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Abstract. This article proposes “a credit scoring system based on artificial
intelligence” designed to support producers and importers of goods, compensating
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for the inefficiency of traditional methods of assessing creditworthiness. Traditional
credit scoring often leads to inaccurate risk assessments, financial losses for lenders,
and limited access to financing for businesses. The proposed solution combines “re-
inforcement learning” and “predictive modeling”, using alternative data sources for
a more detailed and dynamic analysis of borrowers’ behavior. Experimental evalu-
ation using open datasets demonstrates “a 15 % reduction in the root-mean-square
error”, “an increase in average accuracy by 10%” and consistently high classifica-
tion rates (accuracy > 80 %, completeness > 75 %, ROC-AUC > 0.85), exceeding
traditional models in accuracy by 15 %. The architecture of the system focuses on
“data confidentiality, minimizing bias and explainability”, ensuring transparency in
decision-making and compliance with financial regulations. The study highlights the
potential “of system scalability across industries” and lays the foundation for further
development of ethical and adaptive creditworthiness assessment technologies.

Keywords: intelligent credit system, credit scoring, machine learning, rein-
forcement learning, financial inclusion, predictive model, data analytics

For citation: R.K. Uskenbayeva, Zh.B. Kalpeyeva, A.N. Moldagulova, A.B.
Kassymova, R.Zh. Satybaldiyeva. Machine learning-based credit scoring for man-
ufacturers and importers//International journal of information and communication
technologies. 2025. Vol. 6. No. 23. Pp. 323-335. (In Eng.). https://doi.org/10.54309/
JICT.2025.23.3.020.

Acknowledgment. The manuscript presents the results of the research con-
ducted within the framework of grant funding for 2023—2025 under the IRN project
AP19675226 “Artificial Intelligence System for crediting manufacturer/importer of
goods”. The study was carried out with the financial support of the Science Commit-
tee of the Ministry of Science and Higher Education of the Republic of Kazakhstan.

Conflict of interest: The authors declare that there is no conflict of interest.

OHAIPYIIIVIEP MEH UMIIOPTTAYIIIBIVIAPTA APHAJIFAH
MAIINHAJIBIK OKBITYT'A HET'T3JIEJITEH HECHUEJIIK BATAJIAY

PK. Yckenoaesa, 7K.b. Kanvneesa, A.H. Monoazynosa, A.b. Kacvimosa,
P.JK. Camvioanoueea’

K.H. Corb6aeB ateinarsl Kazak ¥ nTThik TeXHUKAIBIK 3epTTey Y HUBEPCUTETTI
(Satbayev University), Amarsl, Kazakcran.E-mail: r.satybaldiyeva@satbayev.
university
E-mail: r.satybaldiyeva@satbayev.university

Ycken6aeBa Pamca — TexHUKaNBIK FhUIBIMIAPBIHBIH JOKTOphl, K.M. Corbaes
ateiHaarel Kazak ¥YnTTeik TexHukaneik 3eprrey YHUBEPCUTETTIH «IIporpamMmmanbik
HWHXXeHepHUs» KadeIpachIHBIH MTPOQeccCopbl

E-mail:r.kuskenbayeva@satbayev.university.https://orcid.org/0000-0002-8499-2101;

This work 1s licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
w International License 324



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2025. Vol. 6. Is. 3.

Kanbneesa Kynawsizs — PhD, K.W. Cor6aeB arbinnarsl Kazak ¥nTTeIK TeXHUKAIBIK
3eprrey YHuBepcuTeTTiH «IIporpammansik MHXEHEpUs» KadeIpachIHbIH KaybIM/Ia-
CTBIPBUIFaH MPOQeCccopbl

E-mail: zh.kalpeyeva@satbayev.university. https://orcid.org/0000-0002-4970-3095;
MouanaryaoBa Aiiman — PhD, K.W. Cor6aes atbinaarsl Kazak ¥ aTThIK TeXHUKAIBIK
3eprrey YHuBepcuterTiH «Kubepkayimncisaik, aknaparrap/sl OHIeY KOHE CaKTay»
kaeapackIHBIH IPOQeccopsl
E-mail:a.moldagulova@satbayev.university.https://orcid.org/0000-0002-1596-561X.
KacbimoBa Aiixkan — PhD, K.M. Cor6acB ateingarsl Kazak ¥ aTThiK TeXHUKAIBIK
3eprrey YHuBepcuteTTiH «IIporpammansik nHXeHepus» KadeapachHbIH KaybIMIa-
CTBIPBUIFaH PO eccopbl

E-mail: a.kassymova@satbayev.university. https://orcid.org/0000-0003-2999-5745;
Catsi0anaueBa Poicxan —1T.r.x., K.M. CotOacB atbingarsl Ka3zak ¥ ITThIK
Texuukanslk 3eprrey YHUBepcUTeTTIH «Kubepkayincizaik, aknapaTrapisl OHJIey
KOHE cakTay» KadeqpachlHbIH KaybIMIACTBIPbUIFaH PO eccopbl
E-mail:r.satybaldiyeva@satbayev.university.https://orcid.org/0000-0002-0678-7583.

