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II. PROSPECTS FOR THE CREATION OF ARTIFICIAL 
GENERAL INTELLIGENCE  

Prospects for the creation of AGI are currently associated 
primarily with the undoubted progress in the field of Large 
Language Models (LLM). Modern models based on the 
Transformer neural network technology proposed by Google 
[2] have made significant progress in processing natural and 
artificial language data. Automated reasoning, the ability to find 
connections between language elements, and the ability to 
correctly process the context of these elements' appearance in 
sequences have all created fertile ground for the acceptance of 
Transformer technology as a leading force in the development 
of AGI. Therefore, it is entirely natural to use this same type of 
neural networks to process non-textual data. 

Currently, there are three main classes of models used for 
processing multimodal time series. The first class includes 
Time-Series Foundation Models. Models of this class are based 
on the direct LLM adaptation for time series analysis. Examples 
of models of this class are MOMENT [3], CRONOS [4], Lag-
Llama [5], and iTransformer [6]. In this approach, an existing 
language model is “reprogrammed” to process sequences of 
numerical data. The second class consists of Fusion & 
Alignment Models. Models of this class are based on creating 
connections between different modalities and using the 
Transformer architecture for final processing. Examples of 
models of this class are HealNet [7] and Med-PaLM M [8]. The 
third class of models, called Reprogramming Models, uses the 
technique of retraining small input and output networks, 
provided that the weights of the underlying language model are 
fixed. Models of this class include Time-LLM [9] and UniTS 
[10]. 

When transferring the LLM ideology (the Transformer 
architecture and the principles of next-token prediction) to 
physical signals, specific barriers arise that are absent in 
linguistics. The main technical and conceptual limitations 
include the following: 

 Information density gap: each element of language is 
extremely information dense, with each word serving as 
an identifier. Multimodal time series do not possess this 
property. 

 Tokenization problem: text is discrete by nature. Non-
text data is continuous. 

 Modality matching problem: non-text data generally 
have different physical natures and different 
characteristic time values describing their dynamics. 

 Sensitivity to precision problem: the quantization 
process, which consists of converting numbers into 
tokens-words, inevitably introduces error. The formation 
of meaningful data differs when processing text and 
non-text data. 

 Computational inefficiency: Transformer models are 
ineffective when processing time series. Simple neural 
networks are more efficient [11]. 

The main drawback of using LLM ideology in analyzing 
multimodal time series is the nature of their training: models 
are trained on linguistic data. Language is a tool for describing 

the world, but it's not the world itself. This factor is essential. It 
describes the current development of artificial intelligence quite 
well – intelligence is viewed from the perspective of 
Computational Intelligence. The mechanism of this approach 
assumes that intellectual processes are considered as a set of 
certain computational procedures. 

The concept of intelligence originates from the study of 
living beings. Moreover, it is inextricably linked to the concept 
of mental activity. Therefore, it is entirely logical to utilize the 
achievements of modern physiology, neuropsychology, animal 
psychology, and other fields of science related to biology to 
create intelligent systems. The field of artificial intelligence 
development that utilizes principles of biological science is 
called Biology-Inspired Cognitive Architectures (BICA). 

Biologically Inspired Cognitive Architectures are 
computational models that mimic the structure and functioning 
of the human brain to create human-level artificial intelligence. 
Unlike classical AI, which is focused on solving applied 
problems, this line of research aims to recreate fundamental 
mechanisms of thought, such as consciousness, emotion, and 
learning from experience [12]. 

Historically, there have been three main directions in the 
development of BICA. The first direction includes the so-called 
Symbolic Architectures. This type of architecture is based on 
the introduction of logical rules for processing information, 
which is represented as a set of symbols. An undoubted 
advantage of this type of architecture is the ability to use the 
rules of formal logic in modeling cognitive activity. 
Architectures of this type include, for example, EPIC [13] and 
ICARUS [14]. The second type of cognitive architectures 
includes Subsymbolic/Emergentist architectures. These 
architectures are usually based on the use of artificial neural 
networks. Information processing begins with the stage of 
signal registration by sensory elements. The advantages of this 
class of architectures include the ability to work with 
multimodal data and the ease of using traditional machine 
learning methods. Examples of this type of architectures 
include Hierarchical Temporal Memory (HTM) [15] and DAC 
[16]. The third type of cognitive architectures, called Hybrid 
Architectures, arose as an attempt to overcome the limitations 
of the two above-mentioned architecture types. Accordingly, 
hybrid architectures include two subsystems that are used 
jointly to model cognitive processes: the subsymbolic and 
symbolic subsystems. Hybrid architectures include, in 
particular, LIDA [17] and CLARION [18]. Detailed 
information on the history of cognitive architecture 
development can be found, for example, in [19]. 

