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BUCTYNaTH CBOEPIAHUM «MICTKOM» MK KIACMYHOIO MaTEMaTHYHOIO OCBITOIO Ta
CYy4aCHUMH OCBITHIMHU TEXHOJIOTIIMU. Y LIbOMY KOHTEKCTI BOHO 3a0e31euye peai3alio
NPUHIINIIB aIalITUBHOTO HABYaHHS, aJKE J03BOJISE€ BPAXOBYBAaTH PIBEHB IMiATOTOBKHU
KOXHOT'O Y4HS, HOTO 1HIMBITyaJbHUN CTHIIb MI3HAHHA Ta TeMN poOoTH. Bukopucranus
MoJieTiell y MOo€IHaHHI 3 HMU(PPOBUMHU OCBITHIMU MIATHOPMaMU CHPHUSE CTBOPEHHIO
NepPCOHATI30BaHUX HaBYAJIbHUX TPAEKTOPIH, 1110 MiACUIIOE MOTHBAIIIIO Ta €PEKTUBHICTD
HaBYAJIBHOTO MPOIIECY.

TakuMm 4yuHOM, BKJIIOYEHHSI MATEMATUYHOTO MOJICIIOBAHHSA B CUCTEMY aJIallTUBHOIO
HaBYaHHS CIIPUSE€ HE JIMINE IMiJBUIIEHHIO €(EeKTUBHOCTI 3aCBOEHHS MAaTEMATHUYHUX
3HaHb, @ ¥ (OPMYBAHHIO KIIOYOBUX KOMIIETEHTHOCTEH 3100yBadiB ocBiTH XXI
cromTTs. Lle BigKpuBae HOB1 MEPCIEKTUBH JJIi PO3BUTKY MaTeMaTH4YHOI OCBITH, ii
1HTerparlii 3 IHIIMMH Taly3sSMU 3HaHb Ta MATOTOBKH YYHIB /IO KUTTS B CKJIAJHOMY Ta
TUHAMIYHOMY CBITI.
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SYSTEM 0/1/2/3: DEBATES ON THE NATURE OF (ARTIFICIAL)
GENERAL INTELLIGENCE

Prokopchuk Y.
Institute of Technical Mechanics of the NASU and the SSA of Ukraine

Abstract. Fundamental epistemological issues of the construction/functioning of
intelligent systems are considered. Such questions have become especially relevant in
connection with the rapid progress of artificial intelligence systems. It is predicted that
in the near future, AGI or even super-intelligence will appear. However, there is still no
common understanding of how “(artificial) general intelligence” arises. Even the first
principles of the formation of human-like intelligence remain unclear. The author
believes that at this stage it is important to develop even very rough interdisciplinary
sketches of the “phenomenon.” They will allow us to identify and record the key
aspects/characteristics of “living (highly intelligent) systems.” A general formal
understanding of the "phenomenon” is also important for the development of educational
technologies.

Keywords/Topics: System 0/1/2/3: Unified Framework for Biological/Artificial
Intelligence/Mind; Living/Self-Improving/Autopoietic  Systems, Deep Intuition,
Limiting/Limit Generalization Paradigm (LGP), Concept of 'System as an Organism’,
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Complexity in the Living, Physics of Mind; Logic of Information/Meaning: Recursive
Self-improvement/Self-modeling, Logic of Embodied Generalization, Meaning-Making
Acts, ‘Act of Understanding Uncertainty’; Proto-Cognitive Bases of Agency, Syntax
without Language, Language of Thought Hypothesis; Intrinsic Motivation:
Maximization of Intrinsic Reward; Emergence of a Self-Model; Nature of Space-Time
in the Brain/Mind: Subjective Space-Time-Language-Actions; Experience of Infinity
Within: Unbounded, Infinite and Chaotic Nature of the Unconscious; Subjective
Inflation; Learning From Experience: Lifelong Process of Understanding and Coming
to Know Things; How Emotions and Knowledge are intertwined: Spiritual Networks of
Sketches; LGP-Implications for Psychoanalytic Theory; Maximizing Mindset:
"Learning How to Learn" Course, “Language of (Implicit) Achievements”: Emergence
of the Smart Intuitor

