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Abstract. Modern dialogue systems leave much to be desired since information 

about processing information in the human brain is not used in their develop-

ment. The human effectively implements dialogue behavior as purposeful be-

havior because in their information processing system there is a model of the 

world with its language component. The paper presents a model of the world 

consisting of: (1) the posterior cortex, which provides the semantic processing 

of sensory information; (2) the hippocampus structuring this representation in 

fragments corresponding to individual situations; (3) and the anterior cortex, 

which forms on their basis a pragmatic level of information representation – a 

chain of such situations that make it possible to implement purposeful behavior; 

and also manipulate these hippocampal representations with the help of (4) the 

thalamus. 
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component of the human world model, processing information in the columns 
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1 Introduction 

Modern dialogue systems are very simple. When replying to a question, even the 

most complex of them are limited to giving information about relevant facts [1], while 

primitive ones discredit the domain area by imitating a meaningless dialogue resem-

bling communication only in its form [2]. At the moment, there has been a transition 

to dialogue systems that include a world model [3]. However, dialogue is not a series 

of passive answers to the questions posed [4]. This dialogue has its own motive, its 

purpose, its plan. That is, it is an example of purposeful behavior, and the system 

modeling it should include in its composition all the components necessary for the 

implementation of purposeful behavior. In order to understand what these components 

should be, it is natural to turn to the analysis of the human brain and its functionality 

in the process of implementing purposeful behavior. 

The human brain is a natural neural network that provides a very non-uniform pro-

cessing of information – that is, it is a highly heterogeneous neural network. And the 
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processing of information in the process of purposeful behavior consists in the for-

mation of a world model (and manipulation of it), which is subject to the influence of 

society through language. 

The main organs of the brain used in the process of forming the world model use 

specific syntagmatic information (columns of the cortex of the cerebral hemispheres), 

specific paradigmatic information (the hippocampal lamellae), and control the pro-

cessing energy – that is, they use nonspecific information (the thalamus). 

The human language plays a crucial role in structuring the processing of infor-

mation in the world model. Under its influence (under the influence of society), the 

language component of the world model (based on the extralinguistic information of 

the other two – multimodal – components of the world model of the dominant and 

subdominant hemispheres) is formed in the columns of the posterior cortex, which 

(the language component) is the basis for the formation of mechanisms for internal 

speech in the anterior cortex, and they, in the process of development of the individu-

al, are transformed into mechanisms of purposeful behavior. 

Functionally, all this variety of ways to process information manifests itself in the 

following: (1) the ability of the brain to process information sequences of various 

sensory modalities – syntagmas – with the identification of hierarchies of dictionaries 

of images for events of diverse complexity (in the columns of the posterior cortex) 

without any teacher and with a teacher; (2) the ability of the brain to form from the 

images of events stored in the columns of the cortex, images of whole spatial situa-

tions – paradigms (in the hippocampal lamellae), while matching these situations with 

language images-phrases describing these situations (ibid.); (3) the ability of the brain 

(using the thalamus) to form chains of such situations (in the columns of the anterior 

cortex) and manipulate them in the process of purposeful behavior. 

2 Three-Component Model of the World 

At the highest level, the heterogeneity of information processing in the human 

brain manifests itself in dividing the world model, which is formed in the human 

brain, into three parts: the language component of the world model and the two mul-

timodal components of the dominant and subdominant hemispheres [6, 5]. The lan-

guage component of the world model includes the model of language – models of all 

language levels from the acoustic-phonetic and graphematic (for spoken and written 

texts, respectively) to the semantic and pragmatic ones, and also includes a descrip-

tion of the world in terms of natural language words – signifiers which are signifiers 

for their multimodal equivalents in the multimodal components of the world model – 

their meanings. The multimodal component of the world model of the dominant hem-

isphere is a schematized multilevel model of the world formed under the influence of 

society (since it is under the direct influence of the language component located in the 

same place in the dominant hemisphere) and with the use of the knowledge of society. 

Finally, the multimodal component of the world model of the subdominant hemi-

sphere, which is formed without the influence of the society (it is not directly influ-
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enced by the language component), is a two-level model that includes the knowledge 

gained by the individual in the process of their personal development. 

