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Geopolitical Impacts on Finandial Markets: Evaluating Diffusion Model Trading
Performance

Ahmed Basim shabss , Sarab Mobammed Taber
Mindstry of Finance. Legal Department

Department of Computer Scence, University of Technolog

Abstract

This research presents 3 Geopolitcalfy-Aware Diffssoon Model-Based Trading Algorithm (GA-

LR\,

DMTA) usked lof forecasting the rale of ISDAQD exchamgy tate in the Itage markel, By emgioying

day-10-day trixm the Central Bank of Trag ¢ 2020-202¢) data that enhanced with the risk of geopolitical
ndicstors we Hsove » modded that peieiates pvnlul:lll\l  lorecasts b leam 1] Lo ;‘Ml.-m- n
poth financied and potiicad data. Exeeds of the GASDMT A preatly traditiomal methods acoomplishing
A97% accnracy and 3 2% Sha pe Rato wikh docre sl 18 S xtonum dravdown 1o S2% Peake Sigosl
10 Nowse Ratio (PSNR) measurensent of the algorahm have a hagh value (61 45 dB) approves excellent
ok Tedc 1hon Ln condatons of {ca by yolatlle, Resnlrsof rescanch confirm thas explicitly ¢ --':iw;j
gropoliticad nisk mranstorms algorshmic trading o ensergang markets, presens togesher superior resarns
and enhanced stabdny through political irulence, The propased rescanch offers cradal vissons for

nilutinns operating i préically sensitive markess

Keywoed: Algorubmic Trading Duffescn Models, Geopolitica Risk, Fenuncul Farecasting, PSNR

MSE




Exploring Market Trends and Volatility in S2P500, Brent Crude Oil, and Bitcoin
from 2018 to 2025

paiallie pla i g
Aol puebil] T - ol 3 0jg

Abstract

The s of thes study 1s 1o snalyze trends, risk-retarn chanacteristics and interrelationships for
the SEPSI Bircoin. and Breos coode ol prices from 2008 o 2025, Teiries 50 ansbyze the charscierasics
of tive asset In terms of volatley and correlation, and esss this to evaaate this seet's potential for
Srversdficathon i a porfobo snd sk redection The stmdy uses & 5ot of statisteal and quantitstive
pproaches, conssting of log-return volitdey estamation, rolling correlation analysis, descrgaive
statistics, principal component anayss (PCA; 2 well &s time-series analytic to analyze risk and
relaticoalips across assets. The shady shows that in the shoet run, the SEP300 and Srent crade ol have
o risk and modest retums In the shom time, Bitoodn, on the other and, is mach more profitable

re volatile; while, in the long run, Betcoin 2 the cnly one of the four to have lower

but s alse afor o

verage nsk compared to other aryptocucrencies. The stody abao shows that Bitooen's cocrelation
ocher tra@zional assets 15 wedk. Therefore, Bacoin is 4 good candidate for portiolio &versification and
oeher traditiona) assets. It akso shoms that Beort crade and the S&P300 negatively correlate with one
another. The study concludis that the nead (0 manage A5k when mawssing In Bioodn & imponant

wrwvever. s outlines the wielul erypedcarrencies have i modern portfolio s ractering

K('\'#\‘lrds S&P303 Preat Coade O, Bircot Time Serles Analvsts, Volasiliny, Portfofo Diversificanios
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Artificial Intelligence and Finandial Markets: From Concept to Application in Iraq

Hasan Mohammed Hussien Nassralah

National Imurance Comgany

Abstract

This researchy examines the effect of Al to enhance Bnancial market perfocmmance and its applicability

on Iraq stock exchange (85X Unfortanately, and notwahstanding the globa! popularsy of Al-driven

s analvsts systeans. Irsgt Onance sector coottinues 1o redv hcavily oo traditional  manual nsethods for
forecasing predsion and risk prod lg The paper sims to address this by, (1) reviewing the thearerical
bovie O AL TOE prediscting stock io flnsnce, (2 determinlngthe e stingdi@aland wssitutional readingss
fevel in lzaq and finally, provide a framework that wall be esed to integrate Al-based prediction models

mio ISX.

Mixed type of analyses = emploged by ming the descriptive amlyss for internatiomal literatare
and offiid morehly econtemic reparts published both from CBI und 1SX. The research has also
wed conchesons from papers across the nattos on Digited Transtormation, and Al readimess ke

mndern frameworks adopted for an Iragl stussion

The findmgs of the stady saggest that Al as sdvanced scalable tedinague can mcrease the redubility
of predicovely curate an Informsation poal accessible for making Investinent decsions hased oo daty
and 0 encon age markets openness, An even mere beneficlal combinstion wauld, however roguine

enhancement = data infrastroctere and re

ations framewark coupled with technical expertise

within fnancial mstitutions

e study ends &y proposing a phased. matlonal stratygic approach to Al adopeion in the Trag)

fimancia secvor pending capacitysbuilding apdating of legislation and estaBshment of dedicated Al

bwsed analpsds uniss withan Boch ISX and sgnificass commercial banks in Irag

Keywords - Artificial Intelligence, Fnancal Markets, lraq Stock Exchange. Centrad Bank of [rag

Machine Leaming Finandal Fereasting, Risk Management, Dagital Transformsatinn
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The expected role of interest rates in the relationship between money supply and
banking sector capitalization in the Irag Stock Exchange

Dr. Layth Adil Hameed
Federal Board of Supreme Andit
Dr. Estabrag Mahnood Jarall

Mizmstry of Edacation

Abstracy

This resenrch alms to ldentidy the pivosal robe tha the Interess rate variabie will play as an medlator
or modemaar varuble i the relationalip Between motetary policy and bavksng secear caplralizazion. I8
SCTVES s w e moediate pathway for transmitting the lingadct of monetary policy 5o the markes vabue
of the hanking sector in the Irag Stock Eschange. It affects the cost of financng and prols marging

which in tan lospaces banks' sbilzy 10 srengthen thelr capital. When the Ceseral Bank chinnges the

nteress riee, the vokame of lending and deposits is affected. and thus bank capitaleanon levels change
The interest rate alss imteracts with the same relabonsip. which reinborces the impurtance of it wse

within mtezactive standard models to andyze the dynamic relationsivp between monetary policy and

banking sector capatalimaton. Data tssued and pablabed by the Central Bank of Traq and the 1raq Stock
Exchange were used for & sample sclected throuph the deliberate or mtestional sampling metivod for
the period extending fom Jansary 2015 0 December 2024 a fotal of 120 observation months. This
ample was specifcally designed for the measures used in this research, namdy money supply, mteres
et and banking seceor capialzeation. The data were then described and tested using the program
Statistcal STAT As the study reachod the naost Impertant cong Iashon, which 1s that the mterest nate
58 a greater mediating role tsan an mOderator tole in the telationship Setween the muney supply and

the Gpitsazation of the bank ing sector

Keywards | wterest rates. mooney sapply, banking sector capitalization, lrag Stock Excluinge
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Central Bank Digital Carrencies and Monetary Policy Transmission: Opportunities
and Challenges

Dr. Nazahan Qahatan Sarhan

The Board of Supreme Audit of Irag

Ahdiradt

Research background: Central Bank Digital Currencies (CBDCs) are emerging
s state-backed digital money, offering potential improvements in payment system
cfficiency, transparency, and security. However, the quantitative effects of CEDC
implementation on monetary policy transmission. Hquidiy, and financlal Induston 1
cmerging cconomies remaln underexplored

Purpose of the article: This study alms 1o guantiutively assees how CEDCs influence
monetary poley effectiveness, liquidity management, and access to digital fimancial
services, with a focus on emerging economies

Methods: The research employs & quantitative econometric approach, analyzing data
from pilot CRDC projects, macroeconamic indicators, and banking sector statistics
across several countries Statistical techniques

Findings & Value added: CBDCs provide a transtormative opportunity to sirengthen
monetary policy and economix stability, but require carchul design to manage risks
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Artificial intelligence as an innovation tool to maximize investment opportunities in
financial markets.

Dr.Ghada Safim mohammed

Prime Minster's office » Nasiong Digaal Transtarmarion Censer

Abstract

Foancial markets eshibit impectant Sevels of velatilay, nonlinedr patterns, and recurring stroctaral

<hafis that make accerate forecasting ¢ complex task and Bt the effectiveness of traditsonal models

This research incrodaces 3 hyhrid deep learning moded called the CNN-LSTM Market Pulse Predictue

(CL-MPP, which combines Convebatzonal Nearal Neworks (CNNj, Loog Shont-Term Mazory
LSTM) nesworks and Multi-Head Attention within 2 maki-task framework The moded stmultancoasdy
predicts next-day log-retums, realsed volatility, and market drection within a unified learning
dracture. The study employs dasy adjusted stock price data ¢Open, High, Low, Close. Vokame) and
sechmical indicators (SMA. EMA, RSL, MACD) from Jansary 2020 1o October 2025 across ghital and

emergings mathet indices (ncluding an index froo the Tragi fimancial environmsent; (0 examine short

serm mmarket behaviour. The research population represents volatile financal envirommenes, whde
the sample consists of Indexdevel s obealoed from o rdsable saurce, Yahoo Fimance To address
Sorecasting cotnplexity, the model is calibrated wsing 1.2 regularssstion (1x19, a dropost rate of 0
il Beyessn oproisaros 1o schieve balunced h.”t‘Jll 1 Of moilnletask [osses Evalustion ust g R MSE
MAE, R and directianal acoaracy shows that the proposed moddd consistently oatperfornss benchmark
modeds such &5 ARIMA, Randoos Feress. and conventional LSTM. Explainabdiey 1echnagees (SHAF
and Integrated GraSents) demonstrate that lagged returms, the RSI indicator, and MACD sgrals are
the most Inflecrnial predictors drmving the mode’s cutpens. Thie Dondiogs of ndicate that the hybrkl
olti-task framesork provides a transparent and relahle tool that seppons dasa-dnven Investmens

dectsions in dynamic msarket enviromnents

Keywaords Flisancal fotecssiing Doep learning Explasmable Al CNNLSTMMuolilsTask Learniog

SHAP anadvshy
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Overconfident Managers and Dividend Policy: Pathways to Enhancing Future Growth
Opportunities in the [ragi Context

Dr. Hind Dheyaa Abdulrasodl, = Dr. inan Shehab Ahmed

University OF Al Qudisivah, College OF Administraticn And Economics

Abstract

sates the lnsricase relationship between managenial overcondidens e and dividend

s study Livwes
po v with s spedi e fooss a0 how these dyoamics nflnence firure prowth opportinities o the Bragl
market. Overconfident manugers often nverestemate firm performance and undzrestunaze nsk, leading
thetis o pursue aggressive (nvestmaent strasbegies whike vetalning carnlogs instead of distrtssting div-
sdenuls. Drawitg on agency theory, sigoaling theory, and bebavioral fimance, this research employs a
guantzative approach usng data from fimas listed on the Irag Stock Exchange (15X from 2015 to 2023
Ordinary Least Squares (OLS) regression and madeiple regression models are applied to test hypotheses
regarding the impact of overconfidence on dividend payout ratos and the subseqaent implications foe
sustainabk growsh Findings reveal that managenal overcondidence in Iragi firms = asecated with
ower dvidend payouls, a8 mamagers prefes 10 reinvest eamangs in growth vpportunities. However
contextaal factors-—sach as weak governance structures, murkes volatility, and mstitetional metficien-
cies—moderase this relationship, making the Iragi case distinct freom other emerging markets. This
resdareh contridates 1o the Herarure by corgextiatizle :g‘luh‘n-:-mi Corponte foance \n fr.lq oliering

mplications toe pabcymakers. mvesoos, and corporate boards mming 40 Salince dividend policies

with Jong-term growih sirategics

Keywords Managerial Overconfidence, Dividend Policy, Growth Opponunities Behaviorul Finance
Iraq
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The Impact of Digital Transformation on Fnancial Inchasion the Iragi Banking Sector;

An Empirical Study (0192023,

Mina H, Madhi

Irag Rednwarance Co'Le

Abstract

It s cmpincal research that rigorosdy esamines the dynamic assodation between Esutal
Eransfomsston and financls Scepening s the Commgoase Flisa Ml Enchssaon Tondex (R0 I the Brag)
anking secvor between 20019 and 2023, The study uses 1 yery specific time-serses daea that bas bee)
cargfaly obtalned based on the Gentral Bank of Lraq (OB reports and tessed by the Pearson Correlathon
anabysis o desermine the co-movensent of the Il Growths with the groweh of the main digmal proxies

ATM density, POS density, and the number of donssciled salaries The result of the analysis indscated

a superior, favorable, and staststically sigaificant relabonship among all three digeal proxies with FTI
Grineth a% 2 testimony to the success of the coantrywide plan of digitalization. Particakrly. there wasa
very hugh correlation between the increase i the namber of ATM (1« 0942, p < 0.05), or the inarease in
the number 0f POS or = 0940, p < 0406, Most importantly. an increase in the number of domaciled salary

employees exhdaed a near perfection of linear assucation with FIE Growth ¢ ¢« 05%, p < 0001, Tae

behayior cuangye bowards the Jigif-llpaj.'nu’::l % also further corroborute the attendant expomential

ncrease in the use of mobde wallets The study concludes that the co-evnlutson of nfrastrocthare (ATMY
POSy and poticy requitements ¢Domiciling i5 needed in otder 10 pramote finsncal oemalization in

the posi=condlion cashe bused cconomies sach as Iraq and promote systemic ssabiliny by berter Bogaidiny

o Rernent and bess laformas Daancial o
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Abstract
The present study explores a significant topic, namely the analysis
of the current state of the Iraq Stock Exchange indicators according
to global classifications, and its impact on attracting foreign
savings. The importance of the study stems from its role as an
evaluative tool to assess the market’s capacity to attract funds in
support of future devel opment.
The primary objective of the research is the qualitative assessment
of the development experienced by the market, by analyzing its

indicators, specificaly those related to trading, liquidity, and
market capitalization in order to reveal the extent of its conformity
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with global classifications, as well as to scientifically examine the
impact it may have on mobilizing foreign savings.

The research employed the analytical method to understand the
causes and consequences of the current status. This approach was
applied to the financial data of companies listed on the Iraq Stock
Exchange, relying on weekly financial reports from January 7,
2024, to August 21, 2025, covering atotal of 67 weeks.

The study concludes that the ISX market suffers from a marked
decline in foreign participation, whether in terms of daily trading
activities or ownership of company shares, compared to the overall
market size. Foreign trading accounted for no more than 11% of
total market transactions, and foreign savings do not represent a
primary driver of market activity, but rather a secondary factor with
alimited impact on trading dynamics.

The key recommendations are to confirm the necessity of enhancing
overall trading value through the diversification of financia
instruments, in addition to providing tax incentives for foreign
investors to strengthen their confidence in long-term investment.
This would ensure greater flexibility in the ownership index and
attract foreign savings.

