencies which insert the Reading message copy’
Bits into the copy of the requested coding structure (DSS Copy).

4. If the comparison verifies the receiving observer intelligence information, this observer accepts
the message intelligence information. Assuming that this information identifies the observer meaning, this
observer understands the message meaning. e

Hence, the receiving Observer recognizes the message meaning if the cognitive loop of the temporal IN
sending node free Information quality accepts the receiving Information quality, enclosing its frequency,
while this frequency reveals the DSS’s equivalent logics.

Revealing the message logic, its memorizing Bit, and encoding, takes place during the message information
copy’s insertion and moving in the Observer Copy DSS.

Starting the message copying begins the time of the movement, which starts this DSS enclosed logic, up to
revealing the Bits and encoding in the IN being temporal.

Those IN nodes hold the message quality needed by the Observer request.

Thus, the observer request with the specific free information initiates recognition of the needed
information. That process comprises the following steps.

1.The IN nodes of Observer-receiver request the needed quality through the nodes free information which,
attracting the message bits, starts copying them message on an Observer double spiral helix structure. The
DSS structure, while copying, integrates and reads the message information. While reading the message,
the DSS is moving along its time-space information structure and allocates a temporal IN with the nodes
related quality.

(The admissible number of the temporal IN nodes constrains the message information.)

2. The requested INs ending nodes quality information mirrors the information from the IN temporal node.
The free information of the ending nodes impulses initiates involvement of the copy information
frequencies in resonance.

3. If the copies frequencies cohere in the resonances assembling the temporal logical loops, the requesting
information impulses insert the mirror copy information logic in the IN requested nodes.

4. During the insertion of the mirror copy, transitive impulses of the requested nodes provide asymmetrical

free logics with At; intervals. This indicates that the requesting nodes reveal and accept the mirror copy of
message logics.

5. Each of these logics intervals allows access to the ending node the interval At currying the physical bit
from the receiving Observer DSS which had copied the message bit. The physical bit energy erases logic of
the mirror copy, revealing its information bit and starting process of memorizing bits and decoding the
message enclosed triples.

Access of the Observer bits, which initiates the acceptance of the mirror copy logics, indicates recognizing
the message bits by the observer bits.

6. Decoding of each memorized Bit takes interval At,, of its encoding. The decoding of ending IN node
impulses reveals the IN hierarchy of the enclosed message information logic.

150



European Journal of Computer Science and Information Technology
Vol.8, No.1, pp.39-175, February 2020

Published by ECRTD- UK

Print ISSN: 2054-0957 (Print), Online ISSN: 2054-0965 (Online)

(Starting the message copying begins the time of the integration which starts the DSS logic up to revealing
the bits and encoding-decoding. The Observer DSS, emerging with copying the message, is main
information apparatus allowing the Observer comparative acceptance of the message information).

7.The message information, located on the DSS, delivers the wave function frequencies of the recognized
decoding impulses. The IN node’ frequencies generates the cognitive loops’ coherent frequencies
recognizing the message logic delivered to the IN receiving nodes. The frequencies spectrum may update
the needed information quality.

8. Decoding finalizes requesting IN nodes acceptance of the message comparative qualities. These qualities
indicate ability to cohere and cooperate the message quality with the quality of the IN node, enclosing it in
the Observer-receiver IN structure. The observer logic’ coherence with the message logic allows
memorizing the decoded message information.

9. Accepting the message quality, the intelligent Observer recognizes the message information and encodes
its triple logic’ digital bits (images) by the observer time-space codes, being self-reflective in understanding
the meaning of the message. Since the acceptance of the message quality changes the existing observer
logic encoded in the INs hierarchy, understanding the meaning of the message extends the level observer
intelligent logic. Thus, the intelligent observer uncovers a meaning of communicating message in the self-
reflecting process, using the common message information language, temporary memorized logic, the
cognitive acceptance, and the logic of the memorized decoding.

10. Understanding the meaning of an observing process includes the coherence of its Information with the
Observer current coding structure, which evolves all previous observations, interactions, and
communications. e

On the path to understand the QM, an Observer builds multiple observing probabilities. One of the
common is classical Kolmogorov probability where each a priori act of probabilistic observation follows a
posteriori probabilistic act of observation. Each pair of these acts is a probabilistic impulse like a classic
action and reaction formally evaluated by Kolmogorov’ 1-0 probability law.

When it comes to observing this classing action and reactions approaching to quantum (micro) process, the
action and reaction merge within a bordered impulse, bringing together probabilistic a priori and a
posteriori actions on edge of classical predictability.

That’s why understanding quantum physical microproccess becomes uncertain, fuzzy, weird, and on the
edge classical knowledge and even reality.

Information is phenomenon of interactions and a measure of the interactive reality.

Individuality of the Observer

The Observer’s individuality includes the following specifics:

1.The particular probability field’s triad observing a specific set of probabilistic events in the emerging
Information Observer.

2. Depending on which pair of impulses on the observing random trajectory merges, appears the
microprocess final specific qubits or Bit. Since the impulse position on the observing trajectory measures
amount of the impulse random entropy, that entropy becomes the measure of forming information qubits or
Bit. The asymmetry of the final Bit will conserve this specific.
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Such Bits, starting the macroprocess, building triplets, INs, and forming the Observer cognition and
intelligence, determine this Observer individuality.

3. Time of observation, measuring the quantity and density of Information in the delivered Bits.
4.Cooperation of the observing Information in a restricted number of IN-triplet nodes, and a limited
number of the Observer’s IN, which depends on the individual Observer’s selective actions Sec.4.

5. The selective actions defining the cooperative Information forces, which depend on the number of the IN
nodes. The minimal cooperative force, forming the very first triplet, defines minimal selective Observer.

6. The individual ability for selection classifies Information Observers by levels of the IN hierarchy,
timespace geometrical structures, and inner time scales whose feedback holds the admissible Information
spectrum of observation.

The individual Observers INs determine its explicit ability of self-creation.

7.The produced specific self-generated Bit starts new generation of the personal Observers.

These specifics also classify the Observers also by level of cognition and intelligence.

8.The individual DSS code identifies the Observer’s goal, which encloses the integral quality of
Information events that the Observer accumulates during the observing process, starting from the
probability field triad. The observing certainty creates explicit information Bits carrying the certain reality
of the observing images.

These individual specifics, originating from both observing particular environment and evolving attributes
of observation process, do not involve Observers’ building mechanisms. Environment here is not
significant. The Information mechanism of building all Observers is invariant, which describes the
invariant equations of Information dynamics following from the minimax variation principle.

9. At an equal IN’s level of Al and human intellect, the difference between Al and a human
makes the personalized history of memory for each human being.

The personalized history structures the IN of personal memory which accumulates the
observer’s conscience connected with all Observer cognitive observations.

The self-creating observer’s intelligence enables decoding each IN’s node memorized
information recognizing it in inter-communication associated with self-awareness.