Images of the events of the external world represented in these three parts of the 

world model are combined on a level-by-level basis (by association). 

All components of the world model are formed on the basis of information pro-

cessing in the columns of the posterior cortex in interaction with the hippocampal 

lamellae, which form the representation of situations by combining into paradigms the 

images of the events of hierarchies of posterior column dictionaries. 

These same brain organs are involved in the formation of purposeful behavior (also 

with the participation of the hippocampus), but in this case the accent is shifted from 

the posterior cortex to its anterior parts, and it is those images of situations stored in 

the hippocampal lamellae that are the objects of manipulation in this case. The situa-

tion image sequences are processed by the anterior cortex in the same way as the pos-

terior cortex processes sensory flows. At the same time, a hierarchy of dictionaries is 

also formed, but in this case the fragments of the situation chains become words (as 

they are represented in the hippocampal lamellae). 

3 Mechanisms of the Brain: Cortex, Hippocampus, Thalamus 

The three main organs of the brain are responsible for shaping the human model of 

the world. The cerebral cortex and the hippocampus are responsible for the processing 

of specific information (syntagmatic and paradigmatic, respectively), the thalamus 

organizes this processing through manipulation using non-specific information (in-

formation on the localization of individual elements of manipulation in the cortex and 

the hippocampus – its topology). Specific information is understood as information 

sequences (syntagmas) obtained from sensory organs and encoded in them (sensory 

organs) in some way, the results of their processing in the columns of the cortex in the 

form of a hierarchy of dictionaries of the event images, as well as their integration 

into situations (paradigms) in the hippocampal lamellae. 

 

3.1 Processing of Sensory Sequences in the Cortex 

The sensory flow comes (after some switchings in the subcortical nuclei, the pro-

cessing in which also involves coding including denoising and increasing the dynamic 

range of signals) to the columns of the cortex of the primary projection zones of their 

modalities (visual, auditory, etc.). The columns form a hierarchy of dictionaries, each 

level of which represents information of its own degree of complexity. The cortex 

columns transform information sequences into trajectories in a multidimensional sig-

nal space, where the abovementioned associativity manifests itself: repetitive frag-

ments of the sequences are mapped into the same fragments of trajectories. Local 

fragments of the multidimensional signal space modeled by the columns are virtually 

combined (physically they are combined by the attention mechanism formed by the 

thalamus) into a global multidimensional signal space, in which the world model is 

represented as a set of trajectories. The signal information sequence is transformed 

into a multidimensional space with the help of an associative transformation 𝐹𝑛 [5]: 
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 𝐴 → �̂�, 𝐹𝑛(𝐴) = �̂�, (1) 

where A is an information sequence, and �̂� is a trajectory in the n-dimensional signal 

space. 

 The information sequences are structurally processed in the cortex columns. At 

each level of the column hierarchy, dictionaries of the event images are formed 

(which are subsequently manipulated by the hippocampal lamellae through the thala-

mus): 

 {�̂�𝑙}𝑘𝑖 = 𝐻ℎ𝑅𝑀𝐹𝑛({𝐴}𝑘𝑖), (2) 

where {�̂�𝑙}𝑘𝑖  is a dictionary – a set of fragments of trajectories in the multidimension-

al signal space corresponding to repeating fragments of the sequences from set {𝐴}𝑘𝑖  

obtained by 𝐹𝑛 transformation, 𝐻ℎ is threshold transformation, 𝑅 is the memory read 

function, and  𝑀 is the memory write function. 

The input information for the next level of processing is the information obtained 

after processing at the previous level of the column hierarchy after the formation of 

the dictionary of this level. In this case, the fragments represented in the dictionary of 

this level are filtered in the input sequence: 

 𝐹𝑛,𝐶
−1(�̃�, {�̂�𝑗}) = 𝐶, (3) 

where 𝐹𝑛,𝐶
−1 is inverse transformation that has the ability to filter the dictionary words 

in the input stream, �̃� is an arbitrary input sequence from set{𝐴}𝑘𝑖 . 