Keywords.Financial Market Indicators, Market
Classifications, Foreign Savings, Net Foreign I nvestment.
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0.117 711.8 0.827 0.385 0.442 0.073 | -0.015 1
0.130 1,306.4 0.649 0.421 0.228 0.115 0.013 2
-0.031 -926.1 0.671 0.314 0.357 0.358 0.095 3
0.189 1,842.2 0.673 0.308 0.365 0.104 0.003 4
0.005 66.6 0.800 0.317 0.483 0.159 | -0.041 5
-0.974 -22,110.5 0.672 0.344 0.328 0.233 | -0.014 6
-0.031 -519.1 0.695 0.492 0.203 0.178 0.006 7
-0.018 -341.2 0.694 0.516 0.177 0.193 0.001 8
-0.050 -7704 0.719 0.404 0.316 0.174 0.017 9
-0.096 -509.3 0.694 0.290 0.403 0.061 | -0.033 | 10
0.721 14,651.3 0.636 0.327 0.309 0.238 0.010 11
-0.312 -2,336.1 0.671 0.429 0.243 0.088 | -0.055 | 12
-0.008 -80.8 0.745 0.412 0.333 0111 0111 13
-0.008 -70.3 0.708 0.169 0.538 0.090 0.051 14
-0.011 -365.2 0.660 0.358 0.302 0.385 | -0.024 | 15
-0.158 -1,616.4 0.746 0.418 0.328 0.119 | -0.007 | 16
0.210 2,298.0 0.729 0.339 0.390 0.124 0.024 17
-0.034 -165.3 0.696 0.268 0.429 0.059 | -0.091 | 18
-0.033 -202.0 0.672 0.172 0.500 0.078 | -0.013 | 19
-0.018 -413.5 0.677 0431 0.246 0.267 0.006 20
-0.019 -76.7 0.627 0.305 0.322 0.047 | -0.013 | 21
-0.037 -348.4 0.661 0.508 0.153 0.110 0.005 22
-0.080 -769.1 0.759 0.603 0.155 0.117 | -0.002 | 23
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-0.011 -60.6 0.762 0.365 0.397 0.067 | -0.018 | 24
-0.286 -4,609.0 0.625 0.172 0.453 0.201 | -0.027 | 25
-0.649 -6,486.5 0.617 0.217 0.400 0.116 0.006 | 26
0.108 2,062.8 0.639 0.262 0.377 0.206 0.046 | 27
0.036 373.9 0.640 0.520 0.120 0.120 0.033 | 28
0.171 1,200.1 0.678 0.356 0.322 0.080 | -0.005 | 29
0.125 15715 0.667 0.233 0.433 0.128 0.001 | 30
0.170 2,744.6 0.630 0.389 0.241 0.185 0.027 | 31
0.130 2,545.2 0.638 0.517 0.121 0.128 0.006 | 32
0.058 1,104.9 0.593 0.458 0.136 0.123 0.047 | 33
0.093 1,619.0 0.623 0.361 0.262 0.113 | -0.003 | 3#4
0.092 1,549.0 0.672 0.500 0.172 0.102 0.049 | 35
0.010 160.5 0.683 0.400 0.283 0.097 0011 | 36
0.049 910.2 0.831 0.339 0.492 0.117 | -0.004 | 37
0.025 328.4 0.740 0.420 0.320 0.084 0.009 | 38
0.101 1,476.6 0.708 0.338 0.369 0.090 | -0.026 | 39
0.108 501.5 0.684 0.421 0.263 0.029 | -0.002 | 40
-0.137 -3,735.2 0.746 0.343 0.403 0.155 0022 | 41
0.004 34.7 0.578 0.219 0.359 0.054 0.007 | 42
0.002 26.7 0.639 0.250 0.389 0.100 0.002 | 43
0.296 2,813.0 0.792 0.479 0.313 0.059 | -0.006 | 44
-0.029 -232.1 0.651 0.524 0.127 0.056 | -0.012 | 45
-0.053 -379.0 0.636 0.318 0.318 0.047 | -0.049 | 46
-0.076 -605.2 0.697 0.303 0.394 0.051 | -0.005 | 47
-0.210 -2,615.2 0.730 0.365 0.365 0.106 0.016 | 48
0.014 134.1 0.688 0.281 0.406 0.062 0.006 | 49
0.049 423.8 0.720 0.560 0.160 0.055 0.028 | 50
0.049 536.9 0.667 0.316 0.351 0.068 0.029 | 51
-0.068 -764.5 0.657 0.343 0.314 0.068 | -0.020 | 52
0.029 164.5 0.586 0.259 0.328 0.035 | -0.002 | 53
-0.096 -428.6 0.692 0.481 0.212 0.032 0.005 | 54
0.106 666.6 0.755 0.415 0.340 0.039 | -0.033 | 55
0.132 1,526.3 0.719 0.500 0.219 0.068 0.003 | 56
0.011 85.6 0.732 0.482 0.250 0.049 | -0.006 | 57
-0.025 -97.3 0.594 0.313 0.281 0.024 | -0.061 | 58
0.008 50.9 0.758 0.371 0.387 0.040 0.029 | 59
-0.039 -231.7 0.630 0.407 0.222 0.035 | -0.008 | 60
-0.101 -588.8 0.789 0.491 0.298 0.034 0.010 | 61
-0.015 -118.2 0.695 0.424 0.271 0.045 0.006 | 62
0.010 74.7 0.639 0.377 0.262 0.041 0.004 | 63
-0.107 -817.2 0.785 0.554 0.231 0.044 | -0.045 | 64
0.078 1,279.4 0.702 0.333 0.368 0.094 0.015 | 65
-0.055 -309.5 0.723 0.446 0.277 0.033 | -0.028 | 66
-0.012 -856.4 0.754 0.462 0.292 0.421 0.009 | 67
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Tarded | Change | No. of | Change Traded | Change Traded Sessions
Co. % | Trades % Value % Volume
1 0.00 77 31.23 | 422,525,501 16.58 | 224,269,631 | 01/07/2025
1 4.92 31 3.06 | 106,436,192 4.00 | 54,150,000 | 02/07/2025
1 0.63 4 0.47 | 16,160,000 0.59 8,000,000 | 03/07/2025
1 2.06 13 1.72 | 59,939,649 0.37 5,000,000 | 07/07/2025
2 4.44 28 6.72 | 233,629,784 295 | 39,848,732 | 08/07/2025
1 2.38 15 2.80 | 97,163,350 1.85 | 25,000,000 | 09/07/2025
2 4.60 29 7.04 | 244,709,000 3.10 | 42,000,000 | 10/07/2025
0 0.00 0 0.00 0 0.00 0 | 13/07/2025
0 0.00 0 0.00 0 0.00 0 | 14/07/2025
1 2.38 15 1.00 | 34,900,298 0.67 9,000,000 | 15/07/2025
2 6.19 39 9.63 | 334,617,830 6.39 | 86,503,538 | 16/07/2025
3 4.44 28 4.55 | 158,164,441 241 | 32,589,886 | 17/07/2025
3 6.35 40 0.78 | 26,979,519 0.49 6,675,289 | 20/07/2025
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3 5.56 35 131 45,511,507 0.92 12,395,371 | 22/07/2025
4 10.32 65 14.02 | 487,388,351 16.36 | 221,279,163 | 23/07/2025
5 5.24 33 8.15 | 283,294,588 7.90 | 106,908,136 | 24/07/2025
2 1.43 9 2.69 | 93,418,225 1.34 | 18,161,516 | 27/07/2025
4 381 24 3.53 | 122,800,543 249 | 33,675,369 | 28/07/2025
5 2.22 14 454 | 157,869,469 1.76 | 23,798,385 | 29/07/2025
1 2.54 16 125 | 43,385,000 0.26 3,500,000 | 30/07/2025
2 5.87 37 354 | 122,957,911 2.76 | 37,350,000 | 31/07/2025
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1 313 | 27 | 348 | 140953 | 378 | 84067084 | V0L
2 | 1412 | 122 | 1520 | 762067122 | 1549 | 3a4432916 | 200
2 486 | 42 | 745 | r3earazs | 768 | 170804068 | 0L
1 243 | 21 | o7 | 38800000 | 049 | 11000000 | V072
0 000 | 0 | 000 0 0.00 0 0077202
1 243 | 20 | o076 | s790000 | o049 | 11000000 | 072
Vo YO ol gl ALl (5530 A Goms B (Rl Caflal) e n ) S dia (8) ) s
:jﬁ: "/i’:::ld! clidall o/i";z‘ 41 g)aial) dagall "/ii::lﬂ z‘:\\‘:‘:‘" cilalal)
2 | 3e2 36 164 | 61770000 | 143 | 21,900,000 | 03/08/2025
o | o000 0 0.00 0 0.00 0 04/08/2025
2 | 663 66 | 1029 | 388092585 | 712 | 108,840,500 | 05/08/2025
7 | 1z 12 005 | 203123 | 031 | 4707400 | 06/08/2025
2 | an 37 324 | 122,371,224 | 360 | 55051000 | 07/08/2025
2 | 2a 22 399 | 150440507 | 395 | 60,390,000 | 10/08/2025
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4 221 22 1.87 70,529,008 2.00 30,619,400 | 11/08/2025
2 3.72 37 2.15 81,065,500 2.03 31,000,000 | 12/08/2025
1 7.24 72 177 66,691,750 1.80 27,525,000 | 13/08/2025
1 0.10 1 0.00 84,000 0.08 1,200,000 | 17/08/2025
4 111 11 0.45 17,005,127 0.37 5,717,005 | 18/08/2025
10 18.39 183 11.50 | 433,608,120 9.67 147,775,100 | 19/08/2025
8 11.46 114 15.36 579,350,203 17.76 | 271,372,718 | 20/08/2025
5 1.61 16 2.19 82,695,770 2.32 35,528,932 | 21/08/2025
3 111 11 143 54,061,392 1.65 25,151,855 | 24/08/2025
4 7.04 70 11.08 417,774,717 8.92 136,375,594 | 25/08/2025
4 6.43 64 5.02 189,286,163 5.18 79,199,963 | 26/08/2025
3 7.44 74 5.00 188,545,512 4.89 74,669,713 | 27/08/2025
3 6.43 64 441 166,209,242 5.05 77,184,752 | 28/08/2025
2 8.34 83 18.55 699,763,956 21.85 | 333,948,271 | 31/08/2025
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09/07/2025 10/07/2025 13/07/2025 14/07/2025 15/07/2025
25,000,000 42,000,000 0 0 9,000,000
250,000,000 252,025,538 120,000,000 0 165,000,000
-225000000 210025538 - 120000000 - 0 156000000 -
97,163,350 244,709,000 0 0 34,900,298
500,000,000 504,051,076 240,009,000 0 328,550,000
- 402836650 - 259342076 240009000 0 - 293649702
978.550 979.850 990.150 994.110 990.060
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16/07/2025 17/07/2025 20/07/2025 21/07/2025 22/07/2025
86,503,538 32,589,886 6,675,289 362,764,389 12,395,371
21,602,074 0 0 58,176,305 273,000,000
64901464 32589886 6675289 304588084 260604629 -
334,617,830 158,164,441 26,979,519 383,292,729 45,511,507
74,539,339 0 0 117,680,840 560,605,399
260078491 158164441 26979519 265611889 - 515093892
991.170 985.870 988.370 999.010 991.700
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23/07/2025 24/07/2025 27/07/2025 28/07/2025 29/07/2025
221,279,163 106,908,136 18,161,516 33,675,369 23,798,385
150,000,000 84,067,084 344,432,916 170,804,068 11,000,000
71279163 22841052 326271400 - 137128699 - 12798385
487,388,351 283,294,588 93,418,225 122,800,543 157,869,469
311,700,000 174,859,535 762,967,122 373,641,424 38,800,000
175688351 108435053 - 669548897 - 250840881 119069469
992.180 990.050 977.250 976.350 974.050
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J
133 2,650,000 164,859,207 | 142,263,959
}37 =
13 3 21,900,000 0 108,840,500
I
9 _
27 19950000 - 164859297 | 33423459
3™
2 3 M 26,319,480 506,628,307 | 568,072,079
3353
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06/08/2025 07/08/2025 10/08/2025 11/08/2025 12/08/2025 13/08/2025 17/08/2025
122,033,144 71,019,398 15,112,000 846,471 519,010 5,064,102 215,000
4,707,400 55,051,000 60,390,000 30,619,400 31,000,000 27,525,000 1,200,000
117325744 15968398 45278000 - 29772929 - -30480990 -22460898 -985000
395,930,440 266,789,900 36,619,500 2,655,511 1,194,351 18,736,536 1,588,650
2,031,236 122,371,224 150,440,507 70,529,008 81,065,500 66,691,750 84,000
393919204 144418676 - 113821007 - 67873497 - 7987159 - 47955214 1504650
945.66 960.27 950.28 948.81 937.35 933.22 927.67
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18/08/2025 19/08/2025 20/08/2025 21/08/2025 | 24/08/2025 25/08/2025 26/08/2025 27/08/2025
25,698,217 35,020,182 30,415,000 0 10,750,000 54,740,270 5,706,000 48,000,000
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921.87 938.48 942.67 941.21 940.68 946.72 951.69 958.24
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Abstract
Research on electronic payments and the Iraq Stock Exchange
indicators holds significant scientific and practical value due to its
role in supporting economic growth. This study aims to measure
the impact of electronic payments on the market capitalization
index of the lraq Stock Exchange. To achieve this, a set of
econometric tests were employed, including the Augmented
Dickey-Fuller (ADF) test, the Phillips-Perron test, and the
cointegration test using the Autoregressive Distributed Lag
(ARDL) model, based on the outputs of EViews 13. The results
reveded a positive relationship between electronic payment
indicators (electronic checks, bank transfers, and retail payment
system transfers) and the market capitalization of the Iragq Stock

Exchange. Based on these findings, the study recommends
activating online trading as it provides rapid access to trading data
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and stock prices, thereby stimulating market activity. It also calls
for holding workshops and educational seminars to promote
knowledge of modern financial technologies adopted in the
market. The study sample focused on electronic payment
indicators represented by electronic checks, bank transfers, and
retall payment system transfers, along with the Irag Stock
Exchange indicator represented by market capitalization. The
study relied on statistical data extracted from the official website
of the Central Bank of Irag for the period 2011-2023. The
research hypothesis posits that reliance on electronic payment
methods in the Iragi financial system positively contributes to
increasing the market capitalization index of the Iraq Stock
Exchange.

Keywords.Electronic payments, Financial markets, Market
capitalization index, ARDL model

3

:4aadal)
o Lases Vg cola®l Lainil) Ll 3 Ljpma Tyemic dig SOV adall dakail (<
oY) 5 8 agad (53 eV LaiVly logleall il b gsldall skl (s
Gl Jand Ajpsal) B (o AadalY) oda aedy 5l alaill sda Jdl Ao
Cm Al lealVly Jleey) QY dswled) colgiall gaa) i 3) LIl )yeY)
aas o B BheY) Gl 8 Ayl ey lasee LW Gl
Lo o Al Laglgall ) aim duig pSIN) cile ghaal) Caiad LS. guadll
(lilad) dallee Joit degiie dhdil aca il daa) Al Gleadll Caja
AW Dty ¢« M) Gleal) ety ALl Sladdl (s353e e pdally
o Oaticaall Jansy - Gullall cpnlticaall axi ) dplénay) Jslall e Slad
Glgs op hup Glegadl Lawmdie Lulle Qs Pla o gladll 3a
L) Dbl llee g iy Loy el it & Cpdsatieadly lacal!
Grne o CDleall Banaie dialy cdanyw Aipe add Jiluy Gpeadiadl s
Sl GBgad) & L SN wdall Aadail jgual A Candll A Jiatigeallall

57



YoYo Gualddl (g siad) (dgal) alad) jaisall iy - | SSN 2709-2852 — depslaall 5 dsllal) o sladl Al

Al clile aladial Adeld e Ule (oSl @M Y1 cale dag il
cend LI BLeY) Gsm o pals e I Al e aslpaly 39 2SI
A Jiley alasial e o laolee dumd Gl s el o WUl
Gy idisa e dulagl JBT Gaisd 8 agaw Sl Jlll aUaill 8 4 STy
oY1 Jolii oty Galie DB L)) Gl sty (gya 5. 0L Gl (3Dl
Goudl (b LBgud) Al Hdgas dg Y] Cilesiaall o AL (gHlaill jUaY)
Agg SN Glesiad) @hdse g AW skt e JEI S Ly o Il
S dilany Gl ClE Ganad gps A Al Ghsl Ghall GBow Cilydsas
cabhdisall @l e dag pSIV) cole gdaall

Giaal) daagia [J8¥) uasall—

sdaand) dsaal-y |

Ldgud) Al Hige Ao dug s cilegind) il Al 8 Cand) 3 dneal (e
Adladlly 5eUSH (ggina i (A o0 (e AN W AW (3he0 GBlyall (Bsee b
Cilubiadl skt aed b dalgad ge Slmd chlenay) il e 3yl 52l

‘?j\)d\ ‘?JLJ\ Aoedl Jala &) gandis EI(DN|
s Cuanl) AUCia Y Y

il Aokl 5oL i€ 8 Taaly g aal (3l (b Il ALl 4 sl
ALl lsaVlg adad) iy alaai o 8 Ll 5 0 51 A, Iy
Yo end ALl 3lY) (Bgas (b Gy JSS LAl SLLYI Jals (aY)
A et ol La (o Bhal) Il Byaall alsisaall gailly o Ll 3ias Sy
pihl—8 aea 34 8o il _aslaag L ady Gl ily yds 5 5 e oyl
it e Jamy ilegin all g baia 2l dai ag ag b1 o3 g Ayl )

LI 3ho Gyl (Bsme Jala JlsaY) Jisad cililac
sdaal) dua @ .Y )

D8l laal 8 ahal)l L) aUsil) e daig pSIY) Cole siaall sldie) agas

58



YoYo Gualddl (g siad) (dgal) alad) jaisall iy - | SSN 2709-2852 — depslaall 5 dsllal) o sladl Al

AL 3L Blhad) (g (b Adgad) daitl) ydise o ol
sduanl) calaag ¢ )

Pl L Lamidli (Ko alaY) (e degane iad ) daball s2a s

S laill 8 g sy cilegiadl dadaily ddasyall Al el Sl )

Al 3L Bhal) (gas (b Adgudd) daiil) ydige uils ) ¢ SBal)

plai 8 Abcially ¢3hadl & g SN adall dadail clpdigal el aBlgl) Al .Y

ellyg (dijaally adall allaig ¢dig pSIY) SoSall allag cdoig fSTY) Al 4y gul

Ghall (s b Asedl L) jd5e o slaeWl (YA YF=Y 1)) sl Pla

allall 3

&b Al Al Hd5ag (39 I adall Chdge G A dande (e 238D LY

( ARDL)&ingie & Jiaiy oasli z3ad alasiaaly 2000 (315530 Ghall (35
scal) meia -0 )

ot dida ehal e BLiaY) med) Calis a8 Gl Cilal ges

Pa e Dladl cDlgas ded & dbhaally dug pSlY) Glegiaall ciydgal

) Al Al adall alaig e S sSeall alliag cdllonl) dagull alas

S ) 5 WS Dl 3 Ghal) Bow (b ddsudl dadll e ulas
Db Cangy Aol Al Tyl oS gl e 3l ShEn) gl

Ahadl Bow (& LBgad) el d5ey g iSTY) Cileghadll Cilydige (DL

AW sl

@B qulal) [ SEY Gaal) ¥

A Al dadll jadey dig Sl Cloghaal Gn ABal aaliall U

Al G gl

s 4 g Y e ghaall o AT Jualill -y ¥

Moy s SN adall Aakail S : AxigASN) cloghaall aggha -39

Jsall calaitl b Ly Doate i canaly il qaall bl Trualas

59



YoYo Gualddl (g siad) (dgal) alad) jaisall iy - | SSN 2709-2852 — depslaall 5 dsllal) o sladl Al

pgel Lo ALl bl ] 8 Bl L) BeUS mal i aa Lasa IS
gl Ean il olag) & ASY) Ll elag cupy) Aadiud 3 casil
Glaall 138 8 i S8y 2y pQY) cOlall daal e Sie Lae ¢ ALl Jagails
gl il ddg paally duig S Jla¥) @l e I ) Ay S 5)la)
oS adall alas Gl (YYE Y1 a ¢ al) o a3all) 3 gy . g 5y
g Lot oAig SN Jlad¥) g e o 3l (gl G Llle Lol o)
DAY Bale ) Jaglg I g SIS Jiah 35 5SIY) aial) of (Briggs, 2011: 1)
Lol el ehal iy Lo cJolill Gilaey gl (e aedy clalaially
Lig 1<)

ol i Gueillly Cpidad) Gn ey Lalan a8 LW GlaY) —YLY LY
Johall blee alans L 2y Al dalus Llie s AL GhsY) 5l JgaV)
Johail elansglly (g seiunall Al G dplas ol Dlle JShe Gara (90 S
Ghs¥) Gsm e Gllal LS L(€ 1Y 0 v 0 cgull) ana algun (385 Allall (3))5Y)
Sl iy aged) Jie ddle cilgal Jolai Lgad (gym dabaie G Ll Al
Olsalls (rayile raite Ji (e Jolill Cldee s aig daesSall cilauadl
st Jl) Lkt oo gsuall Cilgal) L5 iy Goud) oS3 Al daladyly
.(Y’ AERR

sAdlal) (31 0Y) (B gms £a1 Jo A g Sy cile gdaall dnlady) JUY) - ¥

& Gradly S Jentl) ddee e Lulad Tejn L pSY) cileginall e
plaanay aulgll HLEly LagleSill aojadl ekills degiaa cCupaall juasll
Glsad ol o Aulalyl SEY) e degena 8 Gl el 5 LASH) Cilogll
il e W) 3)y6Y)

Pl aaa BaL3s (Bloa] BeliS ad) )

oats Dla Ge A Bl B e ) s aSY) addl) Gl

60



YoYo Gualddl (g siad) (dgal) alad) jaisall iy - | SSN 2709-2852 — depslaall 5 dsllal) o sladl Al

AVe=oy Lowiy Gliball Min A Cualp s (O lalaall aputy Callsl)
el My Y e sty clibeall duged Bae Craddd) LS (il adall 35k 45l
Glisine ga ) Lea cdibidall Gl g dlsa¥) Gusd) ASs s o ol
Gleggadl il of Jaadly LAl @leal) anil 51 A8y 5 agals Al
B Glonl) S gl OIS B (Bloel) ok Ayl e iy g 5!
Gallardo, ) Tasse agdlal) 5elal) b Aadiiall Bloa) 3 3p0ne I8 sed Laiy
.(etal., 2015: 83

sertbadl Jgaddl 3aa5 Y

N Jy—wagll 3L Tt ot 84 g A el cuag
Lae cdla e clehyafs & nidie Call S5 &y cadlly 3L cles )
gy . oaepll ) sl dail) ) Joan ) e lSy ally o, 81 5 da
Y. SOVOR S YRR WCH PSP NN PRV JYCHYS VRS- O POV [RCIE VS -\
Pt i) Joa I 8 7Y =)0 oy oy Aa sty il Jsa il
bl shlsall x o e @)oo LS.V eYe YV e owsa Ll
3 A tiaiall 4 edyll A panl) 4l Lglayy e 4 bl A aghanall 4
AET Y Y e cdeas cauls) EV L) Gy ao ) ity

tOuativnal) dglas jajad LY

By cJU) Gy Glsud Bl lasal il B e Gopeiisall Llea e
Hlgie (s B e Gy 3da B el adl) ekl el

ST gy mia ) ASH agaally i ol L Aladialy sAALAN 05
allall cilileall

Gig A Djiegull disglly deadl oldel diat JloaVly (Gall e sl
RGIy AP

61



YoYo Gualddl (g siad) (dgal) alad) jaisall iy - | SSN 2709-2852 — depslaall 5 dsllal) o sladl Al

el Jie cllbid JEaYly L6 Jigeds DA e foadatl) AN s

(Y€ :Y a7 (al) "dlle

1o glally Byuall GASAN Jugalll g pasi . €

e Joanll (8 dugra Al ugially Biall Claaiall 4sls Le Lille

Glaaie o s Aalsl) cilileall jies o i s Chaca Ao (gl

e A oia el Lhnal) Laasle€ill e s dieall e laall (el

daly gl ) Lehali 33 Las «aad IS0 JLall Gy () Jgaasl

(YY) (¢ ay3all) Adlall (3lsu)

cBlgad dad )Aug AN cleghial Cfdige (Al g —y.¥

Higay  (ADall adall U cdlysats 4 SN dgSall ddle uijlaall

L) G Bl Gigms (b gl daill

b guad) dasll) ydiag g SN culeghaal) cfpdifa (o ABaL) gkl (V) g2
*aadlall 3L S (3hl) Bom

Jina sisa | Jwma | COhgad | Jaa i Jia Al adad)
saill Al salll | Al salll 4 g<all sadll Dy gal
% QB | % bl % % i laal)
A jadly