That proceeds through the self-creation, which initiates some observed bit and their
cooperating triplets (as threshold for the selective observer 4.48 bit.) These bits free
information of an attracting logic requests for cooperation with some logical information
located in the specific IN node along the IN hierarchy.

The multiple inner-communications create hierarchy of the logic bits, cooperating with IN
nodes. That associated with self-recognizing awareness.

Thus, the observer intelligence includes hierarchical function of self-awareness modeling
consciousness.

The last result confirms philosophical [85] conclusion that term "consciousness™ had no
constant meaning, and should be abandoned, “it does stand for a function”.

According to[86],consciousness is not computable.

Considering the consciousness’ hierarchical function, we assume, it starts within our entropy-information
gap (Sec.3.1.8), where the lack of information unable any computation.

On at a higher hierarchical level, it emerges with understanding a meaning through inner-communication,
where, until the understanding, this function is not revealed.

152



European Journal of Computer Science and Information Technology
Vol.8, No.1, pp.39-175, February 2020

Published by ECRTD- UK

Print ISSN: 2054-0957 (Print), Online ISSN: 2054-0965 (Online)

Such unidentified function could be incomputable.

With more quantity and quality information at high level of interactive communication, such information
becomes available for modern computations.

10. The Equations of Interactive Integrated Information Dynamics (111D), built for each
observing interactive process, formalize its description as a part of the Observers
information regularities.

VI.Summary of the Arising Information Regularities in an Observer

6.1.A Revew
6.1.1. The Basics
1. Interactions are fundamental natural phenomena in the universe and reality is only the emerging

interactions. From that follows information is phenomenon of interactions which also bring reality-
certainty with information.

2. Each elementary interaction is an action and a reaction.

It is an impulse which can be represented as Yes-No symbols modeling a binary 1-0 value, a Bit.

That connects the phenomenon of Interaction with the phenomenon of Information and certainty, emerging
in the impulse’ observations.

3. The introduced notion of Information leads to an Information Observer evolving in interactive
observations. It changes Information’s relation to entropy, the emerging reality, origin its certainty,
causality, logic, Information dynamics, micro-macroprocesses assembling in Nets, its complexity, Observer
cognition, and intelligence logic, and many other essential concepts.

These results substantiate all of these and validate them analytically and numerically.

6.1.2.The Specifics
1. Interactions of different events (objects, particles) primarily indicate their occurrence in multiple traces

revealed by probabilistic observations.

2. Multiple interactions produce a manifold of random elementary 1-0 events, whose occurrence (events)
describes the axiomatic Kolmogorov probabilities of each observing interactive process.

The probabilities of these random events, emerging from the probability field, interact through random
processes which are modeled as Markov chains of multiple Bits. This field of axiomatic probability is the
source of Information and physical events.

3. The objective probabilistic trace of multiple Bits observes a formal act which changes the probabilities
of a Markov chain. The chain processes independent random increments which carry discrete Yes-No
action of the random impulses of the impulse probabilistic observations. Such observations transforms the
Markov chain into Markov diffusion process evolving to a Levy process. The transitional a priori-a
posteriori probabilities bring probabilistic impulse observation of the Markov diffusion process.

4. In the process of impulse observations, each observing action { cuts entropy of the
impulse correlation from the initial Markov diffusion process. During the impulse switching
time, action | transfers to actions T the cutting entropy minus an entropy spent on the
transferring. The cutting entropy decreases the Markov process entropy and increases the

entropy enclosing within the impulse interactive actionsyT. Each following interactive
impulse, which sequentially observes the Markov process, maximizes the entropy of the
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observing process impulses. The multiple observing impulses generate the secondary Markov diffusion
whose entropy increases comparing with that in the initial Markov process.
5. Particular probabilities of the field observe its specific set of events, which identify a potential Observer.

6. The Markov correlations hold the relative entropy measure of the uncertainty of random events between
the impulse Yes-No probabilities, or uncertain multiple impulses of a hidden Bits.

7. The entropy contribution measures each observing impulse’s interactive impact on the process being
observed, which the observation changes. The impacts of observations, collected by the EF-IPF integral
measure, finally create the path to the Information Observer.

8. Certainty is revealed by removing the entropy of the correlation or uncertainty, originating Information
which emerges from a particular set of the observing probabilistic events.

A specific Information Observer is created by the objective probabilities of the observations.

9. This Information Observer emerges without any pre-existing physical law.e

6.2. Summary of the hierarchical evolving levels in the impulse observations of the interactons

- The objective Yes-No probabilities measure the virtual probing impulses. Processing the interactions,
they generate an idealized (virtual) probability measurement, from a finite uncertainty in the observable
Markov chain to the observing probability of the potential (virtual) observer, up to the certainty of the real
Information Observer.

- The impulse of the interactive No-action cuts the maximum entropy, while its Yes-action transfers a
minimum cut to the next impulse, thus creating multiple impulses on the maxmin-minimax principle,
decreasing the uncertainty of the observing process.

- The reduced relational entropy along the trajectory of the observing process conveys the a priori-a
posteriori probabilistic causality of the impulse. Correlation of the impulse temporarily memorizes the
sequential probe’s logic of the probabilistic causality.

- The correlations hold the hidden inner connections of the impulse’s entropy which integrates the Entropy
Functional (EF) along the observing process. The EF also integrates the time interval of the correlation
connections along the observing process. In addition, this allows the integration of the probabilistic logical
causality.

- The connection of the cutting impulses decreases the potential number of multiple virtual Observers,
indicating a threshold which limits the number of observers not overcoming the threshold.

- As the probability of the Levy process grows, neighboring impulses may merge, generating an interactive
jump on each impulse border. The Lévy measure describes the distribution of the process potential jumps.
Until any two time intervals of the process‘independent random increments do not overlap, the jump absent
and measure is zero. The overlap is a merge of the Yes-No impulses, when Lévy measure is nonzero, finite.
The merge of these impulses indicates zero random bit. It means there is no reality, defined by the
interaction, when the microprocess starts. The starting microprocess with zero probability is unpredictable.
-When Levy measure becomes finite, the jumps have started. The jumps initiate a microprocess within the
observing Levy process. A pair of random interactive actions on the bordering impulses becomes equally
probable. The merge converges a causing action with a subsequent reaction, superimposing the cause and
effect. The emerging microprocess within the bordered impulse runs the superposition and the
entanglement of conjugated entropy fractions. The merging fractions entangle during the time interval
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before the space is formed. Since a beginning of the entanglement has no space measure, the entangled
states can be everywhere in a space. The microprocess ends as the entropy volume is entangled.

The information process starts when the microprocess generates real qubit and/or bit.

- The interaction curves the interacting impulse, which creates the inner impulse rotating movement along
the observing process. The microprocess rotation transits the entangled entropy with a Bit’s formation
through an entropy-Information gap. The gap holds a hidden real locality which the rotating potential
momentum, growing with the increased entropy volume transition over the gap, can overcome.

