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SUMMARY: Two fundamental theses allow to develop an ontological theory of the psyche, as a system of information. The first is that neurological memory is the foundation of the psyche, without the memory of the nervous system there is no psyche and mental processes. The second is that the systemic ideas about the memory of neural networks have undergone a qualitative leap and have become a well-functioning theory, verified in a huge number of computer simulations and the construction of artificial intelligence systems. The results of the models of associative distributed memory can be successfully synthesized using an almost forgotten philosophical and methodological concept - the concept of "systems of information". The synthesis can be successfully applied to build a theory of the psyche within the framework of more comprehensive theories - systems theory and information theory. Such a theory may prove useful and effective, both for interpreting results obtained from psychological research itself, and for realizing significant progress in understanding mental processes, including self-awareness and self-awareness.
INTRODUCTION: As early as the middle of the 20th century, L.M. Wekker appealed for the construction of a theory of the psyche, but not from its own psychological positions, but looking at the psyche “from the outside”, from the point of view of more general concepts. The author has in mind information theory, cybernetics, a general theory of systems, but not fundamental physics, because he was convinced that a purely physicalist approach does not yield results. The same author also laid the foundation for this approach with the thesis that memory is not just another cognitive process, among all the others, but is a “through”, “penetrating” psychic process.[footnoteRef:1] Memory is the primary basis of all psychic processes. Without memory, there is no psyche! The nature of memory largely determines the nature of the psyche. [1:  Wekker L.M. – "Psychological Processes", vol. 3 (1981), Len. Publishing House, p. 207.] 

Completely independently of Wekker, at the same time V.I. Kremyansky proposed the general methodological concept of a new type of systems – systems of information.[footnoteRef:2] The analysis and attempts to apply this methodological concept show categorically that the concept “systems of information” is essentially a qualitative approach to the general concept of “information”. The demonstrated approach necessarily goes through a qualitative approach to the phenomenon of “memory” and it can definitely be argued that “system of information” is another name for “memory” with some qualitative specificity.[footnoteRef:3] [2:  V.I. Kremyansky, Methodological problems of the system approach to information, M., Nauka, 1977.]  [3:  Kolev T., Personal Immortality without Mysticism and Religion, Chirpan, 2011; Philosophy of Technological Personal Immortality, Gita, 2025. p.346.] 

In the presence of such successful and well-developed models[footnoteRef:4] of associative distributed memory of neural networks, it is quite logical to make a synthesis based on the concept “system of information” and to present the psyche as a system of information with specific characteristics. Such a presentation is impossible if one approaches it “from the inside” from the angle of view of only psychological theories themselves. Such a view based on more general concepts, which include the concepts of system, information and system of information, as well as the physical analogies inserted through memory models, can prove to be extremely useful for understanding the phenomenon of the psyche. Explanations and conclusions can be made about specific mental phenomena, as well as an answer to a number of controversial questions related to the conscious human psyche - the creation of artificial intelligence and its development, the possibility of technological personal immortality and an assessment of its technological implementation and the prospects for the development of humanity in the presence of such technologies. [4:  https://tanyukolev.eu/?p=625 ] 

Neurological memory[footnoteRef:5] has been the subject of intense research interest for centuries. The beginning was laid by associative psychology. Associationism is one of the oldest and most fundamental directions in psychology and philosophy, according to which all complex mental processes (thinking, learning, etc.) are formed by connecting simple sensory elements, called associations. The history of the development of this direction, as well as the extensive criticism from Gestalt psychology, are interesting topics, but the main result that I will emphasize is that the presence of associations is a fundamental layer of mental memory and mental reality, which cannot be ignored or belittled. [5:  The memory of the central nervous system.] 

A real shock in scientific circles was caused by the bold experiments[footnoteRef:6] of Carl Lashley on cutting and removing parts of the cerebral cortex and the influence of these operations on the memory and learning of experimental animals. The results of the experiments showed that the destruction of the cerebral cortex of mice disrupts the learning of the habit of finding a way through a maze. The deterioration of its memorization is proportional to the size of the mass of the damaged cortex, but does not depend on the location of the lesion. The experiment demonstrated that memory is realized in a distributed form, as a collective structure in the brain. Surgically, separating parts of the cortex of mice (in some cases more than 50%), Lashley observed that partial memory disorders arise, which depend on the amount of the separated cortex, but he never managed to destroy a specific engram, and memory changes almost do not depend on the location of the removed cortex.[footnoteRef:7] It makes no difference which part of the brain is removed - both without the left and right part, the rat was able to perform previously learned movements (orientation in the maze!). Subsequently, researchers observed similar results in other animals. [6:  Lashley K.S. ,"Studies of Cerebral Function in Learning", Journal of Comparative Neurology vol. 79. 1943 ; "In search of the engram." Society of Experimental Biology Symposium 4: 454–482. 1950]  [7:  In his famous article "In Search of the Engram" (1950), Carl Spencer Lashley summarized his 33 years of research and theory on memory and the brain. He concluded that (1) memories are not localized but instead are distributed across functional areas of the cortex, and (2) memory traces are not isolated cortical connections between inputs and outputs. He expressed similar beliefs many times, but their repetition in this article establishes in the collective knowledge of today's memory and neuropsychological research community the principle of equipotentiality (distributedness) along with associativity.] 

The first experimental evidence in this direction was subjected to fierce criticism, but subsequent more recent and detailed and meticulous studies confirmed the initial observations and concepts. This allows us to argue that the memory associated with the central nervous system is distributed, and not localized in precisely defined anatomical structures or neural networks. Of course, since the time of K.S. Lashley, research related to the search for memory engrams has come a long way, but still the titles of articles and reviews are something like this: “Still looking for the engram”.[footnoteRef:8] The author of this review notes that the concept of “engram”, of course, has been replaced by a more general concept of “functional structure” (i.e. system!). He also notes that the pioneering research of K.S. Lashley on primarily affect the cortex of the brain, not the subcortical structures, as well as the fact that memory itself is considered in a generalized manner, without differentiating into memory for habits, emotional memory, declarative, etc., which is essentially the enormous progress in the field of memory research. This progress is associated with highlighting the role of certain subcortical structures (hippocampus, amygdala, etc.!). But in the conclusion to the article, the same author notes: [8:  Eichenbaum H., Still searching for the engram, Learn Behav. 2016 Sep; 44(3): 209–222.] 