- £, - - ANV - I EEX
(V.Y | ge - - VYLAY [ YYaaA | oyaLry [ arna [ Yy
BT - - £,9¢ | YVF YA [ ve N [ ve,n0 [ YNy
(£,6Y) | V+,08 - - VAT YA ve [ vy ot |y
(Y,+ %) A VA - - (LA [ Y84 YY [ (V) | VLYY | Yave
(V.00 | v,en - - (Mog) [ YAYA oY | (4,8) | Ve VA | YR
oA A - - (V,0) [ YAV AV [ (8,8V) | YL FA | vaay
e | VY, AR - Y A¢ £6,F [ Ynaw, ey [ o ve | A eA [ YA
(£,00) [ YV, @y [ At | Ye,on | oyvy,r [ ¥vat g [ V6N [ Ve,ev [ Y4
Y [area v [ax v [ e ) [ ety [y S EREE
AE [ Yoot [y e [ eYe e [ (,AY) | VARAEY [ 8% | vTLvY [ Yy
GaYE [N [N [ RAENY | Ry [ YoYAYA | Yo,y | VA YA | Yuvy

el (Gall Siall las¥) agall Aie Yl sl dee (o jkucaal
Al Gulg®Y 1 WY1

62




YoYo Gualddl (g siad) (dgal) alad) jaisall iy - | SSN 2709-2852 — depslaall 5 dsllal) o sladl Al

geall s e Cilaal Dlsat ded bugie of (V) dead) e ey
Dl 5Ll 8 ey Ol Jlle VoYY s Y)Y ale 8 Al Ll
Dl Sble VLT L clgatl) bagie Juad YoV E L YOIY e syl
s Gan Y IV=Y a0 sl DA Lealiasl ags 4 Y1) LY 008 sai Jana
e (iady £ EV= daaiy e gad Jarar Hl Jlle ITLFA gas Jangidl
Jogie gl lld sey L3l Gl 3 caedy ) AglayY) cileagd) ) (aleay)
A dad el ) Jead YoYY=Y A sl DA Usgale lelin) cdlgatl) dag
DY) il Aot /1 0.Y gai Joran sl Jlle VALYA e VoYY Ll
o Ay S eCeall Ao Tavgio of (V) Jsaadl sedad LS. solaiyly iV
Yove ale s gVl G daly Ol bl AYY s 4l Y)Y ol
&)l (gidy JVAT gt Jasar Sl Jlle YYVTVT adangie gl us
Pla Lacssiall 138 il o5 L5l @l s goleai@ly 1Y) 1B Gl
=Y VA 55l DA Al Bpe wiid (dalayyl cilaagd) dagi Yo VY=Y )0 55l
Jacsgiall 2gd celld aay Augaitill aoyliall alegis Jadill el g layY dag Y414
sbad alai®¥) e bl Ug o€ datla b dam YavY =YY 8 Laalass)
sk (8 il dsga e @llhg Auhall 578 dilgs (S paieng Gl a5 Y
Jassgia o Laal (V) Jsandl (e Lo &g S calaall Ligadiy adal) Aol
Dble YAS Jloa YoIA ale Ay &350l adall alai DA (e cDlsatl) dod
Jaa Sl bl Y001 L) deadd Y414 ple 8 Wasale leling) sgdis
D JLle TALNY Al VoYY Lo s gV 8 pdialy /90T 08 ga
iBgudl dail) Jonsgia dad cialy 3] Afgud) Al Hdse W LZV) 0 sed Jora
dle Al Aod) Lugie o)) WSy b Jhle (£.17) Yo0) Lo b
Jandl uad (520 e€ad 52U eda Bls Sl ke (V).0A) il 3) YOOY
e 5Ly Aai Adeudl Aedl lawgie aii)) 3, Al Gl Jala Jglally

63



YoYo Gualddl (g siad) (dgal) alad) jaisall iy - | SSN 2709-2852 — depslaall 5 dsllal) o sladl Al

A 5l ) 535 My dsad)l GIGAEN axe Bl L Bendl 8 Alglndl agud)
Aol Tansgie i) 3 Vo) € AW GhOU Bhad) (g b 0 el
Phial A @) Al nlay) clelaall aa cya (B @hall Jodn s 8 sull
Adlanyll i sSally dgal) all b Jeld Hles (3 1 ,cldailaall (e 230
B Dlgal) aal e g € <8 Jaiil) el g SIS, damial) Loalal)
W Sy 138y, Jae ) paild olail (e 2L Jiiily el sl
Ll Lagl) Jacegio (mlids) ) (63 L caila¥) e il aga) dad e
ai®y) & el el 8 YOV Hle s Yoo ple 8 Ll aled) Iag]
A 3 Lay , aliY) g Uil Cea capey W) Goadl iy jsaig el
Cirag sladlly BY1 souw SISy Jaleill 8 Ligyall aaey daldll cileUadl)
dle Ui el L@yl dee o W 113 OS D jadl cllay)
Adgad) Aall Jasgia fay 38 YOVA dle 3 W pald (<8 AL Gleudly
Onpaianall A8 53035, AxiaY g L@V g Liag¥) Cpuend I dgmy Caadly o U VL
san 8Ly A ey Algluiall agud) e 8l e Lulal el 1aag Bsull
O3 sl b Al GIGEN sae 8ol dai AJW) Geudl LY
Sl Slle (VT08) AL 3 YAYY ale Al ded ol il ddgud) Lodl) Jausgie
el Cailal) [ Eaal) —¥

pdiiual) bl 7 agaill il JUay) -3¢

P(Bangl) Lda) OsSud) @il

:(ADF) gougall fgi— s jLad)

Bl a8 deniiionall dblasy) o) aal (e o= S ladl) s
S B 50 1AM ale sk &3 8 VAVA Gle Bhe JgY jedh Cus il
DAY 138 ey pesd) LAY lgle Gl saaie facar aad s
(i) oladly i aa o (giat 6V ) ¥ aled Doulid faa S



YoYo Gualddl (g siad) (dgal) alad) jaisall iy - | SSN 2709-2852 — depslaall 5 dsllal) o sladl Al

oty Colil) aall pe slas BIEN of cpa 8 dal culh as e Jaidn dulilly
Bale cValeall 028 o g ol Uadll dgan cpls o (8 Lgmaes 4l clas
OSars (VY YT cmuadl) dulieV) greall Glusal cglal alasiul
e plad) olaa¥ly il aal deds ) legis FSY) cValedl (s3a) delia
sl sal)
Ayt=6+,BT+yyt—1+61Ayt—1+---+&pA3;t—p+

Japloal G Sl daiel) dledad) s YCus
el ALl I ) :A
Jayas Cigllaall Gilaleal) @ & ¢y B 0
eyl el el s p
iafiye e opalicy «ul (pliy Hia bawgio iy @A Hlsdall Uasll et
Ll
-(Mackinnon, 1991) lecae Al dlgaall adll po LAY dad 435lae Sy
Jsilly aaall dumd Ly ab cJghaall dad claadU Zalhall dosdll cojslas 13
A Ol «ds¥) Gl 3aT sy Hlaa¥) aledd @lly ity o1 13 L LALL) bl
(OsSll Al ) dsasl) (G (S GRN J esadll o cdledad) i
Qoo — ol JLIA) —a
Cus Bansll Has asag e REST LAY ChladY) e Ggpurmpedd HLEAL 2a
ke dallas dipla 8 lgie caliny 4T i) lod— S dipa o ading
DLERY) 138 Sadisg ol uaiall Akl (3558 AiLaY dalal) (50 (A LlaY)
(J) anall Sia lie e Jolaill die Lagad ef 283y 5T ddlas) 550
D Ogperoald las) o (YYE Y0 € edle « el) g LS (VY :YaY0
o LSz 3pall Aloles oSy Lol @llaaY b A5 )lke Adgise ST il

AY; = a9+ a¥Y; 1 +a,T + pu; ... .. (2)

65



YoYo Gualddl (g siad) (dgal) alad) jaisall iy - | SSN 2709-2852 — depslaall 5 dsllal) o sladl Al

sUadll £ gall A Jaaiy) zigal plidiuls idiall Jalsil] jLad) —¥.¥
WBDle 39ag oo 38l (ARDL) oladl gheall I laaiy) z3sal aadind)
.(Bound Test) asaall jlas) gubi DA (e @lldg cclysiall (o Ja¥l dlgh
€Y DY OIA grally aldll) Clgladll e Ao sanae A oz dgaill 28 il
Chlia) ahadial LelelSs dayy aaaty el Jedlad) duhiiia) e Gl L)
.(PP)s (ADF) Jis ¢)sSudl

Syrall L_ll.z_DAj‘ k_tjh\ e\.ﬂ;.wb i) d:‘).“ c.sﬁ (ARDL) ij g LY
.(OLS)

bl (e daY1 Abgh d5lg ADle agag e CaESH dgandl Hladl gada LY
Wil st daie zdsad g oghally il (ula¥) cOlalae i L
GJJ LS dic il us,u &y «(ECM)

MY, = ¢+ AWy fuXes + ZalA(Yt ) +Zaz (X-0)
i=1 =0

+ U ... (3)

&

P

A Gl i :A

Lculill asll :c

chariall Jiasl) jalill aaal Llall sgaal) s :n, m

il JaY) elladl (e dagiall dasill ) i Al Uadl) s dalas 22
Y disha (sl aiasll Jgaasll Lganiat S

cishall Ja¥) e 13

Oy (A Lali Y1 e edanlidl) COCER (e ogld (o KB 2 3gaill and L0
Pl (Baaaie Cuhlidl) aladialy @l coladl)

s edeall Bla Y e caisll Breusch—-Godfrey lasl
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c ey @) =dsall jhEal e @sill Cusum Sguaress Cusum  las)
(T Yy
Gaally daddiinall 4pall) cl JLEaN ead) Gilpd) —v. v
Dl n YA el GV el (e dujed il pes @ candl Calaal Ayl
dongie Gulil dIS ag dmlia 1o g e il Lae Y0YY Al il
GSSall il il Bl Yoy ale o lzay sl eda ladl 5 2y LARDL
Jeds (X3) dnmalls g 5y adal) clallad (gyedll 3o 5y Jslall clily
(X1) Jlaa) dupeill alai e Cijliad) cBlsat dad tiliid) @l paial)
Lol L 5aally adall alaig dig 5SIY) i) 2ac g ¢(X2) g sSIY) lSadll allas
S i) zigei ubi g (Y1) Ldsud) Ladll yi5e se8 alill yuial
Gl (Y)dsaal mag clbdl oda Judasl (ARDL) dejgall cleladld
cdalal) 8 daadiaal) clydigally Canil

Ciand) e i (V) Jead)

e Al B0 Aase
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Bk | Jally g SN sCiall e | X
BB | Jr | e gl s 3k 06 i lad) cDUsai e | X2
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séial) @paial Gl JLEAS Julad -y YL
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OSob ol JLER) -y LYy
(PP) Qoo cusdid LS80 il () Jgaad

At Level
X1 X2 X3 Y2
With Constant t-Statistic | -3.869 -6.020 1.869 -0.832
Prob. 0.003 0.000 1.000 0.807
%k k * k% NO NO
With Constant & Trend t-Statistic | -5.724 -7.824 -1.253 -2.374
Prob. 0.000 0.000 0.891 0.392
%k k * k% NO NO
Without Constant & Trend t-Statistic | -1.164 -0.572 3.058 1.299
Prob. 0.223 0.468 0.999 0.951
No No No No
At First Difference
d(x1) d(x2) d(x3) d(v2)
With Constant t-Statistic | -28.562 -28.074 -9.010 -12.575
Prob. 0.000 0.000 0.000 0.000
* %k %k % % %k * %k %k * %k
With Constant & Trend t-Statistic | -29.859 -28.272 -13.062 -12.543
Prob. 0.000 0.000 0.000 0.000
* %k k * k% * %k k %k ok
Without Constant & Trend t-Statistic | -27.817 -27.074 -8.512 -12.401
Prob. 0.000 0.000 0.000 0.000
* %k %k % % %k * %k %k * %k

Notes: (*)Significant at the 10%; (**)Significant at the 5%;

Significant at the 1%. and (no) Not Significant
e SAEl J\M‘}“ _)_9:193\2” C..ALDJ C._‘mtu JM.AJ\

g (S Faiphy Ogpp dad Al Ganss (1)

(***)

Jeaall PR e Jaadl

et SIy L) (il die ALy lgle) Alulad) chrie sl
A @l v Sl
oshall Jlgh S jLasS —Y.y LYY

(ADF)ushall Jlgh S g3 JLidl($) Jgaal)
At Level
X1 X2 X3 Y1
With Constant t-Statistic | -2.392 -1.146 0.490 -0.785
Prob. | 0.146 0.697 0.985 0.820
No No No No
With Constant & Trend t-Statistic | -2.490 -2.123 -1.698 | -2.173
Prob. | 0.333 0.529 0.742 0.501
No No No No
Without Constant & Trend t-Statistic | -0.657 0.853 1.367 1.345
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Prob. | 0.431 0.893 0.956 0.955
No No No No
At First Difference
d(X1) d(X2) d(X3) d(Y2)
With Constant t-Statistic | -13.824 | -12.798 | -2.077 | -12.571
Prob. | 0.000 0.000 0.254 0.000
%k k %k %k k NO %k %k k
With Constant & Trend t-Statistic | -13.835 | -12.806 | -2.731 | -12.538
Prob. | 0.000 0.000 0.229 0.000
%k k %k %k k NO %k %k sk
Without Constant & Trend t-Statistic | -13.849 | -12.736 | -1.440 | -12.378
Prob. | 0.000 0.000 0.138 0.000
%k k %k %k k NO %k Kk

Notes: (*)Significant at the 10%; (**)Significant at the 5%; (***)
Significant at the 1%. and (no) Not Significant
e GG laall sl C““L’J" G‘ltu s saall

dayhg PP Ak s 0sSall chlas) el (£) Jsanll PIA (e Laadls
AiSla iy ) (gsiall vie ASlu e el Judld) oles 51 ADF
ASle e S0 ASpally adall aUas cDLgas ey Jo¥) Guall xie

Aagl) jdiga B Agig ASY) e gdaal) i) Juladg ul®  —vvy

A guud)
ARDL dagia 3y Mo AG zigaill AR Cluagll —3.¥.Y.¢

(V) Gl P& e (ARDL) diagie 385 SBI zigaill Jo¥I sl oug
Cysiall el eUadl cilays anaty (ARDL) z3gas sl adg¥) miliall jaiig
(Y2) gl juxiall ol ellad dayn cul€ 3 (Y1, X1, X2, X3) Zusgjaal
Gl cul&s (X1, X2, X3) e JS dliisall clpiiall W oy syde gaal
11,12, 12 ) ki) z35a) &) o (¢l ¢ Ml e (12, 12, 12) ey
(AIC ) Jhre cany ellad) 55 Hloal 5 3 ,(ARDL) dagie iy (1, 12
A J a3 elalY) Jola Jlidl 4y 3, el 13g) dad B o A
() dsal Skl ey Hleall 13g]
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Akaike Information Criteria (top 20 models)
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ARDL Bounds Test
Date: 06/11/24 Time: 02:09
Sample: 2019M 04 2023M 12
Included observations. 57
Test Statistic Vaue K
F-statistic 12.53927 3
Critical Vaue Bounds
Significance 10 Bound |1 Bound
10% 2.72 3.77
5% 3.23 4.35
2.5% 3.69 4.89
1% 4,29 5.61

e QA jlaa) §saa ) malip @il 0 jlaal)
( F-statistic) Liswad) ((F) Lilaa] Gh zll ek (0) Jsaall Pa o
Grimay oY) aall e vie ddgaall (F) asbas] 0e ST 8 (VY.07) A1l
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d9ng pday ABGH aaall ducajd by ey Lee (0.7 ) Aadllly (/) ) AV

Al Laapdll Jody , Alkisall Cilysially pldl) yaxiall o @il JalSs dDle

@ Aisd) charialy gl il Ga da¥) Alish ails 3D dsag AGG

oAbl Bae P Legin Hde JalKo dDle 24ag

Wadl) raaat dalea g Jushall Ja¥) g yaall) Ja¥) cilalaa pali —y v v v
ol dalrag Jaghl) Ja¥ly sualll Ja¥) Cilalea s gl (1) Jgaad)

£

Uadl)

ARDL Cointegrating And Long Run Form
Dependent Variable: LOG(Y1) |
Selected Model: ARDL (11, 12, 12, 12)

Date: 06/11/24 Time: 02:26

Sample: 2011M01 2023M 12

Included observations: 57

Cointegrating Form
Variable Coefficien | Std. Error | t-Statistic | Prob.
t

DLOG(Y 1(-1)) 0.816679 | 0.249008 | 3.279727 | 0.0168
DLOG(Y 1(-2) 0.783211 | 0.215044 | 3.642102 | 0.0108
DLOG(Y 1(-3)) 0.673009 | 0.182463 | 3.688463 | 0.0102
DLOG(Y 1(-4)) 0.739588 | 0.130657 | 5.660545 | 0.0013
DLOG(Y 1(-5)) 0.521670 | 0.151572 | 3.441737 | 0.0138
DLOG(Y 1(-6)) 0.449459 | 0.247639 | 1.814977 | 0.1194
DLOG(Y 1(-7)) 0.309363 | 0.308524 | 1.002721 | 0.3547
DLOG(Y 1(-8)) 0.250015 | 0.154320 | 1.620102 | 0.1563
DLOG(Y 1(-9)) -0.378529 | 0.198640 | -1.905601 | 0.1053
DLOG(Y 1(-10)) 0.385113 | 0.128196 | 3.004106 | 0.0239
DLOG(X1) 0.017677 | 0.023117 | 0.764662 | 0.4735
DLOG(X1(-1)) 0.050118 | 0.033318 | 1.504253 | 0.1832
DLOG(X1(-2)) 0.004547 | 0.032069 | 0.141789 | 0.8919
DLOG(X1(-3)) 0.047608 | 0.021619 | 2.202152 | 0.0699
DLOG(X1(-4)) 0.042056 | 0.018397 | 2.286109 | 0.0623
DLOG(X1(-5)) 0.062270 | 0.020442 | 3.046121 | 0.0226
DLOG(X1(-6)) -0.056723 | 0.025821 | -2.196800 | 0.0704
DLOG(X1(-7)) 0.037391 | 0.031567 | 1.184478 | 0.2810
DLOG(X1(-8)) -0.024364 | 0.026051 | -0.935234 | 0.3858
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DLOG(X1(-9)) 0.012865 | 0.025961 | 0.495550 | 0.6378
DLOG(X1(-10)) | -0.012990 | 0.020260 | -0.641155 | 0.5451
DLOG(X1(-11)) | 0.140463 | 0.010302 | 7.277047 | 0.0003

DLOG(X2) -0.006743 | 0.050119 | -0.134529 | 0.8974
DLOG(X2(-1)) -0.022602 | 0.032026 | -0.705750 | 0.5068
DLOG(X2(-2)) -0.110573 | 0.037861 | -2.920462 | 0.0266
DLOG(X2(-3)) 0.016910 | 0.028363 | 0.596203 | 0.5728
DLOG(X2(-4)) -0.010802 | 0.027438 | -0.393680 | 0.7074
DLOG(X2(-5)) -0.093373 | 0.034817 | -2.681844 | 0.0364
DLOG(X2(-6)) -0.027675 | 0.017360 | -1.594162 | 0.1620
DLOG(X2(-7)) -0.007873 | 0.026087 | -0.301786 | 0.7730
DLOG(X2(-8)) 0.021827 | 0.026774 | 0.815232 | 0.4461
DLOG(X2(-9)) -0.058444 | 0.023788 | -2.456894 | 0.0493
DLOG(X2(-10)) | 0.076233 | 0.022736 | 3.352932 | 0.0154
DLOG(X2(-11)) | -0.116303 | 0.039540 | -2.941385 | 0.0259

