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Preface

Welcome to Porto, Portugal, and to the 18th International Conference on Hybrid
Intelligent Systems (HIS 2018); the 10th International Conference on Soft
Computing and Pattern Recognition (SoCPaR 2018); and the 13th International
Conference on Information Assurance and Security (IAS 2018) held at Instituto
Superior de Engenharia do Porto (ISEP) during December 13–15, 2018.

Hybridization of intelligent systems is a promising research field of modern
artificial/computational intelligence concerned with the development of the next
generation of intelligent systems. A fundamental stimulus to the investigations of
hybrid intelligent systems (HISs) is the awareness in the academic communities that
combined approaches will be necessary if the remaining tough problems in com-
putational intelligence are to be solved. Recently, hybrid intelligent systems are
getting popular due to their capabilities in handling several real-world complexities
involving imprecision, uncertainty, and vagueness. HIS 2018 builds on the success
of HIS 2017, which was held in Delhi, India, during December 14–16, 2017. HIS
2018 received submissions from 30 countries, and each paper was reviewed by at
least five reviewers in a standard peer review process. Based on the recommen-
dation by five independent referees, finally 56 papers were accepted for the con-
ference (acceptance rate of 40%).

Conference proceedings are published by Springer Verlag, Advances in
Intelligent Systems and Computing Series. Many people have collaborated and
worked hard to produce this year successful HIS 2018 conference. First and fore-
most, we would like to thank all the authors for submitting their papers to the
conference and for their presentations and discussions during the conference. Our
thanks to Program Committee members and reviewers, who carried out the most
difficult work by carefully evaluating the submitted papers. We are grateful to our
three plenary speakers:

* Petia Georgieva, University of Aveiro, Portugal

* J. A. Tenreiro Machado, Polytechnic of Porto, Portugal

* Henrique M. Dinis Santos, University of Minho, Portugal
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Our special thanks to the Springer Publication team for the wonderful support
for the publication of this proceedings. Enjoy reading!

Ana Maria Madureira
Ajith Abraham
General Chairs

Maria Leonilde Varela
Oscar Castillo

Simone Ludwig
Program Chairs
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Abstract. The purpose of the presented research is the development and
adaptation of mathematical and instrumental methods of analysis and risk
management through the forecasting of both economic and natural time series
with memory based on the application of new mathematical methods of
investigation. The paper poses the problem of developing a constructive method
for predictive analysis of time series in the framework of the currently emerging
trend of using so-called “graphical tests” in the process of time series’ modeling
using nonlinear dynamics methods. The main purpose of using graphical tests is
to identify both stable and unstable quasiperiodic cycles (quasi-cycles), the
whole set of which includes a strange attractor (if one exists). New computer
technologies that made it possible to study complex phenomena and processes
“on a display screen” were used as instrumentation for the implementation of
methods of non-linear dynamics. The proposed approach differs from classical
methods of forecasting by new implementation of accounting trends (the evo-
lution of centers and sizes of dimensional rectangles), and appears to be a new
tool for identifying cyclic components of the time series in question. As a result,
the person, that is making decision has more detailed information, which is
impossible to obtain by the methods of classical statistics. The work was sup-
ported by Russian Foundation for Basic Research (Grants № 17-06-00354 A).

Keywords: Effluents volumes ! Harvest ! Prediction ! Time series !
Phase portrait ! Bounding box ! Quasicycles ! Phase analysis

1 Introduction

The relevance of the presented study, that is based on the application of the methods of
phase analysis to the problems of economic and mathematical modeling of the agro-
industrial complex and natural risk factors, is beyond doubt. The authors used in the
complex knownmethods of classical statistics [1–4] and methods of nonlinear dynamics.

© Springer Nature Switzerland AG 2020
A. M. Madureira et al. (Eds.): HIS 2018, AISC 923, pp. 31–39, 2020.
https://doi.org/10.1007/978-3-030-14347-3_4
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The transition to a new economy calls for the development of new software tools
for economic and mathematical modeling, including instruments for risk assessment
(prediction and pre-forecast analysis), in particular, such as phase analysis, fractal
analysis, linear cellular automaton and dynamic chaos methods.

