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ABSTRACT The article highlights the reasons for changes in the price quotations of financial assets on stock exchanges. The
article models the process of a situation when a trader fixes the period of holding his trading position. It defines periods of
buying and selling and, taking into account that high-frequency stock trading on ultra-short intervals shows low profitability,
introduces an important condition that allows a stock trader to freely open and close trading positions during the entire
period of buying and selling with consideration of the proposed restrictions. The article offers modelling of the trader's
strategy of carrying out trading actions aimed at maximisation of profit. Taking into account the liquidity constraints and
guantitative limitations for trading orders, the article proposes to determine the optimal high-frequency trading strategy
for buying and selling by a trader, which can be formulated as the task of minimising the cost of trading orders. Based on
the number of available exchange trade orders and the values relative to the respective trade order at specific moments,
determining the optimal high-frequency trading strategy for buying and selling a trader can be reduced to solving a simple
cost minimisation problem under the given conditions of liquidity constraints for each trade order, completion of the
trading portfolio without active positions before the end of the period and the total number of exchange buy and sell
transactions. The key phases in building the structure on which the stock trading strategy itself is based are described. The
need to determine what data will be entered into the algorithm of the artificial neural network based on the input data and
to determine which algorithm will be used for a particular task is established. The structure of the software model of the
system for intelligent forecasting of trading on stock exchanges is designed. The complex of the automated trading system
includes the development of a graphical display of quotes and a tool for visual analysis. At the same time, information
about proven trading strategies can be stored in a database that can be added and deleted by traders in the developed
intelligent system for forecasting trading on stock exchanges.
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I. INTRODUCTION

he active use of information technology in the
T activities of various enterprises, regardless of their

form of ownership, is becoming a standard. The
classic way of conducting trading operations between
brokers on a trading floor is gradually losing its relevance
in favour of electronic trading via the network [1-3],
which is carried out by people or automated trading
systems. Thus, any individual can invest in shares traded
on a stock exchange using his or her own computer. This
investor even has the ability to change his or her decision
after a few minutes or hours and put the shares up for
sale.

In one sense, this mechanism helps to maintain the
high liquidity of shares of publicly listed companies. At
the same time, it also allows as many shares from the
respective issuers as possible to be listed on the exchange
[4]. This usually does not affect the strategic decisions of
public companies, as investors are interested in profits
rather than control of a particular company.

In this context, large financial participants offer a
service called Market Making. These market makers are
obliged to provide buy and sell prices for all traded shares
at any time during the trading session (to maintain two-
way quotes), and in doing so, they assume a certain
trading risk associated with more informed market

makers, which may ultimately lead to significant financial
losses.

The greatest challenge of this service is to determine
the fair value of a financial asset relative to the investment
period at a particular point in time. In effect, the price of
the issuer's shares is determined as a consensus between
buyers and sellers at a particular point in time. This price
is formed on a financial asset because there are an equal
number of buyers who expect it to rise and sellers who
expect it to fall.

At the same time, the efficient market hypothesis
assumes that no one can get a better price for a financial
asset than the one determined by the market [5-7]. This
idea is based on the assumption that there is no possibility
of arbitrage [8]. In other words, when investors anticipate
that the price of a particular financial asset will rise, they
start buying that asset, which leads to an increase in its
price through the mechanism of supply and demand.

Therefore, the price is set at a level that removes the
benefit of any forecast or analysis. In this context, it is
assumed that the price reflects fair value at all times
because, in the event of a deviation, market participants
will act in a direction that brings the price to a fair level.
Even if this statement seems logical, it is not conclusive
for at least two reasons:

1. There are times when the price may deviate from
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fair value even if there are buyers and sellers who
continually adjust the price to that level before each
adjustment;

2. Although the efficient market hypothesis assumes
that there are always enough market participants with
"good enough" predictive power (in the context of
determining a fair price consensus), this hypothesis has
never been supported by any convincing evidence.

Il. RESEARCH OBIJECTIVE
Based on the developed and researched trading
strategy models and algorithms, develop an intelligent
system for forecasting trading on stock exchanges.

I1l. MODELLING THE STRATEGY OF EXCHANGE TRADING
DYNAMICS FOR TRADERS

Considering the situation when a trader fixes the
holding period of his trading position % equal to the
buying and selling period m and taking into account that
high-frequency stock trading on ultra-short intervals 4
shows low profitability, we introduce an important
condition that allows a stock trader to open and close
trading positions freely throughout the entire buying and
selling period. It is important to note that trades on the
stock exchange do not necessarily have to be executed at
evenly distributed time intervals. Hence, holding periods
h may have different durations and, on average, be
shorter than the buying and selling periods m . In this
context, we have to determine the optimal holding period
h for a trader with a buy-and-hold strategy of high-
frequency stock trading in order to increase the
profitability of his strategy.

