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The article proposes to use fractal thermodynamics to analyze big data with fractal structure. The need 

for big data analysis arises in many areas of science and technology when creating databases in 
economics, medicine, geophysics, astronomy, particle physics and many others. This task is greatly 
simplified if big data has structural patterns. In this talk, we considered the case when big data forming 
a set A with a high degree of accuracy are multifractals. The analysis of the fractal structure of the set 
A was carried out on the basis of the fractal thermodynamics model. Its main methods and approaches 

are described. As a specific example of the set A, we consider the quantum phase spaces of the 
instantaneous heart rate Sq, built on the basis of big data on the RR-intervals of daily Holter monitoring 
of patients from the Tver Regional Clinical Hospital. It is shown that the sets Sq are fractals with a 
high degree of accuracy and, therefore, the method of fractal thermodynamics is quite applicable for 
studying their structure. 
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1. Introduction 

The need for big data analysis takes place in many areas of science and technology when 
creating databases in economics, medicine, geophysics, astronomy, particle physics and many others 
[1,2]. 

This task is greatly simplified if big data has structural patterns. In this talk, we will consider 
the case when big data form a set A with a high degree of accuracy are multifractals. 

A multifractal can be represented as a union of homogeneous fractal subsets Ai of the original 
set A, each of which has its own value of the fractal dimension Di, i=1,2,..,I. 

The sets Ai are fractal if, being embedded in the space Rn, then they are covered by elementary 
cubes of this space by the number Ni with a power law dependence on the sizes of the sides h of these 
cubes. 

Consider the power functions �̅�𝑖(ℎ) = 𝛤𝑖ℎ
−𝐷𝑖 , which approximates the functions Ni(h). Take a 

sequence of values hk, k=1,2,…,K. The degree of deviation δ of the functions Ni (h) and �̅�𝑖(ℎ) is 
estimated by the formula: 

𝛿𝑖 = max
1≤𝑘≤𝐾

|𝑁𝑖(ℎ𝑘) −𝑁�̅�(ℎ𝑘)|/𝑁�̅�(ℎ𝑘).                                         (1) 

If δi is small, then the sets Ai will be considered a fractals. In this case, the approximation 
parameters Di and Гi represent the fractal dimensions of the sets Ai and its Di-dimensional fractal 
volums, respectively. 

2. Fractal thermodynamics 

The analysis of the fractal structure of the set A will be carried out on the basis of the fractal 
thermodynamics model [3]. We briefly give its basic methods and approaches. 

According to [3], we define the fractal entropy Sf of the set A by the formula Sf =lnГ. 

Along with the fractal entropy Sf, we introduce into consideration the fractal  
temperature Tf  [3]: 

𝑇𝑓 = 𝑎 ∙ (
1

𝑛−𝐷
 −  

1

𝑛
)     (2) 

Coefficient a in formula (2) for calculating the fractal temperature Tf is selected for reasons of 
convenience in each specific case. 

It follows from (2) that the fractal temperature Tf is a function of the fractal dimension D of the 
set A. From (2) it follows that for D=0 the value Tf =0. 

Fractal thermodynamics, which we are developing, is one of the ways to study the properties 
of fractal systems and is an example of a more general concept of applying the methods of tropical 
mathematics to the problems of thermodynamics of various dynamical systems, proposed and 
developed by V.P. Maslov [4]. 

Since the fractal parameters Γ and D are related by relation (1), then between the fractal 

entropy Sf and the fractal temperature Tf there should be a functional dependence reflecting the 
structure of the fractal set A. The nature of this dependence determines the fractal equation of state 
(FES) of the set A. Due to the fact that Sf =0 at Tf =0, then we choose the specific form of the FUS in 
the form of a power function: 

𝑆𝑓 = 𝑏 ∙ 𝑇𝑓
𝛾

.
      (3) 

The value of the index of the power function γ in (5) will be called the FES index. 



Proceedings of the 9th International Conference "Distributed Computing and Grid Technologies in Science and 
Education" (GRID'2021), Dubna, Russia, July 5-9, 2021 

40 
 

3. Fractal thermodynamics and quantum phase space of instantaneous 

heart rhythm 

As a specific example of the set A, consider the quantum phase spaces of instantaneous heart 
rhytm (IHR) Sq [3], built on the basis of data on RR-intervals of daily Holter monitoring (HM) of 
patients from the Tver Regional Clinical Hospital (TRCH).  

