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Annotation. The method of predicting events based on correlation
mapping and Fourier decomposition of relevant time series, which is
presented in this paper, is intended for the predictive calculation of signs
that an event will occur. As input data for calculating the forecast, in
addition to the series that needs to be extended with forecast values,
relevant series that are close in the content are used. The calculation is
based on a model that calculates the correlations of the total values of the
Fourier decomposition for all relevant time series with the historical
series. In this case, a certain number of constant parameters of the
Fourier decomposition is calculated as the result of solving the
optimization problem. Based on the generated model and the values of
constant parameters, further values of the initial series are calculated,
that is, the predicted event is determined.
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Introduction

The problem of event forecasting (a partial case of time series forecasting) consists
in finding the values of a series corresponding to an event in the future, based on
known values of a series from the past, that is, a historical series.

While the prediction of stationary time series is a practically solved problem, the
prediction of non-stationary time series is currently a current problem [1-3].



This paper presents a method for predicting events based on correlation reflection
and Fourier decomposition [2], designed for the predictive calculation of signs of
an event that occurred, binary values of 1 ("yes") or 0 (*no™). The proposed method
solves the problem of forecasting events that are a special case of time series
forecasting, and this is a scientific and practical novelty [4]. In addition, the series
under consideration are not stationary.

As input data for the calculation, in addition to the original historical series, which
must be extended with forecast values, additional so-called relevant series of
events that are close in the content are used (the number of such events and their
relevance level is determined by expert analysis).

The calculation is based on a model that calculates the correlations of the total
values of the Fourier decomposition for all relevant time series with the historical
series. In this case, a certain number of constant parameters of the Fourier
decomposition is calculated as the result of solving the optimization problem.
Here, the target function is the correlation coefficient between the known values of
the historical series and the series of total values of the Fourier decomposition.
After that, based on the generated model and the values of constant parameters,
further values of the historical series are calculated, that is, the predicted event is
determined at the time points determined by the constructed model (the minimum
value of the model).

Below are the steps to implement the model.
Implementation of the methodology

The preliminary stage for implementing the methodology is to prepare data for
further forecasting. To do this, prepare the following rows:
Y — a set of historical data that requires forecasting;

Xj — relevant series to the original series, whose behavior should be predicted

(their number and relevance are determined by the analyst);
t — time (a uniform increasing sequence of digits that can represent minutes or
hours, days, weeks, etc.).

As an example of relevant time series for such events (a series of Y dynamic time
series of publications obtained by the Attack Index content monitoring system [5]



for the following queries can be considered as massive Russian missile strikes on

Ukraine:

1. "country, Putin, war "(corresponds to the theme of the war associated with
Putin, Figure 1);

2. "war, SWQO" (corresponds to the theme of war as a so-called special military
operation of Russia, Figure 2);

3. "(SWO) & (humanitarian, electrical, energy, heat)" (corresponds to the
theme of a special military operation and attacks on the energy sector, Figure
3);

4. "(SWO)&(Ukraine, regime)" (corresponds to the theme of the special

military operation and the political regime in Ukraine, Figure 4).
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Figure 1. Time series of publications on websites on request 1

BOMHa,CBO

. B ¢ 08 § 8

I

- ! : \

\%N L\; { &L[\'}J f { |
& E S S 5 o - & S oS
~ > o o o > > ~ ™ o > > & %
e W B & 2 LY \ Mg > S S Cll | RS S S LS

Figure 2. Time series of publications on websites on request 2
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Figure 3. Time series of publications on websites on request 3
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Figure 4. Time series of publications on websites on request 4
Step 1

Pairwise element differences are determined for all relevant series X. (i — row
number), like:

AX. = X. =X

ij ij i(j-1) °

where j — time value.

Step 2

Correlograms between Y and rows of AXj, by calculating the correlation

coefficients when the series is shifted Y with respect to the series AXj to the set
time value (Figure 5).
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Figure 5. Correlograms
Step 3

Based on the required forecast horizon, the lag shifts that correspond to the largest
absolute (without taking into account the sign) correlation values of the
corresponding series are determined by expert analysis from the obtained
correlograms.

Step 4
Before each lag shift, the formula is applied:

Sj =8 X AXi xsin(a, xt—a,)+a, +a X AXiiny) xcos(a;xt—a,)+a,,

where

ay, ap... — constant parameters, the value of which is calculated later (the initial
value depends on the values of the series, for this example = 0.5);

| — lag shift.
Step 5

The intermediate result is defined as the sum of

S, =Zi:sij .



Step 6

Constant parameters are calculated using one of the methods of local or global
optimization of the objective function chosen by the analyst (gradient methods,
evolutionary methods, etc.). The target function is the correlation coefficient
between known values of the series Y and S.

For the example under consideration, we obtain a correlation coefficient of 0.93.
An example of the form of an optimized model is shown in Figure 6:
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Figure 6. The shape of the optimized model
Step 7

The final solution to the problem is selected using the decision—making method-
minimin (minimum probability of omission with minimum probability of an
erroneous event).

To do this, determine the minimum value of the series S (model range), at the
moment when the tracked events appear in a number of Y (the series that is being
predicted).

For the given example, the minimum value of the row is S, at the moment when the
tracked event appears in row Y equal to 60.1628.

Thus, the decision threshold is defined as 60.
Step 8

Based on the determined model, further values of the Y series are calculated, with
the prediction of the event determined at the moments when the S series values will
correspond to the minimax criterion (Figure 7).
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Figure 7. A series of events — massive Russian missile strikes on Ukraine
Conclusions

The proposed method solves the problem of event forecasting, which is a special
case of time series forecasting, and this is a scientific and practical novelty.

The presented method is based on correlation reflection and Fourier decomposition
of relevant time series and is intended for predictive calculation of signs that an
event has occurred, binary values of 1 ("yes") or 0 (*'no").

In addition to the historical time series that needs to be extended with forecasted
values, additional relevant time series with similar content of events are used as
input data for the calculation. The calculation is based on the model constructed
using the proposed methodology, in which correlations of the total values of
Fourier decomposition for all relevant time series with the historical series are
calculated.

After that, further values of the historical series are calculated based on a certain
model and values of constant parameters, that is, the predicted event is determined
at the time points determined by the constructed model.
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