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Abstract. The financial sector has undergone profound changes over the past
twenty years, affecting the ways in which both individuals and organizations interact.
The active introduction of artificial intelligence (Al) and big data analytics has
significantly changed the approaches to activities of financial institutions and their
interaction with customers and other organizations. It is expected that these changes
will continue to gain momentum due to development of technologies that allow us to
focus on innovation and solving complex problems. Every day, the financial industry
records billions of events in markets, which generates significant amounts of diverse
data related to the Big Data category.

Al algorithms and models that work with big data to analyze patterns and
generate recommendations in areas such as portfolio strategies and fraud detection
are becoming increasingly important in the financial sector. However, level of their
application and development differs significantly depending on capabilities and
competencies of different organizations. These differences, as well as the impact
of new technologies on financial sector, are becoming central topics of discussion
among industry professionals.

This article is devoted to the study of the use of Al and big data analytics in
stock trading, as well as the analysis of consequences of their use. The research
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examines current trends and practices that allow us to draw conclusions about the
impact of these technologies on the strategies and decision-making processes of
market participants.

Keywords: big data analytics, Al in finance, stock trading, the implications of big
data, Fintech, the application of big data and artificial intelligence in finance.
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“Development of an ensemble stock trader based on the use of price information
converted into images, indicators of fundamental and technical analysis”.
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Annotanust. KapKbl CeKTOpBI COHFBI JKHUBIPMa KbUT 1IITHIE KEKe TYJIFaIapblH
Ja, YUBIMIApAbIH J1a ©3apa dpeKeTTecy TICUIAepiHe acep eTKeH TepeH e3repicrepre
yusipansl. JKacanapl untemnekt (Al) meH ynkeH nepekTepai Tainaayasl OelaceHnl
€Hri3y — KapKbl MHCTHTYTTapbIHBIH KbI3METIHE XOHE OJapAblH KIMEHTTEPMEH
XKoHe 0acKa yHbIMIIapMEH e3apa 9peKeTTeCcyiHe Ko3KapacThl alTapiabIKTall e3repTTi.
Byn esrepicTep uMHHOBalMsJapra Hazap aygapyra JXOHE KypHedi Mocelenepi
hIenryre MyYMKIHAIK OepeTiH TeXHONOTHSUIapAbl AaMBITY apKbUIbl KApPKbIH alyIibl
KanFacTeIpadbl jAen KyTinyge. KyH callblH KapKbl canachl HapbIKTapIarbl
MUIITHapATaraH OKUFaitapiel Tipkeiai, Oyn Big Data canarbiHa skaTaThlH opTYpIi
JepEeKTepIiH alTapibIKTal KOJIEMiH TyAbIpabl.

[Hoptdonuo crparerusnapsl KoHE anasKTHIKTBl aHBIKTAy CHSKTBHI caianapia
3aHABUIBIKTAP/IbI TAJIAY KOHE YChIHBICTAp KAIBINTACTHIPY YILiH YJIKEH IePEKTepMEH
xyMbIc icteittin XKW anropurMaepi MeH MoJeNbAepi Kap:Kbl CEKTOPBIHIA MaHbI3IbI
Oonatycyzne. JlereHMeH, onap/sl KOJIJaHy KoHe Urepy AeHreli opTypiti yibIMIapAbIH
MYMKIHIIKTepi MEeH Ky3bIpeTTepiHe OaiaaHbICThl aliTapabIKTall epekieneHeni. by
alBIpMAIIBUIBIKTap, COHAAN-aK KaHa TEeXHOIOTHSUIapIbIH KapsKbl cajlachblHa dcepi
caJia MaMaHJIapbl apachlHAa TAJKbUIayAbIH 0aCThl TAKBIPHIObIHA alfHANIAIbI.

