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Abstract. In the previous works we analyzed and solved such problem of caus-

al reflection of the outer world as a statistical ambiguity. We defined maximally 

specific causal relationships that have a property of an unambiguous inference: 

from consistent premises we infer consistent conclusions. We suppose that 

brain makes all possible inferences from causal relationships that produce a 

consistent model of the perceived world that shows up as consciousness. To 

discover maximally specific causal relationships by the brain, a formal model of 

neuron that is in line with Hebb rule was suggested. Causal relationships may 

create fixed points of cyclic inter-predictable attributes. We argue that, if we 

consider attributes of the outer world objects regardless of how we perceive 

them, a variety of fixed points of the objects’ attributes forms a “natural” classi-

fication of the outer world objects. And, if we consider fixed points of causal 

relationships between the stimuli of the objects we perceive, they form “natu-

ral” concepts described in cognitive sciences. And, if we consider the infor-

mation processes of the brain when the system of causal relationships between 

object stimuli produces maximum integrated information, then this system may 

be considered as a fixed point which has a maximum consistency in the same 

sense as the entropic measure of integrated information. It was shown in other 

works that this model of consciousness explains purposeful behavior and per-

ception.   

Keywords: clustering, categorization, natural classification, natural concepts, 

integrated information, concepts. 

1 Introduction 

Causality is a result of physical determinism: «for every isolated physical system 

some fixed state of a system determines all the subsequent states» [1]. But let us con-

sider an automobile accident [1]. What is the reason for it? It might be a road surface 

condition or humidity, position of the sun with respect to the drivers’ looks, reckless 

driving, psychological state of driver, functionality of brakes, etc. It is clear that there 

is no any certain cause in this case. 

                                                           
1 The work is supported by the Russian Science Foundation grant №17-11-01176. 
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In the philosophy of science the causality is reduced to forecasting and explana-

tion. «Causal relation means predictability … in that if the entire previous situation is 

known, an event may be predicted …, if all the facts and laws of nature, related to the 

event, are given» [1]. It is clear that nobody knows all the facts, which number in the 

case of an accident is potentially infinite, and all the laws. In the case of a human 

being and animals, the laws are obtained by training (inductive reasoning). Therefore, 

causality is reduced to predicting by inductive-statistical (I-S) reasoning, when predic-

tions logically inferred from facts and statistical laws with some probabilistic assess-

ment. 

Causal relationships and laws, discovered on real data or by training, face with the 

problem of statistical ambiguity – contradictions (contradictory predictions) may be 

inferred from discovered causal relationships [2-3]. To avoid inconsistences, Hempel 

[4-5] introduced a requirement of maximal specificity, which implies that a statistical 

law should incorporate maximum of information, related to the predicted property. 

Following Hempel, we defined maximally specific rules for which we proved a con-

sistency of (I-S) inference, which use only these maximum specific rules [2-3]. A 

special semantic probabilistic inference was developed that discover maximum spe-

cific rules, which might be considered as the most precise causal relationships (having 

maximum conditional probability and using maximum available information). Causal 

relationships may create fixed points of cyclic inter-predictable attributes. 

The structure of the outer world objects was analyzed in the form of «natural» clas-

sifications. It was noted by naturalists that «natural» classes of animals or plants have 

a potentially infinite number of different properties [6]. Naturalists, who were build-

ing «natural» classifications, noted that construction of a «natural» classification was 

just an indication: from an infinite number of attributes you need to pass to the limited 

number of them, which would replace all other attributes [7]. This means that in «nat-

ural» classes these attributes are strongly correlated, for example, if there are 128 

classes and the attributes are binary, then the independent «indicator» attributes 

among them will be about 7 attributes as 2
7
 = 128, and others can be predicted based 

on these 7 attributes. We can select different 7-15 attributes as «indicators» and then 

others potentially infinite attributes can be predicted based on these selected attrib-

utes. So, there is a great number of causal relationships between the «natural» class 

attributes. 

 We formalize the «natural» classification based on the generalization of the For-

mal Concept Analysis (FCA) [8]. Formal concepts emerging in the FCA may be spec-

ified as fixed points of deterministic implications (with no exceptions) [8]. We gener-

alize formal concepts for probabilistic case by introducing probabilistic maximum 

specific rules instead of deterministic implications and defining fixed points for prob-

abilistic implications [9-10]. We argue in [11] that, if we apply this generalization to 

some sample from a general population, then we receive a «natural» classification of 

that sample, which meets all the requirements that naturalists made for «natural» clas-

sification.  

In the work [12] we demonstrate that semantic probabilistic inference might be 

considered as a formal model of neuron that satisfy the Hebb rule, in which this infer-

ence produce all the most precise causal relationships. Causal relationships discovered 
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by neurons may form fixed points of cyclic inter-predictable properties that produce a 

certain «resonance» of mutual predictions (excitations) of neurons.  