Concerning the subject of the study - the time series “flow volumes of the Kuban
mountain river “, we note the following: in conclusion on the investigation of the flood
cause in June 2002 it is said that as a result of rainfall falling in the mountainous areas
of the Kuban River basin (with a catchment area of 57,900 km2 the total length of the
rivers of the basin is 38 325 km, and the total number of rivers is equal to 13 569, the
length of the Kuban is 870 km. [5]), there was a flood, which has no analog for almost
a hundred-year period of observations, both in terms of maximum flow and rise equal,
and for damage caused to the population and enterprises. As a result, 246 settlements
were damaged in the South of Russia, more than 110 km of the gas pipeline, 269
bridges, 1,490 km of roads, 102 people were killed. The total number of victims in the
Southern Federal District reached 340 thousand people, and material damage exceeded
15 billion rubles. Data on the flow volumes of the Kuban River are provided by the
Karachaevo-Cherkess Center of Hydrometeorology and Environmental Monitoring - a
branch of the Federal State Budget Institution “North Caucasus Department for
Hydrometeorology and Environmental Monitoring” of Russia.

Concerning the relevance of the utility of forecasting the values of time series
(TS) of crop yields, it can be noted that the importance of planning, achieving and
maintaining the development of economic growth rates also in order to ensure a high
standard of living for the population, is constantly increasing. It should be noted that
planning and forecasting of the enterprise’s activities is an objective necessity for any
economic system.

2 Materials and Methods

The paper presents a comparison of the results of a pre-forecast analysis of time series
of a different nature of cyclicity (wheat prices and runoff volumes of the mountain river
Kuban) obtained on the basis of phase analysis. We’ll demonstrate the method of phase
analysis based on the TS of the monthly flow volumes of the mountain river Kuban [5]
for the period from 1926 to 2003 (further TS “Kuban”), which has a clear annual cycle
[6]. As a comparison, we’ll consider the price of wheat per bushel in the American
cents from January 1993 to December 2014 (further referred as TS “Wheat”). It should
be noted, that a bushel is a unit of volume used in English system of measures. It is
mainly used for measuring the volume of agricultural products. One bushel of wheat
approximately equals to 27.2 kg.

Let’s denote TS “Kuban” as follows:

z ¼ zih i; i ¼ 1; 2; . . .;N; ð1Þ

where N – is the number of TS levels.
In the investigation of this TS, it is sufficiently expedient and informative to con-

struct phase portraits of TS (1) in the phase space F(Z) [6, 7] of dimension 2:
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F zð Þ ¼ Zi; Ziþ 1ð Þf g; i ¼ 1; 2; . . .n& 1. Figure 1 shows the phase trajectory of the TS
“Kuban”.

Following Packard [7], Peters [8] for TS (1) for its phase space we use the formula:

Wq Zð Þ ¼ Zi;Ziþ 1; . . .;Zn&qþ 1
! "

; i ¼ 1; 2; . . .; n& qþ 1: ð2Þ

The question of TS dimension q is a fundamentally important in the construction of
the phase space (2) for a particular TS. This dimension must be no less than the
dimension of the attractor of the observed series. As the dimension of the attractor, it
can be used the fractal dimension C of this series. The value of this dimension, as noted
in [8], is determined by the following formula:

D ¼ 2& H ð3Þ

Since the value of the Hurst exponent of the TS’s is in the vicinity of (0; 1), we can
obtain the estimate D\2 [9–11], respectively. From this we can conclude that it is
sufficient to use a phase space of dimension for this investigation q ¼ 2.

The definition of the concept of “quasicycle” is described in detail in [7, 11].

3 Results

3.1 Approbation of the “Phase Analysis” Program on Real Time Series

An important and noteworthy feature of TS “Kuban” prediction is that the phase
portrait consists of a continuous sequence of disjoint quasicycles whose dimension is
equal to a year (exactly 12 months). In general, the trajectory of the phase portrait for
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Fig. 1. Phase trajectory of the TS “Kuban”
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TS “Kuban” consists of disjoint quasicycles, Cr; r ¼ 1; 2; . . .; 16. Quasicycles are built
from February to January, thus forming 12-monthly cycles.