"Despite his disappointment, Lashley paves the way for the current understanding of the engram as a distributed representation of multipotent neurons and networks, each of which performs information processing that contributes to memory...the brain areas and pathways that are used to solve more generalized problems in declarative memory organize memory representations at the population level in ways that Lashley and Hebb predict as necessary."
It is enough to read a few modern reviews[footnoteRef:9] on the topic to realize the important results for the methodology. One of them is that memory has been optimized by evolution with the development of specialized "devices". Some of these devices realize emotions and emotional "vectors". Others achieve activation to achieve greater intensity of attention, etc. There are many other specialized neural networks-systems..., but their sole purpose is - optimal and effective functioning of the memory system. Even the simplest "diffuse" nervous systems, without specialized organs and devices, have memory. In the process of evolution, additional neural networks with specialized or "amplifying" functions are built on top of the primary neurological memory, for more efficiency in the process of adaptation and survival. The elementary neurological memory responsible for reflexes, at some stage of evolutionary development, becomes a psychic memory responsible for sensation, emotion, perception, etc. The reflex grows into a functional system.[footnoteRef:10] If we look at mental memory as a functional system of information, this process of improvement in phylogenetic terms is simply the most likely possible path. A similar process took place for the first time in the genetic information system, which is historically the first system of this type. In the process of evolution, by eliminating unsuitable variants in the processes of DNA replication, it has undergone numerous improvements, by adding various protective systems, error correction systems, etc. The process of gene replication in today's biological organisms has acquired enviable perfection, and the system of genetic information, the qualities that define it for each species. [9:  Eva Berlot, Nicola J Popp and Jo¨rn Diedrichsen, In search of the engram, 2017, ScienceDirect, Available online at www.sciencedirect.com; Nikolai Axmacher, In search of the human engram, e-Neuroforum 2016 · 7:31–36 DOI 10.1007/s13295-016-0023-5 Published online: 18 May 2016 © Springer-Verlag Berlin Heidelberg 2016; Sarah Robins, The 21st century engram, https://doi.org/10.1002/wcs.1653, 12 May 2023 et al.]  [10:  Anokhin P.K., Collection "Principles of system organization functions", Moscow, 1973,] 

The system-forming factor for both the genetic system of information and the psyche as system of information is the same: survival now and in the future!
The problem of the psyche, posed in this way, is transformed into a problem of transforming neurological memory into psychic memory, of the transition from physiological (irritability, reflex) to psyche. L.M. Wecker at the end of Vol. 3 of "Psychic Processes", at the very end, again poses the most important and fundamental question about the psychophysical section. This is the limit or "threshold" that must be overcome in order for a "psychic unit" and a "psychic tissue" to arise from non-psychic elements.[footnoteRef:11] The empirical characteristics of the psychic, the same author discusses in detail in the first volume of his fundamental work and they can be briefly retold as follows: [11:  Vekker L.M., Psychic processes, vol.3, p.312.] 

1. The initial critical feature of any act, characterized as psychic, is empirically expressed in the existence of two rows of facts, which in a completely different way express the relationship of this act to the internal dynamics of the processes occurring in the responsible organ.
The first row of facts clearly shows that any psychic process, like any other vital act, is related to a certain organ in the organism. And the dynamics of the processes in this organ, realizing the psychic - eye, ear, brain... or the entire nervous system can be described only in terms of the internal phenomena occurring in the organ. (general physiological language, like any physiological act of vital activity!)
The second row of facts, which distinguish the psychic from the physiological drastically, and they are related to the fact that the ultimate and most important characteristics of the psychic process can be described only in terms that are related to the properties and relations of external objects. The physical existence of these external objects is not related to the organ realizing the psyche.
“This paradoxical embodiment of the properties of an external object in the states of another object – the organ of the psychic act or, conversely, the “reincarnation” of the own “nature” of the carrier of the psyche in the properties of another, external to him physical body represents the true primary specificity of the psychic process” – writes Wecker and describes in detail the manifestation of “psychic projection”.
It has long been noticed that when an external impact is exerted on a sensory organ (light reflected from some object falls on the eye!), the sensation is not of the changes caused by the light on the retina, but of the external cause of this sensation – the reflecting object. Such reproduction of the place of one thing – an object in another thing – an organ of the psyche, without the real place of the object being occupied, is the essence of the phenomenon of projection. “Unity in two persons” is the most incomprehensible and the most mysterious feature of the described critical distinctive feature of the psychic. Even in the simplest mental process – sensation, at the very threshold of the psyche, according to the law “all or nothing” this “ultra-specific” and extremely mysterious spatial feature of the mental process, the so-called projection, is obtained.
2. The content of the second empirical characteristic of the psychic is that “the picture of the mental process, insofar as it is a picture”, which is revealed to the bearer of the mental, remains completely hidden and unrepresented in the internal dynamics of changes in the states of the carrier organ, realizing this process.
The final general description of the mental image cannot be reformulated in physiological language, in the language of excitation and retention in neurons or, more generally, in the language of the processes that are observed in the carrier organ. The unformulability of the characteristics of mental processes in the language of the physiology of changes in the carrier organ is the reverse side of the formulatability only in the language of the properties and relations of their object. (This is the content of the psychophysiological paradox: “the psyche as a property of the brain is inexpressible through the properties of the brain” (Sava Petrov))
“The enrichment and concretization of knowledge about nervous processes as the closest link to the psyche in the mechanism of its organ’s operation clearly shows that the direct construction of a multi-qualitative and objectively structured picture of perception, feelings, thoughts and their stable invariant characteristics from the “material” of standard nerve impulses or gradual biopotentials and their variable dynamics cannot be realized!”- the author states.
3. The third empirical characteristic of all mental processes can be defined as: inaccessibility for direct sensory observation! Unlike other forms of reproduction, such as photography, painting, sculpture, etc., which can be sensually perceived in the same way as the originals, mental reproduction is “invisible” and “imperceptible” except for the subject, and the subject is only revealed the "picture", but not the mechanism and process of its "drawing".
L.M. Wecker's thought in a quote is as follows:
"For their carrier - the subject, mental processes (perception or thought) reveal the properties of the object, leaving completely hidden the changes in the substrate, which constitute the mechanism of this process. But on the other hand, the changes in the substrate, discovered to one degree or another of completeness for the outside observer, do not reveal to them the characteristics of the mental process of the other person. Perceptions, ideas, thoughts and feelings - all mental phenomena are "tragically invisible"...., they are also hidden from the direct sensory perception of the subject, who is their carrier. A person does not perceive his perceptions, but the objective picture of their objects is revealed to him. For the outside observer, neither the objective picture of the perceptions and thoughts of the other person, nor their own psychic "tissue" or "material" is revealed. Under direct observation from the wounds are accessible namely and only the processes in the organ, constituting the mechanism of the mental act.”
4. The fourth, formulated last by the author, but not in importance and difficulty of explanation, specific characteristic of the mental can be defined as its very peculiar and irreducible to physiology or to the external environment activity. We call the fourth specific characteristic of the mental free activity or also freedom of will. I quote:
“This makes such activity mental precisely because it does not directly arise either from the physiology of the internal processes of the organism, or from the physics, biology and sociology of its immediate external environment. At the same time, insofar as this activity is not unambiguously equivalent to physiological or physical forces, it does not have in advance firmly set and fixed details and programs in all concrete realizations, and the subject can act “in many ways” (Sechenov); mental activity manifests itself and differs as free activity.”[footnoteRef:12] [12:  Л.М.Веккер, I-ви том „Психические процессы“,1974г.] 