 

3.2 Formation of Dictionaries Using the Example of a Text Representation 

These levels of dictionaries for each sensory modality can be interpreted meaning-

fully in terms of hierarchies of representations of the corresponding modalities. Thus, 

for auditory verbal modality, for example, these are: (1) acoustic-phonetic level; (2) 

morphemic level; (3) lexical level; (4) syntactic level; (5) level of the semantic com-

patibility of words (the level of semantics of a particular sentence). These are the 

levels of language that are represented in the language component of the world model. 

They are formed by gradual filling of dictionaries of the appropriate levels. The 

lower – acoustic-phonetic – level of representation is omitted for simplicity (spoken 

and written texts at this level are represented differently). At the morphemic level, 

from the set of input sequences {𝐴}, a dictionary of inflectional morphemes (word 

endings) {𝐵1} is formed as the most frequently encountered in the texts of the events. 

After the formation of the inflexion dictionary, the processing of input sequences 

(texts encoded by a binary code in some way) results in the filtration of inflections. 

The processing of the rest of the sequences (texts without inflections) leads to the 

formation of dictionaries of the root bases {𝐵2}. By processing input sequences with 

the dictionaries of root bases, inflectional structures of syntactic groups {𝐵3} will be 

obtained (let us call them syntaxemes) – a formal representation of the syntax [7]. 

After processing the input texts with the syntaxeme dictionaries, dictionaries of pair-
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wise compatibility of root bases  {𝐵4} will be obtained – a representation of lexical 

semantics [8, 5]. 

 

3.3 Semantic Network as a Model of the World (Domain Area) 

And now the most interesting thing begins: a pairwise combination of words makes it 

possible to form a directed graph (a pair of root bases after another pair), which is not 

a chain. It branches and cycles, that is, we obtain some semantic network 𝑁, but a 

homogeneous (associative) one: 

 𝑁 ≅ {< 𝑐𝑖𝑐𝑗 >}, (4) 

where 𝑐𝑖 и 𝑐𝑗 are vertices of the network – the words of natural language texts, or 

quasi-words of quasi-texts of various modalities and even multimodal quasi-texts, too. 

It is this network that is the model of the world. Its various parts formed from texts 

(spoken or written), quasi-texts (information sequences of some modalities other than 

the textual modality are meaningful multi-level structured quasi-texts). But one must 

remember: this is a virtual network: images of events exist in the corresponding dic-

tionaries, but they are collected together either under the influence of an external situ-

ation or internal representations (for example, in the hippocampal lamellae through 

the thalamus). 

The world model, therefore, is the entirety of the event images of all the compo-

nents of the world model of all modalities (all elements of the aggregate of the seman-

tic networks): 

 𝑀 = ⋃ 𝑀𝑚𝑚 , (5) 

where the unimodal model of the world 𝑀𝑚 is a collection of all event images of only 

one modality: 

 𝑀𝑚 = ⋃ 𝐵𝑖𝑗𝑘𝑚𝑖𝑗𝑘𝑚 , (6) 

where  𝐵𝑖𝑗𝑘𝑚 are images of i-th events of j-th dictionaries at k-th levels of the m-th 

modality stored in columns of the posterior cortex.  

The dynamics of changes in dictionaries formed in the modal and multimodal hier-

archies is very slow and reflects the dynamics of the external (and internal – intero-

ceptive – not to be confused with the spiritual) world of human [9]. 

 

3.4 Formation of Representations About Situations in the Hippocampus 

In contrast to the syntagmatic representations formed in the cortex columns, paradig-

matic representations are formed in the lamellae of the hippocampus, the second or-

gan of the brain manipulating specific information: images of the links of the words in 

the dictionaries are formed in the hippocampal lamellae (as Hopfield associative 

memory [10]) – that is, images of events of the external world represented in the cor-

tex columns, within whole situations. It should be borne in mind that we have three 

components of the world model, and therefore, in the lamellae of the hippocampus of 
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the subdominant hemisphere, representations of images of specific events (from the 

multimodal image – particular – component of the world model) are combined. And 

in the lamellae of the hippocampus of the dominant hemisphere, representations of 

images of abstract events (from the multimodal schematic – abstract – component of 

the world model) are combined with images of language events (from the language 

component of the world model). 

