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ABSTRACT

Wavelet reduction is one of the most widely used methods for removing noise from the signal, primarily
financial and banking data, and building a non-parametric regression model that enables us to study the
phenomenon accurately. The appropriate choice of the wavelet mother, which results in concentrating the
bulk of the signal strength on a few wavelet coefficients, is one of the most determining factors in noise
removal and obtaining accurate regression function estimates. Given the importance of studying the price
index in Irag, many mother functions within the wavelet transformation have been studied. To determine
which of them is more suitable for such a type of data, which gives accurate estimates of the relationship
between trading volume as an independent variable and the Iraq market index as a dependent variable, the
best or most appropriate functions were determined through the estimates that have less (MSE). It became
clear that the best or relevant parts are (Coifl, Coif5, and rbiol.3).

The study was applied to real data represented by the trading volume and price index data for the Iragi market
for the period from (2008) to April (2022). It became clear that the trading volume significantly affects the
price index, but other variables must be studied.
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1. Introduction

The wavelet reduction method is one of the essential methods that can be used in many practical applications,
primarily economic, financial, and banking, to address the confusion in those data (the signal) and to obtain the
most considerable amount of helpful signal that leads to more accurate results that help in making the necessary
decisions and building plans. Many researchers dealt with the factors affecting estimation accuracy using
wavelet reduction. The mother wave is to know the wave type or the signal's behavior, such as studying GPS
signals, the type of heartbeat signal, or some organ movement signals inside the body. The mother function is
an essential part of the wavelet transform. Therefore, the wavelet transform will be passed through, through
which the signal can be analyzed into a set of multi-precision levels in both frequency and time domains. The
most important part of the wavelet transform is the mother wavelet, which varies according to different time
frequencies [1].

The wavelet is defined as a signal of limited time length. It has an average value equal to zero, as the detailed
parameters D(s,t) are obtained through the mother wavelet. The essential part contains the information to be
known as through the wavelet transformation, the amount of information of the level of importance is reduced—
the least amount carried by the signal without prejudice to the highest level of important information. Thus the
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signal is filtered and filtered in the event of removing the noise. Practically, this is done by reconstructing the
signal after sorting out the complex transactions [2, 3, 4].

Several wavelet types can be used within the wavelet transformation of all kinds (continuous, discontinuous).
These types are wavelets (Haar, Daubechies, Coiflets, Meyer) and others. The primary purpose of this research
is to choose the optimal wavelet function that achieves the best quality for the selected data and thus get good
grades from the phenomenon to be studied.

2.  Wavelet transformation

The emergence of the wavelet transform was necessary to address the weakness suffered by the previous
transformations, such as the Fourier Transformation, sinusoidal transformations, and the Short Fourier
Transformation. The fixed window for all types of data spread [2].

The wavelet transform is a mathematical method in which the signal is analyzed using various extended and
transposed versions of an essential function called the mother function used within both the continuous wavelet
transformation and the discontinuous wavelet transformation. Discrete wavelet transformation will be adopted
because of its advantages over the rest of the other transformations [5].

3. Discrete wavelet transformation

The ability of this conversion to achieve accurate positioning in both time and frequency was the main reason
that made it superior to the rest of the transformations, as this feature helps in easier processing of the signal
by extracting the most significant amount of helpful information without affecting the essential characteristics
of the signal [6]. Mathematically, the wavelet transform is based on folding the signal to be processed with
two functions, the first is called the wavelet function 1 (t) to obtain a set of coefficients, which are called

the detailed coefficients D(s,t), and the second is the measurement function (the father function ¢ (t) to get
the approximate coefficients A(s,t), which is expressed mathematically [7, 8]:

D(s,t) = Tf Oy, (Od@E) )

A(s,t) = T)f e (Hd@E) e (2)

Here, s represents the scale, while t represents the transition.
The discontinuous wavelet transformation coefficients denoted by the symbol C(j,k) indicate the correlation

between the signal X(n) and the mother wavelet v ; , k (Nn) at the j level and position k. They are given
according to the following relationship:

C(i.k) =2 x(My;km) . ©)

nez

wi(M) =2y @ n-k)y e (4)

In practice, the signal with the highest level of important information is obtained through (thresholding) on the
detailed coefficients produced by the mother function. Thus, it becomes clear the importance of choosing the
wavelet mother function that creates the detailed information through which the most critical data is selected.