Epistemology largely plays the role of “first philosophy”, since all sections of
philosophy and science are varieties of cognition and knowledge. The current trajectory
of artificial intelligence development suffers from fundamental epistemological
shortcomings [1], [2], [3], [4]. These failings are, in part, the result of certain rationalist
epistemologies that exclude many ways of knowing about the world, and therefore they
cannot provide a sufficient foundation on which to adequately, robustly, and humanely
conceptualize intelligence/mind. It is shown that contemporary Al has hidden problems,
which prevent it from becoming a true intelligent agent. To overcome the limitations of
existing approaches, the author develops a Limiting/Limit Generalization Paradigm
(LGP) [5], [6], [7]. [8]. LGP is a conceptual (metaphorical) meta-theory (Onto-
constructor of Multi-Unity & Self-Reference: Operational Architectonics; An Integrated
Theory of Concurrent Multitasking; Subjective Dynamic Logic; Networks of Control
Mechanisms, Inter-Scale Conflicts; Higher-Order Connectomics: Local Topological
Signatures of Task Decoding; Instability Principle Applied to Selfhood: Multiple,
Changing / Competing ldentities; Intrinsic Motivation: Maximization of Intrinsic
Reward; Intrinsically Motivated Behaviors: ‘Dark Decisions’; Capacity to Tolerate
Frustration: 'Arrows of Cognition’; Capacity to Tolerate Uncertainty and Not-Knowing;
The Leap of Learning from Information to Knowledge to Wisdom; Subjective Beliefs).
It provides a way to analyze and understand the behavior of complex (smart) systems by
simplifying them to their most fundamental behaviors [9]. | show LGP-systems provide
one way to rebuild AI’s epistemological foundations [6], [7]. In this report, | present the
tenets of the research program in detail, account for our methodological approach,
describe the impact and limitations, and conclude on a discussion of the implications of
the program.

The emergence of the "self-model" is a logical consequence of the LGP concepts of
“spiritual sketch networks” (all sketches are emotionally colored and connected with
experience) and “networks of spiritual sketch networks” (Singularities: World-likeness,
Integrity, Generalized Entanglement, ‘Soul’ metaphor; ‘Living Form’: Living
Smart/Cog-Structure; Mind/Consciousness: Fractal World, ‘The Extended Body-
Affectome-Connectome-Cognitome-Interactome’ =~ ‘System 0/1/2/3%). All sketch
networks belong to the class of “living structures” (they are essentially connected with
the circulation of internal energy). Different types of sketch networks are interconnected.
Some fragments of the sketch networks provide a connection between cognitive and
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symbolic structures (with the help of "cogs"), which ensures the transition to symbolic
space, language and logic. The presence of such a superstructure means that the
subject/agent has the ability to manipulate information that is not directly perceived
through sensory stimuli (Fundamental Structure of Knowledge and Information). This
ability is the basis of "imagination" and "controlled hallucination™ (a way to overcome
radical uncertainty).