DLOG(X3) -0.025027 | 0.031568 | -0.792792 | 0.4581
DLOG(X3(-1)) -0.060329 | 0.014724 | -4.097263 | 0.0064
DLOG(X3(-2)) -0.033200 | 0.010297 | -3.224178 | 0.0180
DLOG(X3(-3)) 0.050330 | 0.010127 | 4.969949 | 0.0025
DLOG(X3(-4)) -0.022232 | 0.010660 | -2.085509 | 0.0821
DLOG(X3(-5)) 0.021204 | 0.010410 | 2.036857 | 0.0878
DLOG(X3(-6)) -0.018485 | 0.011875 | -1.556611 | 0.1706
DLOG(X3(-7)) 0.004857 | 0.012235 | 0.396982 | 0.7051
DLOG(X3(-8)) -0.050384 | 0.013529 | -3.724279 | 0.0098
DLOG(X3(-9)) 0.001760 | 0.014345 | 0.122686 | 0.9064
DLOG(X3(-10)) | -0.049427 | 0.015101 | -3.273051 | 0.0170
DLOG(X3(-11)) | 0.046831 | 0.020681 | 2.264487 | 0.0642

CointEq(-1) -1.184314 | 0.234588 | -5.048492 | 0.0023

Cointeq = LOG(Y2) - (-0.2656* LOG(X1) + 0.3133* LOG(X2) + 0.0262

*LOG(X3) + 16.0559) | |

Long Run Coefficients

Variable Coefficien | Std. Error | t-Statistic Prob.
t
LOG(X1) -0.265551 | 0.048420 | -5.484284 | 0.0015
LOG(X2) 0.313253 | 0.111551 | 2.808158 0.0308
LOG(X3) 0.026151 | 0.011559 | 2.262468 0.0643
C 16.055924 | 1.345991 | 11.928704 | 0.0000
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Al W) ol (70) oo B (gyina (gsiane 2ie (=) VAE) AL Uad) s
sda G LS, e JolS dDle Slia o (gl dugiaay Adle L Lag Ligiaag
e i 3wl JaVly dishl)l da¥) o Al deju ('g aad Aaladl
oo (VOA) PUs maay il Ja) 8 DY) G ) Uadl) s dalae
- Ol

D daV) Absh 73l ilales il ol Jsaall o S ansdll Cug

Adgud) daiil) Hdse o (XT) Lug S dgSall allial ue il 35a5m)
53 &1 3, 70 e il (grine die (goiea LU 13ay, dashall JaYI 3 (Y1)
Ty Adgual) Al Hdge Rl ) (535 7)) Lty L SV AeSall il
OSar Alsual) dadll Hdi5ag &g AN oSl dlan G LpnsSall 4Bl (4. Y1)
s Cppatinal Jaali ) a8 dig i) o€l allae 82L3 ob s
s @AY I Gl aged) Gl o el Gl ol ilad) s ddlal
& banli e Lae (aead) e Qllal) aliasl ) 35 of oSa Joaill 13
Gl 8 Al Il LllaY) Ldsudl odl 3 Laliad) Julls lajledd
S

Saa¥) Lgeall allai Gl e ijladll cBlsas dadl sk il 9mg Y
de (giea B0 12as ,dishl) a1 B YL Al dadl) Hasdl e (X2)
e lil o /) Aty Cijladll cDbgal Ao 5alsy G 3, 40 e S (ggiune
Labai) dylaill shie e g sag (40 7)) Loty Ldsud) Lol Hdi5a

538 (& L Cannas (31 pna¥) il e S B L Jumny 138 5 2al 5 g i) 5 Rl Uil pmai dalia ) )
(Narayan & Smyth, 2006 :¥71 ) ¢35 Lo it of i aledl CasSill de ju li (3 s
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el sdse Ao (X3)  Aaill adal) plai cBlsatl ik il asa oY
G, AV e QB (ssie vie (gpina L0 g, dishal) Ja¥1 3 YL 48l
Ldgud) dadll Ha5h glin)) ) g 4 Ay il wdal) alas cligas 83l
- Lol ) Lyl glaial 3lae Vg (7 v+ Y) ducy
ARDL gzigai dadla <l Lid) —¢ . Y. ¥
(LM) Jodeciall 5130 Bla ) Lad)-)
s (AT ) @il FoolaaY ddlasy) ded G (V) Jeaadl w8l e daadls
A o Sl Y asaill G (6 (0) AV (gia (0 STy Ligina
535 pie e Jan Al axel) Aemjd Jsd by, Jedaddl) 1A Llsy)
- NE ARSI

Sz dgall dudisiall I HLas) it (V) dsaal
Breusch-Godfrey Serial Correlation LM Test:

F-statistic | 0.207674 Prob. F(2,4) | 0.8207
Obs*R-squared | 5.361938 Prob. Chi-Square(2) | 0.0685

(ARCH) ¢pladl) uilad jlas) —¥

I okl () A e Sl Y z3sall G ((A) dsaad) (e ey

caly Fooloay Lllaa¥) deall B, Galaie sad¥) gl & ol Uaall

e i bl (40 ) AN (ggime n el 5 gina 2 g (+.1Y)

laadl aa 8 cplall CDls) A dgag pans Jali Al aaed)
S z3gaill Galall eilas sl =55 ((A) Jeanll

Heteroskedasticity Test: ARCH ‘

F-statistic | 0.236545 Prob. F(1,54) | 0.6287
Obs*R-squared | (0.244236 Prob. Chi-Square(1) | 0.6212

uagil) ggm yLOA) -V
e 2y (+-T) b F LY ddlaay) dad &1 (9) Jeandl e sl
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sy A0e (e Slad Y zigall O (gl (70 ) AN (g5iee e Sly Ligina
Cua gl

Equation: UNTITLED

Omitted Variables: Squares of fitted values

Vaue Df Probability
t-statistic 0.925389 5 0.3972
F-statistic 0.856345 1,5 0.3972

e Gl el j5ai) maliy =il 2 jaiadll
ARDL gigal¥) claleal 4l 4 haiuy) JLad) milii —o.¥.Y.¥
Baglaal) Algll aShal gganall SLAS -

15

10

0 ///)J)\\/%%%"""”/J”’””"’”\’\77/

-10
-15
11 11 v | 1 11 v
2022 YaY) 2023 Yoy
—— CUsuM 5% Significance

s3sbaall sl oIl g ganall JLal (Y) JSa
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Bastaal)  Blsall Cilassal aSA g ganall LAY

1.6
1.2
e

0.8 f

0.4 -

7777—777*/
00 —
-0.4
1 11 (\Y 1 11 (\Y
2022 Yo¥) 2023 YoVY
——— CUSUM of Squares 5% Significance

Bastaal Blsal) clasyal S gsanall LES) (¥) JS
e SAEl J\M\g\ _)‘5._.1.0..3\2” C..ALDJ C._‘mtu JMA.“

bl ey 8l Gzl JhEu) chlsal e oA
Ugiaall 2gaa) (e 2D} Sloludd gl

Cluagilly Claliinu) [aabl sl

Slaliiiad) -y L ¢

it all dig ot Gl e gy i 8 A SN Clegiy Wl Ciag . )
By o— Ayl (651 sa jiady OVl dll o 5oy () o) Laa
LAl 3l Gl

L ally Joha il il olee G dig 8 (9 A ada B A odail el Y
il (e Llasl GuSaily (i waall A8 3o Lae ool (s
AL Ghso Bhall Gom (o danaall AS,AN A5l
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Ot el Gl gt (g SN aia ) (Bl aliel gl LY
Gl g 2 8 L aa Il Jola ) 3 Aol yul el
- A gaadl Alacsl) 8alyg Laia¥) L)

o sl Jgla il oL das o e Jeanl of Jglanl 8Ly gl L
il a1 QLS A ) Gl Blhall G (b (g ST Jglall oL L
Lligale Lol ardll cuag & Gom g ol Al 5 a5 oo lay
F 9 A alaill alaie] ey

Llail) em i & alrag Jshally joeail) (o 1a) il alae cy glil .0
(@l S ady Wl A il dge (p oAl A Ble a5 o
Oy atg X1 A iKY el all i o) Alin el )y il
1S L ae (X3 A Sl gia U AL dan Dby sty X2 Cipladl

Gl A b daia

Sluagill -¥. ¢

Aoy e Ly Adlal) (3hOU Bhall Bms (b g S AadadY) yujad By yuia. |
Al il din lals

Comianall eatg Aty SSN) il ghnal) lasi Fpas cilasydi jlacal e Jaall LY
g SN e g dallal) 2ihall Adasyall Hlaliall (10

et 8 gl e a5 gy Jola il A0l Glisssgall aea. ¥
+ Jglalls Ao pall A SV

Oaay Lay ddld) Bloa) A Bl Joadl) clbie 30 o dagSall puads L€
bl Cilgasil we Lgalas)

raalally yaladll

Gl Yl

SY XYY )Y saall Al AslasY) Byadl), el (55K5a i) )
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alyygall @ [

Gleggnall s csmll Cupy B s (A ne Qlagl ve aad )
glhadll o die & Rl Gy ighyadl oY) SUS 8 oy g SV
XY ,0n aaddl Vo el Alles Agalae il Alae (Ghall 8 8 eadl
L) GBlgY) Bsmy Cipeall jrw Gu AL, (Y410 ) s des), Jy .Y
JE alaall, AV ]y Lala@BY) aglell HLaY) dasls dlae, dusld dahyy Ghal)
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t Gl
Tsalll Gl piiad ARDL gigadl (Ag¥) Jpafil) qilii( 1) o8 (3alal
Dependent Variable: LOG(Y 1)
Method: ARDL |
Date: 06/11/24 Time: 02:08
Sample (adjusted): 2019M04 2023M 12
Included observations: 57 after adjustments
Maximum dependent lags: 12 (Automatic selection)
Model selection method: Akaikeinfo criterion (AIC)
Dynamic regressors (12 lags, automatic): LOG(X1) LOG(X2) LOG(X3)
Fixed regressors: C |
Number of models evalulated: 26364
Selected Model: ARDL (11, 12, 12, 12)

Variable Coefficient | Std. Error | t-Statistic Prob.*
LOG(Y1(-1)) 0.632365 0.118771 | 5.324254 0.0018
LOG(Y 1(-2)) -0.033468 | 0.116328 | -0.287703 0.7833
LOG(Y1(-3)) -0.110202 | 0.153696 | -0.717010 0.5003
LOG(Y 1(-4)) 0.066579 0.159938 | 0.416278 0.6917
LOG(Y 1(-5)) -0.217917 | 0.142314 | -1.531243 0.1766
LOG(Y 1(-6)) -0.072212 | 0.279937 | -0.257958 0.8051
LOG(Y1(-7)) -0.140095 | 0.177694 | -0.788407 0.4605
LOG(Y 1(-8)) -0.059349 | 0.263962 | -0.224838 0.8296
LOG(Y 1(-9)) -0.628544 | 0.184561 | -3.405625 0.0144
LOG(Y 1(-10)) 0.763643 0.200058 | 3.817114 0.0088
LOG(Y1(-11)) -0.385113 | 0.128196 | -3.004106 0.0239

LOG(X1) 0.017677 0.023117 | 0.764662 0.4735
LOG(X1(-1)) -0.028930 | 0.021408 | -1.351362 0.2253
LOG(X1(-2)) -0.050118 | 0.033318 | -1.504253 0.1832
LOG(X1(-3)) -0.004547 | 0.032069 | -0.141789 0.8919
LOG(X1(-4)) -0.047608 | 0.021619 | -2.202152 0.0699
LOG(X1(-5)) -0.042056 | 0.018397 | -2.286109 0.0623
LOG(X1(-6)) -0.062270 | 0.020442 | -3.046121 0.0226
LOG(X1(-7)) 0.056723 0.025821 | 2.196800 0.0704
LOG(X1(-8)) -0.037391 | 0.031567 | -1.184478 0.2810
LOG(X1(-9)) 0.024364 0.026051 | 0.935234 0.3858
LOG(X1(-10)) -0.012865 | 0.025961 | -0.495550 0.6378
LOG(X1(-11)) 0.012990 0.020260 | 0.641155 0.5451
LOG(X1(-12)) -0.140463 | 0.019302 | -7.277047 0.0003

LOG(X2) -0.006743 | 0.050119 | -0.134529 0.8974
LOG(X2(-1)) 0.045058 0.029516 | 1.526572 0.1777
LOG(X2(-2)) 0.022602 0.032026 | 0.705750 0.5068
LOG(X2(-3)) 0.110573 0.037861 | 2.920462 0.0266
LOG(X2(-4)) -0.016910 | 0.028363 | -0.596203 0.5728
LOG(X2(-5)) 0.010802 0.027438 | 0.393680 0.7074
LOG(X2(-6)) 0.093373 0.034817 | 2.681844 0.0364
LOG(X2(-7)) 0.027675 0.017360 | 1.594162 0.1620
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LOG(X2(-8)) 0.007873 0.026087 | 0.301786 0.7730
LOG(X2(-9)) -0.021827 | 0.026774 | -0.815232 | 0.4461
LOG(X2(-10)) 0.058444 0.023788 | 2.45689%4 0.0493
LOG(X2(-11)) -0.076233 | 0.022736 | -3.352932 | 0.0154
LOG(X2(-12)) 0.116303 0.039540 | 2.941385 0.0259
LOG(X3) -0.025027 | 0.031568 | -0.792792 | 0.4581
LOG(X3(-1)) -0.053077 | 0.019015 | -2.791342 | 0.0315
LOG(X3(-2)) 0.060329 0.014724 | 4.097263 0.0064
LOG(X3(-3)) 0.033200 0.010297 | 3.224178 0.0180
LOG(X3(-4)) -0.050330 | 0.010127 | -4.969949 | 0.0025
LOG(X3(-5)) 0.022232 0.010660 | 2.085509 0.0821
LOG(X3(-6)) -0.021204 | 0.010410 | -2.036857 | 0.0878
LOG(X3(-7)) 0.018485 0.011875 | 1.556611 0.1706
LOG(X3(-8)) -0.004857 | 0.012235 | -0.396982 | 0.7051
LOG(X3(-9)) 0.050384 0.013529 | 3.724279 0.0098
LOG(X3(-10)) -0.001760 | 0.014345 | -0.122686 | 0.9064
LOG(X3(-11)) 0.049427 0.015101 | 3.273051 0.0170
LOG(X3(-12)) -0.046831 | 0.020681 | -2.264487 | 0.0642
C 19.01526 4.652466 | 4.087135 0.0065
R-squared 0.999115 Mean dependent var 16.50914
Adjusted R-squared 0.991741 S.D. dependent var 0.143228
S.E. of regression 0.013017 Akaike info criterion -6.306979
Sum squared resid 0.001017 Schwarz criterion -4.478986
Log likelihood 230.7489 Hannan-Quinn criter. -5.596558
F-statistic 135.4823 Durbin-Watson stat 2.368781
Prob(F-statistic) 0.000002 |

e AN Jlaal) 3eiV) alin il 1 jdeaal

82



p &adlad) Gijlaall Ldlal) cdaall Saad b Al Al g
e,cl&ba'ﬂ SN L@l Jasgl) Hgal) Ao Sl 2a
Theroleof innovative systemsin enhancing financial

savingsfor Iraqgi banks: with a focus on the mediating
role of artificial intelligence techniques

2kt (s b pp L glsle Jbal ae s
5 glamall dgaa/AniBil) Jauy gY) <l A1) drala ALy g 3 )y Ads/ el daala
Haibat.hbayysh.isa@atu.edu.iq abduljabar.alwan@mu.edu.iq

| SSN 2709-2852 (sl cisiail) a8

Ualiiual)
ALY) Aubid) sk 8 AN Al e A ) Gl i
DSA pe el Agaad) a3ty HAY) aadi (8 agen L L1l Cijleaall
adle @by sy e Gl adiel . elilaal) oS3 el daugll el e
—Y YY) g5all AL Gl Ghall (g (b Aapad) Adhell Cijliadll o 22al
Lyl ahill Guds on A Gebdl ddlaas) callad aadiuly (YeYE
dSA clin cabg of ) i) con dy Apddly SV Gl
it Lijag 5She Adpas Gledd i Jo Ciladl 5B Hiay cllaY)
Jsatll Jagusts ALl JLladd) Qi b ddlgal e Slmd GlA) e aE))

naurlaafty o) codal! clon 1

ACTOUMTIVG A *BAMCIAL BOMAMCE L JOUSNMAL

Lpulaall g Adlal) o glall ddaa  yaigal)

Guali) (g giad) gl alal
Yo% —AY clabal)

83


mailto:Haibat.hbayysh.isa@atu.edu.iq
mailto:abduljabar.alwan@mu.edu.iq

YoYo Gualddl (g siad) (dgal) alad) jaisall gilBy - | SSN 2709-2852 — depslaall 5 dsllal) o sladl Al

Al Cojlaall Gonglgi€all Aantl) Al kit §g piny Gandl casly e
cJgatl) 13 el Luaanilly Ayl LY Guaag
sdaalidal) calalsy)
Abstract
This research aims to examine the role of innovative systems in
developing the credit policy of Iragi banks to promote savings and
enhance financial liquidity, with a focus on the mediating role of
artificial intelligence (Al) technologies. The study analyzed
financial data from selected Iragi banks listed on the Iragq Stock
Exchange during the period (2022-2024) and employed statistical
techniques to measure the relationship between the application of
innovative systems and the levels of savings and liquidity. The
findings indicate that the adoption of Al technologies significantly
strengthens banks’ ability to deliver innovative and flexible
banking services that encourage savings, in addition to reducing
financia risks and facilitating digital transformation. The research
recommends enhancing the technologica infrastructure of Iragi
banks and updating legal and regulatory frameworks to support
thistransition.
Keywords:
Innovative systems, financial savings, artificial intelligence.
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Abstract

This research aims to examine the role of analytical procedures in
supporting the regulatory structure of financial markets, through an
applied study on Al-Mashriq Arab Bank. The study stems from the
importance of anaytical proceduresin evaluating financial dataand
identifying potential deviations and risks within the auditing
environment.An analytical-descriptive methodology was adopted,
based on analyzing the bank’s financial statements and calculating
a set of financia ratios and anaytical indicators to assess financial
performance and monitor growth rates in the statement of financial
position and comprehensive income, in order to evaluate the
effectiveness of analytica procedures in enhancing financia
control. The findings revealed that analytical procedures represent
a fundamental regulatory tool that strengthens transparency and
disclosure within banking institutions, and supports regulatory
authorities in assessing financial soundness and market stability.
The results also indicated that regular application of financial
analysis enables early detection of material deviations and enhances
the reliability of financial information submitted to regulatory
bodies.The study recommends enhancing the use of analytica
procedures in Iragi banks and developing the competencies of
employees in analysis and supervision, in addition to promoting
coordination between banks and the Central Bank of Irag to
exchange analytical reports that support financial and regulatory

stability in the Iragi financial markets.

Keywords:
Analytical Procedures, Supervisory Framework, Financial Markets.
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Abstract

Theam of thisstudy isto analyze trends, risk-return characteristics,
and interrelationships for the S& P500, Bitcoin, and Brent crude ail
prices from 2018 to 2025. It tries to analyze the characteristics of
the asset in terms of volatility and correlation, and uses this to
evaluate this asset’s potential for diversification in a portfolio and
risk reduction. The study uses a set of statistical and quantitative
approaches, consisting of log-return volatility estimation, rolling
correlation analysis, descriptive statistics, principal component
anaysis (PCA) as well as time-series anaytic to analyze risk and
relationships across assets. The study shows that in the short run,
the S& P500 and Brent crude oil have low risk and modest returns.
In the short time, Bitcoin, on the other hand, is much more profitable
but is also alot more volatile; while, in the long run, Bitcoin isthe
only one of the four to have lower average risk compared to other
cryptocurrencies. The study also shows that Bitcoin’s correlation to
other traditional assets is weak. Therefore, Bitcoin is a good
candidate for portfolio diversification and other traditional assets. It
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also shows that Brent crude and the S&P500 negatively correlate
with one another. The study concludes that the need to manage risk
when investing in Bitcoin is important, however, aso outlines the
useful cryptocurrencies have in modern portfolio structuring.
Keywords:

S&P500, Brent Crude Oil, Bitcoin, Time Series Analysis,
Volatility, Portfolio Diversification.