4. Mother wavelet

The symbol denotes 7 (S, t) it, and it is the wavelet function that determines the basic wavelet shape,
through which the rest of the wavelets are obtained with different accuracy and different frequencies by
changing the values of the gradient (s) and the transition (7 ), which is expressed mathematically by the
following relationship [7]:
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Where s is the scaling factor and 7 time shift or shift factor. Acceptance condition must be based on the
following condition must be met in the frequency domain [6, 8].

Wherew (@) to refer to the transformation of the Fourier functiony (t) .
The number of vanishing moments, which is useful for wavelet pressure, where the wavelet function (t)
has p number of vanishing moments if the following is true:

jtk.w(t)dt —0forO<k<p e 7

If the wavelet function w (t) has more vanishing moments, the wavelet coefficients of the signal x(t) are lower

for the largest j scale (more accurate). The total area |z//(a))|2 is finite, which indicates that the wavelet energy is
limited. The following is achieved:

T|W(t)|2dt < oo e (8)

5. Thresholding rules

Since the noise coefficients are of lower frequency than the frequency of the original signal's coefficients[9],
removing noise in the signal is an important step in estimating the regression function using wavelet reduction.
The threshold selection also helps preserve the coefficients of the original signal.

There are a few different types of thresholding, the two most prevalent and widely used being soft thresholding
and hard thresholding.

5.1. Soft thresholding

It builds upon the prior approach. The difference here is that non-zero items are moved closer to zero after those
whose absolute value has been less than a threshold have been zeroed. A mathematical formula for this is [6,
10]:

0 if ly|= 2

Thr 7 (y.2) = { sgn( ¥) if ly - 4|= 4

The thresholding value is signified by .

5.2. Threshold value

Choosing a right threshold value A is a crucial part of the wavelet reduction technique for lowering signal-to-
noise ratio [11] .

5.3. Sure thresholding

Donoho and Johnstone's approach for choosing threshold values (Sure Shrink). (Stein's Unbiased Risk
Estimation) stands for an abbreviation for (Stein's Unbiased Risk Estimation) for each wavelet level j [7,12],
which is the foundation of this method.

Due to the orthogonality of the wavelet transform, the noise transform is likewise orthogonal, that is, the

coefficients d jxareas well orthogonal, and as the noise is distributed (Gaussian), which means d “ which

Stein used to demonstrate the unbiasedness of this estimate for risk [13] because it follows a (Gaussian)
distribution.
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N N
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Consequently, following this approach, we can determine the critical value of (SURE).

Ajsure =argMIN o SURE(A),d ) oeneen (11)

5.4. Visushrink thresholding

It had been presented by (Donoho) and is expressed by the following equation o./2LogN , where o

indicates the number of observations and the variance of the noise; this method's efficiency increases with larger
samples since it produces a more consistent estimate and a prelude than do global threshold approaches, which
operate only when the sample size is small. Some of its major drawbacks include its inefficiency in dealing with
signal-to-noise ratios and correlations, both of which grow worse as the sample size increases[14]. This is
because more data leads to the loss of wavelet coefficients with noise. The following formula [15] has been
used to enhance this method:

A =o,+LogN —&?

Since o-f is the signal's variance, thus if the noise's variance is smaller than the signal's variance, the noise's

contribution to the noisy signal's increased average value disappears, while o, is the noise level standard
deviation, and it may be calculated as follows [16]:

&, = MAD (Y)/0.6745

Here, MAD is an absolute deviation of the median for the detailed coefficients.
6. Real data

The data of the study represented both the trading volume and the price index in the Iragi stock market, which
are monthly data for the period from 31/1/2009 to 30/4/2022, as they were obtained from the data of the Central
Bank of Iraq, and the importance of the study comes from the fact that the stock market considers women Which
reflects the state of the national economy, as the state of the financial market generally refers to the development
and the state of production in the economy, where the growth of the financial market is linked to economic,
industrial and financial development, and given the mentioned importance of the stock market in economic
activity through trading in securities listed in the market, this study is to delve into the stock market to get
acquainted with the essential and influential elements in it, which is the volume of trading and the trading of the
stock market index in Baghdad, that the volume of trading in recent years in various sectors has been on the
rise, as it is an essential factor and a real indicator to push the wheel of the economy forward, being a significant
factor upon which most stock speculative decisions are taken. Hence, this header illustrates the importance of
the trading volume on the Iraq Stock Exchange Index.