Creating a theory that would describe and explain the formulated characteristics of the psyche in its most general form and in relation to the functioning of the nervous system of the organism is an extremely difficult and complex task. L.M. Wecker successfully traced the path of such a theory and presented his views in three volumes, but his greatest merit is highlighting the role of neurological memory as the most important prerequisite for the development of the theory. At the time of Wecker, the necessary knowledge about the functioning of the memory of neural networks did not yet exist, even less models that would describe it sufficiently fully and rigorously. But in the 1980s. a breakthrough occurred in this knowledge and the “spin-glass” model for the associative distributed memory of neural networks by John Hopfield[footnoteRef:13] appeared. Although John Hopfield and Jeffrey Hinton received the Nobel Prize in Physics for 2024 for this research, the significance of this breakthrough is still not fully realized. The wave of qualitative changes in knowledge caused by these ideas was first felt in computer science and programming. Computing systems appeared that began to solve previously unsolvable problems, successfully recognize images, translate from one language to another, artificial intelligence systems capable of working with huge data sets. This type of artificial intelligence systems successfully passed A. Turing's test of reasonableness and people from all over the world began to have fascinating and useful conversations with them every minute. What remained "swept away in the corner" is the application of the ideas of this type of models in psychology and the awareness of the possibilities that they offer for understanding the human psyche and consciousness. [13:  Hopfied J.J., Neural Networks and Physical Systems with Emergent Collective Computational Abilities, Proc. Natl. Acad. Sci. USA, vol.79. pp.2354 – 2358, April,1982] 

Even today, the physicalist tradition of not making a distinction between a nervous system (brain, neural network) on the one hand and the completely different, but completely material formation existing in the nervous system – a psychic system of information. The material nature of the psyche is understood only as a connection with an immediate structure – neural networks, but not as a hyperstructure, i.e. a system within a system. A new material reality with its own peculiarities and laws! For me, the “stumbling block” was clearly outlined – the disregard for this new material system:
Who performs the decoding!?
Who is the carrier of the most perfect decoding device – consciousness!?
Who is the immediate carrier of the psychic, and therefore of consciousness!?
How exactly is the decoding of the signals coming from the sensory periphery carried out in order to obtain a psychic image!?
How can we explain, concretizing the information paradigm, such a property of the psychic image as projection!? ;
How to explain the "sensual" experience that accompanies every sensation and mental image and is different in different subjects!?
The correlates of the psyche and consciousness in the nervous system are persistently sought and a sufficient number of publications[footnoteRef:14] on this topic can be listed, the question remains open and without a convincing answer. Prominent theorists cannot shake off the knowledge of the specific field in which they work: psychology, neurophysiology and try to see the "substrate" of the psyche and consciousness persistently in the directly observed neurophysiological processes without realizing that there are systemic processes.[footnoteRef:15] Systemic processes are irreducible to elementary physiological processes, such as excitation and inhibition in neurons and to the chemistry of the course of nervous excitation, to intra-neuronal structures, such as microtubules[footnoteRef:16] (S. Hamerov) and the changes occurring in these processes. In all systems, and even more so in the field of supercomplex systems (the nervous system), the world is built of hierarchical levels, each with its own specificity and its own laws practically irreducible[footnoteRef:17] to the laws of the other levels. [14:  Christina Merrick 1 , Christine A. Godwin 2 , Mark W. Geisler 1 and Ezekiel Morsella 1,3*,1 Department of Psychology, San Francisco State University, San Francisco, CA, USA; 2 School of Psychology, Georgia Institute of Technology, Atlanta, GA, USA; 3 Department of Neurology, University of California, San Francisco, San Francisco, CA, USA , The olfactory system as the gateway to the neural correlates of consciousness, https://www.frontiersin.org/articles/10.3389/fpsyg.2013.01011/full , https://scholar.google.com/scholar?hl=bg&as_sdt=0%2C5&q=neurodynamic+correlates+of+consciousness&btnG= ]  [15:  Shvyrkov V.B., Theory of functional systems in psychophysiology, pp. 11 – 46, in coll. Theory of functional systems in physiology and psychology, Nauka, M., 1978.]  [16:  Hamerov Stuart, "Quantum coherence in microtubules: A neural basis for emergent consciousness?", 1994 г.,Journal of Consciousness Studies.
]  [17:  In principle, we can derive chemistry from the laws of physics of the electron shells of atoms, but this is not done and to replace chemistry with physics. But this is not done anywhere, because the difficulties are practically insurmountable and it is much more effective to develop the science of chemistry.] 