In addition, at the moment of time ¢ (during the
period of purchase and sale /), such a trader has
information about the state of the exchange's order book
at any moment of time ¢, (where <t <t¢+#h). Thus, at

the moment ¢ of buying and selling, a trader has the
opportunity to make various decisions on opening trading
positions with the possibility of their execution at any
time ¢,. There are only two restrictions for a trader:

1. The number of shares in his trade orders should not
exceed the available volume on the market;

2. He should be ready to close the opened trading
positions before the time ¢+ /.

To determine the average optimal period for holding a
trading position, it is necessary to analyse a trader's
buying and selling strategy based on the dynamics of
trade orders in the order book. It is assumed that within
the framework of this strategy, a trader performs trading
actions aimed at maximising his profit.

For this purpose, let us introduce the concept Sy (for
i > 0, where v, =v,—v, ), which is a vector of all

transactions (trade orders) to be executed within this
strategy of high-frequency stock trading, where v — is the
value of these transactions.

It can be assumed that the main types of transaction
costs, such as exchange and brokerage fees, as well as the
price spread (Bid Ask spread), can be described by a
linear behavioural model and determined by a certain
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coefficient A. After that, we can calculate the final
financial result U, for buying and selling by a trader

using the stock exchange high-frequency trading strategy
v. According to the approach [9-11] based on
transactions and stock prices, it can be determined as
follows:

UT (5‘/) = Z[T:o_(svipf + pTZj:o5Vf _AZ[T:0|5Vipi| . (1)

When trading only the best available orders in the
order book, some notation can be simplified by typing:
Py ~ the best purchase price on the exchange;

Py~ the best selling price on the stock exchange;
v — atrade order to buy on an exchange;

v, — atrade order for sale on an exchange;

bcpQ — the number of shares to be purchased;

bcprQ — number of shares for sale.

Taking into account liquidity constraints and
quantitative limitations for trading orders, determining the
optimal high-frequency trading strategy for a trader's
buying and selling can be formulated as a problem of
minimising the cost of trading orders J,(6v) using the
approach presented in [11]:

T

JZ. (51/) = 4 (5Vi+pbcpr, + 5Vi7pbcp, ) +

) i=0 2)
+ /12‘(51/[+ Phepr. —OV; Dy, )
i=0

under the conditions:

- liquidity constraints (—bcpQ, < Sv; <0);

- liquidity constraints (0 < §v;" < beprQ,);

- "empty" trading portfolio, i.e. closing all trading
positions at the end of the period T (Zi N ov, = 0) ;

- total number of transactions
(6v, =6v) +6v/);

- trade restriction (z

exchange

min < Vi < max )’ Where Zmin -

minimum application, z,, — maximum application.

Denoting K as the number of available exchange
trade orders and x/ as the value of x, relative to the
corresponding trade order ; at the moment i,
determining the optimal high-frequency trading strategy
for a trader's buying and selling can be reduced to solving
a simple cost minimisation problem using the approach
presented in the paper [11-14]:

T K-1

J,(6v)= ZO“ Zo(é‘v’_f*pbcpr/l + 5vl.f’pbcp‘, )+
i=0 j=
T K-1 ) ) (3)
. _
753 (5v/ Py~ Py )
i=0 j=0

under the conditions:
- liquidity limit for each trade order j;, where
—bepQ/! < 6v; <0;
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- liquidity limit for each trade order j, where
0< v/ <bcprQ/;
- closing a trading portfolio with no active positions
. T=1 .
by the end of the period T(Zi—o ov, = 0),
- total number of exchange purchase transactions
K-l i),
oV = (ijoé'v,.’ ),
- total number

Svi = (Zj:)l&vl?');

- trade restriction (z,,, <V, <z ).

of exchange sales transactions

The main goal of a stock trader who operates in all
available markets is to maximise the profit from his
trading operations [15-17]. The trading strategy used by
him helps to reduce trading costs (increase profits) by
meeting the liquidity requirements on the stock exchange
at any given time. This task is linear and can be solved
quite easily. Thus, all the necessary components are
available to calculate the optimal average period of
holding a trading position for such a high-frequency stock
trader.

IV. ALGORITHM MODELS FOR INTELLIGENT SYSTEM
DEVELOPMENT

The process of designing algorithms and system
behaviour is defined at the stage of determining what
algorithmic structure and function the programme code
will perform [18-19]. This approach differs from the
simple function of an algorithm, as the architecture
provides an overall understanding of where specific
algorithms are located in the system. This is especially
important in many algorithmic trading robots, such as
LiveAlgo, where the strategy is to use real quote data to
find conditions for making trades. In the case of
AlgoSignal, pre-prepared data from signals is used and
decisions on a profitable position are made based on
"auxiliary hints" from signals provided by real traders.
This approach implies a primarily strategic approach to
trading.