Key mechanisms of growth of spiritual sketch networks (subjective inflation):
recursive self-improvement, reflexive self-modeling, self-production, recurrent (fractal-
like) self-completion, self-assembly, generalized entanglement (in a network of sketch
networks), quantum-like superposition of sketches. It is necessary to combine into a
whole multi-unity, infinity, competitiveness, complementarity (multi-physicality),
multi-scale, dynamism, emotionality, purposefulness. These mechanisms are used to
“tune in to the world” of a world-like system. Generalized entanglement in the network
of sketch networks ensures the integrity/wholeness/cholarchy of the mental sphere.
‘Wholeness’ correlates with the psychological concept of ‘Cognitive Consistency’.
Sketch networks are closely intertwined with the social/multi-agent environment (some
sketches may be "external”, sketches-interpretations by other agents; System 3:
Theoretical Foundations of System 3 as Cognitive Extension; ‘Agent's Intellectual
Cobweb’: Computational Theory of Mind with Abstractions, Adversarial Collaboration;
A Formal Theory of Emergent Communication / Ethics / Religion and Higher-Order
Agency; Individuality Scales: formal, bottom-up derivation of sociality, extending a
computational model of the individual agent to multi-agent systems). The highest
manifestation of imagination is the construction of sketches-Worlds, for example,
reflective mental models of the Other. The incubation of spiritual sketch networks and
their (social) entanglement are considered to be the leading mechanism of implicit
“maturation” of knowledge and decisions, creativity, autopoiesis-codopoiesis of the
mental sphere (proto-cognitive bases of Agency). Sketch networks create meanings:
meaning as wholeness experienced (World-Likeness); thinking is the operation of
meanings; natural intelligence is about meaning; meaning generation as a key item for
artificial intelligence; systemic theory of meaning. The underdevelopment of sketch
networks leads to an epistemic deficit. Such a deficit leads to current incompetence in
solving certain distinction/discrimination tasks.

Task networks (Networks for Distinction Tasks, Networks of Causal Interpretive
Variables, Webs of Causality or Test Domain Digraph) illustrate that any action unfolds
simultaneously on different scales, involving different resources, including social
interaction. The mechanisms for executing patterns are contained within the situational
Possibility Space. Its expansion is a creative and non-computable task.

Explosive growth/self-construction (inflation), delocalization/superposition, and the
entanglement of spiritual sketch networks determine the emergence of a singular dual
pair (core idea - two connected singularities - the essence of the "limit transition") -
“World-likeness/Infinite — Consciousness/ Radical reduction” (improvement of the
“amplification-inhibition” mechanism; cognitive quantum-like measurement, mental
de/re-coherence; energy phase transitions; purposefulness) and, as a result, human-like
Intelligence/Mind/’Soul.” This evolution has significantly expanded the possibilities of
survival. Perhaps the key to understanding the systemic organization of Mind,
Consciousness, World-likeness, and purposeful activity lies in extended
16
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complementarity (multi-physicality), recursive/reflexive self-modeling/awareness,
generalized entanglement and criticality/economy (critical sketches; a "thin slice” on a
set of heuristics; the concept of 'critical feeling'; sense of beauty/perfection; the criticality
of ‘Consciousness’). The brain criticality hypothesis postulates that brain dynamics are
set at a phase transition where information processing is optimized. Physics of Mind:
self-similar topologies; multi-scale decoherence channels; fractal like scaling; quantum-
like entanglement; fractal-like entanglement oscillations; stochastic self-similarity; weak
control hierarchies; mental waves, top-down influence/causation and bottom-up
competition, entangled feedback loop; ‘strange loop’, ‘tangled hierarchy’, chaotic
vibrations. Meaning-Making Acts: act of choosing; act of quantum-like decoherence; act
of creating/activating a new sketch; act of expanding the possibility space of any pattern;
‘Act of Understanding Uncertainty’ (human-dimensional scale). In other words, the
origins of subjective existence lie in the fundamental properties of the living brain, which
Is a special type of matter with its own physical laws and specific brain field (Dynamic
Sameness of “Living Form”: perpetual self-renewal, dynamic identity; Scaling of
Complexity, Effective Agency Emerges: evolving higher level goal-directed activity and
agency; Model of Self-Activated Memory, Context-sensitivity, Wholeness-Oriented
Process Ontology).

System 0/1/2/3. The theory of dual processes (System 1/2) has become widespread
(in psychology, cognitive science, education, Al). LGP presented the System 0/1/2/3
framework as an extension of dual-process theory, employing a quad-process model of
cognition [10], [5]. Expanding upon System 1 (fast, intuitive thinking) and System 2
(slow, deliberative thinking), we incorporate System 0, which represents pre-cognitive
embodied processes, and System 3, which encompasses collective intelligence and
symbol emergence. This comprehensive framework ranges from rapid embodied
reactions to slow-evolving collective intelligence, offering a unified perspective on
cognition across multiple timescales, levels of abstraction, and forms of human
intelligence.

