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Highlights
e High-frequency trading is a trading method that uses powerful computer programs to

execute a large number of orders in a fraction of a second. High-frequency trading is the
opposite of traditional long-term investing.

e Using a dynamic method that can adapt to the environment and prevent mistakes in the
process of making trading decisions seems very necessary.

o Theeffectiveness of technical analysis variables and economic variables used to make trades In
addition to the fact that each share has its own specific conditions, these variables have specific
criteria for each economy and a single version cannot be used for all societies.

e The presented model increases the level of confidence in entering a buy transaction and
the level of confidence in entering a sell transaction.

e The created model has the power to adapt to all capital markets.

Abstract
At the same time as the speed of financial exchanges increases, many complications are
also added to it, and the amount of attention paid to the role of human actors in it has faded,
and the method of high-frequency trading is over time. In this research, a model for HFT has
been presented in order to dynamically adapt to environmental changes in addition to cost
reduction. The method of conducting the research is to use the algorithm of colleagues' cellular
automata and extermal optimization, and from fundamental analysis books, technical and
economic analysis indicators and daily stock information as used and Statistical community
of the symbols available in the Tehran Stock Exchange market in August 2016 to August
2021. The confusion matrix model has been used to evaluate the model. The results of the
research led to the modification of the effect range of technical analysis variables as well as
economic variables for trading symbols, and a dynamic model for stock market trading was
pg%s_enteq, IlNhiCh is able to adapt to changing environmental conditions in order to reduce the
trading risk.
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Introduction

We live in an era where technology has entered the smallest parts of
human individual and social life and it is impossible to avoid it. Among
the markets that have realized the inevitability of this fact for several years
are financial markets. At the same time as the speed of financial
transactions has increased, many complexities have also been added to it
and the role of human actors has been greatly reduced. Algorithmic and
high-frequency trading has become part of financial markets due to the
convergence of several factors. These factors include the growth of the role
of technology in the market, the increase in the complexity of financial
instruments, and the relentless movement towards greater efficiency in
executing transactions and reducing transaction costs. High-frequency
trading takes place at an extremely high speed, and this speed has increased
the effectiveness of trading strategies in today's trading environment (2021,
Beldoff and Molnar). The share of high-frequency trading in stock trading
has expanded significantly across financial markets. For example, in the
United States, approximately 52 percent of all stock trading in 2018 was
high-frequency trading (Zaharodin et al; 2021). Over the past few decades,
many methods have been implemented to forecast the capital market. In
most of these studies, researchers have tried to predict stock price
fluctuations by using complex modeling and making numerous
assumptions. However, due to the complexities and numerous variables
affecting the price trend of the capital market, most of them have had a
high error rate or at least have not been valid in all markets (Ghorbani,
2016). The current research aims to use the characteristics of learning
cellular automata and limit optimization to present a model for high-
frequency trading that can dynamically adapt to environmental changes
while reducing the risk caused by price fluctuations.

Methodology

The present study is a fundamental research in terms of method,
correlation and causality and based on the purpose, and since historical
information is used for this research, it is considered a post-event research.
While in terms of the type of study; it is a field-library. The statistical
population of this study is the stocks of companies traded on the Tehran
Stock Exchange and the statistical sample is all symbols traded on the
Tehran Stock Exchange from 2016/07/22 to 2021/07/22, which have been
collected daily.

Since high-frequency trading is highly competitive, it means that
systems must constantly evolve. Although this type of trading is successful
in most cases, sometimes months of hard work and research can be wasted
as a result of a change in the structure of the stock exchanges, or the
adoption of a new law, or a competitor overtaking your processing speed.
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Therefore, it seems very necessary to use a dynamic method that can adapt
to the environment and prevent mistakes in the process of trading
decisions. For this reason, the use of a learning method called
reinforcement learning has been considered. Reinforcement learning is
neither a subset of neural networks nor an alternative to them. Rather, it is
an orthogonal approach to solving different and more difficult problems.
One of the reinforcement learning methods is the stochastic learning
automaton. On the other hand, many problems cannot be solved using a
single learning automaton, but the real power of learning automata is
revealed when they are used as a collective group. Considering this
problem, the cellular learning automata model is proposed. The dynamics
of a cellular learning automata are obtained by repeatedly applying the
local law to the learning automata of all cells.

One of the models that combines the concepts of evolution and learning
is the CLA-EC model. In this model, each genome is assigned to one of
the cells of the cellular learning automata. The set of actions selected by
the automata of each cell is assigned to the genomic sequence of that cell.
Based on the local law, a signal vector is generated and given to the set of
learning automata residing in that cell. Each of the learning automata
adjusts its internal structure based on the received signal and the learning
algorithm. The process of selecting actions and adjusting the internal
structure is repeated until a predetermined criterion is satisfied. This model
can be used to solve optimization problems. This algorithm, despite the
appropriate search of the problem domain, does not produce highly
accurate answers. Therefore, by combining this model with the marginal
extermal optimization algorithm, this problem will also be solved. As a
result, by using the properties of learning cellular automata and marginal
optimization, the threat of environmental fluctuations can be overcome and
a dynamic model can be designed that adapts to environmental changes.

The variables used in this model are categorized into four groups as
follows.

Table (1) Reserch variables

Fundamental
analysis
parameters(A)

Daily stock trading
information(B)

Technical analysis
indicators(C)

Economic
variables(D)

Earnings per share
price-to-earnings

Dailytrading volume
Number of registered
transactions
Time of transaction
Order execution day

Exponential Moving
Average
Bollinger bands
Relative strength
index
Degree of change
Stochastic
Money Flow Index

Gold price
Exchange rate
Inflation rate
Stock index growth
rate
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The information collected through Delphi software and using high-
frequency trading algorithms and combining it with the learning cellular
automata algorithm and marginal optimization, has been analyzed in five
steps as follows.