The methodological concept of " systems of information" is designed to answer the questions formulated above, if it is specified to the necessary extent. The world of information is not built only of elementary units of information (information atoms!), but there are also complex constructions, i.e. information systems. The answer to the questions posed cannot be given only on the basis of knowledge related to neural networks. The systems inscribed in the immediate physicochemical or neurophysiological systems, existing as hyperstructures, are no "less material"[footnoteRef:18] than their carriers, but they are certainly more active and concentrate in themselves regulation, management and, along with this, the decisive moment of preservation. The methodological hypothesis of the existence systems of information, with their qualities and efficiency, is logical and can be considered working! Today, there are already excellent conditions for the concretization of this methodological hypothesis, as well as for its experimental verification. The first condition for the course of this cognitive process is obvious - these are the models of associative distributed memory[footnoteRef:19], which, in addition to their proven effectiveness, are also widely popular. In turn, the concept of "systems of information " offers opportunities for the synthesis of various models and conveys to them a generalized content and deep awareness. [18:  V.I. Kremyansky, Methodological problems of the system approach to information, ed. Nauka, M., 1977]  [19:  Selected and synthesized in one place: https://tanyukolev.eu/?p=625, https://subspecieaeternitatis.org/bg/?p=648] 

The basis of the reasoning here will be the “spin-glass” model of associative distributed memory in the version originally proposed by John Hopfield. I trust that the model is familiar to the reader in a minimal volume[footnoteRef:20], i.e. at least as much as the volume of the article cited above. The two other models are in agreement with the “spin-glass” model and can be considered as first steps in the same direction. Along with this, they possess some aspects that make them an indispensable addition to the basic information. The holographic model is extremely illustrative and many of the interesting properties can be demonstrated visually, this makes it a source of heuristics that can be checked on the basic model. Kohonen’s model of associative distributed memory is presented in terms of relations and beautifully reveals with mathematical precision a peculiar process that can be called the “atom” of this type of memory. If the notorious "Turing machine" is the basis of the concept of "algorithm", then the primary cell of associative memory according to Kohonen can be interpreted as the basis for understanding "collective computation" (according to Hopfield), which differs from algorithmic computation. [20:  At least in the volume of the article https://tanyukolev.eu/?p=625] 

Based on the three cited models, synthesized through the more general concept of an system of information, a new idea of ​​the psyche, which is also an system of information, can be built. The psyche arises spontaneously, as a superstructure of the biological associative distributed memory of the neural networks of a simpler or more complex nervous system of the respective organism. For the psyche, as a system of information, several general and immediate conclusions can be drawn from the available models:
*1.
The concept of “memory space”, which was used repeatedly in previous publications[footnoteRef:21], is extremely important for the idea of ​​technological personal immortality, and is not just a metaphor. If we accept the Hopfield model of distributed and associative memory, it becomes a strictly defined concept, even a mathematical formalism. The states of the “spin-glass” phase at different temperatures, after lowering below a certain critical temperature, exist in the so-called ultrametric space[footnoteRef:22]. [21:  Kolev T.: Personal Immortality without Mysticism and Religion, Chirpan, 2012; Philosophy of Technological Personal Immortality, Gita, 2025.]  [22:  Rammal R, Toulouse G, VirasoroM.A., Rev. Mod. Phys., 58, 765 (1986) – detailed review of the topic. 
An ultrametric space is a special kind of metric space in mathematics, where the usual triangle inequality is replaced by a stricter one. While the standard distance allows the straight lines of a triangle to vary, an ultrametric space requires that each triangle be isosceles, and that the sides do not exceed the length of the largest one. Ultrametric spaces find surprising applications in theoretical physics: Nobel laureate Giorgio Parisi proved that the phase space of spin glasses (disordered magnetic systems) has an ultrametric architecture due to the violation of replicative symmetry. Quantum physics and string theory call numbers that form ultrametric spaces, and they are used in models to describe string theory and quantum field theory at ultrasmall scales. Hierarchical systems - to describe complex hierarchical states of materials (condensed matter) and ultrafast relaxation processes.] 

For neural networks, by the analogy used, these states are not simply energy values, but become states of stored traces of external influence. The analogy between the “spin-glass” phase and neural networks means that the memory traces in neural networks (i.e. both in the biological nervous system and in the artificial one, if we create one!) also obey the ultrametric geometry! The hierarchical tree describing the states of the spin glass depending on the temperature is not an auxiliary construction that simply illustrates an original metric – ultrametricity. It exactly corresponds to the hierarchical fragmentation of the state space, i.e. the states of the memory. This is the system of “valleys” – minima in the energy-information surface with some overlap. The valleys, the depressions in this surface correspond to specific images stored under the influence of the sensory flow from the internal and external environment. The picture of the hierarchical tree of states, a function of the temperature of the system is essentially the general picture of the distributed, associative memory. It reflects both the structure of the memory (the space in which it exists!), and its dynamics depending on the temperature of the entire system. This is sufficient grounds for interpreting the hierarchical tree of states as a general picture of this type systems of information. 
Thus, the general concept of a "system of information" for the psyche can be non-trivially specified in the form of a hierarchical tree of states, which has its own structure and dynamics. This completely new and specified view of the psyche as a system of information requires a significantly more detailed exposition of both the hierarchical tree of states defining an ultrametric space and its dynamics.
[image: ]
Fig. No. 1.
In Fig. 1[footnoteRef:23] the states of the system are represented as a “tree” with ultrametric symmetry. The states are denoted as α, β,.... When the temperature drops below the critical TC to the temperature at which the measurement is carried out Tm, the spin-glass states have “self-overlap” qαα(Tm) ≡ qEA(Tm) is the Edwards-Anderson order parameter[footnoteRef:24] . Three exemplary spin-glass states at some measurement temperature Tm lower than the critical temperature are presented and they are denoted as α, β and γ. Their overlap q satisfies the ultrametric topology qαγ = qβγ ≤ qαβ. The self-overlap is independent of the state qαα = qββ = qEA(T). When the temperature is lowered from Tm to Tm −δT, the states “branch” to daughter states, each of which now has self-overlap qEA(Tm − δT). Every very small drop in temperature by δT leads to a new branching of the tree. [23:  Fig. 1 and Fig. 2, as well as the description of the hierarchical tree and its dynamics in relation to temperature changes, are borrowed from the article by E. D. Dahlberg, E. Marinari, G. Parisi, and F. Ricci-Tersenghi, Martin-Mayor, J. Moreno-Gordo, R.L. Orbach, I. Paga, J.J. Ruiz-Lorenzo, D. Yllanes, Spin-glass dynamics: experiment, theory and simulation, arXiv:2412.08381v2 14 09 2025, Condensed Matter > Disordered Systems and Neural Networks.]  [24:  qαα≡ qEA(Tm)  = 1/N  ] 