High correlation of attributes for «natural» classes was also confirmed in cogni-

tive science. Eleanor Rosch formulated the principles of categorization, one of which 

is the following: « the perceived world is not an unstructured set of properties found 

with equal probability, on the contrary, the objects of perceived world have highly 

correlated structure» [13-14]. Therefore, directly perceived objects (so called basic 

objects) are rich with information ligaments of observed and functional properties, 

which form a natural discontinuity, creating categorization. Later, Bob Rehder sug-

gested a theory of causal models, in which the relation of an object to a category is 

not based on a set of attributes but on the proximity of generating causal mechanisms: 

«the object is classified as a member of a certain category to the extent that its proper-

ties are likely to have been generated by this category of causal laws» [15]. Thus, the 

structure of causal relationships between the attributes of objects is taken as a basis of 

categorization. Therefore, brain perceives a «natural» object not as a set of attributes, 

but as a «resonant» system of causal relationships, closing upon itself through simul-

taneous inference of the total aggregate of the «natural» concept features. At the same 

time, «resonance» occurs, if and only if these causal relationships reflect some integ-

rity of some «natural» class, in which a potentially infinite number of attributes mutu-

ally presuppose each other. To formalize causal models, Bob Rehder proposed to use 

causal graphical models (CGMs) [16]. However, these models are based on «deploy-

ment» of Bayesian networks, which do not allow cycles and cannot formalize cyclic 

causal relationships. Instead of it, our model is directly formalizing the cyclic causal 

relationships by the fixed points of predictions on causations [8-12]. 

Neuron transmits its excitation to the other neurons through multiple both excitato-

ry and inhibitory synapses. Inhibitory synapses may slow down other neurons and 

stop their activity. It is important for «inhibiting» alternate perception images, attrib-

utes, properties, etc. Within our formal model it is accomplished by discovering «in-

hibitory» causal relationships, which predicts absence of an attribute/property of the 

object (the perceived object shall not have the respective attribute/property) as com-

pared to the other objects, where this characteristic is found. A formal model specifies 

it by predicates’ negations for corresponding attribute/property. Absence of inconsist-

encies at the fixed points, that is proved in [10-11] for the most precise causal rela-

tionships, means that there are no two most precise causal relationships simultaneous-

ly predicting both availability of some attribute/property with an object, and its ab-

sence. 

It should be specially noted that the «resonance» of mutual predictions of the per-

ceived properties of the objects is carried out continuously in time and therefore the 

predicted properties must coincide with the ones that have just been perceived from 

that objects. The absence of contradictions in the predictions is also the absence of 

contradictions between the predicted stimulus and the really received stimulus.  
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2 Comparison with the integrated information theory 

If the «natural» classification describes objects of the external world, and «natural» 

concepts are the perception of these objects, then the integrated information theory 

describes the information processes of the brain when these objects are perceived.  

G. Tononi defines consciousness as a primary concept, which has the following 

phenomenological characteristics: composition, information, integration, exclusion 

[17-18]. For a more accurate determination of these properties G. Tononi introduces 

the concept of integrated information: «integrated information characterizing the re-

duction of uncertainty is the information, generated by the system that comes in a 

certain state after the causal interaction between its parts, which is superior infor-

mation generated independently by its parts themselves» [18].   

The process of reflection of causal relationships of the outer world (Fig. 1) shall be 

further considered. It includes: 

1. The objects of the outer world (car, boat) which relate to certain «natural» classes; 

2. The process of brain reflection of objects by causal relations marked by blue lines; 

3. Formation of the systems of interconnected causal relationships, indicated by green 

ovals.   

In G. Tononi's theory only the third point of reflection is considered. Integrated in-

formation is also considered as a system of cyclic causality. Using integrated infor-

mation the brain is adjusted to perceiving «natural» objects of the outer world.  

Fig. 1.  Brain reflection of causal relationships between objects attributes 

In terms of integrated information, phenomenological properties are formulated as 

follows. In brackets an interpretation of these properties from the point of view of 

«natural» classification is given. 

4. Composition – elementary mechanisms (causal relationships) can be combined into 

the higher-order ones («natural» classes in the form of causal fixed points produce 

a hierarchy of «natural» classes);  
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5. Information – only mechanisms that specify «differences that make a difference» 

within a system shall be taken into account (only a system of «resonating» causal 

relationships (differences), forming a class (difference) is important; 

6. Integration – only information irreducible to non-interdependent components shall 

be taken into account (only system of «resonating» causal relations, indicating an 

excess of information and perception of highly correlated structures of «natural» 

object is accounted for); 

7. Exclusion – only maximum of integrated information counts (only values of attrib-

utes that are «resonating» at the fix-point and, thus, mostly interrelated by causal 

relationships, form a «natural» class or «natural» concept). 

These phenomenological properties are defined as the intrinsic properties of the 

system. We consider these properties as the ability of the system to reflect the com-

plexes of external objects’ causal relations, and consciousness as the ability of a com-

plex hierarchical reflection of a «natural» classification of the outer world.  

Theoretical results on consistency of inference and consistency of fixed points of 

our formal model are suppose that a probability measure of events is known. Howev-

er, if we discover causal relationships on the training set, and intend to predict proper-

ties of a new object out of the training set and belonging to a wider general popula-

tion, or to recognize a new object as a member of some «natural» concept, there might 

be inconsistencies. Here, a certain criterion of maximum consistency is employed, 

which is based upon information measure, close in meaning to an entropic measure of 

integrated information [19].  

3 Discussion  

Theoretical results obtained in the paper suggest that it is possible to create a mathe-

matically precise system of the reality reflection, based on the most specific causal 

relationships and the fixed points. It can be shown that the reflection of causal rela-

tionships is able to model a multitude of cognitive functions in accordance with exist-

ing physiological and psychological theories. The organization of purposeful behavior 

is modeled by causal relationships between actions and their results [20], which fully 

correspond to the theory of functional systems [21]. The fixed points adequately mod-

el the perception [19]. A set of causal relationships models expert knowledge [22]. 

Therefore, the verification of this formal model for compliance with the actual pro-

cesses of the brain seems to be an important task. 
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