Bbyn makana Oupxansik Tpeiinuarre JKIM sxoHe YIKeH OepeKTepii Tajnayabl
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KOJIIaHyAbl 3epTTeyre, COHJai-aK oOJapAbl KOJNAHYIAbIH CalgapblH Talgayfra
apHaiFaH. 3epTTey OChbl TEXHOJOTHSJIAPAbIH HAapbIKKa KATBICYIIBUIAPABIH MISHIIM
KaObUIaay cTpaTerusiapbl MEH MPOLECTEPiHe dcepi Typajbl KOPBITHIHABI JKacayFra
MYMKIHJIK O€peTiH 3aMaHayn TeHACHIHsIIAp MEH ToXKipuOenepai KapacTbIpaibl.

Tyiiin ce3nep: ynkeH nepexrepni Tannay, KM xapxblia, OMp)KajiblK cayma-
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AnHorauus. OUHAHCOBBIA CEKTOP 3a MOCIETHUE ABAALATH JIET MpETepries
[IyOOKHE W3MCHEHUs, 3aTPOHYBIIKAE CIIOCOOBI B3aUMOJICHCTBHSI KaK YaCTHBIX
JUL, TaK U OpraHu3anuil. AKTUBHOE BHEAPEHUE HCKYCCTBEHHOTO HHTEIUICKTA
(M1) w aHammTUKK OOJNBIIMX JAHHBIX CYIIECTBEHHO W3MEHHWIIO IOIXOIbI K
JESATSILHOCTA (PUHAHCOBBIX YUPEIKACHUN U MX B3aMMOJCHCTBUIO C KIIMEHTAMH U
JIpyTUMU opranu3anusMu. OkujgaeTcs, 4To 3TH U3MEHEHUS TPOJ0KAaT HaOUpaTh
000pOTHI Onaroyiapsi pa3BUTHIO TEXHOJIOTHH, MO3BOJISIFOIIUX COCPEIOTOYUTHCS Ha
VHHOBAILIMAX WM PEUICHHM CJIOXKHBIX 3aaa4. Kaxknplid feHbp (UHAHCOBas OTpacib
(ukcupyer MuTHApAbl COOBITUH HAa PBHIHKAX, YTO IOPOXKIAECT 3HAYUTEIIBHBIC
00bEeMbI pa3HOOOPA3HBIX JaHHBIX, OTHOCAIIMXCS K Kareropuu Big Data.

Anroputmbl 1 Mozaenu MU, paboraromiue ¢ OOJIBIIMMU JaHHBIMU I aHAJIA3A
3aKOHOMEPHOCTEeH u (OpPMHUPOBaHUS PEKOMEHJAIM B TaKUX O0ONacTAX, Kak
nopTdeNbHbIE CTPAaTerud M OOHapy)KEHHWE MOIICHHUYECTBa, MPUOOPETAIOT BCE
Oosblliee 3HaUeHUE B (DMHAHCOBOM CeKTOpe. TeM He MeHee, YPOBEHb X IPUMEHEHUS
U OCBOCHHSI CYIIECTBEHHO OTIMYACTCS B 3aBUCUMOCTH OT BO3MOXHOCTECH u
KOMITCTCHIIMI Pa3JIMYHBIX OpraHW3alfii. OJTHU pa3iuyuus, a TaKKe BIUSIHUC
HOBBIX TEXHOJIOTUH Ha ()MHAHCOBYIO c(epy, CTAaHOBSTCS IEHTPAIbHBIMU TEMaMH
00CYXICHUS CPEH CIEIUAMCTOB OTPACIIH.

JlanHas cTaThs MOCBsIIEHA U3yueHUto puMeHeHus W u ananutuku 0onbImx
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JaHHBIX B OMP)KEBOM TPEHANHTE, a TAK)KE aHAJIM3a IOCIEACTBUI UX UCTIONb30BaHUSL.
B pamkax nccrnenoBaHusi paccMaTpUBarOTCsl COBPEMEHHBIE TEHACHIINN U PAKTHKHY,
MO3BOJISIOLINE CHENaTh BBIBOABI O BIMSAHHUU 3TUX TEXHOJIOTUH Ha CTpaTeruud M
MIPOLIECCHI MPUHATHUS PELIEHUH YYaCTHUKOB PBIHKA.