[image: ] Fig. 2
In Fig. №2. the hierarchical organization of metastable states is presented. The free energy surface is “curled” at each level in accordance with a given temperature. When the temperature is lowered, each valley is subdivided into others. The times tw and t′w are indicated, which are necessary to study, respectively at Tm and Tm −δT, the region of the phase space bounded by the same barriers. The closest common ancestor of all states in the space bounded by ∆(Tm) and ∆(Tm − δT) is the same, and its corresponding value of the overlap functions is qEA(Tm) and qEA(Tm − δT). The scheme demonstrates that the states are separated by increasingly larger barrier heights as the temperature decreases. The free energy surface has a self-similar structure, i.e. it has a fractal character.
*2.
The dynamics of the entire system are determined by the temperature. It should be noted that for neural networks the concept of “temperature” T does not describe the physical temperature, as is the case for the physical “spin-glass” system. For a neural network (biological or artificial), the parameter T reflects thermal fluctuations, an effect of synaptic noise (the noise associated with synaptic contacts), the changes of which are the direct carrier of the memory trace. If the parameter T tends to zero, then the stochastic neuron takes on a deterministic form, without noise, i.e. a McCulloch and Petes neuron! The temperature plays the role of statistical noise. It allows the system to sometimes transition to a state that is not energetically advantageous. In neural networks of the “spin-glass” type, a problem arises in the presence of many false minima (local energy wells that are not stored effects). If the temperature is too low, the network easily “gets stuck” in the wrong local minimum. If there is a higher or optimal temperature, the thermal energy allows the system to “jump out” of the shallow local minima and find the deeper minimum containing the necessary memory trace.[footnoteRef:25] [25:  This is the process known as Simulated Annealing.] 

The dynamics of the memory of the neural network is not related to a transition from one pure state to another pure state, because they are separated by a huge energy barrier. The dynamics of the memory is related to a change in temperature, with its periodic rise and fall. The thing is that when some variety is fed to the neural network, it is in a state of high energy and high uncertainty. The system is far from its usual attractors, which are the stored impacts (images). At this moment, the temperature of the network, of its microstates is high, because the system is not arranged according to its internal logic. Recognizing the impact, attributing it to something that is already stored or even creating a new “valley” (if it cannot be recognized) is equal to cooling and relaxation. That is why the process of recognition is called energy relaxation. As the system “falls” to the energy bottom of the existing “valleys”, it throws out the information noise. This corresponds to a decrease in temperature in a statistical sense: the system goes from a chaotic state to a strictly ordered, stable state (crystallization of memory).
As can be seen from the diagram in Fig.№2, one can plot the value of q in the “vertical” direction, then at a given temperature T, the level of the end points of the tree corresponds to q = qmax(T), for this temperature. The overlap q = 0 at the level of the common ancestor, because with increasing temperature the states merge. With a decrease in temperature to T' < T, each of the states lying at the level qmax(T) branches into a set of “descendants”. They are new end states at the lowest possible level of the tree at this temperature. Conversely, with increasing temperature, all families of states that have common ancestors merge into these ancestor states.
qmax (T) is a certain function of temperature, the temperature sets the level of the tree height at which a horizontal "cut" should be made, which determines all the states existing at this temperature. Everything below this level is "invisible" at the fixed temperature, and everything above it is the "history of the origin" of the existing states.
The memory phase or spin-glass phase occurs after the temperature drops below some critical value, and after this critical temperature, the slightest further decrease in ẟТ leads to a new phase transition. This means another state decay and a "curling" of the free energy surface. The picture of the "relief" of the free energy becomes significantly richer, and this process of fragmentation irresistibly progresses with each decrease in temperature with each ẟТ up to absolute zero of the temperature.
The temperature of the neural network changes under the influence of the sensory flow of diversity!
When diversity from the environment (internal or external to the system) enters, the temperature increases. When a process of “collective calculation” takes place, which means recognizing the impact, restoring all information in parts, classifying and comparing it with existing states, etc., the temperature of the system decreases. During normal functioning of the system, a cyclical process of increasing and decreasing the temperature occurs, which accompanies the collective calculation and building a subjective picture of reality. In this picture, there are more or less generalized and more or less stable states that serve to recognize and classify the newly incoming flow of sensory diversity.
Associative distributed memory, according to Hopfield's "spin-glass" model, has the extremely important property of making generalizations and forming prototypes of sensory impacts that are close in structure.[footnoteRef:26] In essence, this is the way in which the psyche copes with the huge volume of diversity and forms a hierarchical picture of reality, which is in continuous use throughout the entire time the information system is functioning. Namely "information", because the recognized and classified diversity after this process becomes information for the psychic subject with the corresponding content and context. I will return to this essential point of the theory in the next article, devoted entirely to the psychic subject, its spontaneous emergence and its dynamics. [26:  The first studies in this direction: Virasoro, M. A. (1988). Categorization and search of memory. Europhysics Letters.; Vedenov A.A., Modeling of elements of thinking, Nauka, 1988, p.53; Fontanari, J. F. (1990). Generalization in a Hopfield network. Journal of Physics A: Mathematical and General.; Cugliandolo, L.F. (1992). Categorization and generalization in the Hopfield model. Journal de Physique I.; ... to the latest developments: McAlister, H., Robins, A., & Szymanski, L. (2017). Hopfield networks as a model of prototype-based category learning. Neural Networks.; Ramsauer, H. et al. (2020). Hopfield Networks is All You Need; Arecchi, N. et al. (2024/2025). Random Features Hopfield Networks generalize retrieval to previously unseen examples....etc.] 

