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Moreover, we propose a novel algorithm for labeling financial time series, which
we call Oracle labeling. Given the historical prices of some financial assets and
the fixed transaction costs for opening and closing long and short positions, the
algorithm determines the optimal moments for opening and closing long and
short positions, which yield theoretically maximal cumulative return.

We evaluate the newly proposed Oracle labeling algorithm and the N -step-
ahead labeling algorithm, the most commonly used labeling method in the re-
viewed literature, using the proposed financial time series labeling evaluation
method. We also investigate the impact of filtering financial time series using the
Hodrick-Prescott filter prior to labeling price series.

Empirical analysis of both algorithms suggests that the Oracle labeling algo-
rithm is generally more robust to corruption in terms of financial performance
measures than the N-step-ahead method for several types of financial assets. We
also show that filtering financial time series prior to labeling generally increases
label robustness for both labeling algorithms.
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The Sava River Basin, as the largest river basin in Croatia, is of great impor-
tance for the water resources management and hydrological research in Croatia.
The general intensification of extreme climatic conditions increases the number
of flood events worldwide, which may indirectly affect the morphodynamical be-
havior in the riverbed. Valuable information on the flood-generation mechanisms
may be contained in the flood hydrograph shapes, which can be expressed as con-
tinuous functions using a functional data approach [1]. In this research, we per-
formed a preliminary analysis of annual flood events at the gauging station (GS)
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Zagreb by applying a clustering mechanism based on functional data to identify
a set of representative hydrograph shapes that contain valuable information for
future research on scour in the vicinity of bridges.

Flood events that capture river’s flood regime can be represented as classical
multivariate data or functional data, to be subsequently classified by applying a
clustering algorithm. The functional analysis can provide a more objective and
reproducible definition of the actual hydrological phenomena than the classical
multidimensional analysis because it avoids the subjective selection of a set of
hydrograph characteristics. Functional data analysis starts by considering the
discrete data observations as part of a finite-dimensional space spanned by a set of
basis functions and coefficients that define their linear combination. In addition,
the choice of the appropriate order of polynomial segments and the number and
placement of the knots are determined to represent the main characteristics of the
hydrograph shapes. Finally, the resulting set of coefficients is used as an input
for clustering. Since the hydrograph shape clusters can only be validated by their
interpretability and usefulness, their evaluation was performed graphically [1,2].

The input data for the analysis was a historical time series of daily discharge
data from the Zagreb gauging station in the Sava River basin for the reference
period 1960-2019, provided by the Croatian Meteorological and Hydrological Ser-
vice. The time series consists of 21878 observations (60 years of data). The an-
nual maxima method was applied to the time series to extract independent flood
events corresponding to the maximum annual peak discharge values. For each
event the flood volume and duration were determined over a fixed window corre-
sponding to the longest duration of the rising and falling limb of all considered
flood events, resulting in 16 days before and 38 days after the peak discharge
(55 daily observations). The baseflow was separated from the direct flow using
the R package “lfstat”, with the direct flow component normalized by dividing
the ordinate of each hydrograph with the total volume of the flood event. Fi-
nally, a functional data analysis was performed by spanning B-spline functions
of differing ranks onto the resulting direct flow data observations followed by im-
plementing a k-means clustering algorithm to separate flood events into different
clusters. For each cluster, a median was determined to represent three distinct
types of hydrograph shapes.

For this analysis the B-spline rank of 25 and the K value of 3 were ultimately
chosen. This approach resulted in identifying three distinct types of flood events:
(1) slow events described as both elongated rising and falling limbs, (2) interme-
diate events with steep rising limbs and moderately steep falling limb, and (3)
fast events with steep rising and falling limbs of the hydrographs.

This preliminary analysis was conducted in order to exploit the valuable process
information contained in flood hydrograph shapes, which can be of great value
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for the future research within the R3PEAT project (“Remote Real-time Riprap
Protection Erosion Assessment on large rivers”, UIP-2019-04-4046) supported by
Croatian Science Foundation, that explores influences on the riverbed erosion
around structure of bridges crossing large rivers in Croatia [3].
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The forensic process tries to answer, among others, the question of identity based
on human remains. Forensic odontology is a branch of forensic science focused
on the dental system. One of the key steps to determine the identity of a person
is to determine the age at the time of death and the sex of the person being
processed. The tasks of sex assessment and age estimation can also be used in
legal proceedings to protect the rights of people without proper documentation,
be it for seeking asylum or when taking care of a found child. Although there are
many ways to estimate those properties, teeth and jaw analyses reign supreme
with their ratio of indicativeness, non-invasiveness, and durability. Teeth outlast
all other tissue when it comes to decomposition, making it a prime forensic target
for identification, age, and sex assessment [1]. This feature makes them useful
in age estimation for archaeological research, where demographic data and the
changes therein can be gathered from important historical sites. X-ray imaging
also allows for a non-invasive approach to estimation, avoiding permanent injury
to a person or destruction of evidence.

Current estimation methods rely on manual measurements and human esti-
mations [2, 3]. This allows for human error to creep into the results, especially

69