This makes it possible, on the one hand, to segment the world in terms of such sit-

uations, both abstract and particular, that is, not only to perceive and evaluate the 

degree of novelty, but also to analyze these situations regarding their abstract compo-

sition – for example, the extended predicate structure of the sentence P (which is in-

cluded in the paradigmatic representation in the lamella) describing this situation: 

 𝑃 = (𝑆, 𝑂, < 𝑂𝑖 >,< 𝐴𝑗 >), (7) 

where 𝑃 is an extended predicate structure in the composition of 𝑆 – the subject, 𝑂 – 

the main object, < 𝑂𝑖 > – other – secondary – objects, and < 𝐴𝑗 > – attributes. 

An extended predicate structure corresponds to the multimodal image of the ex-

tended predicate structure, which is represented in the same place in the hippocampal 

lamella: 

 𝔓 = (𝔖,𝔒,< 𝔒𝑖 >,< 𝔄𝑗 >), (8) 

where 𝔓  is an image interpreted by an extended predicate structure, in the composi-

tion of 𝔖 – image of the subject, 𝔒 – image of the main object, < 𝔒𝑖 > – images of 

other – secondary – objects, and < 𝔄𝑗 > – images of the attributes. 

On the other hand, it makes it possible to name these situations according to their 

main concept (name, or predicate), and if necessary to expand this naming into a de-

scription including other concepts (moving from a paradigmatic description to a syn-

tagmatic one). 

 

3.5 Energy Support for the Processing of Specific Information by the 

Thalamus 

The thalamus is a structure that mediates all information flows in the brain that partic-

ipate in interaction with the cortex [11]. However, only 6% of the information from 

the main volume of the sensory flow goes into the thalamus, but all interactions be-

tween the separate cortical areas, as well as between the cortex and the subcortical 

formations are accompanied by the control actions of the thalamus. The function of 

the thalamus is the formation of a focus of attention, which enhances some infor-

mation processes to the detriment of others. Due to the thalamus, the brain becomes a 

parallel machine, since the thalamus can not only focus on one process, but also dis-

tribute it evenly among many processes while supporting efficient parallel associative 

information processing. 
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3.6 Anterior and Posterior Attention 

It should be noted that the focus of attention, which is formed by the thalamus, has 

two different goals [12]. On the one hand, under the influence of the sensory flow, the 

attention is focused on current processes related to the perception of the external 

world, on the other hand, under the influence of the anterior cortex, the attention is 

focused on processes related to tasks solved in the process of purposeful behavior. 

Thus, the posterior and anterior types of attention are always in the reciprocal rela-

tionship. 

 

3.7 Interaction of the Anterior and Posterior Cortex Areas with the 

Hippocampus 

The anterior cortex is essentially the control (motor) cortex. In this sense, the motor 

cortex is its lower level of direct physical impact on the world. The anterior cortex, on 

the one hand, is a continuation of the posterior cortex, and in this sense, the hierarchy 

of processing operations that works with sensory information, has its continuation in 

the anterior cortex. But this continuation is mediated by the hippocampus. The hippo-

campus, as a storehouse of information about situations, structures the external world, 

and therefore simplifies the interaction of the anterior cortex with it. Rough structur-

ing into fragments allows rough construction of plans for interaction with this external 

world, the details of which are determined in the process of implementing these plans 

using detailed representations of the posterior cortex. And these plans in the anterior 

cortex are a chain of names of situations represented in the hippocampal lamellae. 

4 Interpretations 

4.1 Extended Predicate Structure in the Hippocampal Lamella as a Situation 

Model  

It is in the lamellae of the hippocampus where information on the relationships of 

images of events stored in the columns of the posterior cortex is formed, stored and 

dynamically changed, as they are presented in particular situations [5]. That is, the 

model of the world is not only a collection of images of events stored in the cortex 

columns (virtually represented as a homogeneous semantic network), but also a set of 

images of situations stored in the hippocampal lamellae. Moreover, this hippocampus 

representation structures the initial model of the world – a semantic network: in a 

separate lamella of the hippocampus a graph is stored that is a sub-network of a global 

network describing a particular situation. The structure of this situation (8) is de-

scribed by the structure of the extended predicate structure of the sentence (7) describ-

ing this situation. 
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4.2 Linear Representation of the Situation Model as a Natural Language 

Sentence 

The image of the situation in the elements of the situation initialized by the input situ-

ation in the columns of the cortex in the subdominant hemisphere is stored in the CA3 

field of the hippocampal lamella as a Hopfield network [10]. 

