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Economic analog of Heisenberg uncertainly principle and financial crisis

The Heisenberg uncertainty principle is one of the cornerstones of quantum mechanics. The
modern version of the uncertainty principle, deals not with the precision of a measurement and
the disturbance it introduces, but with the intrinsic uncertainty any quantum state must possess,
regardless of what measurement is performed [1]. Recently, the study of uncertainty relations in
general has been a topic of growing interest, specifically in the setting of quantum information and
quantum cryptography, where it is fundamental to the security of certain protocols [2,3].

The aim of this study is to analyze the concepts and fundamental physical constants in terms
of achievements of modern theoretical physics, they search for adequate and useful analogues in
the socio-economic phenomena and processes, and their possible use in early warning of adverse
crisis in financial markets. The instability of global financial systems depending on ordinary and
natural disturbances in modern markets and highly undesirable financial crises are the evidence
of methodological crisis in modelling, predicting and interpretation of current socio-economic
conditions.

In paper [4] 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.

Let us proceed to the description of structural elements of our work and building of the model.
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 At,,in:

Xi(tn),tn = Atppin -nsn =10,1,2, .., N — 135 = 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:

xi(tn) =In X;(tn), th = Atpinn;n=0,1,2,... N —1;i =1,2,.... M. (2)

Let us consider that every new series x;(t,) is a one-dimensional trajectory of a certain fictitious or

abstract particle numbered 4, 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

AT = AN - Atpin = AN, 1 << AN << N. (3)
The “immediate” speed i of particle at the moment ¢, is defined by the ratio:
i(tn —x;(ty 1 X;(t,
Vi(tn) _ z ( +1) z ( ) o In ( +1) (4)

with variance D,, and mean square deviation Av;.
To evaluate dispersion D, coordinates of the particle are used in an approximated ratio:
QDM ~ DAm7 (5)
where
DAxi =< (xi(tn+1) - xi(t'rb))2 ?{n,(AN _)(< xi(tn-l-l) - xz}(g?) >n,)AN)2 -
iltnt1 i(tnt1
Xi(tn) >n,AN (< In Xz(tn)
which is derived from the supposition that x coordinates neighboring subject to the time of deviation
from the average value T are weakly correlated. The chaotic nature of real time series allows to
x;(ty) as the trajectory of a certain abstract quantum particle (observed at At,,;, time spans). We

=< In? >n7AN)2’ (6)
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can write an uncertainty ratio for this trajectory [5]:

h . 2 Xi(tnt1) Xi(tnt1) oy N
Ax; - Ay, o or: At (<In X () Xi(t) >n,AN)7) e (7
where m; — economic “mass” of an i series, h — value which comes as an economic Planck’s constant.

Since the analogy with physical particle trajectory is merely formal, value, unlike the physical
Planck’s constant, can, generally speaking, depend on the historical period of time, for which the
series are taken, and the length of the averaging interval (e.g. economical processes are different in
the time of crisis and recession), on the series number etc. Whether this analogy is correct or not
depends on particular series’ properties.

To test the suggested ratios and definitions we have chosen stock markets time series with in
one day for the period from January 3, 2004 to February 3, 2017 (https://finance.yahoo.com).
Calculations were made in the model moving window. Elected window, for example, a 250 dots
(approximate marketing year), it calculated value of the effective mass, then the window moved
along a row with a step length in one day and again there was a calculation of the mass. This
procedure continues until the exhaustion of the time series. The next step is to compare the
dynamics of the original series with a corresponding effective mass dynamics, analysis of system
changes on the market and the characteristics of effective mass behavior. Fig. 1 shows the “masses”
US stock indexes (S&P 500 — sp), China (Hang Seng Index — hsi), Germany (DAX - dax) and
Canada (S&P TSX Composite — gsptse). 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 figures) “mass” is significantly reduced in the pre-crisis period.

>n,AN —(< In

1 : b
%P WAL | TSP
0.8 ---M 0.8t " Y |-—-M
! .
p= 0.6 = 0.6 12008 2011 1= .
~ . 1 i
&0.4 204 f‘* {
= 0.2 2015
0 - : 0 e -
0 1000 2000 3000 0 1000 2000 3000
time, days time, days
Figure 1 Figure 2

Comparison of original time series with the corresponding weight (Fig. 2) can watch proactive
nature of mass change. This fact can be used as an indicator-precursor crisis. It should be noted
that the results are robust with respect to the dynamic nature of the series (FX, spot markets,
derivatives markets and so forth) and dimensioning procedures (window width, averaging procedures
and so forth).
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