It is necessary to define that a trading strategy is a
general plan covering a significant time period, and in our
understanding, it is the achievement of profitability and
certain results based on specific tactics, appropriate
signals and algorithms. At the stage of defining the
structure of algorithms, the architecture of an automated
trading system is determined. So, in our case, there are
two key phases in building the structure on which the
trading strategy itself is based:

1. Obtaining initial data — creating algorithms for
artificial neural networks that process price quotes;

2. Use of the obtained results — creation of specific
actions with financial instruments, including the search
for entry and exit points, placing orders based on the
output of artificial neural network algorithms.

First, it is necessary to determine what data will be
entered into the artificial neural network algorithm based
on the input data. In our case, this means defining the
input data as the values of closing prices from OHLC
quotes. In Fig. 1 shows: a) a graphical display based on

Vol 1, No 2, Paper 02002, pp. 1-6 (2023)

1M 3M 2Q 1Y 2Y YTD All 18/09/2015 - 18/09/20..5

1o bs $159
$149
$139
$129%

1 s $1190

" $109

ka I | - $99
} I,

v $89
1.0b
|||”| | || |I‘| ‘ ul ||||" l”"l““"|||l||||||"|“|"|||| ”Il“h I”" ||l ll" ||||||“|’ -
| | | | oo
Nov 2016Jan Mar May Jul Sep

Nov 2017Jan Mar  May Jul Sep

a)

Candlestick Bars

swnjon

High — — High
Close — — Close
Open — — Open
Low — — Low

Up Day Down Day

b)
FIG. 1. Demonstration of: a) a graph based on OHLC values;
b) the structure of OHLC values.
the values of Open, High, Low and Close prices; b) the
structure of the Japanese candlestick, which represents the
time period during which the trade took place.

Based on the results of the analysis, when a chart of
quotes with a certain probability is available, the
algorithm can be used to conduct trading operations,
including the conclusion of transactions when appropriate
market signals are detected.

First, we need to determine which algorithm we will
use (Fig. 2):

1. RSI (Relative Strength Index) — this strategy is
based on the expectation of an overbought signal during
an uptrend;

2. EMA (Exponential Moving Average) — this strategy
is based on the dominant trend in the market;

3.MACD (Moving Average Convergence /
Divergence) — this strategy is based on closing a short
position when the MACD crosses the zero line.

A trading strategy that has been tested can be saved in
the database for further use. The structure of the
developed software is shown in Fig. 3.

The software package of an automated trading system
can include the development of a graphical display of
quotes and a tool for visual analysis. Information about
proven trading strategies can be stored in a database that
can be added and deleted by traders. Fig. 4 shows an
example of a chart with a visual analysis tool.
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FIG. 2. Visual representation of strategy conditions based on
a) RSI; b) EMA; ¢c) MACD, respectively.
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FIG. 4. Graphical representation of quotes with visual analysis
tools within an automated trading system.

V. CONCLUSION

The article provides a reasonable analysis of the
reasons for changes in price quotations of financial assets
on stock exchanges. The authors have also modelled a
scenario in which a trader independently determines the
time period for holding his trading positions. Given that
high-frequency stock trading at very short time intervals
can bring low profits, the article emphasises the
importance of ensuring that a trader can freely open and
close trading positions throughout the entire period of
purchase and sale with mandatory compliance with
restrictions.

The necessity of modelling the trader's strategy to
maximise profit under the constraints, including liquidity
and quantitative restrictions on trade orders, is noted. The
task of minimising the cost of trading orders is set, taking
into account the limited number of available exchange
trading orders and their cost at specific moments of time.

The key stages of building the structure on which the
stock exchange trading strategy is based are described in
detail. Information is provided on the data used and the
choice of an algorithm for an artificial neural network in
the context of a specific task.

In addition, the article reveals the structure of the
software model of the system for intelligent forecasting of
trading on stock exchanges. In particular, the article
emphasises the development of a graphical interface for
displaying quotes and a tool for visual analysis, which
increases the convenience and efficiency of the trader. In
addition, it is possible to save information on proven
trading strategies in a database that is available to traders
for their use in an intelligent system for forecasting
trading on stock exchanges.
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MopaenioBaHHA CUCTEMMU iIHTENEKTYa/IbHOro
NPOrHo3yBaHHA TopriB Ha poHA0BUX BiprKax

Omutpo YFpMH*, lOpiii YweHko, Mupocnas KoBanbuyk, fleHuc binobpuubkuii

Kadepnpa Komn'toTepHUX HayK, YepHiBeLbKMI HaLioHaNbHUI yHiBepcuTeT imeHi Kopia ®egbkoBuya, YepHisui, YkpaiHa
*ABTOpP-KOpecnoHAeHT (EnekTpoHHa agpeca: d.ugryn@chnu.edu.ua)