By testing the data using the (SPSS) program, version (24), it became clear that the relationship is not linear
between the independent and dependent variables and that the moral model is useless in clarifying the
relationship between trading volume (the independent variable) and the stock market index (as a dependent
variable). This confirms that testing the relationship between the two variables using the parametric model is a
non-significant relationship, as the value of (Sig = 0.151) is more significant than (0.05), which indicates the
insignificance of the model. The moral model explains the relationship, and accordingly, the non-parametric
model represented by the wavelet regression model, referred to in the theoretical aspect, will be used_Table 1
depicts the MASE criterion comparing the estimates of the confusing ISM index for different mother functions
and sample sizes n=128 and n=64.
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Table 1. The MASE criterion comparing the estimates of the confusing ISM index for different mother functions
and sample sizes n=128 and n=64.

Dub 2 Dub10 Dub20 Dub30 Symlet2 Symlet4
64 0.231717566 0.147222067 0.186449861 0.212261112 0.229422102 0.23065595
128 0.232037385 0.147606712 0.186994343 0.212861140 0.231245645 0.231654249
Symlet7 Coifl Coif3 Coif5 rbiol.3 rbio5.5
64 0.227934535 0.003067601 0.068045951 0.010437419 0.063558631 0.084157162
128 0.227673513 0.003243210 0.068234760 0.008696694 0.024952621 0.074379690
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Figure 1. A real and estimated data for a dependent variable y (the Irag market index) for the estimation methods
used using the coifl function, as the curve in black indicates the real values. In contrast, the red color indicates the
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Figure 2. Areal and estimated data for a dependent variable y (the Iraq market index) for the estimation methods
used using the coif5 function, as the curve in black indicates the real values. In contrast, the red color indicates
the estimated values.
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Figure 3. A real and estimated data for a dependent variable y (the Irag market index) for the estimation methods
used using the rbiol.3 function, as the curve in black indicates the real values. In contrast, the red color indicates
the estimated values
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Figure 4. A real and estimated data for a dependent variable y (the Irag market index) for the estimation methods
used using the rbiol.5 function, as the curve in black indicates the real values. In contrast, the red color indicates
the estimated values
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Figure 5. A real and estimated data for a dependent variable y (the Irag market index) for the estimation methods
used using the dob10 function, as the curve in black indicates the real values. In contrast, the red color indicates the
estimated values
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Figure 6. A real and estimated data for a dependent variable y (the Irag market index) for the estimation methods
used using the dob20 function, as the curve in black indicates the real values. In contrast, the red color indicates
the estimated values.

7. Results and discussion

The best estimate of the price index function in the Iragi market by the effect of trading volume was when using
the mother function of type (coifl), followed by (coif5), followed by a mother function of type (rbiol.3) and
(coif3) respectively.

There is an apparent effect of the trading volume on the price index in the Iragi Stock Exchange, as the increase
in trading volume leads to market activity, but it is insufficient. The change in the price index is explained by
other variables that were not included in the model.

Both the mother function (Dub) and (Symlet) of all kinds regressed in such type of evidence in the efficiency
of estimating the function.

The parametric models are more efficient in such studies, primarily financial and banking studies because the
nature of these data is not controlled and contains many problems, such as heterogeneity and correlation, which
the parametric models fail to estimate. In contrast, the non-parametric models are more adaptive due to their
adaptive properties, In particular, the methods of wavelet reduction using different mother functions.

8. Conclusions

The best suitable waveform mother functions for the financial data are the mother functions of the type
(coif 5), which were more accurate in choosing the detailed information, which is the decisive part in
the accuracy of the estimate, in addition to the fact that the model needs to enter other variables, as the
variable of the trading volume that was entered into the model Explain 40% of the change in the Iraqi
stock market index, as we show the efficiency of the parameter model in the estimation process, being
more efficient in the estimation process, being more adaptive, and specifically the methods of reducing
wavelengths.
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