KitioueBble cioBa: aHanuTHKa OONbIIMX AaHHBIX, MW B QuHaHCcax, OupsKeBbIi
TPEeWAMHT, MOCTAEACTBUS OONBLINX AaHHBIX, DHHTEX, IPUMEHEHHE OONBLINX AAHHBIX
1 UCKYCCTBEHHOTO MHTEIJICKTa B (PMHAHCAX.

Introduction. Quantitative analysis involves applying numerical and
mathematical methods to financial analysis. While these techniques have been
integral to various industries for a long time, their adoption in the financial sector has
gained momentum only in recent decades. Initially, quantitative analysts, also known
as quants, focused on areas such as investment management, risk management,
and the pricing of derivative instruments. Over time, however, the application of
quantitative methods has broadened significantly to encompass virtually every
aspect of finance where mathematics can be applied. Some notable examples of
quantitative analysis in practice include statistical arbitrage, algorithmic trading,
and electronic market operations. These approaches utilize advanced mathematical
models and computational tools to analyze financial data and identify opportunities.

In trading, quantitative analysis is crucial for determining pricing strategies,
managing risk, and uncovering profitable opportunities. Historically, distinct roles
existed for quantitative analysts and quantitative traders. However, as the industry
evolves, the boundaries between these roles are becoming increasingly blurred.
Today, a strong background in quantitative analysis is almost a prerequisite for
anyone aiming to succeed in professional trading. Quantitative methods are also
widely employed in asset management. Many prominent companies, such as AQR
and Barclays, rely heavily on quantitative strategies for their operations. Others,
including Pimco, Blackrock, and Citadel, integrate both quantitative and fundamental
approaches to manage their assets effectively. In fact, nearly all large-scale asset
management firms and hedge funds incorporate quantitative techniques to some
degree.

To enhance their operations, these firms are making significant investments in the
development of standardized libraries for cost and risk assessment methodologies.
These tools not only improve efficiency but also provide a competitive edge in an
increasingly data-driven financial landscape.

Materials and methods

In this study, data obtained from official sources such as the KASE exchange
and specialized financial databases were used to analyze the dynamics of financial
markets. The original dataset covers the period from 2019 to 2023 and includes
information on trading volumes, quotations, indices, and companies’ financial
indicators. The data were pre-processed to remove outliers and errors, ensuring the
accuracy of further analysis.

For processing and interpreting the collected information, methods of systems,
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logical, and comparative analysis were applied. In particular, statistical tests such as
the Kolmogorov-Smirnov test and the run test were used to evaluate the distribution
of returns and to identify patterns in market behavior before and during the financial
crisis. This approach enabled a comprehensive investigation into the impact of
technological innovations on the decision-making efficiency of stock traders.

In the course of the work, the following research methods were applied: system
analysis as a methodology for setting and approaching the problem as a whole,
methods of logical and comparative analysis and synthesis, methods of economic
and statistical comparisons, abstract logical judgments.

Results and discussion

Many modern scientists are actively working in the field of studying trends
in the development of financial analytics for stock traders. Andrew W. Lo from
the Massachusetts Institute of Technology (MIT) is exploring the application of
algorithmic trading and machine learning to improve the effectiveness of analytics
(Lo, 2021). In his work, he emphasizes the role of Al in predicting market trends and
minimizing risks. John H. Cochrane of Stanford University notes that automation
and the use of big data significantly accelerate the decision-making process for
traders (Cochrane Methods Report, 2021). Markus K. Brunnermeier from Princeton
University explores the influence of psychological factors on market decisions and
the development of new analytical tools to account for them (Brunnermeier, et al.,
2019). Nicholas C. Barberis from Yale University studies the cognitive and emotional
aspects that affect traders with high levels of uncertainty (Barberis, et al., 2020).
Terrance Odean from the University of California at Berkeley analyzes the impact
of cryptocurrencies and digital assets on traditional financial analytics (Odean, et
al., 2021). He highlights the need to take into account the volatility and specifics of
these instruments. Matthew Richardson from New York University emphasizes that
the digitalization of assets requires new models for assessing their value and risk
(Richardson, et al., 2022).