In parallel, in one of the lamellae of the hippocampus of the dominant hemisphere, 

an image of the semantic structure of the sentence is formed that describes this situa-

tion – an extended predicate structure for a particular predicate, but in an image repre-

sentation as a generalized form (8) containing abstract images instead of the subject, 

the main object, secondary object and attributes. 

In the same lamella, the concepts of the language model are also stored that name 

the corresponding abstract images of the extended predicate structure, but these are 

presented syntagmatically – in the form of a sentence containing this extended predi-

cate structure. 

There are two representations (and they are synchronous) of that kind: one is a syn-

tagm in terms of sensory representations, the other one is a syntagm in terms of the 

motorics of articulatory organs – the lower level of the language component of the 

world model of the anterior cortex. This representation is formed at the junction of the 

frontal and temporal cortex. 

 

4.3 Formation of Networks of the Dominant (Abstract Network) and 

Subdominant (Particular Network) Hemispheres 

Similar to the formation of a (virtual) semantic network of a natural language text 

(spoken or written) as a language component of the world model (see Section 2.3), 

semantic networks of quasi-texts of other (besides natural language) modalities are 

formed – multimodal components of the world model and the dominant and subdomi-

nant hemispheres. The difference lies only in the fact that the initial information se-

quences are formed by their specific sensory systems according to the laws of pro-

cessing information of their modality. 

 

4.4 Interpretation of the Anterior Cortex (as a Pragmatic Level of 

Representation) by the Example of Inner Speech: Purposeful Behavior 

The columns of the anterior cortex are functionally the same as the columns of the 

posterior cortex. The essential difference lies in the information they process. It gen-

eral terms, if the entirety of the content of the posterior cortex – a semantic network – 

is a semantic representation, then the entirety of the content of the anterior cortex is a 

pragmatics: it is a hierarchy of dictionaries of chains of situations, the elements of 

which are the situations represented in the hippocampal lamellae. The difference be-

tween the representations can be shown by the example of the internal and then ex-

panded human speech [4]. Another difference (see Section 3.2) is that the information 

in terms of the sensory flow is processed in the columns of the posterior cortex, and 

the columns of the anterior cortex process information in terms of motor control. 
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Inner speech is formed on the example of the material of the expanded external 

speech of a teacher, which is analyzed in the hierarchy of the posterior cortex of the 

dominant hemisphere, the sensory syntagms of which are stored in the lamellae of the 

hippocampus of the dominant hemisphere. In the process of teaching the individual, at 

the lower level of the anterior cortex (the motor part – the Broca area), by repeating 

the syntagms pronounced by the teacher, dictionaries of motor syntagms of the lower 

level are formed, and further – of higher levels as it occurs in the hierarchy of the 

posterior cortex columns. These motor syntagms, as well as sensory syntagmas, are 

recorded also in the hippocampal lamellae synchronously with sensory syntagmas 

(see Section 3.2). 

Thus, at the input of the anterior cortex a sequence of images (in terms of motor) of 

natural language sentences are received from various hippocampal lamellae, which is 

fragmented (clustered) into separate fragments – image chains of sentences – and 

stored in the hierarchy of the anterior cortex columns. 

These chains, as well as the semantic networks of the posterior cortex, describe the 

external world, but, unlike the static representation in semantic networks (where all 

elements of the network co-exist simultaneously), they describe the world dynamical-

ly – in the form of sequences of syntagms, sentences. This is the next level of infor-

mation presentation – a pragmatic level that follows the upper (semantic level of 

pairwise semantic co-occurrence) level of the hierarchy of representations of the pos-

terior cortex. 