© P.K. Yckenbaesa, XK.b. Kanbnieea, A.H. Monnarynosa, A.b. Kaceimosa, P.JK. Carbibanauesa

AnHoTanus. by makanana Hecuenik KaOUIETTUTIKTI OaranayablH IOCTYpIi
O/IICTEPiHIH THUIMCI3ZITIH ©TeH OTBIPHIN, Tayap OHIIPYLIUIEp MEH HMIIOPTTAYILbI-
JapAbl KOJ/IayFa apHaJIFaH» JKacaH](bl MHTEJUIEKTKE HET13/1eIreH HEeCUeNiK CKOPUHT
KyHecl « ychIHbUTFaH. J[ocTypii HECHeNiK CKOPUHI KeOiHece ToyeKeNaepal Iyphic
emec Oaranayra, Hecue OepylIlUiep YIUIIH Kap)KbUIBIK HIBIFBIHJIAPFA KOHE OM3HECTI
KapKbITaHABIPYFa KOJI KETIMIUTIKTIH IIEKTeNyiHe oKeledl. ¥ ChIHBUIFaH MIeNIM Ka-
PBI3 ATYIIBUIAP/BIH MiHE3-KYJIKBIH HEFYPIIBIM €rKeH-Ter kel koHe TUHAMUKAIIBIK
Tajjay YUIiH Oanama JepeKTep Ke3JepiH MaiiianaHa OTBIPBII, «apMaTypaJblK OKbI-
Ty» MEH «O00JKaMIbl MOJENbICYA» OIpiKTipeai. AIIBIK AepeKTep KUbIHBIH Maiiia-
JaHa OTBIPBIIN, SKCIIEPUMEHTTIK Oaranay «opralia KBaapat TyOip KareciHiy 15 %-ra
TOMEHCYiH», «opTama AaiKTIH 10 %-Fa apTybIH» JKOHE TYPAKTbI XKOFaphl KIKTEY
kepcerkimrepin (monmik > 80 %, TomeikTHIFBI > 75 %, ROC-AUC > 0,85)
KepceTei. Amairi 6oibIHIIa gocTypii yiariiepaeH 15 % - ra acein tyceni. JKyileHin
ApXUTEK-TYpachl «JIEPeKTEP/iH KYNUSIbUIBIFbIHA, O1PKAKTBUIBIK MEH TYCIHIKTIIIKTI
OapblHIIa a3aiiTyra», mIeNIiM KaObUIJayldarbl AalIbIKTBIKTBl JKOHE KapiKbUIBIK
epexenepai cakra-yapl KaMTamachl3 eTyre OarbITTalFaH. 3epTIey «canajiap
OOMBIHIIA JKYHENTIK ayKbIM-IBbUIBIKTBIH» OJICYeTIH KepceTell MKoHE HEeCHeNiK
KaO1IeTTUIIKTI OaranayablH 3THUKA-JIBIK )KOHE aJalTUBTI TEXHOJIOTHUIAPbIH OJIaH opi
JIAMBITYFa HeT13 KaJlaiIbl.

Tyiiin ce3mep: uHTEIUIEKTYyalAbl HECHE KYHEC], HECUEIIIK CKOPHUHI, MaIlIUHAa-
JBIK OKBITY, apMaTyPAJIbIK OKBITY, Kap>KbUIBIK HHKIIIO3US, 00JKaM/Ibl MOJIEIb, 1EPEK-
Tep.i Tanaay
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AnHoTanusi. B taHHO# cTaThe npeiaraercs “‘cucremMa KpeIMTHOTO CKOPUHTa
Ha OCHOBE MCKYCCTBEHHOTO WHTEIUICKTa , TpeTHA3HAUCHHAs IS TOJIJIEPIKKH
MIPOU3BOAUTENICH W HMMIIOPTEPOB TOBAPOB, KOMIICHCHpYIomas Hed()(HEKTHBHOCTH
TPAAMIIMOHHBIX  METOJIOB  OIICHKH  KPEIUTOCIOCOOHOCTH.  TpaauIimOHHBINA
KPEIUTHBI CKOPUHT YacTO MPUBOJAWT K HETOYHOH OIIEHKE PHCKOB, (DMHAHCOBHIM
MOTEPSIM JIJIsT KPEIUTOPOB W OTPAaHUYCHHOMY JOCTYINy K (DMHAHCHUPOBAHUIO IS
ousHeca. [Ipemmaraemoe pemeHne codeTaeT B cede “o0ydeHHe ¢ MOoaKperieHueM”
U “TIPOrHO3HOE MOJACIUPOBAHWE”, WCMOJB3Ys aJIbTEPHATHBHBIC HCTOYHHKHU
JAHHBIX I OOJIee JEeTaIbHOTO W JUHAMHYHOTO aHAJIM3a IMOBEICHHUS 3aCMIIUKOB.
DKCIepUMEHTaIbHasl OIICHKAa C HCIIOJh30BAHUEM OTKPBITBIX HAOOPOB JaHHBIX
JIEMOHCTPHUPYET “‘CHIKEHHE CpeAHEKBaApaTHUHOM omnbku Ha 15 %”, “yBenuuenue
cpenneir TouHocTH Ha 10 %” W cTaOMIBHO BBICOKHE TMOKa3aTeld KiacCcu(HuKaIuu
(Tounocts > 80 %, mostHOTa > 75 %, ROC-AUC > 0,85), mpeBocxXosIre TpaaruilioH-
HbIE MOJIEJI IO TOYHOCTH Ha 15 %. ApXuTekrypa cucTeMbl OpUEHTUPOBAaHA Ha “KOH-
(bUIEHIIMATBHOCTD JTAHHBIX, MUHUMHU3AIUIO MPEAB3SITOCTH M OOBSICHUMOCTB, 00e-
CIIEYCHHE MMPO3PAYHOCTH Tpollecca MPUHATHS PEIICHUH 1 COOI0IeHHe (PMHAHCOBBIX
npaBui. VMccnenoBanne moquepKuBaeT MOTEHIIUAN “MacITaOMPyEeMOCTH CHCTEMBI B
Pa3IUYHBIX OTPACIAX ™ M 3aKJIabIBACT OCHOBY JUIS TAJIbHEUIIIETO PA3BUTHS STHUHBIX
Y aJalTUBHBIX TEXHOJIOTHH OIIEHKH KPEAUTOCIIOCOOHOCTH.

