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Introduction. The paper is devoted to simulation modeling.
Basic methods of the simulation mathematical modeling in the
derivatives market are described. A group of realistic non-
Gaussian Levy processes that generalize the classical Black-
Scholes model is considered. The work objective is to study
the most efficient methods of market forecasting, as well as
the software implementation of the simulation mathematical
modeling technique of the Russian derivatives market based
on the Levy model. This research is relevant due to the de-
mand for applications that simulate the dynamics of financial
assets and evaluate options in realistic models of the deriva-
tives market, allowing for jumps.

Materials and Methods. Basic methods for forecasting the
derivatives market, methods for determining the volatility rate
at a known option price, are considered. The most effective
types of Levy processes for the simulation mathematical mod-
eling of the Russian derivatives market at the present stage are
highlighted. The possibilities of the Java language for the im-
plementation of mathematical methods are considered.
Research Results. A program is developed in the Java pro-
gramming language that implements the Levy mathematical
model, which includes Gaussian and generalized Poisson pro-
cesses. The program for calculating the mathematical method
is created in the free integrated application development envi-
ronment NetBeans IDE to work with any operating system.
Discussion and Conclusions. The result of the simulation
mathematical modeling analysis has shown that the most effi-
cient methods in the derivatives market are those based on
realistic non-Gaussian Levy processes. The software imple-
mentation of such mathematical methods can be used for edu-

cational purposes. The developed application has demonstrat-
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Bseoenue. Pabota mocesiieHa NMHTAMOHHOMY MOJIEITHPOBA-
HHI0. ONUCaHBl OCHOBHBIE METO/bI MMHTALMOHHOTO MaTeMa-
THUYECKOTO MOJICIMPOBAaHMs HA CPOYHOM pEIHKe. PaccMoTpeHa
TpyNIa PeaMCTUYHBIX HErayCCOBCKUX IpoueccoB JIeBH, Ko-
TOpele 0000IIalOT KJIAccHuecKyro Mogaenb bmaka-lloynca.
Llenpto paboTHl SIBUIIOCH HCCleqoBaHNe Hanboiee d(hhexTuB-
HBIX METOJIOB NMPOTHO3HUPOBAHMS PHIHKA, & TAKKE MPOrpaMM-
Has peajM3allisi MeToJa MMHUTAIIMOHHOTO MaTeMaTHYecKOro
MO/ICTIMPOBAHHUS POCCHICKOTO CPOYHOTO PHIHKA, OCHOBAHHOTO
Ha Mozenu Jlepu. JlaHHO€ UCCIEIOBaHHE aKTyalbHO B CBSI3U
CO CIPOCOM Ha IPHJIOKEHHUS, MO3BOJIIONINE CHMYJIHPOBAThH
JMHAMUKY (DUHAHCOBBIX AKTMBOB M OLCHHBATh OIIIMOHBI B
pPEANNCTUYHBIX MOJEISAX CPOYHOIO PBIHKA, JOIYCKAIOIIMX
CKaYKH.

Mamepuanvr u memoobl. PaccMOTpEeHbl OCHOBHbBIE METOJBI
MPOTHO3MPOBAHMSI CPOYHOTO pBIHKA, CHOCOOBI ONpeeNeHHs
YPOBHS BOJIATHIILHOCTH TP H3BECTHOM IIeHE OMIMOHA. Bbine-
neHsl Hanbonee >(dexTrBHBIE BUIBI mpolieccoB JleBw st
MMHTALIOHHOTO MaTEMaTHYeCKOr0 MOJIEIHPOBAHMS POCCHIH-
CKOTO CPOYHOTO PhIHKA Ha COBPEMEHHOM JTane. PaccMoTpeHs!
BO3MOJKHOCTH sI3bIKa Java JUIsl peau3alid MaTeMaTHYeCKHX
METO/IOB.

Pesynomamor  uccneoosanus. Pa3paboTana mnporpamMma Ha
si3pIke Java, peanusyrolmas MareMaTHdecKyro mojensb Jlesw,
BKJIIOYAIOIIYI0 B ce0s TayCCOBCKUM M OOOOIIEHHBIH ITyacco-
HOBCKHI mpornecchl. [Iporpamma 1t peanusanuyu MateMaTH-
YEeCKOT0 METoJla CO37aHa B CBOOOJHON HMHTETPHPOBAHHOU
cpeze pa3paboTku mpuioxeHuit NetBeans IDE nis paboThl ¢
000 OTIEPaIlHIOHHON CHCTEMOIA.