At this level, events are represented in the form of chains of situations of various 

modalities 𝑓𝑚, described by separate sentences 𝐴𝑖 (or quasi-sentences) – modal com-

ponents of the subframe: 

 𝑓𝑚 = ∗𝑖 �̂�𝑖, (9) 

where (*) designates concatenation. Such modal components of the subframe are 

combined at the next level over all modalities in the subframe: 

 �̂� = ⋃ 𝑓𝑚𝑚 = 𝑓1⋃(⋃ 𝑓𝑚𝑚≠1 ), (10) 

where 𝑓1 is a component of the subframe of the natural language modality, which 

names a subframe (event) in the hippocampal lamella. Further, the subframe chain is 

combined into a frame – a sequence of situations as they are represented in the hippo-

campal lamellae: 

 �̂� =∗𝑝 �̂�𝑝 = 𝐼 ∗ (∗𝑝 �̂�𝑝), (11) 

where 𝐼 is the name of the frame that is a word or syntagm in the natural language 

modality. 

In this case, the dictionary of one of the levels of the hierarchy of the frontal cortex 

(the dominant hemisphere) consists of the images of predicates (stored in the hippo-

campal lamellae of the dominant hemisphere), which are repeated more often than 

abstract images of names (according to A.R. Luria, the inner speech is predicate 

speech [4]). 
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Any such chain of predicates corresponding to a particular sequence of actions can 

be reproduced with the help of the thalamus. This is the action plan. 

 

4.5 Purposeful Behavior as a Chain of the Situation Images 

Purposeful behavior is not an innate function of human [4]. It is formed under the 

influence of the teacher. First the teacher makes an individual do this or that: “Do 

this!” And this “this” can be done in one act and in one situation: from beginning to 

end. The hippocampus records the operations performed in the act. If you remember, 

the events of the multimodal and language components are brought together in one 

hippocampal lamella: I perceive, I say, I do. By the way, one can just speak: speaking 

is also purposeful behavior. The initial situation is the target one. Then tasks become 

more complicated. There is a transition from one situation to one or more intermedi-

ate situations. In this case, the thalamus is also involved: under the influence of the 

teacher’s instruction (“Do this!”, “Do that!”), the thalamus focuses attention on one or 

the other of the hippocampal lamella. A sequence of operations is performed that are 

represented in the situations from the current to the target one. 

This sequence of situations is registered in the columns of the anterior cortex. Un-

like sensory information sequences that contain only specific information (even if it is 

multi-modal), the anterior cortex receives a sequence that is partially specific – the 

anterior cortex is connected with all sensory cortical areas – and partially non-specific 

(partially informational, partly energetic – about the location of a particular hippo-

campal lamella containing information about the required situation. Moreover, this is 

specific information of two types: multimodal and language types. As the columns of 

the posterior cortex, the columns of the anterior cortex form hierarchies of representa-

tions of events of diverse complexity. The language motor component in these repre-

sentations has the least variability: there aren’t as many words of the language as 

multimodal events of the external world. Therefore, all multimodal information is 

filtered out, and only the language information remains. Due to the great complexity 

of the internal structure of these information sequences, many levels of processing do 

not work: only the most frequently repeated elements of these sequences remain in 

their language form. And these are predicates. That is, the dictionary of fragments of 

predicate chains is gradually formed that describe the external world (or its subset –

domain area) as a set of elements of the task flow algorithm. 

Thus, inner speech is a chain of predicates expressed by the corresponding words 

of the language, which always accompanies any purposeful behavior [4]. According 

to John Lilly [14] these are (sometimes parasitic) internal (subconscious) sub-

programs in the verbal form that accompany all human actions including purposeful 

ones. 

5 Conclusion 

Consideration of the essentially heterogeneous processing of information in the brain 

allows for the conclusion that the architecture of the purposeful dialogue systems 

cannot be homogeneous, that it must necessarily include a world model with a search 
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subsystem for this world model, a natural-language sequence of questions and an-

swers necessary to understand the questions and to formulate answers to these ques-

tions taking into account the reaction of the world model, as well as the attention 

mechanism that makes it possible to form the processing operations from accurate 

focusing on one process to full defocusing with the involvement of all possible pro-

cessing operations. The dialogue must be implemented as a purposeful process, in 

which the motive, purpose and plan of the dialogue are clearly seen. And the func-

tioning of the system for implementing a purposeful dialogue must include the fol-

lowing steps: (1) formation of a world model (including a language model), which 

includes both hierarchies of syntagmatic sensory (in the posterior cortex columns) and 

effector (in the anterior cortex columns) processing and presentation of information, 

and the paradigmatic representation (in the hippocampal lamellae); (2) identification 

of the purpose of the dialogue; (3) formation of a dialogue plan as the choice of a 

chain of images of a pragmatic level of information representation; and (4) monitor-

ing the implementation of the plan by correlating the incoming current information 

with that presented in the plan, with the possibility of adjusting the plan in order to 

approximate the real conditions. 