The modern financial markets are evolving rapidly. Technology has a significant
impact on the development of trading software. New custom solutions and mobile
platforms are becoming increasingly popular. They are transforming the industry.
This article highlights key trends, focusing on custom solutions and the role of
mobile app developers (Lindsay, 2024).

Artificial Intelligence (AI) and Machine Learning (ML) have greatly changed
trading software. They enable advanced analytics, predictive modeling, and
automation. Al processes large volumes of data, identifies patterns, and provides
valuable insights. Machine learning, such as neural networks, helps software adapt
to market changes in real time.

Custom trading software leverages Al and ML to create advanced algorithms.
It also develops risk management tools and analytical modules. These programs
help automate routine tasks, simplify traders’ work, and offer more opportunities for
market analysis.

Blockchain is becoming a critical component of trading systems. It provides
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security, transparency, and decentralization. Blockchain allows transactions without
intermediaries, ensuring all data remains immutable. Smart contracts automate deal
execution and settlements. This reduces errors and operational costs.

Custom trading platforms integrate blockchain technology into their operations.
This allows for the development of decentralized exchanges and digital asset
management platforms. They also enable tokenized securities. These innovations
enhance market transparency and security, creating new opportunities for traders
and investors.

Big data and analytics play a vital role in trading software. These technologies
provide real-time market insights and analyze large datasets. The data may come
from social media, news outlets, or market feeds.

Custom trading solutions use advanced analytical tools. These include sentiment
analysis and pattern recognition. These tools help identify market trends, predict
price movements, and improve trading strategies.

Cloud computing is transforming the approach to trading software development.
It offers flexible and scalable solutions. Cloud platforms like AWS and Azure provide
on-demand access to resources.

Cloud-based trading systems process large data volumes and run complex
algorithms. These systems are highly adaptable, making them ideal for traders in
dynamic markets.

Mobile applications are becoming more popular among traders. They offer
convenient access to markets from any device. These apps are functional and user-
friendly.

Software developers collaborate with mobile platform creators to design trading
applications. These apps work across multiple devices. They provide access to
market data, trading tools, and account management features.

Quantum computing introduces new possibilities for trading. It solves complex
problems like financial modeling and algorithm optimization.

Companies are exploring quantum technologies to develop advanced algorithms
and risk assessment tools. These systems allow faster and more accurate operations,
giving traders an edge in competitive markets.

As of January 1, 2024, the Exchange had 52 professional participants, comprising
all licensed banks and brokerage organizations in the Republic of Kazakhstan.
Additionally, the membership included four foreign participants and two international
financial organizations.

The Exchange operates with distinct platforms designed to cater to a diverse
range of companies. The Main site is targeted at large, established companies with
significant operational histories. In contrast, the Alternative site is tailored to small
and medium-sized enterprises (SMEs), featuring simplified listing requirements.
This structure enables both large corporations and SMEs to access funding through
the stock market.

The Exchange also offers a Mixed platform, where a variety of financial
instruments are traded. These include Islamic securities, derivatives, government
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securities, and securities issued by international financial organizations. These
instruments can be denominated in either the national currency or foreign currencies,
adding flexibility for investors. Meanwhile, the **Private Placement platform**
focuses on non-government securities intended for private placement. This involves
a non-public offering of bonds to a select group of qualified investors, with the terms
of issuance defined in a private memorandum.

In 2023, the total trading volume on the Exchange reached an impressive 411
trillion tenge, marking a significant 57% increase (149 trillion tenge) compared
to the previous year. The number of transactions also rose considerably, with 1.4
million trades conducted, representing a 53% growth over 2022.