Obcysrcoenue u 3axkmoverus. B pesynpTaTe aHaIn3a HMUTAIIU-
OHHOT'O MaTeMaTHYECKOTO MOJEIUPOBAHHS HA CPOYHOM PBIH-
ke Hanbosee 3 HEKTUBHBIMH SIBISIOTCS METO/BI, OCHOBAHHBIC
Ha PEATUCTHYHBIX HErayccoBCKHX mpomeccax Jlesu. IIpo-
rpaMMHas p€ajiusanusd TaKuX MaTeMaTHYCCKUX METOI0B MO-

XKeT UCIIONIb30BaThcA B y4eOHBIX Iensax. PaspaboranHoe mpu-
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Introduction. A modern market economy cannot exist without an efficient operation of the financial market.
Here, a special place is occupied by the primary market, which provides hedging the risks of an undesirable abrupt
change in prices in the stock or currency markets. The Russian derivatives market is rapidly growing, attracting more
and more investors. In this regard, there is a growing demand for software tools to simulate the dynamics of financial
assets and evaluate options in realistic models that allow leap in prices.

In an explicit or implicit way, through processing the incoming information, each of the market participants
can predict future price movements. That is, a trading system is an algorithm for converting various information into a
forecast with certain levels of confidence. The system trader instructs the forecasting algorithm, discretionary/intuitive
trader uses his experience/intuition. Due to the fact that any forecast has a probabilistic nature, some of the forecasts do
not come true. A good forecast should be justified from the point of view of statistics, be representative and should use
certain probabilities, patterns, cause-effect relations. The idea underlying the forecast should be rational and explaina-
ble.

Adequate modeling of the derivatives market allows participants to profit. Thus, the study of methods of simu-
lation of mathematical modeling of the Russian derivatives market is of current interest, since it provides solving the
problem of determining an adequate cost of the derivatives contract. The novelty of the study lies in the software im-
plementation of simulation modeling of option pricing in the Merton model in Java. Web-based applications are of par-
ticular interest. Java is a natural language for solving this problem.

Materials and Methods. First of all, it is necessary to consider the most common methods for predicting the
derivatives market behaviour. The research methodology is based on the study of various modeling methods of the Rus-
sian derivatives market and the selection of the most effective of them. The basic methods of market forecasting in-
clude:

* statistical,

* intuitive;

» modeling-based;

* Delphi method.

Technical analysis is a method for predicting a likely price change based on patterns presented in the form of
similar price variation in the past under similar circumstances. That is, it can be argued that technical analysis uses sta-
tistical methods and certain models. The objects of forecasting can be various market characteristics: the direction of
increments, increments, volatility, trending, etc. The object of forecasting depends on the idea with which the trader
intends to profit from the market. Most processes on the derivatives market are stochastic, that is, their behaviour is not
deterministic. The subsequent state of the market can be described by both quantities that can be predicted and random
variables [1]. For example, the use of sentiment or patterns involves predicting direction and volatility, and the use of
marketmaking involves predicting volatility and timing.

In the derivatives market, in addition to currency, there is a possibility of trading in securities and metals.
When conducting operations with Russian securities, you should remember that their prices are constantly changing,
and it is important to guess the right moment for their purchase and sale. This is a peculiarity of the operation with Rus-
sian securities.

Due to the instability of the economies of many countries, including Russia, there is a great opportunity to con-
clude a bad deal. In the derivatives market there is a concept of a relative strength index (RSI) with which you can de-
termine the income from the transaction [2]. To calculate the growth rate of enterprise income, you can use DeMark’s
method, which is quite efficient for a technical analysis of the situation on the derivatives market. Under market fluctua-
tions, the fundamental properties of deformed martingales will be important for calculating the spread in case of stock

