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Abstract. The article deals with research related to the use of artificial 

intelligence technologies for effective decision-making in corporate 

governance under conditions of deep uncertainty. To process uncertainty, it 

is proposed to use the cognitive capabilities of artificial intelligence. 

Cognitivism can be used to implement intuitive, psychological and other 

components of the internal mental activity of a person when making 

decisions. These capabilities allow one to make informed decisions and 

predict the consequences of these decisions. To study the properties of 

deep uncertainty, the authors suggest using a tensor model. The tensor 

model of deep uncertainty makes it possible to study additional properties 

of uncertainty that are not available in traditional models, such as Bayesian 

formalism, Dempster-Shafer theory, fuzzy sets, a method based on certain 

factors (Stanford formalism), and others. The use of the tensor model 

allows one to study the spatial model of uncertainty, real and imaginary 

values of uncertainty, as well as uncertainty invariants with respect to 

various transformations of the coordinate system. 

1 Introduction  
Technological transformation and coronavirus has had a serious impact on the concept of 

management. To improve the efficiency of corporate governance, it is necessary to take into 

account new business formats. Corporate management of ecosystem, platform, and 

distributed companies is a highly computationally complex task. Artificial intelligence 

technologies are now being successfully used to solve such problems. 

Tasks such as: 

� data collection and analysis 

� monitoring the organization's own activities  

� monitoring the workforce problems 

� representation of the company's brands , products and services in social networks, 

monitoring user views of this information 

� risk management procedures 
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� market forecasts 

� analysis of existing and forecasting new socio-cultural trends to monitor their 

impact on business

� monitoring the company's position on various social issues 

� forming and optimizing the organization's own rating and analyzing the impact of 

the rating on the stock market, investors, consumers, and social networks.

� forecast the organization's investment in various areas in order to avoid the 

financial collapse of the organization

� assessment of risk factors

� data collection and analysis management decision-making, personnel decision-

making, internal and external financial policy decision-making, disaster decision-

making can be solved using artificial intelligence.

Now the penetration of AI into the daily lives of people and businesses is undeniable

[3]. Obviously, artificial intelligence also has an impact on corporate governance. The 

complexity and rapid change of the world make making the right decisions a very difficult 

process [5][6][7][11]. And often the cost of mistakes is very high [1]. Of course, you can 

use automation to partially reduce risks. But it is better to use the cognitive capabilities of 

artificial intelligence. The cognitive capabilities of artificial intelligence can be used to 

implement intuitive, psychological and other components of the internal mental activity of a 

person when making decisions. The cognitive capabilities of artificial intelligence allow 

one to make informed decisions and predict the consequences of these decisions. Usually, 

the information that a person uses to make decisions contains noise that changes the 

measured values [2]. So we are dealing with uncertainty. And if decisions are made in

dynamic interaction with the system, then there is such a thing as deep uncertainty. 

Decision-making under deep uncertainty is a complex process that which combines 

artificial intelligence technologies such as fuzzy knowledge processing and forecasting. 

Next, we consider possible approaches to handling deep uncertainty in the decision-making 

process. When we try to represent uncertainty in the knowledge base, we may encounter the 

following problems: 

- the degree of uncertainty of information is so high that during formalization, an 

erroneous representation of this information inevitably occurs

- based on poorly presented knowledge, erroneous conclusions may be drawn.

In other words, the success of making a decision depends on how we present the 

uncertainty. 

When using traditional tools for mathematical modeling of uncertainty, such as 

Bayesian formalism, Dempster-Shafer theory, fuzzy sets, the method based on certainty

factors (Stanford formalism) and their various combinations and modifications, we cannot 

say that the resulting model fully reflects all the properties of uncertainty. This is due to the 

unavoidable use of heuristics in modeling uncertainty. We can't avoid using heuristics to 

formalize uncertainty, but we can try to minimize its impact on our research. To do this, 

consider the tensor basis and try to represent the uncertainty using this basis.

2 Tensor method of dual networks
The fuzzy set basis can be used to handle uncertainty [4]. To formalize uncertainty we use 

the a fuzzy quantity. A fuzzy quantity can be defined as an arbitrary fuzzy set:
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This set � defined on the set of real numbers R and the membership function of a fuzzy 

quantity is a function of the form:

]1,0[)( R�� �� (2)

Define 	 as tensor:

	 T))(( ��� �
� (3)
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So a fuzzy variable can be represented by a tensor.

Using the transformation, we can obtain from the dyad a symmetric tensor, an 

antisymmetric tensor, a sphere tensor, and a deviator. And we can determine 

additional properties of the fuzzy variable as a result of analyzing these tensors. 

3 Results of applying the tensor basis for the system modeling 
of deep uncertainty

Let's consider the application of the tensor basis for modeling uncertainty in the problem of 

forecasting passenger traffic volumes in St. Petersburg and the Leningrad region for the 

period up to 2030[8][9][10][12]. The calculation is made for conservative and innovative 

options (See Tab.1, Tab. 2).