The aforementioned modern models have one significant 
drawback. Most classical architectures perform poorly when 
learning from a data stream. The process of acquiring new 
knowledge by living beings is associated with neurogenesis. At 
the same time, the vast majority of modern numerical models 
have a static neural network topology. The resulting need for 
pre-training leads to limitations that arise from changes in the 
distribution of the analyzed data. The need for additional 
training or retraining of numerical models leads to significant 
limitations or even the impossibility of using these models in 
real-time, especially when dealing with fast-moving processes. 

The main drawback, which significantly hinders the 
development of AGI, is the insufficient integration of 
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knowledge from various fields of science, each of which studies 
a specific aspect of the existence of living beings. The creation 
of a methodology that can describe cognitive activity processes 
in a universal way is a significant challenge. As a simple 
example of this thesis, we could note the oversimplification in 
modeling perception.  

One of the fundamental errors is the lack of a formal 
definition of the problem of modeling perception. As a result, 
technical systems embodying artificial intelligence reproduce 
the human way of perceiving the world. We believe that the 
field of AGI must develop technical tools that will expand the 
range of human perception of the surrounding world and the 
range of actions in this new world. 

III. MAIN CONCEPTUAL POINTS OF THE RESEARCH

The main goal of the proposed research direction is to create 
a universal cognitive architecture capable of autonomous 
intellectual development. In this case, we associate the term 
"universal" with the creation of intelligent systems that, in their 
self-development, use methods of perception that are different 
from those used by people. In order for the development of 
such systems to be possible, it is necessary to use a 
methodology that would describe the process of cognition as 
adequately as possible. 

We have chosen the methodological apparatus of semiotics 
as a theoretical foundation to describe the process of cognition. 
The description of acts of perception and cognition developed 
in the field of semiotics has the highest degree of abstraction. 
The use of such concepts as sign and semiosis (see, for 
example, [20]) allows one to achieve universality in the 
description of cognitive activity. 

The creation of a system capable of autonomous 
development requires the use of a certain methodological 
framework. We chose cognitive constructivist theory as our 
framework. According to its principles the set of patterns used 
by living beings is not predetermined but rather created by them 
throughout their lives. According to constructivist views, 
knowledge is not a "copy" of reality, but useful models that 
help living beings adapt and act in their environment. 

When modeling autonomous development, it is necessary to 
consider the processes of perception, situational assessment, 
decision-making, and actions within a single conceptual 
framework. This becomes possible by creating a unified model 
that describes the interaction of these processes. We used ideas 
proposed by Jakob von Uexkull (see, for example, [21]) to 
introduce a conceptual model of autonomous cognitive 
architecture. In contrast to Uexkull's theory, we introduced five 
basic components of the architecture: volitional, emotional, 
intellectual, motor, and sensory components [1]. The 
combination of these components is called the cognitive core. 

The issue of determining the structure and content of the 
cognitive core is directly related to the problem of the 
universality of the created architecture. On the one hand, a 
cognitive architecture can be considered universal only if it 
includes components that can be implemented relatively 
independently of one another. On the other hand, the issue of 
universality cannot be considered separately from the 
implementation of the autonomous agent's learning process: a 
cognitive architecture is universal only if it is capable of 
implementing all the necessary stages of a cognitive agent's 

intellectual development. These two aspects of architectural 
universality are closely interrelated and require further 
discussion. 

IV. THE PROBLEM OF UNIVERSALITY OF THE 
ARCHITECTURE  OF A COGNITIVE SYSTEM

A. Structural Universality
We associate the concept of structural universality with the

possibility of identifying components in the architecture whose 
operation is relatively independent from the rest of the 
architecture. In [1], we supposed the possibility of 
implementing this type of universality. We propose to divide 
the basic components of the architecture between two levels of 
universality, which are presented in Fig. 1. 

