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Abstract

This material represents modeling of generalized Brownian motion using wavelet-
transformation, which is realized in MathCad software environment. Simulation is based
on Hurst parameter. According to computer experiment, when Hurst parameter H=0.99
there is a persistent process, when H=0.1 there is anti-persistent process and when H=0.5
we get classical Brownian motion mapping, either, using or not using, wavelet-
transformation, this proves that the proposed method is correct and Fractal modeling is
suitable for researching of Stochastic processes.
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1. Introduction

It is known, that the research of complex systems functionality generally is based on
its modeling [1]. Among different models Fractal modeling has its special place. Self-
similarity is there exceptional characteristics [2]. Fractal modeling introduces new
perspective field in computer researching. Modern researches are showed that
telecommunications network traffic, which is an example of stochastic process, has fractal
properties [3].

Using Fractal modeling in Stochastic Processes has its practical purpose, as much as,
fractal like characteristics of traffic influences whole telecommunications network
productivity. Models, that describe events of self-similar processes, use random fractals
[2].

This work represents generalized modeling method of Brownian motion (Fractalic)
that is based on using Hurst parameter and wavelet-transformation. MathCAD software is
used for computer realization.

2. Basic part

Fractal process modeling first was realized by B. Mandelbrot [1] by introducing
Brownian motion concept. Its defining parameter is Hurst index O<H<1. If H=1/2 there is
a random process — Brownian classical motion [2]. But if H#1/2 — then there is a
generalized Brownian motion, of which notable characteristics is persistency or anti-
persistency. When H>1/2 we get result that fits to keep the tendency of the process: if in

the past, the values used to be increased it is also expected in the future and the opposite,
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the tendency of decrease in the past, means average decrease in the future. Such process is
called persistent. H<1/2 case is characterized by anti-persistency. In this case, increase in
the past randomly causes decrease in the future. All these processes are fractal-based.

It should be said, that generalized Brownian motion modeling algorithm, performed
by Mandelbrot, is very complex, both as mathematically and as realization [2]. But using
modern computer technologies and MathCAD software makes it easy to implement this
problem [4].

In the first case, let’s assign H=0,1. This case belongs to anti-persistent process

creation, when the process is completely random without any forecasting.
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H=0,1 — Hurst parameter,

sd=0,5 — Standard deviation,

len=1024 — Time division, that shows the number of counters. Their numerical value
is 210,

noise:=rnorm(len,0,1) — Vector of normally distributed values.

Function fBmScale(noise,H,sd) performs signal in wavelet-transformation area [5].

v := fBmScale(noise,H,sd)

v — Vector resulting from wavelet-transformation.

We prefer to get results of transformation in a time division and that’s why we use
wavelet back-transformation.

filter := symmlet(8)

w = idwt(v,log(rows(v),2),filter)

k:=0..len-1
k — Sequential number of counter, that is proportional of moment in time;
w — Amplitude of resulting signal for k value.

Figure 1 shows the result, that is appropriate for H=0,1 value of Hurst parameter and

the change of process in time.
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Fig.1 Time dependence chart received by wavelet back-transformation,
when H=0.1

When H=1/2, generalized Brownian motion is transformed into classical Brownian
motion. At this moment particle indentation is independent, instead of particle location in
different moments. Particle indentation in one moment of time is not independent from
indentation of this particle in another period of time.

The chart on Figure 2 shows the result, when Hurst parameter H=0.5 and wavelet
transformation is used. To verify the correctness of the method we reflected Brownian

motion without using wavelet transformation. The result is shown on picture.
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Fig. 2. The chart of classical Bwonian motion using wavelet transformation,
when H=1/2

As the experiments showed the charts with (Fig.2) and without (Fig.3) wavelet
transformation are almost identical, from here we can conclude that, it is better to do
modeling of generalized Brownian motion with wavelet transformation.

Figure 4 shows the case when H=0.99. In this case the result approves that, when
Hurst parameter is 0.99 the tendency of process is descending (when the time parameter is

increasing). So the process becomes predictable, that means it has persistent properties.
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Fig.3. The chart of classical Bwonian motion without using wavelet transformation,

when H=1/2.
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Fig.4. Modeling of generalized Brownian motion,
when H=1/2.

3. Conclusion

According to the results we can conclude, that using wavelet transformation is
more appropriate for modeling generalized Brownian motion and it has fractal properties
(self-similarity). As much as network traffic (example of stochastic process) has fractal
characteristics, suggested method of fractal modeling is suitable for researching stochastic

processes.
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®PAKTAJILHBIN METOZ, MOJEJIUPOBAHMSA CTOXACTUYECKUX
IMTPOITECCOB
Yxeunze .M., A6snanugze H., Mypmxuxuenu I'.T.
I'pysunckuit Texuuueckuii YHUBepcuTeT
Pesiome
OTOT MaTepHas IpeACcTaBiIsgeT co00i MofeaupoBaHue 0000IIEHHOTO GPOYHOBCKOTO
IOBIDKEHHS C WCIIOJNIb30BAaHHEM BelB/IeT-IIpeOOpa3oBaHMsI, KOTOpas peajlu3yercs B
nporpammuoii cpeme MathCad. MogenupoBanme ocHOBBIBaeTCs Ha IapaMerpe XepcTa.
CorsacHO KOMIIBIOTEPHOTO dKCIepuMeHTa, Korja mapamerp Xepcra H=0,99 nmonyuaercs
nmepcucteHTHUI npouecc, korga H=0.1 - anTu-nepcucrentHsiii a xorga mpouecc H=0.5
IIOJly9aeTcsl  KJIacCU4YeCKoe OpOYHOBCKOe OTOOpakeHue  IBIDKeHUA, KaK IIpHU
WCIIOJIF30BAaHUYU BeliBIeT-IIpeoOpa3oBaHMe, TaK U 0e3 ero IpueHeHHA. JTO JOKa3bIBaeT
IIPaBUJIBHOCTDh MCIIOJIB30BAaHUA IIPEJJIOKEHHOTO MeTOZa, a (pakTajbHOEe MO/ EeIUpPOBaHUE

IIOAXOZUT AJI UCCIeNOBAHUA CTOXaCTUIECKUX IIPOIeCCOB.
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