Table 1. Passenger traffic trends to 2030 (conservative option)

2020 2025 2030
Passenger traffic (million people) 2068,9 2130 2194,9
Saint-Petersburg 1971,3 2027 2086,9

Leningrad region 97,6 103 108

Table 2. Passenger traffic trends to 2030 (innovative option)

2020 2025 2030
Passenger traffic (million people)            2139,1 2216,9 2322,3
Saint-Petersburg 2040,7 2108,4 2202,4

Leningrad region 98,4 108,5 119,9

Passenger traffic for each year is a fuzzy value. Hence the following fuzzy variables can 

be defined for each calculation option (conservative and innovative) (See Tab. 3).
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Table. 3. Fuzzy variables

Conservative option Innovative option

��1c - fuzzy 2068.9 (2020)
�2c - fuzzy 2130    (2025)
��3c - fuzzy 2194.9 (2030)

�1i - fuzzy 2139.1 (2020)
�2i   - fuzzy 2216.9 (2025)
�3i   - fuzzy 2322.3 (2030)

Now we define universums and membership functions for fuzzy variables (See Tab. 4).

Table 4. Universums and membership functions for fuzzy variables

conservative option innovative option
2020  2100]:26.84:[19061 �c�  

2081.12]) 2068.9 [1907.86, trimf()( 11 cc ��� ��

 2220.86]:40.88:[1852.941 �i�
 2179.98]) 2139.1 [1893.82,trimf()( 11 ii ��� ��

2025  2154.44]:12.22:[2044.462 �c�

2142.22]) 2130 [2056.68 ,trimf()( 22 cc ��� ��

 2248.86]:12.98:[2108.042 �i�  
2232.46]) 2216.9 [2123.54 ,trimf()( 22 ii ��� ��

2030  2220.86]:12.98:[2114.043 �c�
2207.88]) 2194.9 [2127.02 , trimf()( 33 cc ��� ��

 2364.46]:21.08:[2174.743 �i�
2343.38]) 2322.3 [2195.82 ,trimf()( 33 ii ��� ��

The Fig.1 (a-c) shows the fuzzy variables for the conservative and innovative options. 

So we can perform all the operations available to us from fuzzy set theory on variables. But 

each variable has a quantity behind it. In our case, this is passenger traffic. By studying the 

fuzzy set, we can draw conclusions about the fluctuations of this quantity within the 

boundaries of the fuzzy set. However, we can't say anything about this quantity beyond 

these boundaries. This limitation can be overcome by using a tensor basis. Applying 

formula 3 to the vector of values of each fuzzy variable and its membership function, we 

obtain tensors of fuzzy variables (see Fig. 1 d-j).
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Fig. 1. The fuzzy sets and tensors

Hence instead of a set of values for a fuzzy variable we get a mathematical object and 

can now explore additional properties of uncertainty. Using the tools of tensor algebra, we 

can obtain additional tensors for each tensor of a fuzzy variable. As an example, we 

decompose the tensor for fuzzy 2068.9 into a sphere tensor and a deviator. The resulting 

tensors describe additional properties of this fuzzy variable – it’s clear and fuzzy parts (see 

Fig. 2). 

Fig. 2. The sphere tensor and deviator for fuzzy 2068.9

We can also decompose the tensor for fuzzy 2068.9 into symmetric and antisymmetric 

tensors (see Fig. 3).
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Fig. 3. The antisymmetric and symmetric tensors for fuzzy 2068.9

An antisymmetric tensor characterizes the transformation of a fuzzy tensor with respect 

to the base coordinate system. The antisymmetric tensor does not change when the 

coordinate axes are reflected and is constant in all coordinate systems where Newton's laws 

apply.

Finally, we can get the eigenvalues of the fuzzy variable tensor. The combination of 

these values forms the spectrum of the fuzzy variable tensor (See Fig. 4).

Fig. 4. The real and imaginary parts of the eigenvalues of the fuzzy 2068 tensor

So we see that the use of the tensor basis significantly expands the possibilities of 

studying the deep uncertainty that is an inevitable companion of artificial intelligence 

technologies. Especially when these technologies are used to solve complex corporate 

governance problems. 

4 Conclusions
The research conducted in the article allows us to draw the following conclusions:

1. To improve the efficiency of corporate governance, it is necessary to take into 

account new business formats. This means using artificial intelligence technologies

2. The cognitive capabilities of artificial intelligence can be used to implement intuitive, 

psychological and other components of the internal mental activity of a person when 

making decisions. These capabilities allow one to make informed decisions and predict the 

consequences of these decisions.

3. Effective decisions in the corporate governance process are made under conditions of 

deep uncertainty, as these decisions are made in dynamic interaction with the management 

system

4. The tensor model of deep uncertainty allows you to explore additional properties of 

uncertainty that are not available when using traditional models, such as Bayesian 
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formalism, Dempster-Shafer theory, fuzzy sets, and a method based on certain factors 

(Stanford formalism), etc. The tensor model is a spatial model of uncertainty; its real and 

imaginary values and invariants with respect to various transformations of the coordinate 

system.
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