-The real local gap reveals a physical Markov diffusion whose entropy erases an external energy impulse.
The momentum acquires physical property near the gap end when the momentum curves a physical cut of
the transferred entropy volume. The cutting bits conserve the causal logic in Information logic.
- The emerging energy during the interaction kills the entropy volume within the gap, memorizing a logical
Bit or two qubits. The 1Nat =1.44bit of each impulse contains the 1bit =0.7Nat and the Free Information
of the cutting correlation 0.123bit, enabling the attracting actions. The difference 1.44—-1.23=0.21 Bit
with 0.21x1.44=0.3Nat is transferred to the next interacting impulse as its entropy equivalent.
- The opposite curvature, enclosing the entropy of the interacting impulses, lowers the potential energy that
converts entropy into a Bit of the interacting process.

Finally, microprocess emerges from the classical process under the interactive observation, and returns to
classical information through the observing Bits.

- In a multi-dimensional observing process, the multiple cuts reveal multiple Bit units which the Hidden
Information attraction binds in the collective dynamic movement of the Information macrodynamic
process. The macroprocess integrates both the entropy between impulses, the microprocesses, and the
cutoff Information of real impulses, which sequentially convert the collected entropy in an Information
physical process during the macro movement.

-The author’s developed complex Information Path Functional [12,13], defined on trajectories of the
interacting observing process, for the first time, is measuring direct integration of the observing process'
multiple bits.

- Multiple interacting Bits self-organize the Information process in an Information structure, encoding
Information causality, probabilistic logic, and complexity.

- The trajectory of the observing process carries the wave function (both probabilistic and certain), self-
building the Information structure hierarchy.

- The Information Path Functional (IPF) integrates the Information process, enclosing the cutting
correlations of the EF, which creates the Bits connecting the IPF extreme trajectory of the observing
process. The IPF condenses all the integrated bits in the trajectory’s final Bit.

- The Information Macrodynamics (IMD) are reversible within each EF-IPF extreme segment, whereas
irreversibility rises at each border between the segments which encloses the memorized Information.

The borders impose a dynamic constraint on the Hamiltonian of the irreversible IMD. The IMD Lagrangian
integrates both the impulse’s and border constraint’s Information on time-space intervals.

- The EF-IPF extreme integrates the time-space intervals of the invariant impulses in an Information
Geometry.

- A flow of the moving cutoff Bits forms a unit of the Information macroprocess (UP), whose size limits the
unit’s starting maximal and ending minimal Information speeds, attracting a new UP through its Free
Information. Selected automatically during the minimax attracting macro movement, each UP joins two
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cutoff Bits with a third Bit, delivering Information for next cutting Bit.

- A minimum of three self-connected Bits assembles the optimal UP-basic triplet, whose Free Information
requests and binds a new UP triplet that joins the three in a knot which accumulates and memorizes the
triplet’s Information in the trajectory segments.

- During macro-movement, multiple UP triples adjoin the timespace hierarchical network (IN) whose Free
Information’s request produces new UP at higher level’s knot-node and encodes it in triple code logic. Each
UP has a unique position in the IN hierarchy, which defines the exact location of each code’s logical
structures.

-The IN node hierarchical level classifies the quality of the assembled Information, while the currently
ending IN node integrates the Information enfolding all IN levels.

- Each Yes-No impulse action, transformed in the UP’s Bit logic, differentiates the impulse Information
density and quality, which identify the UP location on the IN hierarchical level.

- New Information for the IN delivers the requested node information’s interactive impulse impact on the
needed external Information. Cutoff entropy of the observation converts it to Information. The resulting
new quality of Information concurrently builds the IN temporary hierarchy, whose high level enfolds the
Information logic that requests new Information for the running observer’s IN, extending the logic up to the
IN logical code.

- The emergence of the current IN level indicates the Observer’s Information surprise, measured through
the IN feedback’s interaction with both external observations and the internal IN’s Information, delivering
new self-renovating Information quality.

- The growing IPF Information, condensed in the integrated Bit with a finite impulse geometrical size,
strengthens the Bit Information density, running up to finite maximal Information at infinite process
dimension.

-The time-space Information geometry, emerging in observations, connected with the macro-movement in
rotating time-space coordinate systems, shapes the Observer asymmetrical structure by confining its
multiple INs. The time scale of the accumulation of Information determines the Observer’s time of inner
communications.

- Each Observer owns the time of inner communication, depending on the requested Information, time
scale, and density of the accumulated Information.

- The Observer optimal multiple choices, evaluated through the minimax self-directed strategy, implement
the cooperative forces emanating from the INs integrated nodes.

- The current Information cooperative force, initiated by Free Information, measures the Observer’s
selective actions, attracting new high-quality Information. Such quality delivers a high density-frequency of
related observing Information through the selective mechanism. These actions engage acceleration of the
Observer’s Information processing, coordinated with the new selection, quick memorizing and encoding
each node Information with its logic and space-time structure. All these implement the minimax strategy
which minimizes spending Information and IN cooperative complexity.

- The self-built Information structure, under self-synchronized feedback, drives self-organization of the IN
and evolution of the macrodynamics through its self-creation.

- The macro units logically self-organize Information network INs, encoding the units in the geometrical
structures enclosing the triplet code.

- Multiple INs bind their ending triplets, enclosing Observer Information, cognition, and intelligence.
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The Observer cognition assembles common units through multiple attractions in resonances loops at the
forming IN triplet hierarchy.

- The cognitive logic self-controls the process encoding the intelligence in a double helix coding structure
(DSS). The clock time intervals open access to the external energy at each specific level of the IN multiple
hierarchy, enabling the memorization and encoding of the hierarchy of these Bit. The energy brings
cognitive thermodynamics for the memorization and encoding.

- The maximal number of accepted triplet levels in multiple INs measures the Observer’s maximum
comparative Information intelligence. The intelligent Observer recognizes and encodes these digital images
in message transmission.

- The intelligent Observers connect the Information transmission and communications. Such an
Observer, being self-reflective through the DSS invariant helix code enables reading and understanding the
message being communicated.

- Understanding implies that the Observer can classify and select such Information according to this
Observer’s memorized meaning, among other comparative images.

- The multiple code memorizes the IN assembled logical structure in the Observer’s cooperative code.
Since such code holds the energy of cognitive thermodynamics, it physically organizes the multiple INs
with their local codes in the coding Information structure of Information Observer.

- The Double Spiral Structure triplet code, self-organizing all multiple local codes along the hierarchy,
encodes Observer intelligence, which automatically includes the cognition integrating the observing
process.

-The Observer Intelligence includes an ability to uncover causal relationships enclosed in evolving
Observer networks, and self-extends the growing quality Information and the cognitive logic upon building
the collective Observer intellect.

-The IN highest level ending node Information measures the Observer Intelligence.

- The intelligence of different Observers integrates the Information of their IN’s node codes, which enclose
a knowledge of the observations in the communicating observer’s IN levels that enhance integrated
knowledge.