1.

First, using the variables of group A, we select stocks that have a
high p/e in the desired industry compared to the industry average. In
this step, the symbols are first categorized in their respective
industries and the p/e of the symbols is extracted, the p/e that has an
unusual difference compared to other stocks in that industry is
eliminated. Then, the symbols that are lower than the average p/e in
each group are given priority for selection.

The selected stocks are entered into the processing process as initial
data for a 20-day period (working).

The selected stocks with the variables of group B are entered into
the automata algorithm and processed.

. The selected stocks with variables from group C are entered into the

automata algorithm and processed.

. The selected stocks with variables from group D are entered into the

automata algorithm and processed.

. The output data from steps 3, 4, and 5 will be processed through the

finite optimization algorithm as described.

a) We calculate the fit for each variable.

b) We rank all the fits and select the variable with the lowest fit.

c) The value of the selected variable is replaced by another value
in its neighborhood.

d) The created solution is considered the current solution.

e) If the current solution is better than the best solution, it is also
selected as the best solution.

f) We repeat step 2 until the desired solution is reached.

g) The best solution is selected as the output of the function.

Results

The fit of the extracted data for all symbols was measured with the
confusion matrix model. The results were obtained based on the average
of all symbols as shown in the table below.

Table (11) Fitting result for the overall index

AV_CR AV_Recall AV _Precision AV_Accuracy AV _F1

0.66 0.58 0.78 0.94 0.67
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Based on the findings of Table Il, the model accuracy was 0.94, the
model recall was 0.58, the model accuracy was 0.78, and the model
overlap was 0.67, which were based on the average place value of 0.66,
which is related to the average of all trading symbols on the Tehran
Stock Exchange.

The results for the average of each industry were obtained in Table (l11),
which were different for different industries based on these findings. For
example, for the chemical products industry group (row 37 of Table II),
the model accuracy was 0.83, the model recall was 0.55, the model
accuracy was 0.75, and the model overlap was 0.62, which were based on
the average place value of 0.57. Therefore, the same analysis is also valid
for rows 1 to 41.

Table (111) Fitting result for each industry group

Row Industry Group AV_CR | AV_Recall | AV_Precision | AV_Accuracy | AV_F1
1 Coal mining %92 %55 %75 %76 %63
2 Other mining %70 %52 %67 %77 %58

Oil, gas and related
3 services, except %64 %52 %75 %79 %61
exploration
4 Metal ore mining %54 %54 %76 %80 %63
5 Information and %44 %48 %59 %84 %52
communications
36 Wood products %74 %57 %65 %74 %60
37 Chemical products %57 %54 %75 %83 %62
3g | Foodand beverages | o.q) %55 %70 %82 %61
except sugar
39 Paper products %65 %54 %73 %79 %61
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Row Industry Group AV_CR | AV_Recall | AV_Precision | AV_Accuracy | AV_F1

40 Telecommunications %55 %54 %71 %84 %59

Pharmaceutical 0 o o 0 o,
41 products %60 %52 %71 %84 %59

One of the results of the research, which is given in Table IV, can be a
turning point of this study. In the aforementioned table, the results for each
symbol are displayed on a daily basis. For example, for the symbol Fakhas
(row 1 of Table 1V), the model accuracy was 0.60, the model recall was
0.60, the model accuracy was 0.86, and the model overlap was 0.98. These
results were based on the average spatial value of 0.86, which is specific
to the day 2021/02/13. Therefore, the same analysis is also valid for rows
2 to 7286.

Table (1V) Daily fittingQD result for each symbol

Row Symbol date CR Recall Precision | Accuracy | F1_Score
1 Fakhas 2021.02.13 %86 %60 %86 %60 %98
2 Wapasar 2021.02.27 %78 %63 %78 %63 %98
3 Fakhas 2021.02.13 | %75 %60 %75 %60 %98
4 Fakhas 2021.02.14 %69 %60 %69 %60 %98
5 Bekam 2021.02.28 | %60 %97 %60 %97 %98
7282 Paksho 2021.04.24 %32 %11 %32 %11 %17
7283 Fasepa 2021.02.13 %58 %60 %58 %60 %15
7284 Sacrum 2021.04.21 | %49 %58 %49 %58 %13
7285 Our 2021.04.04 %41 %62 %41 %62 %13
7286 Khorasan 2021.03.15 %54 %56 %54 %56 %12
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Conclusion

As mentioned, high-frequency trading is the opposite of traditional
long-term investment, in which instant buying and selling of stocks
and other securities, as well as arbitrage and market making activities,
are common activities of this trading method. It was also stated that
in fact, high-frequency trading is the execution of thousands of orders
in the fastest possible time, and its goal is to identify low profits in
each transaction, which is often possible due to the difference in the
price of the same share or asset in different markets. Therefore, the
purpose of this research was to answer this important question: What
is the high-frequency trading model of stocks in the Tehran Stock
Exchange?
To answer this question, the influential variables in technical
analysis, economic variables, and daily trading information of
symbols in the stock market were processed and modeled under the
learning cellular automaton algorithm and the extermal optimization
algorithm. For the index, a specific industry group trading pattern
was obtained for each symbol, which reflects the impact of economic
events (Badri, 2016), political events (Mari et al; 2006), and
behavioral finance theories (Prosad et al; 2015) on trading,
specifically for each symbol.
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