Information technology, computer science, and management

399



http://vestnik.donstu.ru

400

Vestnik of Don State Technical University. 2019. Vol. 19, no. 4, pp. 398—406. ISSN 1992-5980 eISSN 1992-6006
Becmuux /lonckozo zocydapcmeennozo mexnuueckoz2o ynugepcumema. 2019. T. 19, Ne 4. C. 398—406. ISSN 1992-5980 eISSN 1992-6006

buybacks, since the best forecast for market behaviour in such cases is to study its current state [3]. The securities mar-
ket of Russia and the United States is not the same, and when analysing income on the Russian market, a zero result can
be obtained with respect to the American model. This is due to the fact that the sold securities on the Russian market
may lose their value in a few minutes, in contrast to the American market, where the established rate for securities is
kept for a long time. This trend indicates the stability of the company and the desire to stay as long as possible in the
global currency market. But here it is necessary to consider the weight of the Russian currency market in world curren-
cy relations [4].

One of the main directions of generating income on the stock exchange is determining the exchange rate de-
velopment. Each stockbroker seeks to develop his own forecasting method and put it into practice. There are many indi-
cators suitable for calculation on the exchange, but one of the most common is the calculation of the moving average.
According to this technique, the calculation is carried out for a certain period, while the simplest completed transactions
are calculated, then at the intersection of the indicator with the current rate, the transaction is concluded. The method is
quite reliable, but requires continuous monitoring. To make it easier to trace the change in the exchange rate, this meth-
od should be used for short periods of time [5].

There is a concept of a weighted moving average estimate, with the help of which the data are tracked recently,
while the indicator smooths the fluctuation of the course. This strategy is similar to the previous one, and the data ob-
tained using it are close to the data obtained using the calculation of the moving average. The advantage of this method
is that you need to track trends only at latest.

The next method is an exponential moving average method. When using it, data from recent times and data
from an earlier period are compared. This method calculates fewer profitable trades, but at the same time all trades are
completed without risk of loss.

Price forecasting is possible, but only if there is a connection between their past values and future ones. This
connection can indeed be observed during trends. Traders, observing the unidirectional change in prices, react accord-
ingly and enter transactions in the direction of the trend, creating a positive relationship between changes in the past and
in the future. When the market grows without corrections or grows in the channel, the bulk of speculators consciously
buys, counting on a continuation, and by the very fact of purchases, the market provides further growth. A trend exists
until the bulk of the trend-creating traders starts to make profits. An essential point for the continuation of the trend is
the lack of counter-trend trading, that is, there should not be too massive pressure from market orders in the opposite
direction. If the visible structure of the trend is violated, this can affect speculators who created this trend with their
deals, which will lead to profit taking and stopping the trend.

Research Results. Among the existing methods of mathematical simulation and analysis of financial markets
in the context of the Russian derivatives market, first of all, it is necessary to note a group of realistic non-Gaussian
Levy processes that generalize the classical Black-Scholes model. The advantage of this group of processes is the abil-
ity to model leaps in the price of the underlying asset and a more realistic risk assessment. Thus, the methods of mathe-
matical simulation and analysis of financial markets are based on Levy processes with a constant, local, and random
diffusion component. There are also models that have stochastic volatility. Such are the models of Heston, Bates and
Blasher [6].

Black-Scholes pricing model determines the theoretical price of European options. It implies that if the under-
lying asset is traded on the market, then the option price on it is implicitly set by the market itself [7]. The model is
widespread and can be used in practice to analyse financial markets including urgent ones. According to this model, the
main element in determining the value of an option is the expected volatility of the underlying asset. Thus, with the
known value of the option, you can determine the level of volatility expected by the market [8].

The current value of the European call C(S,t) option at time ¢ before its expiration corresponds to the following
expressions:

C(S,t) = SN(d1) — Ke "T=Y N(d2),

ln(%)+ <r+%2)(T—t)
ovT —t '
d2=dl—- o/ (T-1%),
where S is the current price of the underlying share; N(x) is the standard normal distribution function; K is the exercise
price of the option; r is the risk-free interest rate; (7 — ¢) is the time until the expiration of the option term (option peri-
od); o is the yield volatility (the square root of the variance) of the underlying stock.

dl =

The price of the European put option matches the expression:
P(S,t) = Ke"T"ON(—d2) — SN(—d1).
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The random process X = (X7) ¢ > 0, specified on the probability space (2, F, P) and taking values in the d-
dimensional Euclidean space R’1, s called the d-dimensional Levy process under the following conditions:

1. The process consists of trajectories that belong to a certain space D7, consisting of vector functions, it is con-
tinuous on the right and has left limits.