Fig. 1. Universality levels of evolving cognitive architecture 

The universal part of the architecture includes the volitional 
and emotional components. Their mechanisms are independent 
of the specific implementation of the architecture, that is, the 
characteristics of the embodiment world of the agent (Umwelt). 
The remaining basic components represent the part of the 
architecture that enables the agent to exist, perceive, and act 
purposefully in the world of embodiment. The sensory and 
motor components directly embody the Umwelt. The intelligent 
component has a dual purpose. On the one hand, it mediates the 
connection between the world of perception (Merkwelt) and the 
world of action (Werkwelt). On the other hand, it is used by the 
volitional component for the control. Therefore, the intelligent 
component can be considered as occupying an intermediate 
position, uniting both levels of the hierarchy into a single 
whole. 

B. Universality of the learning process
We associate this type of universality with the possibility of

implementing a specific sequence of leaning stages of an 
autonomous agent. In our research, we are interested in creation 
of the agents capable of autonomous learning in data streams. 
The learning process should not be a separate stage of the 
agent's operation. It should represent a specific data processing 
mode. The transition to this mode must occur through 
autonomous control by the volitional component of the 
architecture. The ability to learn must be maintained throughout 
the agent's lifetime. 

It is known that Jakob von Uexkull considered himself a 
follower of Kant [22] and reworked his approach to make it 
applicable to biology. The theory proposed by Uexkull is 
extremely valuable for choosing a methodology for 
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representing the information space used by an autonomous 
agent. But it does not cover a significant aspect of AGI 
modeling. This aspect is the stage-by-stage development of a 
cognitive agent's abilities. 

Jean Piaget's work reveals the sequence of stages in the 
development of intellectual functions in children. This process 
is materially realized through the formation of new neurons, the 
establishment of connections between neurons, and the removal 
of old, unnecessary neurons and connections. Research on the 
topic which we propose should include the creation of artificial 
neurogenesis models. The meaning of the term "artificial 
neurogenesis" is similar to that used in neurophysiology. It 
refers to the set of processes involved in the formation of the 
neural network of the cerebral cortex.  

We supplemented Jakob von Uexkull's theory with the idea 
of a cognitive core. This allowed us to use the cognitive 
constructivist approach in our work: an integrated cognitive 
core should be the source of an autonomous agent's 
development. The gradual formation of connections between 
the Merkwelt and the Werkwelt occurs through the 
development of the structure of the intelligent component 
(Innenwelt). The behavior of an autonomous agent, its actions, 
and its internal activity are determined by the activation of 
specific regions of the neural network. For brevity, these can be 
called "mental images". 

One of the most important properties of modeling the 
activity of an autonomous agent is the interpretability of the 
states of the cognitive architecture. Interpretability is achieved 
through the ability to analyze patterns activated in neural 
network (mental images). The totality of these patterns can be 
considered as the embodiment of the concept of agent's 
consciousness. The dynamics of intellectual activity can be 
traced by analyzing the interaction of sensory data streams 
stimulating the corresponding parts of the neural network of the 
intelligent component and the streams of control signals coming 
from the volitional component. 

V. SYMBOL EMERGENCE PROBLEM

One of the most important and least studied areas of 
psychology and psychophysiology is the dynamics of newborn 
cognitive activity. In proposed approach, this activity is 
determined by the functioning of the cognitive core and is 
realized through survival reflexes and the orienting reflex. 

In modern AI literature, the problem of modeling the 
process of pattern formation and assigning a specific meaning 
to them is called the Symbol Grounding/Emergence Problem 
(SGP/SEP) [23]. As we have already noted in [1], this problem 
is not solved for the general case.  

There are two approaches to considering the SEP problem. 
According to the first, the task is formulated as the automatic 
creation of a common set of symbols by a community of 
several autonomous agents [24], [25]. In this formulation, the 
SEP solution is determined by the use of joint learning methods 
by an ensemble of agents that apply unsupervised learning. For 
example, the paper [24] discusses the creation of a high-level 
language for communication between autonomous agents. It is 
proposed to solve this problem by using a specific game in 
which several agents are included.  

A different approach to formulating Symbol Emergence 
Problem is presented in the papers [26], [27]. It refers to a 
single autonomous agent. The authors consider the problem of 
using an autoencoder to build a connection between the 
subsymbolic and symbolic levels of information representation. 
The proposed approach suffers from several shortcomings 
inherent to the use of neural networks. These include, in 
particular, problems caused by the static topology of the 
decoder and encoder networks. Modern neural networks often 
use predefined knowledge graphs or rigid perception patterns. 
This limits their ability to adapt to environmental features not 
anticipated by the system designer. 