For the normal existence and effective functioning of the psyche, as a system of information that regulates and manages the behavior of the individual, the presence of a sensory flow that exceeds some critical values ​​of the volume of diversity is of essential importance. Without the presence of a sensory flow with the appropriate structure and volume, the psyche, as a system of information, cannot carry out normal dynamics and realize its management functions. This result has long been derived from experimental psychology and has an empirical character, but here, in these model representations, it arises from the starting positions and internal logic of the theory and acquires a much richer content. Another feature that must be noted is that at a fixed temperature, once it has fallen into one of the stable states (a certain deep valley) it never passes into other states (other valleys), since they are separated by infinite barriers of free energy. This means that the actually observed processes in the psyche are determined only by this limited area of ​​the phase volume of the system. If we want to calculate something or understand and realize, in relation to the specific individual psyche, we will have to limit ourselves only to this part of the space of the phase volume. The fixed limited area of ​​the phase volume inevitably turns out to be extremely individual and unique for each nervous system and for each individual. The essential thing is that inside some valley at some temperature T, there is a hidden whole, a huge hierarchical tree, which manifests itself when the temperature decreases and reaches zero. It is these states, which are truly a huge number[footnoteRef:27], that make a major contribution to the phenomena in this valley and to the memory of a particular individual, to his individual psyche, self-consciousness and consciousness. [27:  The number of states is truly cosmic, regardless of limitations!] 

*3.
In associative distributed memory, learning, pattern recognition, all information processes are a spontaneous collective process of the system as a whole and a complex algorithm for information processing is not needed. Memory is realized as a set of attractors of the system states. Each new information is memorized, expanding the set of attractors and complicating its structure. J. Hopfield introduced the concept of computational energy, based precisely on the fact that memory and calculation (information processing) are realized by the collective effect of many computational elements that are strongly interconnected. Collective properties can be studied and understood on the basis of simplified models of individual computational elements and the connections between them. The concept itself deserves more explanation, because it is the basis of the qualitative difference between algorithmic sequential calculation and collective calculation. Any computing device (analog or digital) operates from some initial state, goes through a series of changes and eventually reaches a final state, which is the desired solution. In the space of physical quantities determining the state of the system, this process can be depicted as a multidimensional line that deviates as a result of fluctuations and noise from the required trajectory and returns to it either through instructions of a specific computing program (algorithm) or as a result of the action of a more general physical law valid for the system (in analog computing).
“In collective decision-making schemes, the calculation process differs significantly. The general trajectory of calculations is not determined by step instructions, but by a branched structure of connections between the “computational” elements. Instead of moving one step forward with subsequent restoration of the calculation path, the scheme directs it along the required channel, i.e. focuses everything into a single continuous process”.[footnoteRef:28] [28:  D.W. Tank, J.J. Hopfield COLLECTIVE COMPUTING IN NEURO-LIKE ELECTRONIC CIRCUITS, "In the World of Science" (Scientific American) 1988. p. 44.

] 

The authors note that network structures of this type are capable of quickly and efficiently finding solutions to optimization problems, such as the optimal distribution of work for a group of people with different qualities, the task of a traveling salesman who must travel along an optimal route through a list of cities, etc. Interestingly, problems related to perception, pattern recognition, can often be expressed as optimization problems. The application of collective computing schemes is an implementation of associative memory, which is also a kind of solution to an optimization problem. The concept of computational energy and E-surface allows us to make a simple mechanical analogy and depict memory as hills and valleys of a certain energy landscape. The physical characteristics of the neural network determine the outlines and shape of the landscape. Each valley is a kind of attractor, a state to which the system strives if it falls into its area. Information processing is the process by which the system follows the shape of the landscape and seeks to minimize computational energy, i.e. the bottom of a valley, similar to the movement of a ball under the action of gravity. With incomplete source information, where only some of the image characteristics are specified, the system is able to restore the full image, sliding into the nearest "valley" containing the full information.
[image: ]
Fig.N3.
The desert landscape with its sandy hills and valleys is a good illustration of Hopfield's energy-information surface!
Spin glass is an extremely convenient and indicative model system with its literally infinite number of valleys and a complex landscape of the energy surface, which changes with each new impact. In such a system, collective calculation and fast associative reconstruction of an image by parts of it are easily realized. Information processing, as a collective calculation, differs significantly from the process of information processing in a classical computer. While in modern computers the “trajectory of calculation” is determined by instructions in steps defined by the software, i.e. the computational program, in neural networks the strongly connected elements form a specific environment that “focuses the calculation into a single continuous process”. The process proceeds as a relaxation of the system to a state closest to the previously entered image. The memory of the system is in the form of a certain number of “valleys” and changes in the energy landscape. But the essential difference lies in the fact that the interaction of the newly arriving diversity with the already stored information occurs by content, and not by address.
Pre-recorded images in memory play a central role in the processes of recognition and classification!
As D. Hopfield and D. Tank note, the concept of associative memory comes from psychology, and even simple nervous systems have the property of associative memory, therefore it must be a spontaneous property of the neural network.
When building a new associative memory trace, the psyche fluctuates between a group of close images. This process of “wandering” between close images finds a good explanation within the framework of the “spin-glass” model, which performs a similar behavior when a stimulus is presented to it. Indeed, the experimental system quickly switches to a state close to one of the images, but at the same time, as a result of the fluctuations, jumps to images close to this one are also possible. The model system switches to different states of close images, and this “wandering” depends on the structure of the memory and on the “temperature” (!) of the network.
This behavior quite definitely suggests that associative memory is not a one-time act, but rather a cyclical process or “vortex” that draws a certain group of images into some temporal sequence, behavior that is in full agreement with Kohonen’s system model and the results of psychological research.
The behavior of the model system in the presence of two memorized “orthogonal” images is indicative. The transition time between them can be reduced if other images that are not orthogonal to the first are memorized in the meantime. At low temperature, the images recorded in the system’s memory can be united in groups, with the frequency of jumps within the group being significantly higher than that between the groups. This behavior of the model is reminiscent of the well-known situation in psychology, when presenting a certain stimulus triggers a whole chain of associations connected with each other.
There are other manifestations of the model that can find an immediate interpretation in psychology. One of them is the bistability of perception. If two images are recorded in the memory of the neural network, observing a certain ratio of the members describing them, when a stimulus is presented, a state is obtained that can be considered as distorted either one or the other of the images. This means switching to either one or the other image, i.e. bistability of perception, well illustrated in optical illusions.
If the system is subjected to additional training in order to avoid the “hysteresis” between the two images and one of them is effectively remembered, then the second cannot be reproduced, i.e. the network effectively forgets the second image. This effect in psychology is known as “proactive forgetting”! The model system definitely has the general property of forgetting! The introduction of new images into memory constantly reduces the “weight” of the old ones or even partially distorts them, especially if they are rarely used. In psychology, this phenomenon is called “retroactive forgetting”, the new information displaces the old one. All these examples demonstrate, if not complete isomorphism, then at least a direct comparison of mental phenomena.
A fundamental result is that the memorization of new information depends essentially on what is already stored in the network and on the sequence of events that are stored. In other words, the statistical properties of the system of images that make up the memory are not random, but are determined by the stimuli that have already entered the previous stage of learning and are stored.
This result directly supports the thesis that this type of model describes associative memory not as something else, but as a system of temporal information. In the hundreds of publications in physics journals, the concept of an information system is not used, due to the adopted attitudes and ignorance of a methodology other than physicalism. However, it is memory, as such a system of information, that decodes the incoming new diversity, recognizes and includes each newly arrived image in the overall picture, and not the neural network itself. Without the images previously stored in the neural network, without their structuring and self-organization, the neural network will have to start from the very beginning and will not recognize anything, but will simply memorize the new effects. The model of associative, distributed memory of the neural network proposed by John Hopfield by analogy with the processes of memorization in the “spin glass” is a decisive step forward in understanding the relationship between the psyche and the nervous system. The successes of this model are a direct confirmation of the effectiveness of the methodology developed in the previous part – a functional system of information and linking the mental with systemic processes.[footnoteRef:29] In publications, one can often find the expression “Hopfield network”, which shows that the break in thinking is still not clearly understood. [29:  P.K. Anokhin – V.B. Shvyrkov] 