2. Forany n>1 and the set 0 <10 <t1 < ... <tn, values X10, Xt1-X10, ... , Xtn—Xtn—1 are independent.

3. The process is uniform in time. For any s > 0 and # > 0:

Xt+s-Xs = Xt- X0.
4. The process is stochastically continuous. For any > 0 and & > 0:
lim P(|Xs- Xt| > €) = 0,

s-t.
5.X0=0.
In case of a finite Levy measure, the processes are:
* Gaussian;

« generalized Poisson;

* Merton model;

* Coe model.

Levy processes with an infinite number of jumps at any time interval have a Levy measure I1 with the property

II(R) = oo. Such processes are actively used in modeling financial markets. Here we can highlight:

e variance gamma (VGP);

e hyperbolic (HP);

e generalized hyperbolic (GHP);

e normal inverse Gaussian (NIG);

e normal moderately stable (NTS);

e KoBoL or CGMY processes.

Levy processes provide modeling asset price dynamics as flexibly as possible because they contain two com-
ponents: Brownian motion (process diffusion) and spasmodic component [9]. Currently, there are many models based
on Levy processes that successfully operate on the price dynamics of various assets and are used in the pricing of op-
tions, as they are martingales. Levi-Ito decomposition breaks Levy processes into simple components and helps to un-
derstand their nature. Such decomposition is the basis for modeling Levy processes using the sum of two components:
the Brownian motion and the composite Poisson process. Such a structure of the stochastic process is called jump-like
diffusion and has the following form [10]:

Xt =yt + oBt + YN, Vi,
where Bt is Brownian motion; Nt is the Poisson process, which counts the number of jumps of the process X by the time
t; Yi are independent identically distributed random values of jumps.

Two extreme examples of the case of a finite Levy measure are the Gaussian and generalized Poisson process-
es. If Levy processes combine both of the above processes, then they are called jump diffusion. The most interesting
models of this kind are the Merton model and the Coe model [10]. To speed up the calculations and maintain visualiza-
tion, the authors have developed an application in the Java programming language that provides the implementation of
these models.

In Java, the whole code is stored as classes. Thus, typing a source file with the java extension, it is compiled
into a new bytecode file. Due to the fact that Java is designed to execute bytecode, the programs written in this lan-
guage work at a rather high speed [11].

The whole calculation under the compilation will consist of several java files. In one of them, we carry out cal-
culations of the Levy process with jumps. This file will perform the final calculation from all other files. In one of the
Jjava files, we will implement the Black-Scholes formula (Listing 1), which will be required in the future.

Listing 1: Black-Scholes formula implementation

public static double normcdf (double z) {
if (z <= -7.0)
return 0.0;
else 1f (z >= 7.0)
return 1.0;
else {

3.141592653589793;
-0.0004406;

double pi
double bl
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double b2 = 0.0418198;
double b3 = 0.9;
return 1.0 / (1.0 + exp(-sqrt(pi)* (bl*pow(z,5.0) + b2*pow(z,3.0) +
b3*z)));
}
}

// Black Scholes call or put price
public static double BSPrice (double S,double K,double r,double g,double v,double
T,char PutCall) {

double dl (log (S/K) + (r-g+v*v/2.0)*T)/v/sqrt(T);

double d2 = dl - v*sqgrt(T);

double BSCall = S*exp(-g*T) *normcdf (dl) - K*exp (-r*T) *normcdf (d2) ;

if (PutCall=='C")

return BSCall;

else
return BSCall - S*exp(—-g*T) + K*exp(-r*T);

In two other java files, we calculate an abstract process that describes the generation of a sequence of prices
over time. That is, in one java file, the explicit option price formula is calculated, which considers the initial price, trend
and volatility (the formulas for calculating the prices of options C(S,#) and P(S, t) are given above), in another java file,
Merton simulation of hopping diffusion occurs. The hopping diffusion formula takes into account that the jumps will be
normally distributed.

Having developed the program interface, after compilation, we obtain an application for quick and convenient
calculation based on random number generation. Similarly, a data set is generated at each start (Fig. 1, 2).