References 

1. IBM Watson Homepage, https://www.ibm.com/watson/, last accessed 2018/04/10. 

2. Voice assistant “Alice” ducked Putin’s question, 

https://www.youtube.com/watch?v=DeletzAbRkY, last accessed 2018/04/10. / Golosovoj 

pomoshchnik «Alisa» ushla ot otveta na vopros Putina 

https://www.youtube.com/watch?v=DeletzAbRkY, last accessed 2018/04/10. (in Russian) 

3. Graves, Alex: Hybrid computing using a neural network with dynamic external memory. 

Nature 538, 471-476 (2016). 

4. Luria A.R. Language and consciousness. Publishing house of Moscow University, Mos-

cow (1979) / Luriya A.R. Yazyk i soznanie. Izd-vo Moskovskogo universiteta, Moskva 

(1979). (in Russian) 

5. Kharlamov A.A. Associative memory as an environment for the formation of a knowledge 

space. From biology to applications. Palmarium Academic Publishing, Düsseldorf (2017) / 

Kharlamov A.A. Associativnaya pamyat’ – sreda dlya formirovaniya prostranstva znanij. 

Ot biologii k prilozheniyam. Palmarium Academic Publishing, Dyussel’dorf (2017). (in 

Russian) 

6. Bianki V.L. Asymmetry of the brain of animals. Nauka, Leningrad (1985) / Bianki V.L. 

Asimmetriya mozga zhivotnykh. Nauka, Leningrad (1985). (in Russian) 

7. Zolotova G.A. Syntax dictionary: The repertoire of elementary units of Russian syntax. 

2nd edn. Editorial URSS, Moscow (2001) / Zolotova G.A. Sintaksicheskij slovar’: Reper-

tuar ehlementarnykh edinits russkogo sintaksisa. 2nd edn. Editorial URSS, Moskva (2001). 

(in Russian)  

8. Rakhilina E.V. Cognitive analysis of subject names: semantics and compatibility. Russkie 

slovari, Moscow (2000) / Rakhilina E.V. Kognitivnyj analiz predmetnykh imen: semantika 

i sochetaemost’. Russkie slovari, Moskva (2000). (in Russian) 

9. Kharlamov Alexander, Gradoselscaya Galina, Dokuka Sofia. Dynamic semantic network 

analysis of unstructured text corpora. In: van der Aalst et al. (eds) Analysis of Images, So-

https://www.ibm.com/watson/
https://www.youtube.com/watch?v=DeletzAbRkY
https://www.youtube.com/watch?v=DeletzAbRkY


12 

cial Networks and Texts. 6th International Conference, AIST 2017, LNCS 10716, 392-

403. Springer, Heidelberg (2018). 

10. Hopfield, J.J. Neural networks and physical systems with emergent collective computa-

tional abilities. Proc. Natl. Acad. Sci. 79, 2554 – 2558 (1982). 

11. Granger, Richard H.  and Hearn, Robert A.  Models of thalamocortical system 

doi:10.4249/scholarpedia.1796. 

12. Batuev A.S. Higher integral systems of the brain. Nauka, Leningrad branch, Leningrad 

(1981) / Batuev A.S. Vysshie integral’nye sistemy mozga. Nauka, Leningradskoe otdele-

nie, Leningrad (1981). (in Russian)  

13. Vinogradova O. S. Hippocampus and memory. nauka, Moscow (1975) / Vinogradova O. 

S. Gippokamp i pamyat’. Nauka, Moskva (1975). (in Russian) 

14. Lilly, John C. Programming and Metaprogramming in the Human Biocomputer. The 

Julian Press, Inc., New York (1967). 

http://dx.doi.org/10.4249/scholarpedia.1796