Not “Hopfield network”, but “Hopfield memory” is a more adequate expression, because the model that Hopfield proposes is a model of distributed, associative memory!
Memory that can be understood by taking into account the isomorphism of the processes occurring in the “spin glass” and in networks of biological neurons. This memory is a new type of system – a system of information with its own laws, different from both the magnetic behavior of the “spin glass” and the physicochemical laws of networks of neurons. The mean field theory (MFT) approximation, as a visualization of the energy-information computational surface in the form of valleys and hills, is closer to a continuous environment than to a network and discreteness.
The essential point in this model is: “memory model” - memory structured and organized in a certain way and with its own dynamics. It has the properties of being a “processor”, recognizing and organizing incoming influences, implementing a unique “collective computational process” and arranging information into a single hierarchical picture, making generalizations.
What more concrete and clearer picture of the concept of “system of information”!?
Not neurons, but the interneuronal interaction, which is frustrated and performs nonlinear oscillations and continuous phase transitions, is the immediate carrier of the system of information. It is precisely this that causes the permanent changes in synaptic contacts and consolidates memory traces.
Associative memory is a dynamic system that depends on the already memorized content and changes under the influence of the sensory flow of diversity. The sensory flow of diversity is subjected to recognition and classification and becomes information for the memory being built. Thus, memory, as a system of information, develops according to its own laws, different from the laws of the immediately supporting systems.
A new type of movement arises, for which the relationship between images is decisive, the laws of the “information space” determine the processes and “trajectories of movement”. Like all other forms of movement, this movement is a unity of preservation and change. There is something constant, something that is preserved, built and developed, and something else that is constantly changing, to the point that some memory traces fade, are forgotten to the point of complete erasure.
*4.
The functional system, whose substrate is the information encoded as a dynamic hyperstructure of the neural network, is well illustrated by the valleys and hills of the Hopfield E-surface. Under the influence of the sensory flow of diversity, the entire memory can be considered as a self-organizing dynamic system of the flow type, something like Benard cells!
In this flow system, the “cells” or “flow vortices” are of information. The flow, which exceeds some critical values ​​and causes the “coordinated convection” of information, not of heat, but of sensory diversity. T. Kohonen’s scheme[footnoteRef:30], reflecting the most elementary associative process of processing the incoming diversity, not only well illustrates a certain information vortex, but also suggests the emergence of a whole system of such vortices.[footnoteRef:31] It is the system of such information vortices that interact to build a picture of reality that forms the mental picture. [30:  Кохонен Т., Ассоциативная память, Мир, 1980,( Kohonen Teuvo, Associative Memory, A System-Theoretical Approach, Springer-Verlag, 1978.;]  [31:  The system of information vortices has a certain structure and dynamics, which is the subject of special consideration, after introducing the concept of a psychic subject.] 