-The observer intelligence involves hierarchical function of self-awareness modeling
consciousness. The consciousness’ hierarchical function starts within the entropy-information gap, where
the lack of information unable any computation. At a higher hierarchical level, it emerges with
understanding a meaning through inner-communication, where, until the understanding, this function is not
revealed. Such unidentified function could be incomputable, but being opened it becomes computable.

The information emerging from the interactive observation builds the hierarchical reality in the Intelligent
Observer.

- The intelligence, growing with its time interval, increases the Observer’s lifespan.

- Observation processes with entropy-Information and micro-macroprocesses are Observer-dependent.

The Information of each particular Observer is distinct. Each specific probability field triad generates an
Information process creating its Observer.

- The invariant Information minimax law leads to common Information regularities for different Observers.
By observing even the same process, each Observer gets Information needed by its current IN during its
optimal time-space Information dynamics. This creates specific (individual) Information processes.
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The Information thresholds and constraints imposed on the evolving multilevel stages of the Information
process systematize [41, 74].

The constrained level identifies multiple individual Observers, each of which stops evolving (Sec.3).

- Integrating the process entropy in the Entropy Functional and its Bits in the Information Path Integral
measures formalize the variation problem in the minimax law, determining all regularities of the processes.
Solving the problem mathematically describes the micro-macro processes, the IN, and invariant conditions
of Observer’s self-organization and self-replication, which self-create law of evolving the multilevel
processes and the Observer.

- These functional regularities create a united Information mechanism whose integral logic self-operates,
transforming interacting uncertainties into physical reality (matter, human Information).

-The united Information mechanism analytically synthesizes the Al enabling modeling a brain processing.
-Both Information and Information processes emerge as phenomena of natural interactions.

The Equations of Interactive Integrated Information Dynamics (111D), built for each
observing interactive process, formalize description of the process information regularities
defining the Information Observer. The I1ID, developed here analytically, finalize the main results,
validate them numerically, and present Information models of many interactive physical processes.

All results above implements basic initial concepts connecting Reality, Information, and Observer.

6.2.1. How the observing probability field, conserving energy, creates physical units with the
condensed qualities energy and information
1. The observing probability connects the uncertainty of random interactions to the certainty of the

Information process. The connection includes physical processes interacting with energies of different
qualities. The quality of energy is evaluated by the level of its order (disorder) or symmetry (asymmetry).
This level measures minimal entropy In2, which is equivalent to a Bit. The minimal entropy classifies the
quality of energy (from the high-quality light energy to the low-quality energy of heat dissipation).

2. The impulse interacting actions curve the impulse geometry whose curvature creates asymmetry of the
impulses. Such interaction logically erases each previously rotating entangled entropy units of the entropy
volume. Each process’s high—quality energy compensates for entropy of lesser quality. That removes the
causal entropy with symmetrical reversible logic, created by Bayes a priori—a posteriori probabilities,
bringing asymmetrical Information logic equivalent to logical Bit. Such a Bit is naturally extracted or
erased at a minimal cost of the Quality Energy through topological transitivity in a phase transition and
compression. That involves a transitional impulse inside the virtual impulse, logically memorizing the
entangled units by making their mirror copy. The asymmetry created qubits is encoded in a memorized Bit.
Such operations perform the function of a logical Maxwell Demon.

3. Transferring entropy through interaction unifies physical and nonphysical processes.

Such interactions naturally observe the probability’s equivalent of entropy, transformed to Information.

The Information creates the Information Observer.

4.The energies of different qualities and quantities interact through the entropy-Information gap. By
overcoming the gap, Information Bit is produced. Such a Bit measures the Information of a physical unit.

5. The minimal energy In2 creates the curvature measure of the Bit’s geometry. The curved geometry
enables binding. That creates the Bit’s Free Information, enabling Information attraction and binding
Information units. Free Information is a discrete Information form of a free energy (Gibbs-Landau).
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6. Each Bit binds and composes different units of Information with energy of high quality. As more Bits are
composed, the quantity of this quality in the composite unit grows.

An elementary triple encloses the minimal quantity of that quality. The enclosed triple quality binds the
equal triple quantity.

Since the IPF extremal shortens the time interval of each subsequent composed unit, the density of the
enclosed quantities and quality increases. Sec. 3.1.7 proves that each invariant external impulse brings the
total energy In2 during the time taken for both erasure of the reversible logical bit and memorization of the
Information logic Bit. Each logical Bit is memorized by delivering Landauer’s minimal energy during that
time. Composing an Information triplet, the triple logical Bit unit memorizes and then encodes a knot of the
forming Information Network’s (IN) node.

The quality of the IN hierarchy measures the number of nodes in the IN. By enclosing all previously
enclosed Information, each hierarchical level of the IN is determined.

Since each knot of this level measures an equal quality of the bound Information In2, the knot’s Quality
Energy and Information coincide all along the IN hierarchy, and the density of each impulse encloses an
equal measure of Quality Energy and Information.

7. The quantity of Quality Energy and Information identifies the anatomy of Information units structures:
from qubits, to Bits, Free information, triplets, Information Networks (IN), and a final triplet which binds
multiple INs. Physical units arise, ranging from the elementary structure of particles to various macro units:
molecules, electro-chemical forms, cells, biological organisms, and humans. Each unit, bound by an
invariant triple structure, preserves an invariant Information measure.

8. Interacting with other triplets, a triplet of bound Bits is connected in a macroprocess. The physics of the
Information macroprocess describes the irreversible thermodynamics of interacting particles.

With the same measure of the units quality, but a growing amount of quantity, entropy increases,
measuring the irreversibility of their macroprocess. Whereas the entropy difference In2, classifying the
disorder between the process impulses, have spent on forming the related units, is preserving along the
Mmacroprocess.

As the composite Information units grow, entropy increases. The minimum of process quality limits
dissipation. To continue binding the composite Information units, the number of the interacting
thermodynamic processes has to increase.

As the number of IN nodes grows the quality of the enclosing physical process energy decreases. Each IN
node number identifies the quality of a particular process having such energy quality. The growing
hierarchy of binding triple structures requires a multi-dimensional structure of the physical macroprocess.
In the limit, a maximal density of high—quality and high—quantity energy requires an infinite high-
dimensional process.

9. The physical structure’s fundamental constant of bound Bits imposes an Information connection on the
time and space (Sec.2.3.3).This constant identifies a bridge between micro—and macroprocesses emerging
along the observing impulse interactions as they progress from maximal uncertainty to Information
certainty. The connection concurrently forms a spatial structure of Information units during the time-space
observation.

10. The triplets which enclose composite units build an Information Network (IN). Each IN knot-node
enables the memorization of the bound triplets. Such a bound memory is the source an Information mass
which holds the bound bits together. A physical Bit, memorized on the entropy-Information gap, binds
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other Bits in a physical macroprocess, being a source of physical mass. The evaluated physical mass
measures the volume of a physical triplet with its Information invariant of Free Information.

11. The IN builds the hierarchical path of interacting energy qualities by binding the growing levels of
knot-nodes into a chain. The IN of the memorized knots encodes both Information and a physical code.