Most indices in developed markets concluded 2023 with positive performance.
However, the Chinese stock market showed a decline during the year. The Shanghai
Composite index fell by 4% in 2023, driven by persistent challenges in China’s real
estate sector and mounting municipal debts. These long-term structural issues acted
as a significant drag on market performance (Figure 1).
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Figure 1 - Growth indicators of the main global stock indexes and the KASE Index
by the end of 2023, %
Note: compiled on the basis of KASE

The year 2023 proved to be a positive period for the Kazakh stock market,
supported by several favorable developments. A reduction in the annual inflation rate,
stabilization of markets following the mitigation of external economic shocks, and
improved macroeconomic indicators collectively created a conducive environment
for market growth.

By the end of the year, nearly all stocks included in the KASE Index Representative
List exhibited positive performance, with KEGOC shares being the sole exception.
Key drivers behind the growth of KASE Index shares included the release of financial
reports, dividend payouts, and the rising prices of raw materials in global markets.

For the third consecutive year, KASE trading volumes reached historic highs.
In 2023, the total trading volume across all markets grew by an impressive 57%
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compared to 2022. This increase brought the annual total to a record-breaking 410.7
trillion tenge, representing a 3.5-fold increase compared to the 2020 figure (Figure
2).

This strong performance highlights the resilience and dynamism of the Kazakh
stock market, driven by both domestic economic stability and global market trends.

W The foreign exchange market M The money market M The securities market Derivatives

Figure 2 - Dynamics of trading volume by sector 2019-2023, trillion tenge
Note: compiled on the basis of KASE

The main increase in trading volume on KASE was achieved due to an increase in
trading on the money market — by 60% to KZT 370 trillion — against the background
of an increase in the demand of market participants for short-term tenge liquidity,
while the increased supply was supported by high rates.

Positive financial results, dividend payments and rising uranium prices were the
driving force behind the growth of the KASE Index during 2023 (Figure 3).
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Figure 3 - Components of the KASE Index
Note: compiled on the basis of KASE
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By the close of 2023, nearly all stocks listed in the Representative List of the
KASE Index showed positive growth, with KEGOC shares being the only exception.
The most significant gains were observed in the fintech and energy sectors.
Notable contributors to this growth included JSC Bank Center Credit, JSC NAC
Kazatomprom, and JSC Kaspi.kz. This robust performance highlights the resilience
of key sectors in the Kazakh market and underscores the influence of both local and
global economic factors on stock market dynamics.

The Kolmogorov-Smirnov (KS) one-sample test is a statistical method used to
evaluate whether a given sample of data follows a specific distribution. It does this
by comparing the cumulative distribution function (CDF) of the observed data to
the CDF of a reference distribution, which can be either uniform or normal. The test
determines the degree of alignment between the observed data and the hypothesized
distribution, thereby indicating whether the data likely originated from that particular
distribution.

In this study, the KS test was applied to data from two distinct periods, referred
to as Period-1 and Period-II. The results of these analyses are summarized in Table
1. The table provides a detailed comparison of the observed data’s CDF against the
expected CDF for the specified distribution during each period. This approach helps
assess the consistency of the data distribution over time and determine whether any
significant deviations occurred between the two periods.

Table 1- One-Sample Kolmogorov-Smirnov Test

‘ Period - Io Period - Ilo £
o o BSEo NSEo BSEz  NSEde
Nz 2 12462 12460 12282 1228
Most-Extreme- Differensc Absolutex 0.0522 0.0582 0.088c  0.0829¢
= Positives 0,052z 0.058=  0.088=  0,082q¢
= Negatived -0.0482 =0.0472  -0.067=  -0.0660¢
Kolmogorov-Smirmov-Zo o 1.832= 2.050=  3.0875  2.858dc
Asymp.-Sig. (2-tailed)= o 0.002= 0.000=  0.000=  0.000dc

o 3

&)
1
1
& ]

Test-distribution- is-Normalz

During Period-I, the statistical analysis indicates that the returns from both the
NSE and BSE markets do not align with a normal distribution. This conclusion is
based on the probability values being less than 0.05, evaluated at a 5% level of
significance. As a result, the null hypothesis, which assumes normal distribution for
the returns of these markets, is rejected.