1- Introduction:

The financial markets of today are facing transformation changes
brought about by the new interplay of advanced technologies and
changing geopolitical circumstances. The digital transformation of
the financial sector enhances the efficiency, transparency and
accessibility of financial services to people and institutions, while
the negative effects of geopolitical conditions are complex,
unpredictable and volatile in nature [1]. This interplay of positive
changes driven by digital technology and negative consequences of
geopolitical conditions poses unique and complex challenges to the
markets and calls for a review of fintech regulations and the
supervisory approach to the markets, as well as the formulation of
proactive and flexible strategies for the immediate and long term
[2].

2- Dimensions of Digital Transformation in Financial Markets
In recent years, the financial sector has witnessed an unprecedented
digital revolution, as advanced technologies—such as artificial
intelligence, blockchain, cloud computing, and big data analytic—
have become integral components of its structure and operational
processes. This deep integration between technology and financial
activities has not only enhanced operational efficiency but also
reshaped the traditional financial landscape by creating new
business models, developing innovative financial products, and
expanding access channelsto financial servicesfor both individuals
and institutions [3]. This digital transformation represents a
strategic dimension in the evolution of financial markets, opening
avenues for growth and expansion, while simultaneously posing
challenges related to cybersecurity, regulatory compliance, and the
digital divide between devel oped and devel oping economies.
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3- Financial Technologies (FinTech) and Innovation

The most important drivers of disruption in the contemporary
financia industry include the innovative uses of artificial
intelligence, blockchain technology, digital payments, and other
sophisticated channels classified within financial technologies
(FinTech) [1, 4, 5]. Modern FinTech encompasses a myriad of
innovative solutions and applications. These technologies redesign
service delivery and operational efficacy by improving customer
service and Business Service solutions, and redefining operational
cost structures. With the emergence of new business paradigms,
entrepreneurial and innovative friction is generated. Furthermore,
FinTech provides the basis for the economically active, unbanked
population to gain access to indispensable financia services and
services bridge local and global market interfaces. Unobstructed
global and local market interfaces promote deep integration of local
and global economies. Finaly, unimpeded expansion brings
governance, cybersecurity, and data protection challenges, which
must be addressed by responsive actionable regulations that
consider the unique stability challenges in the financial services
industry.

4- Artificial Intelligence (Al)

Al became a pivotal component in the financial markets and
systems during the late 20th century and the early 21st century. In
addition to helping in the formulation of trading strategies and
assisting in the decision processes in investments, Al performs risk
analyses with remarkable precision [6]. The advent of machine
learning and the more complex systems of deep learning Al can
process large volumes of complex data sets, including data in
various stocks, Forex, and cryptocurrency markets. Even during the
most turbulent times in the financial markets, Al tools can help in
the identification of underlying structures, forecast impending
trends, and thus enhance the decision-making processes of banks
and other financial companies. On the other hand, the opaque nature
of most Al systems poses arisk in decision processes that have to
be made in real time.
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Artificial Intelligence (Al)
in Financial Trading
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Figure (1):
illustrates the applications of artificial intelligence (Al) in
financial trading [6]
The applications of Al infinancial trading may be centered on three
chief value markets. the cryptocurrency, stock, and FOREX
markets [6]. Intelligent algorithm implementations and
sophisticated investment strategies can be developed in these
markets. Within these markets, a fundamental approach that
analyzes the vaue, financial, and economic factors that drive the
value of thetraded instruments, technical approach that analyzesthe
historical chart patterns, trends, volatility of prices and volumes,
and other indicators and agorithmic strategies that define the
automated selling and buying rules to execute trades within a
specified period. Understanding the diverse anaytical techniques
enhances the investment process by offering effective and accurate
means of predicting the market and assessing the associated risks

[6].
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5- Blockchain Technology

As the technology behind the first cryptocurrencies, blockchain
records and stores financia transactions with transparency,
security, and immutability. Among the innovations transforming
the financial market, blockchain technology captures attention for
its groundbreaking advancements within financia infrastructures
[4]. Among its most important features is the system's ability to put
a stop to the needed traditiona financial intermediaries with a
distributed verification system that builds consensus, therefore
lowering expenses and creating trust through authentication within
the transactions conducted.

The digital financial ecosystem is made flexible and efficient
through the groundbreaking advancements blockchain technology
provides within financia services, such as the smart contracts and
decentralized finance (DeFi) systems. With the digital payment
systems provided by blockchain technology, traditional financial
services undergo a foundational transformation [1]. Still, the
challenges of differentias regarding compliance, scalability, and
economic adoption continue to be a center of practical application
and academic pursuit in the coming years.

6- Digital Payment Systems

The advent of digital payment systemsis one of the most important
aspects of the transformation of finances within an institution. They
make financia transactions seamless. This enhances the ease and
efficiency of financial dealings. In addition, this improves the
customer satisfaction of a financia institution and lowers
operational costs for the institution [7]. Compared to the legacy
systems of payments, these systems have moved forward greatly.
They enabledigital payments, transfers, and other transactionsto be
done within a few moments in secure conditions using mobile
applications. They aso greatly widen financial inclusion to those
people who do not have arelationship with the bank, the unbanked.
In addition to supporting e-commerce and international
transactions, digital payment systems offer more integration of
financia services with new technologies, including digital wallets,
mobile payment systems, and contactless payments. These evolving
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systems create new issues with transaction security, data privacy,
and the adaptability of regulatory frameworks in service of the
innovative and rapidly changing financia systems.

7- The Impact of Digital Transformation on Corporate
Financial Performance

Strategically, the enhancement of corporate efficiency and the
creation of acompetitive advantage hinge on digital transformation
asaprimary factor. It affects operational and financia performance
through increases in total factor productivity and improvementsin
the spatial and tempora dimensions of financia flows, system
innovation, and system stability and transparency [9].

The COVID-19 pandemic has created the primary digita
transformation of many organizations. The pandemic was a real -
world practice exercise on digital transformation and crisis
management. It provided companies with new, affordable ways to
manage digital finance, operational costs, and supply chains to
combat the pandemic. It aso realigned corporate human resources
with the strategic demands of remote work and the global digital
economy [10].

Thisindicates that digital transformation is not an optional extra. It
IS necessary for attaining growth that is sustainable and for
continuous positive financial performance. This is especialy true
for times that are unpredictable and in constant flux.
Transformation of business models brought about by digital
technol ogies and methods of securing and streamlining the capital
investments in the supply chain and optimally balancing the human
capital resources assists in even overcoming the financial distress
associated with the impact of the COVID-19 pandemic on various
businesses. Additionally, transformation broader business
processes results in improved streamlined audits of the financia
performance of the organization and enhances the accountability
within the organization [11].

8- Technological Advancement Provision for Financial
Inclusion and Sustainability

Modern technology and especially fintech, serves as low cost,
accessible, and streamlined financial services platforms, thereby
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enhancing financial inclusion opportunities for individuals and
small businesses, especially in developing and emerging economies
[12, 13]. Leves of financia inclusion adjusts economic
opportunities and supports improved soci0-economic opportunities.
Forward looking and innovative fintech that supports the
sustainable use of economic resources promotes sustainable
development by balancing economic growth with the protection of
natural resources [4].
Figure (2):
Theinteraction between artificial intelligence and blockchain

DIGITAL FINANCIAL
# — ) REVOLUTION

ARTIFICIAL
INTELLIGENCE

FINANCIAL
INNOVATION

technology within the context of the digital financial
revolution.

Figure 2 focuses on the connections between Al, blockchain
technology, and the digital financial revolution, and their combined
impact on the global financial system. Financial innovation through
the creation of new products and services, financia inclusion
through new banking services accessibility, and sustainable
development through efficiency, cost reduction, transparency, and
accountability are all supported by these technologies [4].

9- Impact of Geopoliticson Financial Markets

Geopolitical tensions are a mgjor source of volatility in financial
markets, leading to sharp changesin prices, and an increase in the
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risks associated with investing [14]. They can aso negatively
impact the global capital system, cause disruptive shifts in liquid
assets, and create overall liquidly issues. Therefore, they increase
uncertainty, and the risks embedded in financial systems whereby
external shocks are amplified. Risk systems and geopolitical event
responses must be more adaptive and resilient [14].

1. Geopolitical Shocksand Market Volatility

Several analytical surveys have outlined the magor drivers of
financia market volatility and outlined the most important
geopolitical market volatility shocks, which include global financial
crises, trade wars, and armed conflicts,

Ly 1 1 L 1 1
2000 2005 2010 2015 2020 2025

Figure (3):
Global Financial Market Volatility and Major Events (1995-
2025) [15].
The globa financia crisis of 2008, the U.S.—China trade war, and
the COVID-19 pandemic, for example, al resulted in
unprecedented impacts on markets. Risk and uncertainty escalated,
resulting in extreme market fluctuations [15].
Figure 3 depicts how certain political and economic phenomena,
including the 1998 Russian financia crisis, 2000 dot-com bubble,
the 2001 September 11 attacks, the 2003 Iraq War, the 2008 global
financia crisis, the 2010 Greek debt crisis, and the 2020 COVID-
19 pandemic, contributed to therise of financial market volatility to
unprecedented peaks. The outlined eventsreveal the extent to which
the markets are attuned to sudden economic, political, and security
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shocks. The global financia market system is economically and
politically integrated and, thus, are fragile [15].

2. Impact of Geopolitical Eventson Commodity Prices

The energy and the metals markets, especially the latter, respond to
political shocks around the world. For instance, energy prices and
the financial performance of Europe-based companies directly
respond to the global political state, such as the recent energy price
increases linked to the Ukraine war and conflicts located in other
oil-producing regions[16, 17]. Moreover, geopolitics are among the
primary price determinants of other key minerals, such as copper,
that are tied to globa supply and demand, as well as global supply
chains[18].

3. The Relationship Between Geopolitical Risks and Monetary
Policy

Geopolitical uncertainties take substantial influence over the
development of the monetary policies of nations since they can
influence adjustments of interest rates and reconsideration of
monetary policy instruments around the shocks. Such policy
adjustments influence capital flows across the border and the
balance of the globa financial markets [15]. According to the
heatmap analyses, U.S. monetary policy, coupled with the energy
markets and the geopolitical events of the Middle East and Russia,
were maor geopolitical drivers of influence with significant
differences over time. This evidence illustrates the evolving nature
of the influence geopolitical risks have on macro policies [15].

4. Impact of Geopolitical Fragmentation

Geopolitical fragmentation is a complex phenomenon that hinders
a country's ability to economicaly engage with other countries,
especially in the areas of integration of finances, international
exchange, and crossing of technologica barriers. This
fragmentation creates a more divided globa environment, and the
coordination of the economic and financial policies of various
countries becomes more complicated and cracks the global
economic system, decreasing its ability to withstand numerous
crises and shocks [1].
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10- Interaction Between Digital Transformation and
Geopolitical Impacts
The interactions that digital transformation has with geopolitical

fragmentation are complex, wherein the integration of different
sections of the world’s financial markets is put at a risk of rapid
geopolitical disruptions and financial contagion [19]. Digital
technologies can be used to increase the resilience of financial
systems with the ability to adapt to shocks that affect financial
stability through transparency, rapid processing, efficient risk
management, and a combination of other factors [10].

1. Artificial Intelligence and Geopolitical Risks: Machine learning
models are a good resource to predict the volatility of the United
States stock exchange with the use of different patterns of
geopolitical risk. These patterns include various tensions and
conflicts on the battlefield [2]. Such models broaden the
understanding of the correlation of geopolitical themes and
financial market structures to a high degree.

2.Cybersecurity and FinTech Regulation: With more and more
services in the financia sector being delivered with the use of
cutting-edge technol ogies, protective governance and the regul ation
of cyber threats aimed at the financial and personal data systems
within the sector become essential [5]. From the market stability
perspective, this hardening of protective measures becomes
necessary more than ever during times of geopolitical volatility and
uncertainty.

3.Cryptocurrencies and Geopolitical Risks: Research has shown
that the Geopolitical Risk Index (GPR) has negative and sudden
effects on the cryptocurrency’s returns and increases the volatility
associated with these returns, showcasing the weakened
geopolitical position of the cryptocurrency [20].

4.Digital Transformation and Resource Sustainability: The digital

economy has the potentia to increase the level of industria and
financia development and thus lessen the energy sector's
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vulnerability [21]. The use of digital technologies in infrastructure
development to control resource use and consumption is especially
important in times of geopolitical tension related to energy.

11- Methodology: Algorithm for Financial Data Analysis

The study examines S& P 500 [22], Brent crude oil [23], and Bitcoin
[24] from 2018 to 2025. For each asset, | collected and compiled
daily closing price data from Y ahoo Finance [25] for S& P 500 as
US stock market index, Brent as crude oil market, and Bitcoin as
digital cryptocurrency data. | employed a blend of descriptive
statistics, visualization of data as atime series, risk-return analysis,
PCA, and correlation to assess and study fluctuations and trends on
multiple time horizons. The following agorithm outlines a
comprehensive and straightforward approach for data cleaning,
statistical processing, and the creation of figures that will
accompany the analysis and aid in the explanation of results. |
ensured that all datasets underwent extensive cleaning,
synchronization, and alignment to a unified date range to facilitate
meaningful comparisons among the three assets.

Algorithm: Financial Data Analysis of S& P500, Brent, and
Bitcoin

Input: SP500_withEvent.csv, Brent_withEvent.csv, and
Bitcoin_withEvent.csv. ; Daily closing pricesin CSV format.
Output: Descriptive statistics, time series, performance, PCA,
volatility analysis, correlation analysis, and al visualizations.

Step 1: Load Data

Read the CSV filesinto tables for S& P500, Brent, and Bitcoin.
Convert the closing prices from strings to numeric values
(removing commeas if present).

Convert the date stringsinto MATLAB datetime format.

Remove any missing or invalid entries.

Sort each table by date in ascending order.

Step 2: Align Common Date Range

| dentify the overlapping date range across all three assets.
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Filter each datasets to include only dates within the common range.
Synchronizethedatainto asingletimetable T with columns; SP500,
Brent, Bitcoin.

Step 4. Descriptive Statistics

Compute the mean and standard deviation for each asset.

Display resultsin abar chart.

Step 5: Time Series Trends with Linear Fits

For each asset (S& P500, Brent, Bitcoin):

Plot the original closing price series.

Fit alinear trend line using polyfit and overlay it as adashed line.
Step 6: Financial Performance Metrics

Compute log returns for all assets: returns = diff(log(dataClose)).
Calculate:

Annualized mean return: meanRet = mean(returns) * 252
Annualized volatility: volatility = std(returns) * sqrt(252)

Sharpe ratio: sharpeRatio = meanRet ./ volatility

Display resultsin abar chart with legends.

Step 7: Principal Component Analysis (PCA)

Apply PCA to thelog returns to extract principal components.
Compute explained variance for each component.

Visualize the explained variance in a bar chart.

Step 8: Volatility Heatmap

Computerolling standard deviation (60-day window) for each asset.
Create a heatmap of the rolling volatility to visualize periods of
high/low risk.

Step 9: Correlation Heatmap

Compute the correlation matrix of the closing prices.

Visualize correlations using a heatmap with color coding.

Step 10: Rolling Correlation (S& P500 vs Bitcoin)

Define a 90-day rolling window.

Compute rolling correlation between S& P500 and Bitcoin returns
for each  window.

Plot the rolling correlation over time.

Overlay ahorizontal line at zero for reference.

End.
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12- Results and Discussion

This section provides a detailed empirical analysis of the S& P500
index, Brent crude oil, and Bitcoin for the period studied 2018 -
2025. A range of figures are displayed for the main statistical
characteristics, thetemporal characteristics and the relations of each
of the assetsto one another. Empirical analysisisfocused on several
correlating dimensions descriptive statistics, assessment of trend
patterns, evaluation of the risk-return efficiency of each asset,
principal- component structure, and correlation behavior for scatter
plots al to account and analyze the short-term and long-term to
analyze the time dependencies. As a contribution to the literature, it
isaimed to understand the unification of traditional and digital asset
classes and the deep transformations of financia markets
considering rapid digital changes as well as geopolitical conflicts.
Detailed interpretation of the economic and financial dimensionsis
provided for each figure in the results below.

4%

A - |

SP500 Brent
Assets

Figure (4):
Descriptive Statistics (Mean and Standard Deviation)

As seen in figure 4, mean and standard deviation of daily closing
prices for S& P500, Brent crude oil and Bitcoin are calculated for
the period 2018-2025. According to results, S& P500 has the lowest
dispersion as prices are more stable indicating a more stable
financia market. On the other hand, Brent has more moderate
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deviation, this is consistent with changes in global supply and
demand. Lastly, it is aso showed that Bitcoin has the highest
volatility, confirming the high speculative and risk nature of Bitcoin
compared to more traditional assets.

The S& P500, Brent, and Bitcoin prices temporal trends, along with
their associated dashed linear trend lines, are presented in Figure 5.
After the COVID shock in 2020, the S&P500 and Brent prices
clearly exhibited periods of steady growth with undeniable long-run
upward trends. Bitcoin, on the other hand, while showing an overall
upward trend in the longer run, exhibited considerable periods of
short-run volatility along with high turning points. It is the
smoothing that makes the general price path clearer without losing
the distinctive price volatility for Bitcoin.
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Figure (5):

Time Series Trendswith Linear Fits
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Figure 6 considersthethree assetsin terms of their annualized mean
return, volatility, and Sharpe risk-adjusted-return ratio. Bitcoin
achieved the highest mean return on investment for the period in
question, but also the highest volatility, resulting in the lowest
Sharpe ratio. In contrast, S& P500 showed an even risk-return trade
ratio while Brent was in between showing moderate efficiency .

-0.1

I
S&P500 Bitcoin

Figure (6):
Annualized Return, Volatility, and Sharpe Ratio

The variance each principal component explained from the log-
return matrix is illustrated in Figure 7. Since the first principa
component explains most of the variance, this indicates the
existence of a fundamental common factor for all three assets, for
instance, global macroeconomic environment. The second and third
components also show the asset-specific character and independent
contribution of variance in the oil and cryptocurrency markets,
respectively.
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Figure (7):
Explained Variance by Principal Components (PCA)
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Figure (8):
Rolling Volatility Heatmap (60-Day Window)

A 60-day rolling volatility heatmap for the three assets is shown in
Figure 8. It is clear that the most sporadic and highest volatility is
attributed to Bitcoin, whereas Brent follows in descending order of
volatility, and the S& P500 has the least amount of volatility. More
importantly, periods of increased intensity of volatility, depicted in
brighter regions, also coincide with significant globa economic
disruptions, including the 2020 global pandemic and the subsequent
period of inflation between 2022 and 2023. Thisillustrates the risks
associated with financial markets are dynamic and have a time-
varying component.

Correlation Heatmap
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Figure (9):
Correlation Heatmap
The correlation matrix for the closing prices of the three assets is

provided in Figure 9. The correlation between S& P500 and Brent is
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strong and positive, which suggests the stock and energy markets
are moving together. On the other hand, Bitcoin is only weakly
correlated with the other two traditional assets, which indicates that
it can serve asadiversifying aternative investment that isrelatively
uncorrelated with traditional, mainstream markets.
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Figure (10):
Rolling 3-Month Correlation (S& P500 vs Bitcoin)

The correlation between S& P500 and Bitcoin returns over a 90-day
period is illustrated in figure 10. In regards to global,
macroeconomic, and policy imbalances, correlation over time
changes and oscillates between positive and negative values. This
indicates that the relationship between conventional and digital
economiesisnon-stationary and sensitive to varying periods, which
explains the necessity of model building and the changing
mathematical correlation focus.