®ain Mpaeka Bug Mepexog Werounwk Peopradwzauwa koga Beinonnwte Otnagka Mpodwawpoeate Tpynna Cepewc OkHo Cnpaeka

EIF_._I EI = -_l :<HEUDOﬁKEHOYNOH--- v: v' ? :&% |> T v G\Iﬁ "

MpoekTbl |¢ainu |Cnym6u =] @ CMertonJDsim.java ss|
@ Simulator WcTournk | Mctopua | -5 - | gL & BT | &
=& Simulator L
B[} MareTsl nooansix konos = double sigmad,int NT,int HN5)
@ Buigog - Simulator (run) |

[&] cBlackScholes java i S
[& CMertonIDdosed.java b _—
@ CMertonIDsim. java Closed form price 2.1002045687530527
Simulation price Z.4604303517087447331

P [ simulator.java =
-- 5 Tectbl %& -

& BubnuoTexkn
CEOPHA VCIEDHD SABELNEHR (cBfmee =pema: 4 cemysms)

[ [ @ BubmoTexu TecTos

Fig. 1. The first program start

Dsimitor- e e

daiin Mpaeka Bug Mepexog Wcrounwe Peopranwzauma koga BeinoaHute Otnagka Mpodwaupoeate Tpynna Cepewc OkHo Cnpaeka
FEES DO e @ F W D6 G-

MpoekTel # |¢ainu |Cnym6u =1 [
@ Simulator Beisog - Simulator (run) $|
-4 Smulator | =un-

E} [ MaKeTbl MOXOAHEIX KOAOE u>
. =-EE smulator Closed form price 2.1002045867530527

@ CBlackScholes.java Simulation price 4.163525138450435532

. @ CMerton1Ddosed. java %é

@ CMertonJDsim.java B .
i CEOPHA VCIENHO ZABEPNEHR (ofmee spema: 4 cexysms)
@ Simulator java
a Tectsl
& BubnuoTexu
Bl BubnuoTexu TecTos

Fig. 2. The second program start
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When the program was first launched, the simulation price was much closer to the explicit option price formu-
la. Thus, in the second case, it was possible to sell the option more profitably than in the first case. After numerous cal-
culating the program, you can predict other options for buying or selling an option. Here, it is necessary to consider all
possible factors that can affect the market. Let us run the program ten times, the calculation results of which are pre-
sented in Table 1.

Table 1
Results of tenfold start of the program

No. Closed form price Simulation price
1 2.1002045667530527 2.460430917087447331
2 2.1002045667530527 4.169525198450495532
3 2.1002045667530527 2.472669282703422532
4 2.1002045667530527 1.065976524175292432
5 2.1002045667530527 1.119330912080574833
6 2.1002045667530527 2.687540413685037333
7 2.1002045667530527 1.184835796571303834
8 2.1002045667530527 4.53211404384426131
9 2.1002045667530527 8.00388383946741132
10 2.1002045667530527 1.685687889204974432

The simulation shows possible scenarios in the derivatives market and allows you to evaluate losses. Accord-
ingly, selling an option is most profitable in the ninth case with Simulation price equal to 8.00388383946741132. Based
on this forecast, the option holder can get the most profit from the transaction. To buy an option, the best forecast oc-
curs in the fourth case with Simulation price equal to 1.065976524175292432.

Thus, Closed form price is the ideal price, and Simulation price is the price set by the market, which considers
its volatility and leaps. Thus, you can distribute your limits on the market, predicting the size of losses and incomes.

First, the explicit option price formula (real price) Closed form price is calculated (Listing 2). It gives the
mathematical expectation of the payment of an option, that is, it takes into account all possible options for the develop-
ment of events. Next, we write the cells we need to implement the formula.