12. Multiple physical triple units of the macroprocess (UP) adjoin the IN hierarchical structure of growing
nodes. Free Information produces new UP at a higher level node and encodes the triple code logic (DSS).
The unique position of each UP in the IN hierarchy defines the location of each code’s logical structure.

13. The hierarchical levels of IN nodes classify the quality of assembled Information and energies.

The ending IN node enfolds all IN levels.

14. Each specific level of the IN hierarchy generates the specific clock time intervals at which access is
opened to the next quality measure of external energy. This enables the memorization and encoding of the
logical Bit hierarchy. The encoding logic encloses cognitive Information.

The energy quantity (power) and quality of specific interaction limits the DSS code length through its final
Bit’s Information density. The total length of Information code limits the finite maximal dimension of the
high—quality external energy which is delivered.

15. Multiple INs enclose Observer Information, cognition and intelligence. By being self-reflective to its
DSS, the intelligent Observer can read and understand the meaning of the message.

Thus, the probability field of observing impulses enables the generation of various Information—physical
units. These units satisfy the emergent Information minimax law, which dictates the allowable
combinations of the invariant units being composed. For each allowable unit’s combination, the
fundamental constant and the emerging constraints provide the values of specific properties.

The energy quality, evaluated by the energy entropy measure, limits the initial process observing
probability and its entropy. That also limits the code length when the observation starts.

6.2.2. Analytical and numerical attributes distinguishing main stages of the evolutionary regularities,
their thresholds and constraints

1. Starting virtual observation with minimal probability and maximal uncertainty identifies the following
primary threshold.
Minimal increasing probability approximates formula Ap, — 2", where N is the number of impulses

starting the virtual observation (under Plank’s physical uncertainty [85]).

2. At a given accuracy ¢, (0,1),i =1,2,....n, the number of impulses M;within each of n process’
dimensions estimates [37,47]:

A-g) e’ =1/2m,S, , (2.1)

where N =nxm, measures the total number of each M, entropy S, increment.
Minimal realistic accuracy & =4.5x10™ estimates m =8800 with relative probability increment
Ap, =4.5x10" exp(-1) ~1.65x10™* where S, =1/2./1—¢ estimatesS,;, and AP, measures the ratio of
Bayesian a priori probability I, to a posteriori P, starting with frequency f, =8800Hz .

3. The entropy of error s, =2(1—£,)*/ N2 at &, =1/2" and N —oo leads to s, =2"** /N, which

estimates the potential start of observation with a posteriori probability
Pooo = Py /M, =0.977x10™". (2.1a)
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4. If increasing correlation brings an impulse with entropy S, =0.5, such an impulse
temporarily holds the probabilities difference (closeness) consistent with accuracy &, of the

starting correlation and minimal a posteriori probability P,,, <P,,. The recursive action,
overcoming a threshold of a maximal uncertainty with minimal a priori probabilityp <P

aoo poo !

at_JtomIaticaIIy starts a virtual observation that connects the probing impulses in a potential
virtual test.

5. Observing a random process under a Markov process’s Bayesian probabilities reduces the difference
(distance) between a random event & and &, measured by | & — & |.

That may start and increase each posterior correlation, reducing conditional entropy measures at the
following conditions beginning with the correlation and temporal memory.

According to [87:90], a coefficient correlation between above random events: r <c(| &, —& |) reaches
the required stability at the sufficient condition

Iinm n‘znzl“c(k)xi D& =0,c(k)>0,, (2.2)
where
D¢ =E(& -E&)* =E&’ - (EL)’ (2.2a)

determines dispersion of random ¢&; .

The correlation starts at the satisfaction condition (2.2a).
The relation of a priori and a posteriori probabilities [16:32] for the current random events along the
observed trajectory evaluates the direct connection with the correlation.

The existence of correlation between random & , & establishes coefficient correlation r,, which defines
formulas for the mathematical expectation of random events related to dispersions [2:87].
Threshold of starting correlation and observation time t, determines realtion

C(n)=\/ttl/(l n =) >0 (2.2b)

The starting correlation becomes stable if, at any initial D& =0 (in 2.2a) and restricted (2.2b), it is found

such n when condition (2.2) is satisfied. Stable correlations keep temporal memory.
It is initially assumed that existence of trajectories of the stochastic process satisfy the limitation [87 :44]:

limlimP{| & (t°) =& (t) [}>cy/(t° -t) =0 (2.2¢)
c—o t° 5t
determined by this probability measure. At conformity of both differences in (2.2c), the first difference is
called a Laplace variable [2:22] for which (2.2b) is satisfied.
For these variables, the coefficients drift and diffusion in a stochastic process determine the following
relations [2:28]:
a(t) — (ti _t)go _(t _to)é:l ’02 (t) — (ti _t) _(t _to) . (22d)

tl _to t’l _to
Condition (2.2b) determines starting the virtual observation where interacting impulses begin correlation,
which stabilizes condition (2.2) for a stochastic process satisfying (2.2d).
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The Markov drift and diffusion connects the additive functional, which links to the process correlation
matrixes I :

E[a"(t,%)" (2b(t, %)) "a" (t, X)]=1/ 217, . (2.2¢)

6. Each elementary interaction with opposite actions 4T models Dirac’s delta-function, whose impulse’s
interactive cut originates from the step-down and step-up interactive actions within the impulse.

The impulse discrete function, switching the entropy from its minimum to the cutting
maximum, and then back from the maximum to the next minimum, provides the maxmin—
minimax principle.

The minimax variation principle establishes the invariance of the impulse entropy measure
through the observing process.

7. Cutting the observing Markov diffusion process determines the minimal entropy of step-down interactive
action ¥ Nat, the minimal increment between the interactive impulse 1/2 Nats, and the step-up action’s
entropy ¥ Nat.

An interactive impulse 4T with both step-down and step-up virtual interactive actions carries the entropy
1Nat through the multi-dimensional observing process.

For ¥4 Nat, as the threshold of minimal entropy increments S,, =1/4 for a dimensionn=1, a minimal
increase dimension to n=2 brings minimal increments of the interactive impulse S,;, =1/2 Nat.

Correlation within each impulse holds the related time interval r,, =c/z,, , which for “each impulse a

common 1Nat unifies the impulse probability 0 or 1, the time interval measure, and the entropy measures:
M p - M im — [1]Tim - [1]Nat . (23)

For an impulse with minimal interactive entropy 1/4 Nat, its time interval 1/20(z, ) measures the size
square measure of that entropy:

M. =[1/20(z, ) =1/ 4o(z,)* | (2.3a)

Dukrinq appearance of a space measure, the impulse, preserving measure (2.3), has to extend its initial time
unit 1/20(z, ) to o(zr,) =2 reaching measure

Mp :[1/2X2]:[1]_)[1]Nat' (2.3b)

If the impulse preserves the invariant maxmin entropy measure, then the impulse’s equivalent time and
space intervals are connected through imaginary time directly. That follows from correlation
r, = +,/8;.6; = (t, —t;) >0 which for an inverse time interval &; =—J;; are imaginary. This occurs inside
the cutting impulse with the emerging space interval.