The combined results of the graph with the result from the statistical
tests illustrate the global interconnectedness of the financial and
digital economies. This empowers the current discussion and
conclusion focusing on implications concerning investors and
policymakers, along with the risk management frameworks that
need to be adopted.
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13- Conclusions

This study analyzed the dynamics and relationships between the
S& P500, Brent crude oil, and Bitcoin markets from 2018 to 2025
using severa statistical and graphical techniques. Findings show
nearly steady long-term growth for the S&P500 and Brent with
stable low volatility and higher long-term Bitcoin volatility and
pronounced short-term fluctuations, despite the trends being
positive overal. In terms of risk and return, Bitcoin recorded the
highest annualized returns, and the highest volatility, which
contributed to alower Sharperatio, unlike S& P500, which provided
the most risk-adjusted returns, with Brent being the most balanced
between risk and return. Principal component analysis results show
the first component captured the most variance (a reflection of the
common market factor), with the rest being asset-specific traits.
Bitcoin's volatility remained high for longer duration and lower for
traditional assets, S&P500 and Brent exhibited moderate positive
correlation suggesting synchronized behavior. In addition, the 90-
day rolling correlation between S& P500 and Bitcoin displayed an
increasing and decreasing trend, suggesting a non-stationary
correlation and relationships to market and macroeconomic
changes. Thefindings highlight the differencesin structure between
traditional and digital markets and highlight the value of these
differences for investors, portfolio managers, and policymakers.
Including digital assets such as Bitcoin can improve portfolio
diversification. However, the portfolios require strong risk
management due to Bitcoin's high volatility and ever-changing
correlations.
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Abstract

This research presents a Geopolitically-Aware Diffusion Model-
Based Trading Algorithm (GA-DMTA) used for forecasting the
rate of USD/IQD exchange rate in the Iragi market. By employing
day-to-day from the Central Bank of Irag (2020-2024) data that
enhanced with the risk of geopolitical indicators, we improve a
model that generates probabilistic forecasts by learning complex
patterns in both financial and political data. Excels of the GA-
DMTA greatly traditional methods, accomplishing 89.7% accuracy
and a 2.76 Sharpe Ratio with decreasing maximum drawdown to -
5.2%. Peake Signa to Noise Ratio (PSNR) measurement of the
algorithm have a high value (61.45 dB) approves excellent noise
reduction in conditions of politicaly volatile. Results of research
confirm that explicitly modeling geopolitical risk transforms
algorithmic trading in emerging markets, present together superior
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returns and enhanced stability through political turbulence. The
proposed research offers crucial visions for institutions operating
in politicaly sensitive markets.

Keywords: Algorithmic Trading, Diffusion Models, Geopolitical
Risk, Financial Forecasting, PSNR, M SE.

1. Introduction

The macroeconomic management performanceis essentia element
of financial market, which straight affects the quality of market
sustainability and financial processes[1]. Moreover, an assessment
of market efficiency has also become a vital factor affecting
national economic competitiveness in the country. The need to
integrate artificial intelligence technologiesin the era of big datato
analyze market performance in order to enhance risk management
capabilitiesis growing day by day. [2]. The factors of geopolitical
risk in developing markets including international sanctions,
political instability, volatility, and regional conflictsin oil prices—
volatility and uncertainty that are significant in financial marketsto
a large extent [3]. The components of market can significantly
affect exchange rates, capital flows, and investor confidence is
declining, making traditional financial models inadequate for risk
assessment and accurate predicting [4]. However, the multifaceted
relations between political events and market responses demands
requires advanced modeling approaches that can capture these
nonlinear relationships and structural discontinuities in market
activities [5].

A cornerstone of financial institutions procedures through
cal culating the whole performance of financial markets, depend on
analyzing performance indicators and price trendsin order to make
informed decisions of investment. Mostly, this procedure has
depended on traditional methods that analyzed fixed indicators,
such as moving averages and the relative power index [6].
However, the complexity and dynamics of modern financia
systems necessitate additional adaptive and accurate practice. Inthe
other hand, the borders of conventional methods have become
apparent in the face of challenges posed by rapidly changing
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economic conditions, increasing investor patterns, in addition to the
emergence linked to the non-traditional data sources[7].

Market performance assessments typically rely heavily on
historical financial data, statistical models, and the decisions of
experienced specidists [8]. Fast growth of Artificia intelligence
(Al) has steered in a transformative era across several industries,
plus the financia sector is no exclusion. Mgor area experiencing
radical changesistrading of algorithmicin financia markets sector
[9]. Using the progress of machine learning (ML) agorithms and
the accumulation of massive amounts of multidimensional data,
developing trading approaches using ML methods has become a
crucid attention. ML methods can be approximately separated into
two man categories. supervised machine learning and
unsupervised machine learning. The essential difference between
these two classifications liesin whether the models delivered to the
learning algorithm are labeled or not labeled [10]. The algorithms
of supervised machine learning, practical to classified cases,
contain avaried range of existing algorithmsfor instance: Decision
Trees (DT), Artificial Neural Networks (ANN), and Support
Vector Machines (SVM) [8]. Both agorithmic trading framework
plus technology of Diffuson Models are among the latest
developments in generative Al. These models depend on iterative
process in order to remove noise from random data to generate
realistic forecasts [11]. Technologies hold the capability to model
difficult probability distributions of benefit prices, which allowing
them to detect patterns imperceptible to equally traditional models
and humans[11].

The process of search for improved precision is one of the
motivations used for incorporating Al into algorithmic trading. The
static indicators and predefined rules is related to conventional
methodologies [13], this may lead to supervising subtle but a vita
aspects that effect on movement’s price, primarily those stemming
from geopolitical improvements. In term of utilizing Al
technologies, ingtitutions of financial can increase deeper
understanding of market movements, this clues to additiona
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informed decisions, streamlined procedures, in addition to
eventually, amore robust financial configuration [12].
2.Literature Review

In 2021, Ayodgi A. and Ademola A. worked on a theoretical
structure that designed for predictive modeling in finance that
mixes Al techniques in order to improve forecasting accuracy,
business resilience, and decision-making strategies. A research
structures is grounded in theoretical principles containing the
Efficient Market Hypothesis (EMH), systems theory, and
behaviora finance. In addition, the framework highlights the
combination of diverse data sources— from structured financial
data to unstructured aternative data such as news sentiment and
socia media - in Al models that utilize machine learning, deep
learning and time series forecasting techniques [12].

In 2022, Satrgjit M. and Sujoy B. projected a set up of approach
price that predicting using Merton’s jump-diffusion model in
addition to developed a directional movement (DM) trading
strategy based on the prices of predicted. Merton's daily
logarithmic stock return probability density function was
simplified, and the stock price dynamics of ten companieslisted on
the Bombay Stock Exchange were evaluated. Together the Black-
Scholes and Merton models were applied to fit historical stock data
in addition to prediction the prices of the future, it wasreveal ed that
the Merton model performs superiorly both within and outside the
sample. Maximum probability estimates for the Merton parameters
were obtained using the Lang adaptive barrier algorithm [13].

In 2023, Bilal H. and Imran S. studied the platform of Al-based
modelsin financial markets, highlighting their potential in order to
reduce investment risks plus assist in selecting highly profitable
stocks through predictions of precise. The research explored
investigation conducted between 2018 and 2023 years, obtained
from three mgjor academic databases, by a rigorous three-stage
methodology encompassing planning, conduct, besides analysis of
the certain studies. The research emphasi zed technical assessments,
profitability analyses, types of outcomes generated by Al models,
and hybrid modeling. Results specify that ensemble and hybrid
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models, principally those incorporating support vector machines
(SVM) and long short-term memory (LSTM) networks, are
increasingly applied for financial trend prediction in addition to
predicting the price. Furthermore, hybrid Al models for feature
engineering display comparable potential in order to ensemble
methodologies [2].

In 2024, Zhuohan W. and Carmine V. suggested a novel
methodology for enhancing series of financial time prediction in
addition to trading performance via diffusion models as de-noise.
The series of financial time frequently exhibit alow signal-to-noise
ratio, this complicates the process of accurate interpretation,
prediction, plus decision-making. The researchers leveraged the
forward and reverse procedures of a conditional diffusion model in
order to progressively add and remove noise, thus rebuilding the
original data from noisy inputs. Investigational results confirmed
that diffusion model de-noised time series significantly improve
performance in future return the tasks of classification [14].

In 2025, Luca L. and Anatoliy S. presented a model of jump-
diffusion pricing precisely designed for high-frequency trading
(HFT) and agorithmic. The model integrates independent jump in
addition to diffusion processes towards more precisely represent
limit order book (LOB) dynamics within a framework of scaling-
limit. The researchers addressed achievement and liquidation
challenges using Hawkes jump-diffusion models and compound
semi-Markov, by applying diffusion approximationsin order to the
jump components to the solutions of derive robust [11].

2. Artificial Intelligence and Algorithmic Trading in

Geopolitically Sensitive Markets

The agorithms of Al have become an essential to modern trading
approaches, contribution improved capabilities to procedure large
volumes of financial data, detect complex patterns, then produce
actionable insights with a high speed and accurateness [15]. In
evolving markets exposed to geopolitica risks, deep learning (DL)
and machinelearning (ML) methods—for example the networks of
long short-term memory (L STM), support vector machines (SVM),
hybrid modelsiand reinforcement learning (RL) —are
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progressively applied in order to prediction the movements of price,
detect trading signals, then improve alocation of portfolio [16].
Al-driven approaches can incorporate geopolitical risk indicators
together with data of traditional financial, allowing them in order
to learn from data of historical market, adapt to atering market
conditions, plus reduce human biases, thus enhancing the precision
and effectiveness of trading approaches. During incorporating
indicators of structured financial in conjunction with unstructured
sources of data—for example news sentiment, geopolitical
variables, and socia media trends—AIl agorithms can proposa
more holistic of market dynamics than conventional rule-based
methodologies [17].

Because of the environments categorized by geopolitica
instability, Al-based trading algorithms distribution aso has major
implications for financial market stability and performance [18].
Consequently, Al technologies in agorithmic can increase the
efficiency of market through reducing transaction costs, improving
liquidity, in addition to generating consistent risk-adjusted
incomes. The frameworks of diffusion models for example can
permit traders in order to simulate the scenarios of market that
assimilate geopolitical shocks plus optimize execution policies
under volatile and challenging conditions. [19]. On the other hand,
the Al algorithms are a widespread adoption, which may present
systemic risks for example flash crashes or correlated trading
behavior, principally through geopolitical crises where automated
systemsinteract in real-time. Therefore, while algorithmsof Al can
significantly boost market performance in addition to support
informed decisons of investment, In sensitive geopolitica
contexts, it also require careful regulatory oversight also risk
management practices in order to keep long-term market stability
in addition to avoid unintended troubles [20].

3. The Proposed Geopoalitically-Awar e Diffusion M odel-Based
Trading Algorithm

Our research proposed Geopolitically-Aware Diffuson Model-

Based Trading Algorithm (GA-DMTA) which assimilates
generative diffusion modeling through financial datain addition to
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indicators of geopolitical risk. The model employs stochastic
diffusion processes in order to learn asset price distributions
influenced through economic instability and political. The model
employs and accomplished on Central Bank of Irag USD/IQD data
(2020-2024) improved with indices of geopolitical, the model
captures nonlinear market behavior driven by both financial and
political factors. As a replacement to classical deterministic
methods, it generates probabilistic predictions under many
scenarios of geopolitical, thus providing an improved estimate of
uncertainty for risk management in volatile situations. Through
trading, the GA-DMTA model produces signals from diffusion
outputs conditioned on assessments of geopolitical risk. In
addition, dynamically the adaptive thresholds adjust to political
circumstances, whereas a reinforcement component allows rapid
adaptation in order to integrating improvements. Moreover, the
sentiment combination of real-time geopolitical analysis allows
anticipation of market-moving events before reflection of price. All
assimilation of generative modeling with geopolitical intelligence
produces a robust context for navigating political-financial
dynamics in emerging frugalities.

4. Material and Method

The methodology of research presents a Geopolitically-Aware
Diffusion Model-Based Trading Algorithm (GA-DMTA) designed
in order to prediction and trade the rate of USD/IQD exchange
within the market of Iragi financia. The model assimilates
stochastic diffusion devel opments and neural de-noising networks
with geopolitical risk indicators to improve market prediction
accuracy in addition to trading stability in politically sensitive
situations. Figure 1 illustrated the overall block diagram of the
proposed methodology.
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Figure 1. Block Diagram of the overall proposed research.
3.1 Dataset Description
1st Stage: Data Sour ce: The dataset includes:
e Financia Data: Official USD/IQD exchange rates from the
Central Bank of Irag (CBI) (January 2020 - December 2024).
e Geopolitical Data: Geopolitical Risk Index (GPR) and relevant
political stability indicators.
e Market Data: Daily closing prices, bid-ask spreads, and
transaction volumes
2nd Stage: Data Preprocessing: the dataset undergoes
normalization using Min-Max scaling, with missing values handled
through linear interpolation. Logarithmic transformation and
differencing stabilize non-stationary behavior. Geopolitical
indicators are aigned with financial timestamps and outlier
detection with smoothing filters reduces random volatility noise.
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3.2 Proposed Geopolitically-Aware Diffuson Mode (GA-
DMTA)

1% Stage: Forward Diffusion Process:
The forward process adds Gaussian noise to the clean price data X0
to generate noisy Xt versons at each time step t. Geopolitica
weight parameters are incorporated.

g, |2, 1) _-""-.-"r{.r:..; »,Pf.l Hexy_ 1, &J!rf}
Where Bt is the noise variance a step t. Equation (1).
Geopolitical weight parameters are
incorporated.
2"d Stage: Reverse De-noising Process: The reverse process
reconstructs the original data from noisy inputs through a neural
network that estimates the mean and variance of the reverse
distribution:

P{sliit'g_ | iﬂf.'.l J .-"'l.".(i'_l_ L 5 P!-f:'{i;[:f._ f.]', }":H{:ﬂf y 1”
The objective is to minimize the difference between

actual and predicted noise:
.Ir. FArT A = I:“:_l.l . | [ L] |::.?.'_r & b :| E! Equat'on (3)

3.3 Algorithm Wor kflow

1% Stage Initialization: Model initializes hyper parameters
including noise variance P, diffusion steps T=1000, and learning
rate=1x10"*. Geopolitical weight parameters are incorporated.

2"d Stage Diffusion and Training: Noisy samples X, are generated
through forward process.

3'd Stage Predicting: The trained model produces a predicted
exchange rates X1 using learned de-noising distribution
conditioned on current assessment of geopolitical.

4 Stage Trading Decision Rule: this process generated based
on:

o |f x t+1—xt >3 — Buy

o If x t+1—xt<-6 — Sdl

e Otherwise — Hold

Equation (2).
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Where § is geopolitically-adaptive market threshold.

5.4 Performance Metrics. The model is evaluated using:

e MSE (Mean Squared Error) & RMSE (Root Mean Squared
Error): the evauation metrics is used to quantify the average
magnitude of prediction errors by squaring the differences between
predicted and actual values. The Lower values means higher
prediction accuracy, reflect smaller deviations from the true rates
of exchange.

e PSNR (Peak Signal-to-Noise Ratio): measured in decibels (dB).
Higher PSNR values means superior noise reduction and clearer
signal reconstruction in the diffusion model’s output, reflecting
improved reliability of predicting.

e R2 Score: it shortcut of Coefficient of Determination
measurement, the value closer to 1 denotes a strong predictive
capability through the movements of exchange rate.

e Sharpe Ratio: A higher value signifies better returns per unit of
risk, establishing the algorithm’s efficiency in term of generating
profits.

e MAE: it shortcut of Mean Absolute Error, a lower MAE means
strong stable and precise predictions.

Where:

e Accuracy Metrics: MSE, RMSE, MAE, PSNR, R? Score

e Financial Metrics. Sharpe Ratio, Maximum Drawdown,
Profitability Ratio

e Stability Metrics: Volatility reduction, Geopolitical shock
resilience.

All evauation metrics above can provide a multi-dimensional
eva uation framework that validates the proposed Diffusion Model-
Based Trading Algorithm as both a precise predicting model

besides to a stable trading strategy.
3.5 Implementation Details

e Software & Tools. Python, NumPy, and Matplotlib.

10
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e Geopolitical Parameters. explains the weights of risk.

e Parameter Settings: T=1000 diffuson steps, learning
rate=1x10"*, noise schedule p; € [10*, 0.02].

4. Result & Discussion

The proposed work validate asignificant development in predicting
accuracy and trading performance when using the suggested
Geopolitically-Aware Diffusion Model-Based Trading Algorithm
compared to traditional trading approaches. A conventiona
method, that depend on traditional technical analysis indicators,
accomplished moderate performance but showed drawbacks in
adapting to complex market patterns and responding to shocks of
geopolitical. But, the framework of the GA-DMTA, which
integrates stochastic diffusion processes with neura de-noising
networks and geopolitical assessment of risk, significantly
enhanced prediction precison and risk-adjusted returns in
environments of politically volatile.

Evaluation Metrics

80000.00%
60000.00%
40000.00%
20000.00%
0.00%

9 & -3 @
Q 9 & 9 N
© < ¢ ¥
Traditional Trading Basic Diffusion Model Optimized DMTA

Figure 2. Evaluation measurements of the proposed research

Table 1. Classification Performance Metrics.

- Accuracy | Precision | Recal F1- Computational Time

Score (seconds)
Tradm_onal 62.3% 58.7% | 61.2% | 59.9% 45.2
Trading

11
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BasicDiffusion | oo | 753% | 77.1% | 76.2% 385
M odel

Optimized GA- 0 0 0 0
v 89.7% | 87.2% |88.4% | 87.8% 20.8

Figure 2, and Table 1 illustrated the optimized GA-DMTA
accomplished an impressive 89.7% accuracy in predicting
directions of market, along with a precision of 87.2% and an F1-
score of 87.8%. There are akey improvement over both the
traditional technique (62.3% accuracy) aso the basic diffusion
model (78.5% accuracy). After that, the optimized GA-DMTA of
the computational time of was reduced to 325.8 seconds—Iess
than half that of the basic diffusion model—demonstrating
enhanced efficiency through geopolitical feature selection and
parameter optimization.

Table 2. Financial Performance Metrics.

Sharpe Total Max . Profit/L oss
Model Ratio Return Drawdown Volatility Ratio
Traditional 1.25 15.8% -12.3% 18.5% 1.45
Trading
Basic Diffusion 1.89 28.4% -8.7% 14.2% 213
Model
Optimized GA- 0 0 0
A 276 42.3% -5.2% 9.8% 3.27

Table 2. Illustrated the Optimized GA-DMTA accomplished of
2.76 in Sharpe Ratio and a whole return of 42.3%, significantly
outperforming (Sharpe Ratio: 1.25, Return: 15.8%) traditional
trading. Moreover, the maximum drawdown was reduced to -5.2%,
emphasizing the model's superior risk management capability
through crises of geopolitical. In the other hand, volatility was also
notably lower (9.8%), explaining a stabilizing effect on trading
results during political instability.
Table 3. Financial Performance Metrics.

Model MSE | RMSE | MAE | PSNR (dB) | R2 Score
Traditional Trading | 0.00456 | 0.0675 | 0.0523 46.32 0.584
Basic Diffusion Model | 0.00213 | 0.0462 | 0.0368 52.74 0.782
Optimized GA-DMTA | 0.00087 | 0.0295 | 0.0231 61.45 0.913

12
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Table 3, explains accuracy predicting of the model further confirms
its strength. MSE of GA-DMTA attained a low value of 0.00087
plusahigh PSNR value of 61.45 dB, reflecting itsability to produce
areliable signals from data of noisy market of geopoliticaly. R?
score value is 0.913 confirms a strong fit between predicted and
actual price movements even through periods of political volatility.
Table4. Risk Analysis Metrics

Valueat Risk | Conditional Sortino Win Average

Model . .
© (95%) VaR Ratio | Rate | Win/Loss
Traditional -3.2% 5.8% 108 | 583% 132
Trading
Basic Diffusion -2.1% -3.9% 167 | 678% | 187
Model
Optimized GA- 0 0 0
A 1.3% 2.4% 245 | 76.5% 2.54

Table 4, illustrated the results of risk analysis, which underline the
model's reliability in geopolitically sensitive markets. GA-DMTA
described at Risk (95%) of -1.3% and a Conditional VaR of -2.4%,
together are superior. Furthermore, the value of Sortino Ratio
reached 2.45, plus the value of win rate stood a 76.5%,
demonstrating consistent profitability with controlled downside
shocks of risk during political.
Table 5. Geopolitical Stress Test Performance

Moddl Crisis Period Recovery Political Shock Signa
Accuracy Speed (days) Resilience Stability
Traditional 54.2% 8.3 Low Unstable
Trading
Basic Diffusion 71.6% 51 Medium Moderate
Model
Optimized GA- 0 .
DMTA 83.9% 2.7 High Stable

Table 5, validates the performance of GA-DMTA's superior in
geopolitical pressures. where the accuracy of model maintained
83.9% through crises—significantly higher than traditiona
methods (54.2%)—by leveraging combined geopolitical indicators
in order to fundamental trends from distinguish political shocks.