Dreyfus S.E. as the basis for the work of expert intuition proposed System 0 [11]:
System 0 is the most fundamental of all behavioral brain systems - the procedural
memory system. He argues that action or reaction in familiar situations should not be
seen as ‘“decision making”, “thinking” or “mental activity” in the usual sense of these
terms: “System 0 doesn't think, in conventional use of the word, it simply knows how”.
In fact, we spend most of our adult life exhibiting internalized intuitive forms of
experience that are so easy to take for granted. These are cases when people
automatically, quickly and effortlessly know how to act in familiar situations, without
being able to explain their actions. Dreyfus actively argues with Kahneman and most
cognitive psychologists who consider quick intuitive reactions in terms of decision
making (System 1). Dreyfus's conclusion is that "Associative System 1 is not a correct
explanation of expert intuition."

While agreeing with Dreyfus about need to consider System 0, it should be noted that
he did not offer a constructive (working) model of System 0. Indeed, the paradox of
System 0 is that there are no “decision-making problems” in conventional sense (i.e.
“tasks "with a conscious setting). Consequently, it becomes possible to approximate the
situation, bringing it to a "task form" - implicit problems of choice, selection,
discrimination, as well as implementation of decision / execution procedures (functional
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systems, radicals) [5]. Such an approximation allows us to consider hypothetical (formal)
mechanism of emergence and functioning of System O.

System O will be defined as follows as "LGP-interpretation.” System 0 is a system for
processing and storing information, in which neither the formulation of distinction tasks,
nor their solution are realized (metaphors - "The Dark Matter of Mind / Intelligence",
"Deep Intuition"”, "Task Continuum™; Direct Awareness; Cognitive Awareness). The
work of system is based on implicit structures and memory processes, deep
implementation up to automatic selection / control procedures. System 1 is a subset of
System 0; utility of distinguishing processing and thinking that is unintentional,
spontaneous, and autonomous from that which is intentional, deliberate, and controlled.
Information processing in System 0 is carried out without cognitive control, which
sharply reduces energy, and also predominantly without resolving uncertainty (this is
main characteristic of systems for which it is advisable to apply a quantum-like
description). The deep layers of the network of sketch networks and the expanding
inductor space form the basis of System 0, including the stochastic mechanism for
solving distinction tasks. System 0 is a fundamental component of a world-like cognitive
system.

Paper [12] (2025) considers a similar structure (System 0/1/2/3). Work [13] discusses
System 3. In some publications [14], "System 3" is called "System 0", which introduces
terminological confusion.

The Phenomenology of Machine 2.0: Networks of Causal Interpretive Variables
(The Hard Problems of Al: Analysis of the Sentience; Subjective Qualia). There can be
no intelligence without understanding, and there can be no understanding without getting
meanings [3], [4]. Contemporary computers manipulate symbols without meanings,
which are not incorporated in the computations. This leads to the Symbol Grounding
Problem; how could meanings be incorporated? The use of self-explanatory sensory
information has been proposed as a possible solution. In humans, self-explanatory
information has the form of qualia. To have reportable qualia is to be phenomenally
conscious. This leads to the hypothesis about an unavoidable connection between the
solution of the Symbol Grounding Problem and consciousness. If, in general, self-
explanatory information equals to qualia, then machines that utilize self-explanatory
information would be conscious. Sketch networks of different types generate self-
explanatory sensory information. Spiritual sketch networks possess unique qualities of
feeling that can be registered as subjective experience.