Listing 2: explicit option price formula

{ // Expected jump value

double kappa = exp(mud + 0.5*sigmad*sigmad) - 1.0;

// Initialize the price

double Price = 0.0;

double sigman, rn,BSPrice, lambda, Probability;

for (int n=0; n<N; n++) {
sigman = sgrt(sigma*sigma + n*sigmad*sigmad/T) ;
rn = r - lambdaJ*kappa + n*log(l.0+kappa)/T;
BSPrice = CBlackScholes.BSPrice(S0,K,rn,q,sigman,T,PutCall);
lambda = lambdaJ* (1.0+kappa) ;
Probability = exp(-lambda*T) * pow (lambda*T, (double)n)/factorial (n);
Price = Price + Probability*BSPrice;

}

return Price;

After that, the program implements a simulation of Merton jump-diffusion (Listing 3). Simulation price char-
acterizes the option price depending on some simulation trajectory. Methods for generating numbers for an abstract
process are contained directly in files with implementable processes, as, for example, when calculating an explicit op-
tion price formula. To implement market leaps, we use a random number generator.

Listing 3: Merton jump-diffusion simulation

public class CMertondDsim {
public static double JDsim(char PutCall,double SO,double K,double rf,
double g,double sigma,double T,
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double lambdaJ,double mud,
double sigmadJ,int NT,int NS)
// Time increment
double dt = T/NT;
// Random number generator and set the seed
Random rng = new Random() ;
// Define the distributions
double poissrnd = poissonRandomNumber (lambdad*dt) ;
double NO1l = normalDestribution(0.0,1.0);

double Nus = normalDestribution(mud - 0.5*sigmaJ*sigmad, sigmad) ;
// Expected value of k, and drift term
double kappa = exp(mud) - 1.0;

double drift = rf - g - lambdaJd*kappa - 0.5*sigma*sigma;

// Initialize the stock price paths and the payoff

double Payoff = 0;

//vector<vector<double> > S (NT,vector<double> (NS)):;
double[][] S = new double[NT] [NS];

// Perform the simulation

for (int s=0; s<NS; s++) {

S[0][s] = S0;
for (int t=1; t<NT; t++) {
double J = 0.0;
if (lambdad !'= 0.0) {
int Nt = (int) poissonRandomNumber (rng.nextGaussian());
if (Nt > 0)
for (int i=0; i<Nt; i++)
J += (int) normalDestribution(0,1);
}
double Z = normalDestribution(0,1);
S[tlls] = S[t-1][s]l*exp(drift*dt + sigma*sqgrt(dt)*Z + J);
}
// Calculate the payoffs

if (PutCall == 'C')
Payoff = Payoff + max(S[NT-1][s] - K, 0.0);
else 1f (PutCall =='P'")

Payoff = Payoff + max(K - S[NT-1][s], 0.0);
}
return exp (-rf*T)* (Payoff/NS) ;
}
static double poissonRandomNumber (double lambda) {
double L = Math.exp(-lambda) ;

int k = 0;

double p = 1;

do {
k =k + 1;
double u = Math.random() ;
p=p * u;

} while (p > L);

return k - 1;

}

static double normalDestribution (double s, double m) {
// create random object

Random rand = new Random() ;
// generating integer
double nxt = rand.nextGaussian();
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return nxt * s + m;

Having performed the simulation several times, from the received Simulation price, you can choose the aver-
age value that will illustrate the jumps in the price of options. As a result, the closer Closed form price value is to one of
the Simulation price values, the more favourable the price for buying options.

Discussion and Conclusions. The practical result of the study is a developed application that simulates market
jumps and implements a complex mathematical formula. The considered model of Levy processes, including the Gauss-
ian and generalized Poisson processes, is an effective method for calculating the most important characteristics of fi-
nancial risk. It provides decision-making on the implementation of a particular trading strategy using contracts on the
Moscow Exchange. The study results indicate that the Merton model of jump diffusion chosen for the application de-
velopment is an effective method of mathematical simulation. This application can be used to train personnel in markets
with exchange risks. The calculations show the price that the market sets. It considers all possible scenarios, as well as
possible option price variation, according to which it is possible to determine profit or loss. Using such calculation, a
derivatives market participant can make the most profitable decision to buy an option if the simulation shows a price
lower than the market price or for sale when the simulation price is the highest.

It is established that the Java programming language can be leveraged when creating high-quality applications
for calculating on exchanges; it reduces the time on mathematical calculations and simplifies the operation with ex-
change calculations. At the same time, Java Virtual Machine is an analogue of a virtual computer located in RAM and
interpreting byte code. All actions of the Java program are closed inside this virtual computer in such a way that there is

a possibility to prevent their destructive actions.
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