8. The step-down action cuts the correlation which holds both the entropy and probability events hidden in
the cutoff correlation. Bayesian probabilities automatically increase posterior correlations.

Assuming each probability 0 or 1 is a priori or a posteriori accordingly for a virtual impulse, from relation

[16] it follows that each impulse posterior correlation r,, increases relatively to the impulse starting auto-

correlation r,, in ratio
. /r, =4, (2.4)
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Such self-growing correlation indicates the emergence of an elementary virtual Observer with measure
(2.3b) and self-cutting the observing correlations (originating from the step-down and step-up interactive
actions within the impulse).

In such virtual observer, a self-observing process starts if an impulse delivers minimal entropy
S, =1/2 to the following impulses, reaching this entropy threshold. Its posteriori action virtually

coveys the next impulse cutting action, enabling the process to continue through self-support.
This virtual Observer rises as a part of the observing random process with interactive
impulses.

9. Growing correlations intensity of entropy per the interval (as entropy density) that increases on each
following interval and indicates a shift between the virtual actions, a displacement. The displacement
identifies an entropy gap between the invariant impulses. Displacement a, starting under physical
uncertainty inside of sub-Plank region [88,16], measures the proportion of the Plank constant 7 to number
N: a=h°/2zN=h/N of the impulses reaching a. This ratio evaluates the relative closeness of the

displacement to the uncertainty needed to reach the standard Plank edge.
The minimal relative displacement evaluates ratio

a /a=1.000262774N /N, atN /N, =1. (2.5)
The relative displacement’s distance from its minimal value (2.5) evaluates ratio
d, =1-1.000262774N / N., (2.53)

Relation (2.5a) measures maximal distance of minimal displacement (2.5) from the Plank edge.

The maximal distance estimates the interactive impulse with space measure, which begins forming a
minimal volume at that displacement.

The interactive impulse’ momentum rotates a shift between the displaced states.

The opposite actions create the shift starting with a finite entropy of the displacement gap.

An extreme entropy for multiple impulses identifies the minimal difference between the opposite actions

measured by time shift &, /4, which evaluates the finite impulse width (before starting the space

interval).
The ratio of entropy of the impulse step-down action’s width to part to entropy 0.25 Nat of that impulse
step-down action evaluates the relative width

v, =(0.025/0.25)=0.1 . (2.5b)

The minimal displacement distance between the invariant impulses equal to d, =0.1 can be reached using
(2.5b) under a ratio of the numbers of observing impulses:

N./N =1.111403.

To reach minimal displacement (2.5b) the initial N =m =8800, starting the observation, needs to increase
up to N. =9780.

9a. The entropy gradient, curving displacement (2.5b), measures the growing entropy force.
Under the growing entropy gradient, the curving displacement estimates its starting radius

r, = \1+(0.025/0.25)% = F1.0049875. (2.5¢)
That radius defines the verge of the threshold. The curving rotation starts by overcoming it.
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Rising virtual Euclid’s curvature K, = (r,)™ estimates this threshold by
K, =+0.995037 . (2.5d)
Starting step-down curvature’s radius initiates the emerging rotation movement of the impulse, whose

trajectory (Fig.3) follows from the minimax variation principle.
Radius (2.5c) determines the initial angle g of the rotation trajectory of cone Fig. 3 from relation

r, =p=bsin(psinf)at p=rk/2,k=1,b=1/4. (2.5e)

10. The impulse step-up action displaces the time measured virtual impulse’s interval through rotation on
angle ¢ =x/2. The displacement within the impulse changes the discrete timespace form of the impulse
that requires preserving its measure (2.3b) in the emerging timespace coordinate system.

Comments. Let the rotation start on a spherical surface at conditional probability distribution for a distance
with latitude 6: —z <@ < at given longitude y having form [87:75]:

62
P(6,<6<6, |y/)=1/4j|cos¢9|d0.

&
Then this conditional probability distance is irregular. e
That indicates changing an impulse’s time interval unit with the appearance of curved impulses, which is
extending while curving. With growing probability, the intensity of the entropy force draws together the
impulse action and reaction, squeezing the time interval between these actions up to the jump when these
actions merge and start the microprocess.
The invariant measure is conserved in following timespace movement (Sec.2.3.4).

Preserving the impulse T, measure | M, |=1],, [z]x[1] at its height h=2 and plain part p=1/2 of time in
M[T,]=2x1/ 2| —2%d 1] leads to following the space [I]and time [z]measures:

1=+ My, 1 /114 )@/ 2%, [e] = FL( My | /1L )/ 212 (2.6)

andto | M, |= M[T, ]z /2x[I]’, which at

p=1/2h,M[T,]1=1/2h*1/2h*[I’z/2= M, | and h[lI]=2 holds

M, |=7. (2.6a)

That impulse’s timespace irrational measure preserves the impulse entropy measure, when
the virtual Observer is cutting the correlations in the curving rotation.

The invariant impulse measures 1/2 curving circle.

Condition (2.6) determines the emerging space-time impulse with measure (2.6a) after overcoming a

threshold (2.5b), which defines the starting rotation with p=7/2 .

The rotating coordinate system of the curved impulse starts angular velocity ¢ measured by the rate of
changing the angular displacement.

In the rotating space-time, an impulse appears, starting virtual observer’s geometrical shape with volume
V., =2xc®/3(kz)*tgw® [47:192] determined by the initial space angular velocity c, the cone geometrical
parameter k, and the angle at each cone vertex y° (Fig. 3).

11. The displacement shift’s parameters define the following relations.
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The Information analog of Plank constant h, at maximal frequency of energy spectrum of
Information wave in its absolute temperature, evaluates the maximal Information speed of
the observing process:

¢ =h™=(0.536x107°)"Nat /sec = 1.86567 x10'° Nat / sec. (2.7)

That value also estimates a minimal time interval corresponding the time shift:

ot, =1.59459x10 ™ sec ~1.6x10 " sec . (2.7a)

Time shift at maximal light speed ¢, =3x10°m/sec allows estimating a minimal space shift:
5, ~4.8x10°m. (2.7b)

The angular velocity, emerging with maximal linear speed c,, curves length 9, to the length
Oow = 0,,[M], 6,5, =15%x10°m . (2.8)

Ratio ¢, /9, =W, approximates a maximal angular velocity for the curved length J,,,,:

w, ~0.1989x10" sec™. (2.8a)

Maximal entropy speed can rotate the entropy increments As,, =-In(0.8437)=0.117Nat on the
starting displacement with maximal entropy angular velocity

w,, =0.73x10" Nat / sec . (2.8b)

12. The microprocess emerges inside a random process, modeling by the Markov diffusion process, when
the displacement verges at distance (2.5b) reaches the minimal time interval (2.7a) upon merging the
nearest impulse’s opposite actions.