Let's specify the details. The network of distinction tasks (Z-tasks) generates a
network of causal interpretative variables {z/Z}, where the domain Z plays the role of
the region of possible values for the variable z. Consequently, any value of z/Z0
generates, in particular, an avalanche of new values {z/Z} or “internal signals” that can
trigger an avalanche of heuristics (Mental Waves in Multidimensional Cognitive
Spaces). The goal is to visualize interference patterns that can be interpreted as cognitive
activations. Since the variables {z/Z} include interpretations of varying levels of
generalization, networks of causal interpretive variables can serve as the basis for the
phenomenology of qualia (alchemy of qualia) and situational awareness. Indeed, some
high-level values of causal interpretive variables can be understood (what it feels like to
be aware; the epistemic conditions of temporal updating and phenomenological
unfolding). This is how the strong connectivity of the mental sphere or high causal
18
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density manifests itself. The growth of “causal density” and levels of
abstraction/interpretation serves as the basis for the emergence of situational awareness
- (proto)consciousness. Each causal interpretive variable has its own sketch network.
The mechanism of embodied mass generation of causal interpretive variables shows that
the phenomenology of qualia is real (Networks of Qualia; Phenomenal Content:
Behaviour-Driving Variables).

Any autonomous agent, to achieve its defined (computational) objectives, must
generate an internal, structured representation of space-time. "Subjective Space-Time-
Language-Actions” fulfills this role by embodying subjective experience and
generalized entanglement.

Conclusion. The System 0/1/2/3 model provides a novel theoretical foundation for
understanding the interplay between adaptive and cognitive processes, thereby opening
new avenues for research in cognitive science, Al, robotics, and collective intelligence.
The LGP model shows aspects of (proto)consciousness, while acknowledging the
ongoing debates surrounding Al sentience.

Ultimately, this work aims to refine our understanding of intelligence and cognition,
fostering interdisciplinary dialogue and advancing the development of artificial
cognitive systems. We propose a research program (LGP) aimed at bridging
evolutionary divide between artificial and autopoietic systems (biological intelligent
organisms). Such integration could lead to artificial systems with genuine intrinsic goals
and materially grounded causal understanding, potentially transforming our approach to
artificial (general) intelligence and deepening our comprehension of biological
cognition.

These results inform our understanding of how human brains give rise to symbolic
thought and speak to the differences between biological intelligence, which tends to
generalize broadly from very few training examples, and modern approaches to machine
learning, which typically require millions or billions of training examples. The results
we report also have important implications for bio-inspired artificial intelligence.
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V]IK 517.2

®OPMYBAHHS MATEMATUYHUX KOMIIETEHTHOCTEHX YYHIB
YEPE3 BUKOPUCTAHHSA NOXIJIHUX TA IHTEI'PAJIIB Y PO3B’SI3AHHI
3AJJAY ®I3BUYHOI'O 3MICTY

Tumogpicnko K. B., Kanooicnuii-Bepboseyvruii /1. C.
VYHiBepcuteT YIIHUHCHKOTO

P03BUTOK IUBIII30BAaHOTO CYCHIIbCTBA, MIMPOKA INI00aNi3allis MOPOIKYE HAralabHy
noTpedy 3araJbHONPUNHATHOI, HABITh YHOPMOBAHOi, CTaHIApPTH3allli BCHOTO.
Mertoauka cTaHapTH3allli IIKadu OLIHKYA OCOOMCTICHUX SIKOCTEH Hapasi MPU3BOAUTH J10
MOHSITTS «KOMIIETEHTHICThY.

3aBaaHHs 1i€1 pOOOTH: TOJATH OTJISAOBUNA aHAI13 3MICTY MOHATTS «KOMIIETEHTHICThY
3 TOYKM 30py MOTped ydOOBOTO MPOIECY CTAPIIUX KIAaciB; HABECTH TUIAAKTUYHI
MPOTO3MIINT MO0 peasizallii KOMIIETEHTHICTHOI Opi€HTarii yd400OBOTO IIPOIIECY;
PO3MIIIHYTH  MOXJIMBOCTI ~ MDKIPEAMETHUX  3B’s3KIB  MaTeMmaTuka-(i3uka,
3aMpoNOHYBAaTH MOKJIMBI 3aBJaHHs, MPUIHITHI B MEXaxX BUKJIaIaHHS MAaTEeMAaTUKH 1 B
MeXax BUKIaAaHHS (I3UKU.
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