[image: ]
Fig. No. 4.
The triple [ K(t), C(t), R( t – Δ )] can be considered as a single static image for a certain moment of time t and it can be recorded in memory. T. Kohonen interprets relations as associations and vice versa, because each association represents a two-element relation, which contains three symbols, one of which specifies the name of the relation, and the other two – its arguments.
(A, O, V)                                                                         A
O → V
With the following reservations:
- A is a relation, but it is not just a relation, because all elements of the triple are preserved together and there can also be cross-relations, which are again associations;
- The simplest way to avoid misunderstandings is to call the entire structure associative memory, but at the same time the nature of the process by which the association between the elements is carried out, its physical meaning will bring additional clarity to the system.
Kohonen's model of associative memory is not a one-time act, but a cyclic process or "vortex" that involves a certain group of images in some temporal sequence. The process of associative search begins when an image K and the context information associated with it C are fed to the input. As a result, an image R = K is obtained at the output. The retained output signal R( t – Δ ) and C , i.e. the pair (C,R) are converted into a new key-feature, which leads to the next image R(t). In this way, all previously recorded information is traversed, together with the context image. The sequence of images is interrupted when an empty image is output. 
T. Kohonen emphasizes that the form of representation of relations in associative memory using triples is the simplest construction, on the basis of which structures of arbitrary complexity can be built. Therefore, this model of associative memory can be considered the simplest. Significantly more complex models involving multiple information vortices are possible!
The hypothesis of the psyche as a flow self-organizing system (type of Benard cells) is a direct consequence of the synthesis of the models of associative distributed memory of Hopfield and Kohonen, but it has indirect empirical confirmation from the entire development of psychological science in the 20th century. The importance of the sensory flow of diversity, both in quantity and quality, has been realized as an empirical fact for a long time and thousands of pages of text have been written. A good example is José Delgado, who in his monograph[footnoteRef:32] , devotes an entire chapter[footnoteRef:33] to a review and analysis of this problem, emphasizing the significance of the sensory flow. Pointing out various findings about the influence of sensory flow on the normal functioning of the psyche, he writes: [32:  Delgado Jose M.R., Physical control of the mind, N.Y.,…London, 1969, (руски превод: Х.Дельгадо, Мозг и сознание, М., Мир, 1971)]  [33:  H. Delgado, Brain and consciousness, M., Mir, 1971, ch.7, pp. 65-71.] 

“The literature on the influence of insufficient sensory flow is vast and it convincingly shows that a continuous sensory flow is necessary for the cerebral cortex to maintain normal behavioral and mental activity”[footnoteRef:34] [34:  H. Delgado, Brain and consciousness, M., Mir, 1971, ch. 7, p. 69.] 

Even at the time of the impressive experiments of José Delgado, and until now, after the massive experimentation[footnoteRef:35] with sensory deprivation chambers, it has become crystal clear that the changing external environment is absolutely necessary for the psyche, without it it ceases to function adequately and develops abnormal manifestations. [35:  I was also able to construct and fabricate a sensory deprivation chamber to see the effects and their significance. Example: E. Ricciardi , P. Pietrini , D. Bottari , Rethinking the sensory deprived brain, International Journal of Psychophysiology
Volume 188, Supplement, June 2023, Page 63.] 

Obviously, the sensory flow of diversity plays an exceptional role in the formation of the psyche, as a system of information!
Obviously, the sensory flow of diversity plays an exceptional role in the formation of the psyche as a system of information!
Observations and studies of an empirical nature and theoretical considerations related to models of associative distributed memory lead to the idea that the psyche as a system is probably: a self-organizing system of a stream type. Books on synergetics are full of detailed descriptions of stream systems. The imagination easily creates the following picture: under the flow of influences coming from all sensory modalities, in associative memory, a dynamic system of information of a stream type (Bénard cells[footnoteRef:36]) arises (or it itself becomes!) The essential difference with the Bénard cells, which are a physico-chemical phenomenon, in this hypothetical new stream system, the “cells” or “convection vortices” are of information. In associative processing (in memory as an associative processor), diversity is indeed well described by vortex, circular movements, which ultimately lead to recognition and the transformation of diversity into information in its own sense for the psychic subject. Each elementary “vortex” is well described by Kohonen’s model, which is a kind of “atom” of associative memory, precisely because it is the basis of more complex and encompassing systems. [36:  Николис Г., Пригожин И., Познание сложного, изд.Мир, М.,1990г., стр.13 – 20, (Nicolis G., Prigogine Ilya, Exploring Complexity, 1989).] 

It must be clearly understood that we are talking about "information vortices" in content, not physical vortices or vortices in the hyperstructure![footnoteRef:37] [37:  This is the reason why such vortices cannot be observed directly with a microscope or other physical methods. The vortices are associative and have an informational content that arises in the presence of a psychic subject and is subjective.] 

In physical systems, a number of conditions are met for self-organization to occur and a dissipative flow-type structure to emerge.
Are these conditions met for the system of the psyche!?
The question is extremely relevant and its answer is extremely necessary in order to convey the completeness and integrity of the hypothesis about the nature of the psyche as a system of information. But such an answer can be given only after introducing the concept and scheme of a psychic subject, its spontaneous emergence in memory and its dynamics.
During associative processing of the incoming flow of diversity, such as recognition, comparison with already memorized images, generalization and creation of prototypes, etc., accompanying processes can be noted that have an extremely interesting interpretation. They can be understood as: psychic subject, projection, emergence of a psychic image, self-consciousness, thinking, “free will”, unconscious psychic, intuition, etc. These are concepts of psychology that have aroused strong interest and heated debates, and any contribution to them deserves serious attention. Hopfield's ideas integrated with the more general concept of information systems obviously have a direct bearing on the development of these topics. The enormous impact of this paradigm on the development of neural network theory and its application in computing and programming has been seen. It can be confidently asserted that this is only the beginning and the application and awareness of this way of thinking on psychology, psycho-physiological problems, and philosophy are yet to come.
Conclusion:
The interpretation of the models of associative distributed memory from the point of view of the more general concept of “information systems” allows them to be synthesized and united into a common idea. The common idea provides a number of heuristics and one of them is the hypothesis that the associative distributed memory of neural networks is the space in which the transition from excitability and neurophysiology to psychology and psyche takes place. Based on the non-equilibrium phase transitions in the frustrated environment of neural networks, analogous to the “spin-glass” phase in physics, self-organization of the flow of sensory diversity occurs and a system of stream-type information arises.
The representation of the psyche as a stream-type information system existing in the space of associative distributed memory and realizing dynamics in accordance with the dynamics of the states of the “spin-glass” phase has its first confirmations. They make this hypothesis plausible and promising for theoretical refinement and experimental verification. It is a step in the concretization of the philosophical-methodological concept of information systems in relation to the psyche.
The effectiveness of these general concepts will become apparent when developing problems of a more specific nature, such as: a psychic subject, the interpretation of the empirical characteristics of the psyche, the representation of various psychic processes within these model concepts, including such as thinking, self-awareness, consciousness, psychic projection, etc.
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