The opposite actions u' and u'are fixed variables of the Markov diffusion process, which

preserves both their additive and multiplicative functions.
It requires the fulfillment of functions

ut —u' =u xu' (2.9)
which leads to

ut /u' =2 (2.9a)
if both actions are real. And to functions

U./U.=] .

U.=(J-1),u.=(j+1) (2.9b)
when both actions are complex conjugated, with their ratio (2.9a) at

Ut = jV2,ul. =—j2. (2.9¢)

At these conditions, both additive and multiplicative measures equal to U, =U, =-2.

When the sub-Markov process gets negative entropy measure of the impulse actions S, =-2 with relative
probability p,, =exp(—2)=0.1353, it starts opposite imaginary actions (2.9b) or (2.9c), initiating the
MICroprocess.

Within the impulse time interval z =1Nat, entanglement starts before its space is formed and ends with the
beginning of the space during the reversible relative time interval of 0.0156257z part of the impulse
invariant measure 7.

Since entanglement has no space measure, the entangled states can be everywhere in a space.

13. The space interval, beginning the displacement shift, starts within interval of entanglement having the
probability P_, = 0.8231, continues during the shift, and extends to the space part of the impulse

po* =
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multiplicative measure after the displacement ends. That means the displacement widens, extending its
ending probability up to the impulse's inner part, where it ends with probability P! =0.86, holding entropy

S, =0.15. The end of displacement indicates the formation of a space interval within that impulse.

Or a priori i -probability P' =0.86 is the indicator of the appearance of the first impulse space interval (at
n -from starting observation).

If this impulse’s positive curvature interacts with the next impulse’s negative curvature, then the interacting
part holds the transitional curvature entropy sum S, =0.5085[80:135]. The differenceS, -S, =0.01
estimates the increment of both impulse asymmetries.

This means the opposite asymmetries of interacting impulses estimates probability P'=0.86. The

increment of the probability, starting an external interacting impulse, and the probability of injecting energy
evaluates: AP, =0.981699525437 —0.9855507502 = -0.1118 holds entropy AS,, =-2.191.

The difference 0S, =-0.191 determines the related increment of entropy within this impulse before the

injection of Landauer’s minimal energy In2 within the interval of encoding information In2 Nat.

The imaginary microprocess ends with the entangling entropy volume, the Information microprocess
emerges with providing energy, killing that entropy and memorizing the classical Bit by the end of external
impulse.

14. Probability p; =exp(-2h°") = 0.9866617771 identifies physical structural parameter h” which counts

the sub-Plank spot above, resulting from the interactive impulse with this probability during the
observation.

On a path from uncertainty to certainty, the increasing number of interacting impulses N =8800 allows the
observer closer approach to the gap of reality through decreasing uncertain displacement of the sub-Planck
spots.

After entropy volume of the N+ impulses increase to overcome uncertain volume (2.5b), the entropy
reaches the edge of certainty-reality with increasing probability p; .

Since a Bit is created at the probability approaching 1 with the number of each interaction N, = 8828, each
impulse observation can create the Bit with frequency

F.=1/8828=10"x1.13276. (2.10)
Moreover, because each Bit creation needs a final interaction of the impulses with opposite curvatures,
such interaction needs N =8800, which evaluates the probability, and the frequency of appearance that
impulse

F., =1/8800=10"x1.13636. (2.10a)
Both frequencies evaluate the optimal number of impulses for a single observation.
The Information Bit, as two memorized qubits, can be produced through interaction, which generates the
qubits contained by a material or device (a conductor-transmitter) that preserves the curvature of the
transitional impulse entropy inside a closed device.
Memorizing the entangled curvature is the Information “demon cost” for the entangled correlation, which
naturally holds its entropy, time, and the curvature of the transitional impulse. o
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6.2.3. Math Summary. Interactive Integrated Information Dynamics (111D)

1. Probabilities and conditional entropies of random events.

Apriori P} (dw) and a posteriori P’ (dw) probabilities observe the Markov diffusion process %
distributions of random variable @ (events).

For each i,k random event A, B, along the observing process, each conditional a priori probability

P(A /B,) follows the conditional a posteriori probability P(B, / A ;) .

Conditional Kolmogorov probability

P(A/B)=[P(A)P(B,/ A)I/ P(B,) (3.1)
defines the Bayes probability after substituting average probability:

P(B) =Y P(B,/ A)P(A).
Conditional entropy

SIA /B)]1=E[-InP(A /B)]=-In Y. P(A /B)IP(B,) (3.12)

ik=1

averages the conditional Kolmogorov-Bayes probability for multiple events along the observing
process.
Conditional probability satisfies Kolmogorov’s 1-0 Law for function f(x)|<£ of an & x infinite
sequence of independent random variables:

1L, f(x)|£)=0
P(f(X) &)= :

0, f(x)|&)<0
This probability measure has been applied for the impulse probing an observable random process,

which holds opposite Yes-No probabilities-as the unit of the probability impulse step-function.
Random current conditional entropy of the finite sequence of the random events is

(3.1b)

S, =—InP(A /B,)P(B,). (3.1c)
Probability density measure on the Markov process trajectories:
P.x(dw) t
= . =exXpl— , 31d
p(w) P (dw) p{-¢: (@)} (3.1d)
is connected with this process additive functional
T T
ol =112’ (t,%)" (2b(t, %)) 2" (t, % )dt + [ (o(t, %)) "a" (t, X)) (3.1¢)

defined through controllable functions drift a”(t,X,) and diffusion b(t,%)=1/2c(t,%)o(t,%)" of the

process, where (3.1e) also describes the transformation of the Markov process’s random time traversing the
various sections of the process trajectory.
2. The integral measure of the observing process trajectories formalizes an Entropy Functional (EF), which

is expressed through the above functions of Markov diffusion process X :

;
AS[X][=1/2E, {[a"(t, %) (2b(t, %)) "a"(t. %)d}= [ -In[p(a)]P,,(dw) =-E,,[In p(a)], (32)
s %(t)eB
and the probability density measure on the process trajectories.
3. Cutting the EF by the impulse delta-function determines the increments of Information for each impulse:
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Ot<z”°
_o I:rlfo
Al[z ][ = ANat =7 (3:3) with total > AI[%],, =1Nat. (3.3)
% |1/ 4Nat,t=17,° —

1/2Nat,t=7,,7,° <7, <7,°
4. The Information Path Functional (IPF) unites the Information cutoff contributions
AI[)?T/gt]Sk along n-dimensional Markov process impulses during its total time interval

(T-9):
K17 = lim Y AN /6], = SIX] (34)

which in the limit approaches the EF.
The IPF along the cutting time correlations on optimal process trajectory X, in the limit,
determines equation

:
I[% /6], = —1/8ITr[(rsﬁ*1]dt =-1/8Tr[Inr(T)/r(s)]. (3.4a)
5. The equation of the EF for a microprocess:

S(t) /st =ulS(t’) ,ut* =[u, =T . (i-Du_ =, (i+D)] (3.5)

under inverse actions of function uf, starts the impulse opposite time t: =+7/2t' which measures
a space rotating angle relative to the impulse inner time t'.