Both of these approaches are inapplicable to the proposed 
method. In the first approach, it is not possible to consider the 
process of meaning generation by an individual autonomous 
agent. The second method is inapplicable in the case of agent 
learning in data streams, which is important for our modeling 
approach. 

The essence of the Symbol Emergence Problem is to 
determine the method by which a primary, basic set of symbols 
is defined. This set will be used to construct elements of the 
autonomous agent's knowledge base which is hierarchically 
organized. Our approach is based on the premise that creating 
an AGI requires a shift from modeling states to modeling the 
processes of meaning evolution within the cognitive system. It 
follows that the primary symbol set must be meaningful to an 
autonomous agent. Each symbol in this set must be defined in 
such a way that it can be interpreted unambiguously by the 
logic of data processing. This becomes possible if the primary 
symbol set is formed automatically based on the combined 
action of survival and orienting reflexes. 

VI. PRECONSCIOUS INTELLECTUAL ACTIVITY

Psychology traditionally identifies several stages of 
sequential processing of sensory data by living organisms. The 
first of these stages includes physical feeling and perception. At 
the transition between these two stages, a set of high-level 
patterns emerges, and meaning is created. The meaning of some 
phenomenon of Umwelt is embodied in the intellectual 
component as a neuron embedded in the neural network during 
the learning process. 

Currently, models addressing SEP do not take into account 
the level of physical registration of signals entering the sensory 
system. However, modeling preconscious cognitive activity 
crucially depends on this level of representation. In our 
terminology, the term "preconscious cognitive activity" refers 
to the formation of a set of symbols that serve to consolidate 
information about environmental patterns in the neural 
structure. According to our hypothesis, the formation of these 
symbols occurs during the first stage of the agent's self-learning 
process. 

One aspect of our current work is the creation of a 
numerical method that can be used to process sensory data and 
construct patterns of preconscious perception. These patterns 
form the elements of perception from which the cognitive 
process constructs high-level hierarchical models, imbuing 
these models with meaning. A discussion of how the cognitive 
system generates meaning from observed phenomena is 
impossible without considering the process of constructing 
preconscious models. 

235



Due to space limitations in this article, we are able to 
present only a brief overview of the numerical method. It 
belongs to the class of Representation Learning methods and is 
developed for single-pass processing of multimodal time series. 
The result of this processing is a hierarchically organized 
system of spatiotemporal patterns. The method is based on Soft 
Set Theory and Time Interval Algebra.  

Software implementation of the method was developed in 
C++. It is analyzed by the use of the dataset related to the 
phenomenon that is known as "Airpocalypse-China 2013" [28]. 
One of the goals of the numerical investigations was to obtain 
information about the multimodal processes that accompany a 
significant increase in the concentration of particles smaller 
than 2.5 μm (PM2.5). As an illustration, we provide a graphical 
description of one of the resulting multimodal processes. The 
model presented in Fig. 2 describes a multimodal process 
observed over 2 hours. During this time, there is a gradual 
increase in the PM2.5 concentration. During the first hour – 
from values in the range [25, 50) μg/m3 to values in the range 
[50, 75) μg/m3. During the second hour, it reaches values in the 
range [75, Inf). This change occurs against a background of low 
precipitation (RAIN). Its intensity is constant and is in the range 
[0, 1) mm. During the first hour of observations, the wind 
direction (WD) remains constant (southwest, SW). The wind 
speed (WSPM) gradually decreases, remaining within the range 
[1, 5) m/s. The air temperature (TEMP) drops during the first 
hour of observations, remaining within the range [-10, 10) °C. 
It turned out that this model is the only one that links the 
unimodal processes of change of the five specified physical 
quantities into one multimodal process corresponding to the 
above-mentioned process of change of PM2.5 concentration. 

Fig. 2. Graphical representation of the multimodal process corresponding to 
an increase in PM2.5 concentration. 

In near future we plan to use numerical method for 
implementation of artificial neurogenesis model. More detailed 
information about this method will be published soon. 