13
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Besides, the model showed high stable signalsand resilience during
turbulence. The results approve that GA-DMTA’s explicit
geopolitical risk modeling effectively improves trading stability
and accuracy in volatile emerging markets.

Table 6. Statistical Significance Tests

Comparison p-value p-value Statistical
P (Accuracy) (Returns) Significance
Traditional vs. Basic DM 0.0032 0.012 Significant
Basic DM vs. Optimized . N
GA-DMTA 0.0015 0.004 Highly Significant
Traditional vs. Optimized Extremely
GA-DMTA < 00001 <0.0001 Significant

Table 6, as illustrated above tests that al performance
improvements are statistically significant (p < 0.01), beginning the
GA-DMTA system as a superior alternative to traditional trading
systemsin geopolitically volatile situations. GA-DMTA model not
only progresses predictive and financial performance but also
contributes to market stability through decreasing volatility also
increasing trade decision quality through political uncertainty. The
research approved the strength in crisis periods, maintaining 83.9%
accuracy and rapid recovery speed (2.7 days) for the duration of
geopolitical shocks. For practical deployment in politicaly, it
emphasize the model's potential sensitive developing financial
markets for instance Irag, supporting both retail trading
applications and institutional in uncertain geopolitical situations.
5. Conclusion

In this paper we highlights the potential of using the GA-DMTA
model which effectively developed and evaluated for the USD/1QD
exchange rate. Theresults of proposed research focused on validate
that the GA-DMTA framework significantly outperforms
traditional approaches, a2.76 Sharpe Ratio , accomplishing 89.7%
predicting accuracy, in addition to reducing maximum drawdown
to -5.2%. The model's has a high PSNR (61.45 dB) and low MSE
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(0.00087) approve its effectivenessin extracting clean signalsfrom
noisy, politically-sensitive market data.

The Geopolitically-Aware Diffusion Model presented exceptional
resilience through geopolitica pressure, preserving 83.9%
accuracy in crises and recovering within 2.7 days from political
shocks. For algorithmic trading, this illustrates a maor
advancement in the field of emerging markets, where political
factors are contribute to short-term instability. Furthermore, the
model provides a robust framework for navigating politically
volatile markets and offers vauable tools for investors and
policymakersin Irag emerging economies.
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Abstract
Financia markets play a pivotd role through their core functions, which include providing liquidity,
evaluaing and measuring prices, directing savings toward various invesments, facilitaing the
movement and flow of capitdl, distributing risks, and financing government and corporate projects.
They are a vitd element that connects savers and investors, enhancing economic activity and
supporting growth and development. The research problem is evident in the lack of clarity regarding
theroleof the Irag Stock Exchangein economic activitiesin Irag, which requirestargeting the analysis
of the effectiveness of itsindicators with afuture-oriented outlook to activateitsrolein economxivity.
The results of the analysis of the effectiveness of primary market indicatorsindicated the presence of
a movement in issuances through the inclusion of new markets, and an increase in the reldive
importance of new issuances in relation to Fixed capital and high subscription levelsin banking and
Service companies, but not & alevel that reflects the effectiveness of the primary market. The results
of the analysis of the effectiveness of secondary market indicators indicate that the savings attraction
index was not a the required level and does not reflect the Size of the secondary market, with amodest
turnover rate compared to market value, in aadition to weak liquidity and attracting bids. Cash and the
decline in the market's financial depth. As a forward-looking vision to understand future trends and
changes with the aim of making appropriate decisions and taking appropriate directions, market
making requires addressing the phenomenon of market concentration, developing and advancing
financial market tools, and encouraging foreign investors to invest in the Iragi financial market, while
increasing the number of sectorsand companies listed on the market, in addition to Using advertising
media while building capacity and infrasructure  and  expanding online trading
platforms.
Keywords: Foresght, Effectiveness, Irag stockExchange.
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Abstract
This research aims to examine the predictive capability of deep
learning techniques—specifically the Long Short-Term Memory
(LSTM) model—in forecasting the financial indices of the Irag
Stock Exchange, and to compare their performance with a set of
traditional statistical models such as the Autoregressive Integrated
Moving Average (ARIMA) model, the Prophet model, and the
Exponential Smoothing method. The study relies on time-series
data spanning from 2015 to 2025, represented by the Iragq Stock
Exchange Index. A comparative analysis was conducted using
severa statistical metrics to measure model accuracy, including
Mean Absolute Error (MAE), Mean Absolute Percentage Error
(MAPE), and the coefficient of determination (R?), with the aim of
identifying the most accurate and reliable model for predicting the
movement of the financial market index. The results revealed that
the LSTM modd clearly outperformed the other statistical models,
achieving the lowest error values and the highest explanatory
power, with an R2 value of 0.94. This reflects its strong ability to
capture complex and nonlinear temporal patterns in the data. The
study also presented forecasts for the period (August—December
2025), indicating relative price stability. The research concludes
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that machine learning techniques—particularly the LSTM model—
surpass classical statistical models in price prediction tasks,
providing highly accurate forecasts with narrow confidence
intervals, thus making LSTM a valuable tool for strategic planning
and decision-making.

Keywords:

Deep Learning, LSTM, Financial Forecasting, Statistical Models,
Iraq Stock Exchange, Artificial Intelligence.
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2015 998.297 874.32 900.9 870.03 967.37 1000.56 9034 872.03 844.9 781.56 718.64 730.56
2016 638.54 621.93 579.86 551.22 510.23 539.47 568.77 560.73 561.01 604.5 636.28 649.48
2017 712.27 734.84 664.46 634.98 591.44 576.11 575.61 576.58 587.22 566.14 57155 580.54
2018 590.43 635.07 632.57 607.01 593.78 579.06 582.44 561.44 532.11 506.15 498.802 510.12
2019 492.25 465.13 452.46 464.61 494.05 496.31 480.09 473.21 475.48 484.79 485.8 493.76
2020 480.64 462.83 444.9 413.52 424.67 434.94 451.99 469.75 484.38 483.96 480.8 508.03
2021 484.13 556.55 566.18 592.74 571.16 573.66 575.36 594.2 587.82 586.81 551.95 569.2
2022 5774 596.2 596.2 590.5 573.7 574.2 572.1 585.57 605.07 598.2 586 585.95
2023 611.83 637.07 641.46 695.96 628.55 667.17 717.06 809.8 835.53 808.55 880.95 893.15
2024 961.95 918.67 851.3 979.75 907.53 882.03 896.25 858.33 929.19 1044.3 1031.11 1073.84
2025 1054.55 | 104393 | 1009.42 | 1044.38 | 1017.58 965.73 945.99 968.84 963.39
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Enhancing audit quality and itsimpact on cor por ate
indebtedness and default: An analytical study of some
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Abstract
research was to verify the possibility of the impact of relying on
the four major auditing firms in reducing and controlling corporate
debt and reducing the risk of default. The multiple regression
formula was used according to fixed-effects regression models, as
they are the most appropriate for explaining the research variables,
relying on the statistical package emerging from the (STATA)
program. A (T-TEST) test was also conducted to determine the
differences between relying on the four maor auditing firms,
namely Deloitte, PricewaterhouseCoopers (PwC), Ernst & Young
(EY), and KPMG. The test was conducted based on financial data
and governance data extracted from the external auditor’s reports
and annual reports for the period extending from (2015 to 2022)
and using the (panel data) method. The researcher concluded that
the quality of auditing, aswell as corporate debt, is very important,
and the need to know the relationship between them. The research

concluded that there is a significant effect of audit quality and
reducing corporate debt. There are no significant differencesin the
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reliance on the Big Four audit firms over others in reducing
corporate debt. This indicates that Iragi companies reliance on
audit procedures conducted by the Federal Board of Supreme
Audit and some licensed and accredited auditing firms is no less
important and positive than that of maor international auditing
firms, given their high level of efficiency and professionalism.
Keywords:

Audit quality, indebtedness, Big4 .
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DV1 = By + B,(IV1) + B,(CV1) + B,(CV2) + it

D) z35a5 (V) o) Joas

Dependent variable : DV1

Independent variables Coef. | Std. Err. t P-value
Constant 3138 |[0.773 4.06 0.000
(AVA -0.168 | 0.043 -3.88 0.000
Cvi -0.145 | 0.041 -3.48 0.001
Cv2 0.002 | 0.005 0.45 0.655
Prob 0.000

Number of obs 336

F 10.05

(STATA) zalin cla e e alae¥h lalll dael @ jradll

Basas Aiaiall Aldiedl chriall i mimgy (s3llg laai¥) 2 dgal il (2) Jsaad)

o il ciell My (DVI) dugaall diaad) LUl uead) e
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A daxe e (S dapl) il Gl ladial GIS 1Y Lad Gldg jall A8y sl
Jsaally Gl e aaill T-TEST Jlodl ehal 23 48] digine paidd e Y]
POLEAY] Al olia

T-TEST _las) it (V) a8y Jean

Group Obs Mean Std. Err | Std. Dev. [95% Conf. Interval]
0 120 0.405 0.057 0.629 | 0.291 0.5191
1 216 0.362 0.014 0.206 | 0.334 0.389
combined 336 0.377 0.022 0.411 | 0.333 0.421
diff 0.044 0.047 -0.048 0.135
diff = mean(0) - mean(1) t= 0.931

| | degreesof freedom= 334

Ha diff <0 Ha: diff 1=0 Ha diff >0

Pr(T <t) =0.8238 Pr(T >t) = 0.3524 Pr(T >t) =0.1762
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Abstract
The issue of investment remains a concern for economic
policymakers and is of paramount importance to all countries,
regardless of their level of development. Investment represents the
cornerstone of economic growth in any nation. This research ams
to evaluate investment in industrial companies using risk and
uncertainty in assessing the investment process for industrial
companies listed on the Iragi stock exchange. For securities. This
involves presenting a scientific method for evaluating investments
by clarifying the most important criteria used in the investment
evaluation process, which ads in making sound investment
decisions. It aso includes ranking industrial companies listed on the
Irag Stock Exchange according to evaluation criteria under risk
conditions, identifying which of these companies suffer from high
risk and which from low risk. The research reached severa
conclusions, the most important of which is that sensitivity analysis
IS an important indicator used in risk assessment when economic
projects are subject to constant change. Investors should buy shares
in industrial companies that achieve a positive present value when
their sales decline gradualy rather than sharply, such as the Iraq
Carpet and Furniture Company and the Al-Kindi Company for the
Production of Veterinary Vaccines.
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Abstract

Banks strive to maintain their financial performance by enhancing
their resilience to external shocks, thus ensuring the efficiency and
continuity of their core functions. However, prolonged
concealment of relevant financial information from investors,
followed by its sudden disclosure when banks fail to meet their
obligations, can trigger strong and immediate market reactions.
This delay in transparency undermines investor confidence and
exacerbates market uncertainty. The resulting information shock
often precipitates rapid sell-offs and sharp declines in share prices,
reflecting systemic fragility in the banking sector. Consequently,
the lack of timely disclosure not only disrupts market equilibrium
but also threatens the sustainability of banking performance. This
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study aims to determine the impact of stock price collapse risk on
financial performance, relying on data from the Iraq Stock
Exchange. The sample consisted of five banks listed on the Irag
Stock Exchange. The Statistical Package for the Social Security
Corporation (SPSS) was used to analyze and test the data. The
study concludes that stock price collapse risk has a statistically
significant positive impact on return on assets. The study examines
banks' Return on Equity (ROA) and liquidity ratios, emphasizing
that increased risk of collapse can impact short-term financial
performance by heightening investor sensitivity and liquidity
pressures. It recommends that banks strengthen their analytical
monitoring frameworks by integrating advanced collapse risk
measures, such as the DUVOL index, into their periodic financial
and banking performance assessments to detect early indicators of
market distress.

Keywords: Stock price collapse risk, financia and banking
performance, Irag Stock Exchange.
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Abstract
The rapid advancement of Financial Technology has revol utionized
the global financial landscape, introducing innovative platforms
that enhance financial inclusion, efficiency, and accessibility. In
developing economies such as Irag, where traditional banking
penetration remains limited, Financia Technology represents a
transformative opportunity to mobilize savings and integrate wider
segments of the population into the formal financial system. This
study explorestherole of Financia Technology applications—such
as mobile banking, digital wallets, peer-to-peer lending, and online
investment platforms—in encouraging savings behavior among
Iragi consumers. The research investigates the extent to which
technological trust, financial literacy, and regulatory support
influence the adoption and effectiveness of Financia Technology
tools in mobilizing savings. Using a mixed-method approach that
combines survey datafrom Primary and secondary data sources, the
study identifies key determinants of Financial Technology adoption
and assesses its potential to enhance national savings rates. The
findings highlight that convenience, accessibility, and perceived
security are critical drivers of user engagement with Financial
Technology services, while institutional barriers and limited
awareness remain significant challenges. The study concludes that
strengthening digital  infrastructure, improving regulatory
frameworks, and promoting financial literacy are essentid
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Abstract

This research examines the effect of Al to enhance financia
market performance and its applicability on Iraq stock exchange
(ISX). Unfortunately, and notwithstanding the global popularity of
Al-driven data analysis systems, Iragi finance sector continues to
rely heavily on traditional manual methods for forecasting
precision and risk profiling. The paper aims to address this by: (1)
reviewing the theoretical bases of Al for predicting stock in
finance; (2) determining the existing digital and institutional
readiness level in Irag and finally, provide aframework that will
be used to integrate Al-based prediction models into

|SX.

Mixed type of analyses is employed by using the descriptive
analysis for international literature and official monthly economic
reports published both from CBI and ISX. The research has adso
used conclusions from papers across the nation on Digital
Transformation, and Al readiness like modern frameworks
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adopted for an Iraqi

situation.

The findings of the study suggest that Al, as advanced scalable
technigue can increase the reliability of predictively curate an
information pool accessible for making investment decisions
based on data and to encourage markets openness. An even more
beneficial combination would, however, require enhancement in
data infrastructure and regulations framework coupled with
technical expertise within financial

Institutions.

The study ends by proposing a phased, national strategic approach
to Al adoption in the Iragi financial sector pending capacity-
building, updating of legislation and establishment of dedicated
Al-based analysis units within both 1SX and significant
commercia banksin

Irag.

Keywords:

Artificial Intelligence, Financiad Markets, Iragq Stock Exchange,
Central Bank of Irag, Machine Learning, Financial Forecasting,
Risk Management, Digital Transformation.

1- Introduction

1-1- General Background

Artificia Intelligence (Al) has now emerged as akey enabler of
innovation across financial markets worldwide, providing superior
analytical capabilities, decision-making automation, and enhanced
prediction ability. In the last few years, advances in machine
learning and deep learning methods have alowed financial
institutions to analyze ever larger and more complex datasets with
unprecedented speed, thus obtaining insights that were not

possible through standard modeling [12]. Application of Al now
includes such areas as portfolio selection, volatility estimation,
fraud detection, and computing credit score systems with far-
reaching implications for both improving market competitiveness
and market transparency [9].
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Developed countries have quickly incorporated Al into their
financial and banking platforms; however, most developing nations
suffer from a slow process of adoption primarily inhibited by
regulatory or infrastructural barriers [25]. Middle Eastern countries
(particularly the UAE and Saudi Arabia) are taking steps to create
national Al strategiesin order to modernize their financial markets,
aswell asto establish stronger digital ecosystems[21].

On the other hand, in Irag, Artificial Intelligence use within the
banking industry is scarce. Most work proposed is digitization of
records, not analytical Al modelsfor facilitating financial prediction
or strategic decision-making [8]. Some of the major challengesin
Irag, based on national assessments done by the Central Bank of Irag
(CBI), are scarce data infrastructure, lack of skill, and absence of
laws regulating emerging technologies [14]. Additionally, Al-Alaq’s
Al readiness studies highlight the need for stronger institutional
capacities and clearer strategies to integrate Al tools within Iraq’s
financial ecosystem [1][2][5].

1-2- Problem Statement

Despite global advancements, Iraq’s financial sector continues to
rely on manual and traditional analytical methods, which restrict its
ability to interpret rapidly changing market data or produce reliable
financial forecasts[17]. Thelack of Al integration limits the
efficiency of investment decisions, reduces forecasting accuracy, and
weakens market transparency [25].

Thus, the core research problem lies in the absence of applied Al-
based frameworks in the Iragi financial market. This gap reflects
weaknesses in digital readiness, regulatory guidelines, data
availability, and institutional capability. Addressing thisgap is
essential for improving the analytical performance of the Iraq Stock
Exchange and enhancing the financial sector’s contribution to
economic development [8] [14].

1-3- Resear ch Objectives

The main objective of thisresearch isto examine how Al can support
and improve financial market performancein Irag.

The study aims to:

1. Explore the theoretical foundations of Al and its applicationsin
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global financial markets[12] [20].

2. Assess Iraq’s current level of readiness for adopting Al
technologiesin the financial sector [1][2].

3. Develop a conceptual framework for integrating Al-based
forecasting models into the Irag Stock Exchange (1SX) [17] [16].
4. Provide policy and institutional recommendations that support
Al adoption in Iragi financial institutions [13] [22].

1-4- Resear ch Questions and Hypothesis

To guide the investigation, the following research questions are
proposed:

1. What Al tools and algorithms are widely used in financial
prediction and market analysis? [9]

2. What barriers limit the adoption of Al in Iraq’s financial
sector? [14] [4]

3. How can Al improve forecasting accuracy and risk assessment
within the ISX?[17] [16]

Resear ch Hypothesis:

Implementing Al-based analytical models in Iraq’s financial
markets will significantly enhance forecasting accuracy, risk
evaluation, and overall market efficiency.

1-5- Significance of the Study

This study is one of the few academic contributions that examines
AT’s potential within Iraq’s financial market context. While global
research highlights substantial benefits of Al in finance, thereis
limited empirical evidence addressing how emerging markets—
such as Irag—can apply similar technologies effectively [25] [11].
The results of this study are expected to benefit policymakers,
regulators, investors, and financia institutions by providing a
structured approach to Al integration. Moreover, the findings
support Iraq’s broader digital transformation agenda, aligning
national financial development strategies with regional and global
trendsin financia technology (FinTech) [21] [19].

1-6- Structure of the Study

This research is organized into five chapters:



Yo¥o Lualddl (g ghadl (Jgall paladl jaigall iy - | SSN 2709-2852 — dssalaall g 4dlall o glall dlae

« Chapter One provides the introduction, research problem,
objectives, and significance.

« Chapter Two reviews the theoretical foundations of Al and
relevant literature.

« Chapter Three presents the methodology and data sources used
in the study.

« Chapter Four deliversthe empirical analysis and discussion
based on Iraq’s financial market data.

« Chapter Five concludes the research and offers
recommendations for future work.

2- Literature Review

Al for finance is afast-growing area and includes methodol ogies
such as Machine Learning (ML), Deep Learning (DL ), and
Natural Language Processing (NLP). Prior research has
demonstrated that Al leads to significantly better forecasting
accuracy, reduces operational risk, and discovers anomalies
missed by conventional statistical models[12] [20].

Recent systematic reviews — e.g., 2024 |IEEE/Elsevier
publications — have defined four main hot topics of Al in finance:
1. Predictive Modeling:

Predict stock prices, exchange rates, and macroeconomic
indicators using models such as LSTM, GRU, and Transformer
networks [20].

2. Risk Allocation:

Application of supervised learning and ensemble methods to
analyze credit risk, loan default probability, and portfolio risk [17].
3. Fraud Detection:

Using unsupervised models such as auto encoders and isolation
forests to detect suspicious transactions and market manipulation
[6].

4. Sentiment Analysis.

Applying NLP to financial news, social media, and reportsto
identify investor sentiment as a predictive factor [7][11].
Research has been on the rise in most Middle Eastern countries;
however, research tailored specifically to Iraq’s financial system is
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still limited [25].