Similarly, in Period-1I, the data reveals that there is no significant change in
the distribution pattern of market returns during the financial crisis. The results
demonstrate that the returns for both markets continued to deviate from a normal
distribution. Furthermore, the frequency distributions for the NSE and BSE returns
during this period were also found to not conform to a normal distribution. Therefore,
it can be concluded that the returns in both periods are not normally distributed.

The outcomes of the run test, a non-parametric test used to analyze the randomness
of data, are summarized in the subsequent tables. Table 3 presents the run test results
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for Period-I, which corresponds to the time before the financial crisis. Additionally,
the table includes the values obtained for Period-II, representing the period affected
by the recent financial crisis. These findings provide further insight into the behavior
and patterns of market returns during the analyzed timeframes.

Table 2- Run Test

1] Period--Io Period--Ilo

=} BSEo NSED BSEo NSEZ e
Test Valueo 0.00= 0.00= 0.00z 0.00cie
Cases < -Test-Valueo 6230 623c [ = 6l4ce
Cases< =Test-Valueo 6230 G623c Gl4o Gl4cie
Total-Caseso 12462 12462 12282 1228d¢e
Number-of-Runso 5550 567z 601z Gﬂlqn
Zo -3.6840 -3.231= (. 790z -0.7993¢
Asymp.Sig.(2-tailed)o 0.000= 0.001= 0.424z 0.424cip
a.‘Mediano o e

The analysis of Period-I reveals that the Z values derived from the run test exceed
+1.96. This indicates that the null hypothesis, which assumes randomness in the
data, is rejected at a 5% level of significance for the time before the financial crisis.
As a result, it is evident that the time series data for both NSE and BSE does not
follow a random walk. This lack of randomness suggests that the two markets can be
classified as weak-form inefficient during this period.

In contrast, the run test results for Period-II show a different trend. Here, the
Z statistic values are below +1.96 at the same 5% significance level. This change
suggests that the markets began to exhibit characteristics of efficiency, meaning the
data now appears to follow a random walk. From these findings, it can be inferred
that the financial crisis had a transformative effect on the Indian stock markets,
pushing them towards greater efficiency during this period.

Another noteworthy observation is the similarity in the run test values for
both markets in Period-II. This consistency implies that NSE and BSE displayed
a comparable shift in their behavior during the financial crisis, regardless of their
differing levels of efficiency in Period-I. This alignment highlights a uniform
response to the market disruptions caused by the crisis, indicating a shared drift
towards improved efficiency.

Conclusion

The performance of stock markets indicates how efficiently stock prices reflect all
available market information. This efficiency is critical because it enables investors
to make informed decisions about buying or selling shares. When market efficiency
is high, investment strategies can be formulated with greater confidence, as stock
prices accurately reflect the underlying value of securities.

However, when stock markets are inefficient, significant practical consequences
can arise. One such issue is the potential alteration of expected returns on securities, as
price fluctuations may exceed expectations when new information enters the market.
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In an inefficient market, share prices may not accurately represent the fair value
of stocks. This mispricing can lead to challenges for companies with undervalued
shares, as they may face difficulties in raising capital. Over time, this can disrupt the
investment framework of a country, hindering its economic growth and long-term
stability.

Simultaneously, technological advancements are reshaping the development
of trading software. These innovations provide traders with cutting-edge tools to
leverage advanced analytics, automation, and mobility in financial markets. Custom
trading software solutions and mobile trading applications are empowering traders
to make well-informed decisions, streamline repetitive tasks, and maximize market
opportunities.

As technology continues to evolve, the development of trading software will
play a pivotal role in enhancing the efficiency, transparency, and flexibility of
global financial markets. This progress not only supports individual traders but
also strengthens the overall functionality and competitiveness of financial systems
worldwide.
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