VII. CONCLUSIONS

The choice of a universal method for describing cognitive 
processes is one of the most crucial issues in the modern 
development of AGI. Jakob von Uexkull's theory possesses 
several indispensable qualities for such use. Umwelt theory 
allows for the description of the functionality of cognitive 
agents in a form that is maximally abstracted from the details 
of their physical embodiment. This provides freedom in 

formulating hypotheses regarding the development of an 
autonomous agent. Constructivist views on the development of 
intelligence, when combined with Uexkull's theory, allow for 
the consideration of intelligence as the result of an autonomous 
agent's experience of interaction with the world. From a 
methodological point of view, this combination provides a 
unique opportunity to experimentally implement the Umwelt 
concept in the form of a pair of pre-defined versions of the 
Merkwelt and Werkwelt. It can be built to meet the specific 
needs of a research or practical task. 

However, the extremely wide range of possibilities that 
opens up is limited by the need to solve the problem of 
methods for learning autonomous agents and the starting point 
of the cognitive architecture in this learning process. The 
hypothesis we proposed to overcome these limitations is the 
need for a cognitive core whose operation leads to the 
development of intelligence. According to our approach, the 
realization of this cognitive core is dependent on the choice of 
Umwelt characteristics. We use an "extreme" version of 
constructivist theory. According to it, an autonomous agent at 
the initial stage of development does not have knowledge 
about the world of embodiment: the intelligent component of 
the architecture does not contain patterns capable of describing 
the world. The cognitive core of the architecture must be 
designed such that the agent's self-learning process begins with 
repeated automatic responses of its body to external and 
internal stimuli. 

Contemporary literature on cognitive processes 
predominantly utilizes methodological frameworks borrowed 
from psychology, neurophysiology, and philosophy. This 
conceptual foundation does not allow for a detailed study of 
phenomena at a level sufficient to create a model of 
intelligence development. The resulting models are either too 
general, limiting their scope to psychology or sociology, or 
they are unable to go beyond the phenomena traditionally 
studied by physiology and experimental neuropsychology. 

The methodological foundations of biosemiotics provide a 
conceptual structure that has a level of abstraction that is 
characteristic of philosophy. This leaves the researcher free to 
interpret the concepts of sign and symeosis. Imbuing these 
concepts with meaning from neurophysiology allows for the 
creation of models capable of describing the dynamics of the 
cognitive process. 

Above we have considered two different approaches to 
developing intelligent systems: architectures based on the 
Transformer and BICA neural networks. In the first case, 
intelligent information processing is achieved through the use 
of sequence processing methods, which the authors termed 
"attention" and "self-attention." In the second case, 
information processing occurs within the framework of the 
connection structure, exchange protocols, and data processing 
algorithms predefined in the architecture. Despite significant 
differences in these approaches, both of these architectures 
have a common characteristic: a universal, yet pre-defined 
method for processing input data. 

The concept of intelligence is characterized by the ability 
of its bearer to adapt to environmental conditions. The 
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development of intellectual abilities can be explained in a 
similar way. The main distinction of the proposed research 
direction lies in its evolutionary approach to the problem: 
intelligence cannot be "uploaded" into the body. It must be 
developed by an autonomous agent within the constraints 
imposed by the characteristics of its body. 

The main difference between the numerical 
implementation of the proposed approach and the modeling 
methods based on Transformers and BICA is the use of 
exclusively streaming data processing. The creation of 
dynamic neural networks occurs as a result of the self-learning 
process, which occurs under the control of the cognitive core 
of the architecture of an autonomous agent. 

Proposed architecture has two levels of data processing. 
The main difference between them lies in their role in 
regulating the behavior of an autonomous agent. The volitional 
and emotional components are disconnected from reality if the 
sensory component does not provide the agent with data. 
These components can be implemented in a universal manner, 
assuming that their combined operation ensures the 
functioning of higher nervous functions. The sensory and 
motor components of the architecture represent the means of 
intelligence "encapsulation", "binding" the universal portion of 
the cognitive core to a specific world of embodiment.  

The development of a universal architecture offers 
significant prospects for the practical creation of AI systems. 
However, further work on its creation requires solving a 
number of complex problems. These include, in particular, the 
following: developing algorithms for the interaction of basic 
components characterizing the initial stage of autonomous 
agent learning; developing dynamic neural network models; 
and developing an artificial neurogenesis model. 

The recent work was executed without financial assistance. 
We encourage all organizations that are interested in the 
proposed research direction to collaborate with us. 
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