Most of classical research methods have become available due to statistical
application packages. The computer began to perform all the laborious, routine and
volumetric work on the calculation of various statistical indicators, construction of
diagrams and graphs. The researcher mostly performs creative work: setting of the task,
determining the method for its solving, obtaining and analyzing the results of the
research. Automation of this features is the goal that is pursued by the program “Phase
Analysis” (C++), developed and presented by the authors in this paper; the program
can be used for automatic realization of phase analysis calculations (in accordance with
Fig. 4). The program has a convenient interface and enables the economist-expert to
implement the analytical process.

In terms of the phase analysis’ tools, a separate annual cycle belonging to TS Z (1)
is presented as a typical quasicycle inherent to TS “Kuban” (Fig. 2(b)).

Along with TS “Kuban” (in accordance with Fig. 3(a)) phase portraits for TS
“Wheat” (in accordance with Fig. 3(b)) were constructed.

The latter is due to the existence of the lag in the work of the sequential analysis
algorithm. In this case, the size of lag is 3. The mentioned above lag is represented by
three points 13, 14 and 15 (in accordance with Fig. 2(a)).

The definition of the term “quasicycle” is in a sense close to the definition of the
generally accepted concept of a “cycle”. The difference between these two concepts is
that the initial and final points of the quasicycle do not necessarily have to coincide.
The end point of a quasicycle is determined by its occurrence in a neighborhood of the
initial point. In this case, self-intersection of the initial and final links of the quasicycle
is allowed, if this leads to the best approximation of its initial and final points. Figure 3
shows examples of quasicycles that are obtained after the decomposition of the phase
portrait in Fig. 1 into quasicycles. Table 1 shows the dimensions Lk of all 15
quasicycles.
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Fig. 2. (a) The first quasicycle of the phase portrait W2 Zð Þ, including the lag – 13, 14, 15;
(b) The first quasicycle TS Z, whose size is 12
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We denote Zk by this segment BP Z, which is obtained by the removal procedure
from all observation Z points related to quasicycles C1;C2; . . .;Ck&1; according to this
definition Z1 ¼ Z.

From Table 1 we can make a conclusion that the presence of long-term memory in
the considered TS, along with other factors, is due to the cyclic component of this TS.

For each quasicycle Ck, a “overall rectangle of a quasicycle Ck” is constructed [10].
The intersection of the diagonals of the overall rectangle defines the so-called “center of
rotation” of the quasicycle Ok, whose coordinates are denoted by Ok xk; ykð Þ. The
construction of such a rectangle consists of the following operations. First, in the
considered quasicycles K1

r two points are distinguished: the first with the minimum
abscissa value, the second with the maximum abscissa value through these selected
points we draw dashed lines which are parallel to the axis of ordinates. Further, in the
quasicycle C1 two points are distinguished: the first - with the minimum value of the
ordinate, the second - with the maximum value of the ordinate; through these selected
points we draw with dashed lines segments, parallel to the axis of abscissae. The
intersection of the constructed two pairs of parallel lines forms the required dimen-
sional rectangle for the quasicycle in question C1; the center of this quasicycle is
represented by the point of intersection of the diagonals of the overall rectangle (ex-
ample is shown on Fig. 3).

Step-by-step algorithm for phase analysis
Based on the analysis carried out by the authors, the following approach for pre-

dicting the TS of the considered type is proposed; it consists of the following steps:

1. Conducting a fractal analysis of TS (1) in order to establish the presence of a long-
term memory to evaluate its depth q. Wherein we get a fuzzy set of estimates
L ¼ L Zð Þ ¼ l; llð Þf g of the depth of the memory of TS z.

2. The construction of a phase portrait for the indicated TS.

Table 1. The dimensions of all quasicycles

№ Ck 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Lrk 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

Fig. 3. The “Phase Portraits” tab of the “Phase Analysis” program with automatic construction
of dimensional rectangles (represented by dotted lines): (a) TS “Kuban”; (b) TS “Wheat”.
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3. Decomposition of the phase portrait into quasicycles Cr.
4. Analysis of the movement of the centers of quasicycles Or xr; yrð Þ, the movement of

the dimensions of the overall rectangles’ of quasicycles areas, and also the direc-
tions of rotation of the links of quasicycles.