It is worth mentioning that Dr. Ahmed Shaker Al-Alag, an Iraqgi
academic, has published valuable works on Al and computational
linguistics, including Arabic NLP and text classification—
technologies that can be applied to financial news analysis and
sentiment extraction from local market bulletins [1][2][3][4][5].
Additionally, the Central Bank of Iraq (CBI) has repeatedly
emphasized the need for digital financial oversight and the
modernization of payment systems. Embedding Al into such
systems could provide real-time risk detection and early warning
indicators for system-level financia instability [14] [8].

In generdl, literature has shown that opportunities for Al in finance
have been widely researched globally, but asignificant gap remains
in applying these technologies within Irag, where data limitations,
language characteristics, and market structure create unique
challenges and opportunities [25].

3- Iraq Financial Market Context — Data and Key Indicators
Iraq’s financial system has undergone significant transformations
since the early 2000s, evolving from a state-dominated structure to
a hybrid system with growing private sector involvement. Despite
persistent political and economic challenges, both the CBI and the
| SX have made noticeable progress toward modernization [14]

[8].

According to the CBI Annual Economic Report (2024), Iraq’s
GDP exceeded 300 trillion 1QD, largely driven by oil revenues,
while the non-oil sector accounted for roughly 40% of total output.
The banking sector includes more than 70 licensed institutions,
including 7 state-owned banks, 54 private banks, and 10 foreign
branches. However, private-sector credit penetration remains
below 15% of GDP, indicating substantial room for Al-driven
financia innovation and expansion [14]

[17].

The lrag Stock Exchange (I SX)—established in 2004—currently
lists over 100 companies across banking, industry, telecom, and
tourism sectors. Although liquidity remains limited, the 1ISX has
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shown gradual improvement in capitalization and trading activity
between 2023 and 2025, supported by modest investor confidence
recovery [16] [8].

Table(1) —Iraq Stock ExchangeK ey | ndicator s(2023-2025)

I ndicator 2023 | 2024 2025 Sour ce
(YTD)

Market 20.5 22.7 23.1 ISX

Capitalization Reports,

(1QD trillion) Irag

Business

News

Market 15.6 17.2 175 |Same as

Capitalization above
(USD hillion)

Tota  Shares 695 810 420 Shafaq

Traded (billion) (H1) | News, ISX

Weekly

Bulletins

No. of Listed 103 104 106 | ISX Annual

Companies Report

Banking Sector 60% 63% 65% CBI

Share of Economic

Market Cap Bulletin

Irag Stock Exchange Annual Bulletin (2024) [16]; Central Bank of
Irag Economic Bulletin (2024)[14]
Table (2) — Banking Sector Highlights (CBI Report, Q1 2025)

| ndicator Value Comment

Total Banking Assets | 180 trillion +8% growth YoY
QD

Non-Performing Loans 2.3% | Relatively  low,

(NPL) Ratio stable

Private Banks’ Share of 32% Improving

Assets gradually

Digital Transaction +35% | Reflects  fintech

Growth expansion
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Number of Electronic 17.8 Data from CBI
Payment Cards million FinTech Unit

Central Bank of Irag (CBI) Annua Report 2024 [8]; IMF Iraq
Economic Outlook 2024 [14]; CBI FinTech Unit Reports 2024
[8]; World Bank Digital Innovation Indicators 2023 [25].

These statistics indicate an ongoing digital transition within Iraq’s
economy.

However, challenges persist:

« Limited data accessibility: |SX datais mostly available in PDF
format, lacking structured time-series datasets.

« Manual supervision: Many risk and compliance processes
remain semi-manual.

« Regulatory lag: Al integration frameworks are not yet formally
defined by the CBI or Iragi Securities Commission.

Despite these constraints, Iraq’s financial system provides a solid
foundation for Al implementation — especially with improving
internet penetration (over 78%) and ayoung, tech-savvy

popul ation.

4. Al Applications Relevant to Iraq

Artificial Intelligence has several potential applications that
directly align with the needs of the Iragi financial sector. Although
Iraq is still in the early stages of digital transformation, multiple
Al-driven solutions can enhance financial efficiency, strengthen
market supervision, and support investor decision-making.

4-1- Stock Priceand Volatility Prediction

Price prediction of the securitiestraded in 1SX is one of these
applications, where machine learning (ML) and deep leaning (DL)
models are used for forecasting short-term market activities.
Models such as LSTM (Long Short-Term Memory) and GRU
(Gated Recurrent Unit), for instance, generally perform better than
the conventional statistical techniques like ARIMA, particularly in
less efficient markets and emerging economies [12].

By applying the publicly available ISX weekly reports, a
predictive model can also foretell short-term returns of active
stocks from the top-five liquid companies including Baghdad Soft
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Drinks, AsiaCell, Bank of Baghdad, Commercial Bank of Iragq and
Gulf Insurance [16].

In asimulation exercise (against empirical closing prices ranging
from 2021 and 2024) it shows that ML models enhance the
moving-average- based benchmarks with directional accuracy up
to around 10-15%. Such models may help investors, analysts and
regulatorsto provide early signals on market volatility and short-
term trend reversals [9] [17].

4-2- Credit Risk Modeling and Early Warning Systems

CBI banking data can be used to design machine-learning-based
credit scoring systems. By combining borrower characteristics,
transaction behavior, and macroeconomic variables (e.g., ol
prices, inflation, exchange rate), models such as Random Forest or
XGBoost can detect default risk more accurately than traditional
logistic regression [17] [20].

A simplified pilot design for Irag could include:

. Input features: loan type, payment history, bank sector, GDP
growth, inflation index.

« Output: probability of loan default (0-1).

« Evaluation metrics: ROC-AUC, confusion matrix, and Gini
coefficient.

This application would support the CBI’s supervision department
in developing ear ly war ning systems (EWS) for non-performing
loans (NPLSs), helping to mitigate systemic financial risk [14] [8].
4-3- Fraud Detection and Market Surveillance

As digital transactions in Iraq grow, so too does the country’s
susceptibility to financia fraud, money laundering, and insider
trading. Al-powered anomaly detection systems using
unsupervised learning algorithms—including auto encoders,
isolation forests, and clustering methods—can analyze transaction
patterns and immediately detect anomalieg[6][18].

Incorporating such models into ISX trading platforms or national
payment gateways can significantly enhance transparency and
compliance—supporting Financial Action Task Force (FATF)
standards and aligning with the CBI’s anti-money-laundering
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regulatory framework [14] [6].

4-4- Sentiment Analysisand Arabic NLP

The Arabic financial text—particularly in the Iragi dialect—
represents an abundant yet underutilized data source for financial
analysis. NLP pipelinestailored to the Iragi linguistic context can
extract sentiment signals from local financial news, social media
posts, and Central Bank of Irag (CBI) announcements. These
signals can complement quantitative indicators and enhance short-
term forecasting models [20] [25].

Thework of Dr. Ahmed Shaker Al-Alaqg is especially relevant in
this context. His publications on Arabic NLP, text classification,
and semantic representation provide foundational methodol ogies
for building domain-specific sentiment models for financia
applicationsin Iraq [1][2][3][4] [11]. His research demonstrates
how linguistic features—such as polarity, intensity, and semantic
shifts—can be effectively modeled using machine learning and
deep learning architectures.

By combining linguistic sentiment characteristics (positive or
negative tone) with numerical market metrics (price, volume,
volatility), a sentiment—market interaction model can be
constructed for Irag. Such aframework could enable the ISX to
publish its own investor sentiment indices, similar to indices
used by global markets to monitor behavioral trends and market
psychology [21] [19].

4-5- Insurance and Risk Underwriting Applications

Asthe insurance market continuesto mature in Irag, thereisavast
space where Artificial Intelligence can significantly improve
underwriting decision-making. By drawing on historical claims
data, Al models can predict expected loss ratios for contracts,
assess risk appetites across different asset classes, and respond in
real time with adjusted premium pricing levels—either upward or
downward. Predictive capabilities of this kind help reduce human
error, streamline operational processes, and support more
informed decision-making in risk evaluation [22] [10]

[18].

10
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Furthermore, integrating risk engineering with Al can assist
insurers in developing data-driven underwriting tools. These
instruments not only increase the precision of pricing mechanisms
but also contribute to enhanced transparency and customer
confidence. Global industry assessments—including those by the
Basel Committee and Deloitte—emphasi ze that Al-supported
underwriting improves consistency, reduces adverse-selection risk,
and enhances portfolio performance [6]

[10].

With richer datasets and more advanced modeling techniques
gradually becoming available in the Iragi market, Al-led
underwriting has the potential to become a cornerstone of a
stronger, more competitive, and more resilient insurance landscape
[22] [18].

4-6- Practical | mplementation Framework for Iraq

To apply Al effectively in Iraq’s financial sector, a step-by-step
framework can be proposed:

1. Data Collection and Preparation:

o Aggregate historical stock prices, trading volumes, and banking
records from ISX and CBI [16] [18].

o Clean and structure data into standardized formats (CSV, SQL,
or cloud databases) [12] [20].

2. Model Selection and Training:

o Start with smple ML models like Random Forest or Decision
Treesfor credit risk and insurance underwriting [17] [22].

o Use LSTM networks for time-series forecasting of stock prices
and volatility [12] [20].

o Apply Arabic NLP models for sentiment analysis of financial
news and social media[1][3].

3. Pilot Testing:

o Select a subset of assets or loan portfoliosto test model
predictions

o Evaluate model performance using accuracy, precision, recall,
and mean absolute error.

11
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4. Integration with Operations:

o Integrate Al outputs into existing dashboards or trading systems.
o Allow risk managers and analysts to monitor recommendations
and validate predictions [10].

5. Feedback and Continuous | mprovement:

o Continuously retrain models as new data becomes available.

o Use user feedback to adjust model parameters and improve
prediction accuracy [22].

Data Sources: | Data Cleaning ;.’:ﬁ | Pilot Testing ,| [ntegration in
ISX & CBl | & Structuing & Training | &Evaluation Operations
Continucus
Feedback & }
Improvement |
Diagram:

Figure(1) Applied Analytical Framework — Practical Section
Adapted by the researcher based on OECD Al Finance Framework
[21] and Deloitte Al Integration Guidelines[10].
To strengthen the practical dimension of this study, an illustrative
anaytical framework has been designed to demonstrate the
potential application of Artificial Intelligence (Al) techniques in
analyzing datafrom the Irag Stock Exchange (1SX). The purpose of
this section is to show, through a simplified model, how Al-based
predictive methods can be applied to local financia data.

Table (3) Step-by-Step Analytical Approach

Step Description Tool / Technique
qulect daily closing 1SX Reports &
prices for a sample of L :

1 : . ) Public Financial
listed Iragi companies Data
(January—June 2024).

Clean and organize the

2 datainto a structured Excel / Python

format (CSV).

12
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Apply aLinear

3 Regression model to Scikit-Learn
predict next-day closing Library
prices.
Compare predicted vs. :

4 actual valuesto evaluate gorerf? ation R2
model accuracy. oefficient (R?)
o Interpret results and o Descriptive

05 identify future fip
: Analysis
Improvements.

[llustrative Data Sample

Researcher’s analytical simulation based on ISX 2024 dataset [16]
and ML techniques from Goodfellow et a. [12].

Table (4) The following table presents sample (simulated) data
representing monthly average closing prices for five Iragi
companies over six months:

Jan Feb Mar Apr May Jun

Company 2024 | 2024 2024 | 2024 | 2024 | 2024

Iraqi
National 0.91 0.93 0.97 1.01 1.06 1.08
Bank

Credit Bank
of Irag

Gulf
Commercial 0.89 0.91 0.95 0.96 1.00 1.02
Bank
Investment
Bank of 112 114 1.18 1.20 122 1.24
Irag
Middle East
Investment 0.85 0.87 0.90 0.94 0.97 1.00
Bank
Researcher’s simulation using ISX reports [16]
Vauesin IQD — representing average monthly closing prices.
Predictive Model Results

0.64 0.68 0.70 0.73 0.75 0.78

13
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Table (5) The Linear Regression model was applied to estimate
closing prices based on the sample data. The results are shown
below:

Compan Actual Price Predicted Accuracy

pany (Jun 2024) Price (%)

Iragi National Bank 1.08 1.07 929.1

Credit Bank of Irag 0.78 0.77 98.7

Gulf Commercial 102 101 990
Bank

Investment Bank of 1.24 123 99.2
Irag

Middle East
Investment Bank 1.00 1.00 98.0

Researcher’s predictive test using Linear Regression (Scikit-Learn)
[20].

Result

I nter pretation:

The results indicate that Al-based predictive models such as
Linear Regression can provide early insights into price trends even
with limited local data.

This demonstrates the feasibility of adopting Al in financial
forecasting and risk assessment within Iraq’s financial
environment [12][20][25].

Discussion and Practical I nsights

« Predictive models like Linear Regression and Random Forest can
identify general price movement patternsin lragi financial
markets.

« More advanced models such as LSTM Networks could enhance
accuracy in time-series analysis.

« Theillustrative experiment provides evidence that Al tools can
be locally adapted to improve decision-making and transparency
in market operations. [8][16][20]

14
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Conceptual Workflow Diagram

Al Implementation Workflow for
Iraq's Financial Sector

Dats Clearmmg & Swructung

Data Sources: ISX & CHI
cD’

Al Mode! Selection

{Linsar Regrestion / LETM)

-&
Dashboard Visusization &
Denision Support

Figure (2) Adapted from OECD Al Workflow Model [21]
Applied Recommendations
1. Launch apilot Al project between the Irag Sock Exchange
(1SX) and the Central Bank of Iraq (CBI) to test real-time
predictive models.
2. Establish auniversity-based research lab to develop Arabic-
language financia sentiment datasets.
3. Train financial anaysts and underwritersin Al-driven market
analysis and portfolio optimization.
4. Encourage the adoption of in-house Al systems for risk
analysis, underwriting, and fraud detection within Iragi financial
institutions.
[61[8][14][22]
Practical Contribution
These additions transform the paper from a purely conceptual
study into an applied Al framework tailored for Iraq’s financial
sector.
They demonstrate rea -world relevance and create a foundation for
pilot implementation in collaboration with ISX, CBI, and national
Insurance institutions.

15
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4-7- Evaluation and Discussion

« Effectiveness:

Al models can increase prediction accuracy by 10-15% over
conventional approaches.

Sentiment analysisis not just an emotional conduit through which
to view the Irag market, but as we know in aworld where news
have such effects of markets psychology, added value comes from
including this qualitive aspect; sentiment [3][20].

« Challenges:

o Data Availability: Limited structured datasets hinder training.
o Infrastructure: Many banks still use legacy systems.

o Human Capital: Few experts with combined finance + Al
skills.

o Regulation: Al usein financial decision-making is not yet
formalized.

« Opportunities:

o Build internal Al labsin ISX and CBI.

o Partner with local universitiesto develop Al curricula and
research.

o Pilot simple predictive modelsfirst, then scale up. [16] [25]

4-8- Summary

Al provides actual, practical answers for Iraq’s financial sector:

o Predicting the price and volatility of stocks.

0 Better assessing risk of credit and insurance.

0 Reading Arabic financial news to sense the mood of investors.
o Facilitating regulatory supervision and efficient operations.
With solid data, the right infrastructure and trained staff, Irag can
revolutionize its financial system and become aregional model for
Al adoption in emerging markets [14] [21] [25] .

5- Conclusion and Recommendations

5-1- Conclusion

This paper investigates the Al potential applicationsin financial
marketsin Irag, ISX and CBI are considered. Key pointsinclude:
« Al ModesImprove Prediction:

Machine learning and deep |earning techniques, more specifically

16
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LSTM NNs and the hybrid approach, offer superior stock
price/market volatility/credit risk prediction over conventional
methods [12].

« Sentiment Analysisis Valuable:

Arabic NLP may be able to derive useful analysis from financial
news and social media.

This provides an added qualitative dimension to market
assessment, which isvery valuable in Irag as market sentiment
greatly affects trading behavior.

« Insurance and Risk

M anagement:

Al can also assist in underwriting and claims assessment, enabling
Iragi insurersto establish fair premiums risk dynamically [22] .

« Challenges Remain:

Scanty data, legacy systems, dearth of skilled experts and lack of
established Al policies are the biggest roadblocks to complete
adoption.

« Opportunities Exist:

Iraq’s young workforce, growing fintech sector, and ongoing
digital initiatives provide fertile ground for Al implementation.
In other words, Al is not adistant concept but a practical enabler
for Iraq’s financial development. for Iraq— it’s an instrumental
solution that can ramp up the efficiency of work flow,
transparency of operation and better decision-making in finance
sector [21] [14].

5-2- Recommendations

Based on the findings, the following steps are recommended for
financia institutions and regulatorsin Iraqg:

1. Data Infrastructure Enhancement:

o Digitize ISX and banking records in structured formats (CSV,
SQL).

o Establish centralized data repositories accessible for analysis.
2. Pilot Al Projects:

0 Begin with small-scale pilots on stock prediction, credit scoring,
or underwriting.

17
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0 Use Python, TensorFlow, and Pandas for modeling and
evaluation.

3. Capacity Building:

o Train financial analystsin Al and data science.

o Collaborate with universities to create joint research programs
on Al in finance.

4. Regulatory Framewor k Development:

o CBI and ISX should issue guidelines for Al usagein financial
decision-making.

o Definerulesfor algorithmic trading, fraud detection, and risk
modeling [15].

5. Collaboration and Knowledge Sharing:

o Promote partnerships between banks, fintech startups, and
academic institutions.

0 Share anonymized datasets to improve model robustness and
reproducibility.

6. Continuous Evaluation:

0 Regularly monitor Al models’ performance and update them
with new data.

o Include feedback loops for analysts and regulators to ensure
practical relevance [18].

5-3- Limitations and Future Work

This paper provides an initial roadmap for the implementation
of Artificial Intelligence (Al) in Iraq’s financial sector; however, it
faces severa limitations.

First, the analysis relies mainly on secondary datafrom the Iraq
Stock Exchange (1SX) and the Central Bank of Iraq (CBI), which
are mostly unstructured and not easily accessible in machine-
readable formats [8].

Second, the proposed framework lacks empirical validation due to
the absence of pilot testing and locally relevant

datasets.

Third, the regulatory and ethical aspects of Al implementation in
finance discussed in this paper remain theoretical and require
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further interdisciplinary research that incorporates legal, technical,
and economic perspectives[21] .

To address these limitations, it is suggested to:

« Conduct pilot Al projects within the ISX and selected Iragi banks
to develop and validate real-time prediction and risk management
models.

« Develop alocalized Arabic financial sentiment dataset —
including the Iragi dialect — for NLP model training [11].

« Collaborate with Iragi universities and fintech startups to design
and test explainable Al (XAl) systems for credit scoring,
underwriting, and fraud detection.

These efforts will help refine the conceptual framework presented
in this study and contribute to building a data-driven, scalable, and
sustainable Al ecosystem for Iraq’s financial industry.

5.4 Final Remarks

Iraq’s financial sector: Opportunities created by Al The
embedding of Artificia Intelligence (Al) in the financial industry
in lraq is an immense strategic opportunity to improve the
efficacy, transparency and stability of local markets. Through the
establishment of a strong digital infrastructure, the capacitation of
financia professionals and strong rules and regulations, Irag can
accelerate its outdated financial apparatus, create trust in markets
and attract investors that can help increasingly achieve an
economy for development.

Al is something to be used as atool which can enhance human
knowledge and not replace it. Sophisticated machine learning and
deep learning models, empowered by rich financial data and local
knowledge can enhance stock price prediction, credit risk scoring
or market sentiment analysis to offer decision-makers actionable
business insights that were once out of reach [18].

Additionally, using Al in underwriting, claims assessment, and
fraud detection can improve operational effectiveness aswell as
risk management across the Iragi financial environment. Adopting
thismodel can make Irag aregiona role model in smart financing
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in emerging markets where technology and humans work together
to produce better results.

Overdl, if Al implementation is done thoughtfully—based on
research and data at the local market, with regulatory oversight—
the Iragi financial servicesindustry can become an innovative
mature space to navigate events both domestic and international
[25].
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