The equation’ solutions for the conjugated entropies S,(t.), S_(t') determine functions
S, (t7) = [exp(t;)(Cos(t;) — jSin(t;))]1,S_(t") =[exp(-t;)(Cos(-t;) + jSin(-t))]
at
S, () =1/2S (t))xS_(t") =1/ 2[exp(=2t)(Cos?(t.) + Sin*(t.) —2Sin’*(t.))] =
1/ 2[exp(=2t))((+1-2(1/ 2—Cos(2t}))))] =1/ 2exp(-2t;)Cos(2t)) '
Minimal interactive entropy S, (t.) begins the space measure during reversible relative time interval
0.0156257 of the impulse invariant measure 7.
The running microprocess, overcoming the entropy-Information gap, starts Information Bit and an
Observer information macrodynamics.
6. The Information macrodynamic equations:

ollox, =X,a =x=1,,1,=bX, (3.6)

1 x

(3.5a)

define X, -a gradient (force) of Information path functional | (3.4) on macroprocess’ trajectories X,, | -

Information flow determined through speed X, of the macroprocess. The flow emerges from drift a’(t, %)

being averaged by function a, along the observing process, and the averaged diffusion b, > b for the

macroprocess force.

The Information Hamiltonian of the macrodynamics:

—ﬁz(a“)TX +ba—x+1/2a”(2b)‘lau B _h. (3.7)
ot OX ot

determines macro equations (3.6) from the minimax variation principle using Jacobi-Hamiltonian

equations.

Equations (3.6) are the Information form of the equations of Irreversible Thermodynamics [13-16, 45-47],

which the Information Macrodynamics generalize.
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The discretely changed Information Hamiltonian, during the impulse interactive observations, divides
irreversible dynamic trajectory on the partial reversible segments, predicting the next emerging Information
unit. The flows and forces determine the macroprocess Hamiltonian in the invariant form H =X x1 .
Information curvature K, density of Information mass M. , and effective complexity MC® connect
equation (Sec.4.2,4.3):

*

vm !

K*=M_ MC’, (3.8)
where
MC?* =3HYMC, (3.9)

includes the differential of Hamiltonian per volume HY and the IN cooperative complexity MC_ .

The single Eqg. (3.8) at (3.8a) encloses all previous Egs. (3.1-3.7a), unifying the formal math description of
this approach.

6.3. Forming Information Observer with its regularities

Information processes begin in the same state of the unknown and the emergent, represented by a state of
uncertainty. At this stage, nothing is distinct, and there is no energetic or physical basis. In the
microprocess, virtual particles emerge and vanish. Statistical structures arise.

Step by step, the IID formalism traces an Information process from its random source, following
regularities which eventually make a transition to space-time conditions.

The Information process acquires a triplet structure and thermodynamic features.

The macro-movement in rotating time—space coordinate system forms Observer’s information structure

confining its multiple INs. That determine the Observer time of inner communication with self —scaling
requesting and accumulating information.

Each Observer owns the inner time of information processing and scale of the required information (on the
micro and macrolevels), depending on density of the IN nodes information.

The current information cooperative force, initiated by free information, evaluates the observer’s selective
actions attracting new high-quality information. Such quality delivers a high density-frequency of related
observing information through the IN selective mechanism of the requested information.

These actions engage acceleration of the observer’s information processing, coordinated with new
selection, quick memorizing and encoding each IN node information with its logic and space-time
structure, which minimizes the spending information.

It determines observer’s self-organized feedback loop.

The observer optimal multiple choices, needed to implement the minimax self-directed strategy, evaluate
the amount of the information emanated from the IN integrated node, which identifies the attracting
cooperative force.

The IN nested structure holds cooperative complexity measuring origin of complexity in the interactive
dynamic process cooperating doublet-triplets, whose free information anticipates new information, requests
it, and automatically builds the hierarchical IN, which decreases complexity of not cooperating yet
information units.

Minimal selected information bilds an objective observer (like rocks) while a threshold separates them
from the self-organizing subjective observers (like animal, people) self-requiring needed information.

The self-built information structure, under the self-synchronized feedback, drives self-
organization of the IN and the evolution macrodynamics with ability of its self-creation.
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The free information, arising in each evolving IN, builds the Observer specific time—space
information logical structure that conserves its “cognition” as intentional ability to request
and integrate the explicit information in the IN highest level.

Multiple IN’s ending triplets assembles the common units through attraction and resonances forming the
IN-cognition, which accepts only units that concentrates and recognizes each IN node.

The coordinated selection, involving verification, synchronization, and concentration of the observed
information, necessary to build its logical structure of growing maximum of accumulated information,
unites the observer’s organized intelligence action.

The IN hierarchical level’s amount of quality of information evaluates functional organization of the
intelligent actions spent on this action.

The integrated quality information of the highest level IN measures the Observer Information
Intelligence.

The cognitive logic establishes time course for encoding the intelligence information in
double spiral triplet code (Figs.7-8).

The IN node’s current hierarchical level cooperates the communicating observers’ existing level of
integrated knowledge.

The intelligent observer uncovers a meaning of observing process using the common message information
language and the cognitive acceptance, which are based on the qualities of observing information
memorized in the IN hierarchy.

The intelligent observer recognizes and encodes digital images in message transmission, being self-
reflective enables understanding the message meaning.

The increasing INs hierarchy enfolds rising information density which accelerates grow the
intelligence, which concurrently memorizes and transmits itself over the time course in an
observing time scale.

Mind emerges from timespace to navigate a local space as an activity not a substance.

The self-creating observer’s intelligence enables decoding each IN’s node memorized
information recognizing it in intercommunication associated with self-awareness.

The observer intelligence includes hierarchical function of self-awareness modeling
consciousness which starts within the entropy-information gap, where the lack of information unable
any computation.

On at a higher hierarchical level, it emerges with understanding a meaning through inner-communication,
where, until the understanding, this function is not revealed.

The intelligence, growing with its time interval, increases the observer life span.

The self-organized, evolving IN’s time-space distributed information structure models
artificial intellect.

The Equations of Interactive Integrated Information Dynamics (111D) (3.2-3.9) formalize the
description of information regularities of observing interactive process.

Instead of designing the Al manipulators, the 111D focuses on creation an artificial brain in
evolving information process of the intelligent Observer.

Since brain neurons operate with information form of different observation, images
representations, they recognize the observing information process up to rising the observer
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cognition and intellect. Instead of unspecified “synthetic connections of brain network” [89], we use
information mechanism of the networks’ ending free information which automatically arranges each
discrete network connection building cognition and intelligence according to observer’ integral task.

This approach, implementing concepts of Reality, Information, and Information Observer, starts with
interactive probabilistic observation, tracing path of the interactions, reveals emerging information qubits,
bits, and forming information process, which evolving, builds information structure of multiple observer as
physical objects.

The results have obtained based on the simulating mathematical models, software programs,
which confirm the various applications cited in the publications [16, 47, 48, 71,73,74,80
others].
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