5. Construction of the forecast by the principle of continuation (completion) of the
corresponding quasicycle using the results of stage 4 for two cases, when the last
quasicyclic is:
(a) incomplete (we use the overall dimensions and the pattern of the rotation of

quasicycles, considering the sector of the overall rectangle to which the pre-
dicted point belongs);

(b) completed (we use the overall dimensions and the pattern of the rotation of
quasicycles, considering the evolution of the centers and the transitions from
the final point of one cycle to the starting point of a new cycle).

4 Discussion

Let’s list the revealed features of the phase trajectories of the TS “Kuban”.

1. The phase portrait of the TS “Kuban” consists of quasicycles with a dimension that
equals 12. This fact does not contradict the results of a fractal analysis on the
evaluation of the depth of the memory of TS [6].

2. It was considered that each link of all quasicycles rotates clockwise. The overall
rectangle can be divided into 4 sectors by straight lines.

3. The centers of quasicycles Ok xk; ykð Þ, in the order of their numbering k ¼ 1:72,
evolve along a definite trajectory, whose points are located in a sufficiently small
vicinity of the bisector of the positive orthant of Cartesian coordinates.
The coordinates of the centers of all quasicycles define the points of the bisector of the
positive orthant xkxkþ 1 of the Cartesian coordinates (in accordance with Fig. 4). Note
that the trajectory of the motion of these coordinates is characterized by an wide range
K ' 550& 200 ¼ 350, which exceeds the minimum point by more than 1.5 times.

Fig. 4. Motion of the centers of quasicycles (the values of the coordinate axes for TS “Kuban”
are represented by the values of river flow volumes (thousand cubic meters), for “Wheat” – by
the price for bushel in US cents): (a) TS “Kuban”; (b) TS “Wheat”.
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In connection with the above mentioned, it is practical interesting to determine the
long-term trends that govern the motion of the centers of the dimensional rectan-
gles. For this purpose, the division for the periods was performed (Fig. 5): from
1926 to 1940 (in accordance with Fig. 5a); from 1946 to 1987 (in accordance with
Fig. 5b); from 1988 to 2003 (in accordance with Fig. 5c). Visualization of Fig. 4
reveals the following trend: at approximately the same value min ' 200, in the
process of time the value of the range increases in the following ratio:

R1 ' 350& 200 ¼ 150 (in accordance with Fig. 5a)
R2 ' 450& 200 ¼ 200, (in accordance with Fig. 5b)
R3 ' 550& 200 ¼ 350 (in accordance with Fig. 5c). A well-known climatol-
ogists’ statement says about the existence of a general trend of climate warming
in the northern hemisphere confirms the above-mentioned range of magnitude
values as filling of mountain rivers is determined by the intensity of the glaciers’
melting, especially in summer months.

4. The movement of the dimensions (area) of the overall rectangles of quasicycles is
cyclical, which is confirmed by the visualization of Fig. 6.
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Fig. 5. Evolution of the area of the overall rectangles, considering time parameter

Fig. 6. Movement of areas of dimensional rectangles (taking into account time parameter)
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It is important to mention that authors carried out graphical testing of time series,
both natural, economic, and financial. The fact of confirming a 12-month cycle in
natural and economic series with a pronounced annual seasonal cyclicity based on
phase analysis allowed to use it for other time series. For example, financial monthly
TS of pairs euro/ruble, dollar/ruble, gold, silver, palladium, platinum have quasi-cycles
of various lengths from 3 to 8 months (Table 2). From the obtained results of phase
analysis, it is reasonable to expect a sufficiently high degree of reliability in predicting
general trends for TS elements of the financial market using models based on the use of
long-term memory, in particular using a cellular automaton predictive model [1].

In this way, the proposed approach differs from the classical methods of forecasting
by the new trend’s registration implementation (evolution of the centers and sizes of the
overall rectangles), represents a new tool (phase portraits) for identifying the cyclic
component of the TS, which in its turn makes it possible to identify the prognostic
properties of the series under study [2] and thus identify ways to reduce socio-
economic risks.
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