The HM database in TRCH was created in 2016, and its data is retained for ten years from the 
date its receipt. The total volume of data has already exceeded 80 terabytes. The Holter monitoring 
data of each patient by itself represent a rather large array of real-time data obtained from the Holter 
sensors. Our approach allows us to identify structural patterns in the series of raw HM data. 

Our estimates of the parameter δ for Sq for all patients considered in this work gave a value of 
no more than 1%. Hence, it follows that with a high degree of accuracy the set Sq is a fractal and, 
therefore, the method of fractal thermodynamics can be applied to the study of its structure. 

In the database of the TRCH, a search was carried out for implementations of the 24-hours 
ECG for both patients with cardiac arrhythmias and students of Tver State University without 
significant cardiac arrhythmias. The study of these two categories of patients seems to be important for 
the development of methods for the early detection of cardiac rhythm pathologies. 

The data obtained make it possible to construct a fractal diagram of the IHR states of the 
studied patients. It is shown in Fig. 1 as a graph with Cartesian axes Sf and Tf. The fractal SfTf state 

diagram allows one to visualize the nature of the functional dependence of Sf on Tf. All patients are 
numbered with the index p=1,2,…,19, and the numbers p=11-3 and p=21-3 correspond to two patients 
with different dates of HM. The coefficient a in the formula for calculating the fractal temperature (2) 
was taken equal to 10. 

 

Figure 1. SfTf -diagram 

The fractal diagram of state SfTf allows visualizing the character of the functional dependence 
of Sf on Tf. Figure 1 shows that all the states of the SfTf diagram occupy a narrow band with a width of 
1.3 and a length of 127 dimensionless units. 
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4. 3D Visualization of the Quantum Phase Spaces of Instantaneous Cardiac 

Rhythm 

Let us construct a 3D histogram of the QPS of ICR as a pictorial presentation of its 
distribution by the states, which are described the discrete values of the IHR frequencies yi, rate of 
change of frequencies vi and the occupation numbers ni. The yv-plane projection of the 3D histogram 
of the QPS of ICR gives 2D visualization of the QPS of ICR, and its yn-plane and vn-plane projections 
represent the ICR frequency spectrum and the ICR frequency change rate spectrum. It is extremely 
sensitive information on the ICR state dynamics character. 

 

Figure 2. The 3D visualization of the QPS of ICR of the patient p=10; diagnosis: ventricular 
arrhythmia. 

 

Figure 3. The 3D visualization of the QPS of ICR of the patient p=7; diagnosis: norm. 

The 3D histogram of the QPS of ICR can be represented as a set of colored right-angled 
parallelepipeds in R3 of side ni with square bases of side h and the coordinates of their centers yi, vi. 
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Fig. 2, 3 represent the 3D histograms of the QPS of ICR of patients p = 1, 2 of Tver Regional 
Clinical Hospital constructed using the Maple program system according to the data from 24-hour 
HM. The vertical planes v = ±15 divide Sq into three areas |v| < 15, v < −15, v > 15 [5]. The first area, 
corresponding to regular ICR, are displayed in green, the second area and third area, corresponding to 
ICR jumps (catastrophes) with an acceleration of the rhythm - in red, and with a deceleration of the 
rhythm - in blue. 

5. Conclusion 

The article shows the effectiveness of using fractal thermodynamics for analyzing big data 
with a fractal structure and is demonstrated by the example of the HM database in TRCH. The analysis 
of the fractal structure of the set A was carried out on the basis of the fractal thermodynamics model. 
Its main methods and approaches are described. As a specific example of the set A, we consider the 
quantum phase spaces of the instantaneous heart rate Sq, built on the basis of big data on the RR-
intervals of daily Holter monitoring of patients from the Tver Regional Clinical Hospital. It is shown 

that the sets Sq are fractals with a high degree of accuracy and, therefore, the method of fractal 
thermodynamics is quite applicable for studying their structure. 
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