AHOTALLIA Y cTaTTi BUAINEHO NPUYUHU 3MIH KOTUPYBAHHA LiH GiHaHCOBMX aKTMBIB Ha GOHAOBUX BiprKax. 3moaeNboBaHO
npowiec cuTyaLii, konu Tperigep dikcye nepiod yTpMMaHHA CBOET TOProBoi no3uuii. BoHa BU3Ha4ae nepiogu Kynisni-npoaaxy
i BpaxoBytouM, LLLO BUCOKOYACTOTHA BipKoBa TOPriBAA HA HAAKOPOTKUX iHTEPBANAX BUABIAE HU3bKY NPUOYTKOBICTb BBEAEHO
Ba’K/IMBY YMOBY, WO A03BOJIAE HipKoBOMY Tpeiaepy BiIbHO BigKPMBATM Ta 3aKPMBATU TOProBi NO3WLii NPOTArOM BCbOro
nepioZy KynisAi-npoAay i3 BpaxyBaHHAM 3anponoHOBaHUX 0OMeKeHb. 3anpoNoOHOBaHO MOZE/IIOBaHHA CTpaTerii Tperaepa
Nno 3AiMCHEHHIO TOProBMX Ail, LLO CAPAMOBaHI Ha MaKcuMisauilo NpuBYTKy. 3 ypaxyBaHHAM OOMeEXKeHb, NOB'A3aHMX i3
NIKBIAHICTIO, Ta KiNbKICHUX OOMe)KeHb [A/1A TOProBMX 3asBOK 3aMpPONOHOBAHO BM3HAYEHHA OMTMMAaNbHOI CcTpaterii
BMCOKOYACTOTHOI TOPriBAi ANA KyMiBAi-NpoAaKy Tpengepa, Wo MoxKHa chopMyntoBaTh AK 3aBAaHHA MiHimi3auii BUTpaT Ha
TOprosi opaepu. Ha OCHOBI KifIbKOCTI AOCTYNHUX BipKOBUX TOProBMX 3aABOK i 3HAYEHb BiAHOCHO BiAMOBIAHOI TOProBOI
33ABKW B KOHKPETHI MOMEHTU 3 METOI0 BU3HAYe€HHA ONTUMaNbHOI CTpaTerii BUCOKOYACTOTHOI TOPriBAi ANA KyNniBAi-NpoAay
TpeiAepa MOXKHa 3BOAUTM 40 BUPILLEHHA MPOCTOI 3a4a4i MiHiMi3aLii BUTPAT Npu 3a4aHMX YyMOBaX 06MEXKEHHA NiKBIAHOCTI
L1151 KOXKHOI TOProBOi 3asBKW, 3aBEPLUEHHA TOProBe/NbHOro noptdens 6e3 akTUBHUX MO3ULiA 40 3aKiHYEeHHA mepioAy Ta
3arasibHOI KifIbKOCTi BipyKoBMX yrog, 3 KyniBai-npogaxy. OnucaHo Kaw4oBi ¢pasu B NnobynoBi CTPYKTYpU, Ha AKil H6asyeTbea
cama cTparteria Toprieai Ha 6ipi. BcTaHOBNEHO HeobXigHICTb BM3HAYeHHA, AKi came paHi 6yayTb BBEAEHI B anroputm
WITYYHOT HEMPOMEPEKi HAa OCHOBI BXiZHWX AaHUX Ta BUSHAUYEHHS, AKMI anroputm byae BUKOPUCTOBYBATUCH 415 KOHKPETHOT
334ayi. CnpoeKTOBaHO CTPYKTYpPY NPOrpamHoro 3abesneyeHHs Moaesni CUCTEMU iHTENEKTYaIbHOTO NPOrHO3YBAHHA TOPFiB Ha
doHaoBMX BiprKax. Y KOMMNIEKCi aBTOMATM30BaHOI TOPriBe/IbHOI CUCTEMM BKIKOYEHO PO3POOKY rpadivyHOro BigobpaxKeHHs
KOTUPYBAHb Ta iIHCTPYMEHT A8 Bi3yasbHOro aHanisy. Mpu ubomy iHGopmaLis nNpo nepesipeHi TOProBesbHi CTpaTerii MoXKe
6yTn 36eperkeHa B 6asi AaHWX, WO [OCTYNHA ANA A04ABaHHA Ta BUAA/NEHHA Tperaepamu B po3pobneHilt iHTeneKkTyanbHin
CUCTEMI MPOrHO3YBaHHA TopriB Ha GOHAOBMX bipiKax.

K/IIO4YOBI CJ/IOBA mogeni, doHpoBi bipxKi, ToproBesbHa CcTpaTerid, aJfOPUTMMU LITYYHUX HENPOHHUX MEPEN, CUCTEMMU
iHTENEeKTyaNIbHOro NPOrHO3yBaHHA.
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