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Quantum econophysics of bitcoin crises

The attempts to create an adequate model of socio-economic critical events, which, as it has
been historically proven, are almost permanent, were, are and will always be made. Actually, it is
a supertask, impossible to solve. However, the potentially useful solutions, local in time or other
socio-economic logistic coordinates, are possible. In fact, they have to be the object of interest for
a real and effective economic science.

Econophysics is a young interdisciplinary scientific field, which developed and acquired its name
at the end of the last century [1]. Quantum econophysics, a direction distinguished by the use of
mathematical apparatus of quantum mechanics as well as its fundamental conceptual ideas and
relativistic aspects, developed within its boundaries just a couple of years later, in the first decade
of the 21-st century.

According to classical physics, immediate values of physical quantities, which describe the
system status, not only exist, but can also be exactly measured. Although non-relativistic quantum
mechanics doesn’t reject the existence of immediate values of classic physical quantities, it postulates
that not all of them can be measured simultaneously (Heisenberg uncertainty ratio). Relativistic
quantum mechanics denies the existence of immediate values for all kinds of physical quantities,
and, therefore, the notion of system status seizes to be algoristic.

In paper [2] we have suggested a new paradigm of complex systems modelling based on the
ideas of quantum as well as relativistic mechanics. It has been revealed that the use of quantum-
mechanical analogies (such as the uncertainty principle, notion of the operator, and quantum
measurement interpretation) can be applied to describing socio-economic processes. Methodological
and philosophical analysis of fundamental physical notions and constants, such as time, space
and spatial coordinates, mass, Planck’s constant, light velocity from the point of view of modern
theoretical physics provides an opportunity to search of adequate and useful analogues in socio-
economic phenomena and processes.

Suppose there is a set of M time series, each of N samples, that correspond to the single distance
T, with an equal minimal time step Aty ,in:

Xi(tn),tn = Atpin -n;m=0,1,2,... N—-1;i=1,2,..., M. (1)
To bring all series to the unified and non-dimentional representation, accurate to the additive
constant, we normalize them, having taken a natural logarithm of each term of the series:

i(tn) = X;(tn), tn = Atpin -n;n=0,1,2 ... N—1;i=1,2,..., M. (2)
Let us consider that every new series x;(¢,) is a one-dimensional trajectory of a certain fictitious
or abstract particle numbered ¢, while its coordinate is registered after every time span At,,;,, and

evaluate mean square deviations of its coordinate and speed in some time window AT
The <immediate> speed of ¢ particle at the moment ¢,, is defined by the ratio:

xi(t —x;(t 1 Xi(t
'Uz(tn) _ 1( n+1) z( n) _ ln 7,( n+1)
with variance D,,, and mean square deviation Av;.
The chaotic nature of real time series allows to x;(¢,) as the trajectory of a certain abstract

quantum particle (observed at Atmin time spans). We can write an uncertainty ratio for this

3)
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trajectory [3]:

2
A:Ci‘Al/iwi’o’r‘: 1 IHQM — IHM Ni, (4)
m; Atpin Xi(tn) n AN X;(tn) n AN m;

where m; — economic “mass” of an ¢ series, h — value which comes as an economic Planck’s constant.

We will test the model for the cryptocurrency market on the example of the bitcoin. Bitcoin
is an important electronic and decentralized cryptographic currency system. It is based on a
peer-to-peer network architecture and secured by cryptographic protocols and there is no need for
a central authority or central bank to control the money supply within the system. Bitcoin attracts
considerable attention of researchers of different levels, using modern methods and models of
analysis of the peculiarities of the dynamics of the popular digital currency. Thus, the identification
of possible trends of the cryptocurrency movement, construction and modeling of indicators of
stability and possible crisis states is extremely relevant.

During the entire period (16.07.2010 — 01.04.2018) of verifiably fixed daily values of the bitcoin
price (BTC) (https://finance.yahoo.com/cryptocurrencies) in relative units, five crisis phenomena
were recorded and marked with arrows on fig. 1. Calculations were carried out within the framework
of the algorithm of a moving window. For this purpose, the part of the time series (window), for
which there were measures M was selected, then the window was displaced along the time series in
a one-day increment and the procedure repeated until all the studied series had exhausted. Further,
comparing the dynamics of the actual time series and the corresponding measures M, we can judge
the characteristic changes in the dynamics of the behavior of M with changes in the cryptocurrency.

Obviously, there is a dynamic characteristic values M depending on the internal dynamics of the
market. In times of crisis known (marked by arrows in the fig. 1) “mass” is significantly reduced in
the pre-crisis period. In fig. 2 mass calculations were proved only for the last fifth crisis and with
the window not in 500 days, but only 50. Obviously that the value of M remains a good indicator
and in this case.

wind=50
1 : 1 i :
—RBTC | —BIC
0.8f ~=-M 0.8} } -=-M
A !
= 0.6 1 = 0.6} | .
o) i o) 1
= 0.4 : o 0.4 |
{l‘li \
o2t J* 0.2
‘-",!
0= > : 0 : ‘ : :
0 500 1000 1500 2000 2500 0 50 100 150 200 250
time, days time, days
Figure 1 Figure 2

This fact can be used as an indicator-precursor crisis.

References. 1. R.N. Mantegna, H.E. Stanley, “An Introduction to Econophysics”. — Cambridge:
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arxiv.org/0907.1142. 3. V. Soloviev, V. Saptsin (2011, Nov 10) Heisenberg uncertainty principle
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