KiroueBble cjioBa: HWHTEIIEKTyaldbHas KpEAUTHAs CHUCTEMa, KPEIUTHBIN
CKOPHHT, MaIllMHHOEe OOy4YeHue, OOydYeHHE C TMOJKPEIUICHHUEM, JOCTYITHOCTh
(DMHAHCOBBIX YCITYT, TPOTHOCTHYECKAsT MOJICIIb, aHAJU3 JTAHHBIX

Jast umrupoBanus: P.K. Ycken6aesa, JK.b. Kanbnieera, A.H. Monnaryinosa,
A.b. Kaceimona, P.JK. CateibanaueBa. KpenuTHbIN CKOPUHT HA OCHOBE MAIIMHHOTO
oOy4yeHus I TPOM3BOIUTENCH W HUMIOPTEPOB//MEXIyHAPOIHBIN  KypHAI
HH()OPMAITMOHHBIX M KOMMYHHKAIMOHHBIX TexHojorui. 2025. T. 6. No. 23. Crp.
323-335. (Ha anr.). https://doi.org/10.54309/1JICT.2025.23.3.020.

KoH(paukT HHTepecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBMHM KOH(IIMKTa
HHTEPECOB.

Introduction

Access to affordable and reliable credit is critically important for producers
and importers seeking to expand their operations and stimulate economic growth
(Taherdoost, 2023; Zhang et al., 2021). However, traditional credit scoring methods
remain limited, often relying on incomplete financial history and strict collateral re-
quirements (Laborda et al, 2021; Dastile et al., 2020; Lastochkina, 2019). These lim-
itations lead to inaccurate risk assessment, limited lending, and missed opportunities
for both businesses and financial institutions (Tripathi et al., 2019; Butenko, 2018).
In addition, the growing complexity of financial data and the need for rapid deci-
sion-making require approaches that go beyond traditional statistical models (Markov
et al., 2022, Guogqing et al., 2019).

To overcome these problems, this study presents an intelligent credit scoring
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system that combines reinforcement learning (RL) and predictive modeling (PM)
(Markov et al., 2022; Voronin, 2022). RL constantly adapts to changing borrower
behavior, encouraging optimal lending strategies (Jiang et al., 2019), while PM uses
historical and alternative data such as supply chain transactions and trading activity
(Shermukhamedov, 2021; Sadok, 2022) to improve the accuracy of repayment fore-
casts (Bobkov et al., 2020, Stadnikov, 2022). This dual approach not only reduces
the risk of default, but also increases transparency and fairness by integrating under-
standable artificial intelligence methods and reliable data protection measures (Truby,
2020; Tezerjani, 2021).

In addition to technical innovations, the proposed system considers the most
important ethical and regulatory aspects. Data confidentiality and reducing the impact
of algorithms are key design principles, ensuring compliance with international stan-
dards and strengthening trust between financial institutions and borrowers (Truby,
2020; Doumpos, 2023). By providing a flexible data-based creditworthiness assess-
ment tool, the proposed system can change lending practices in various industries, es-
pecially for small and medium-sized enterprises with limited traditional credit history
(Shmeleva et al., 2019, Lastochkina, 2019).

Materials and methods

This section summarizes work on intelligent credit systems for manufacturers
and importers of goods, emphasizing their advantages and, where applicable, limita-
tions. In the area of credit scoring, (Laborda et al., 2021) investigated feature selection
methods, aiming to improve both accuracy and interpretability through correlational
feature selection and the Relief program. Their work demonstrates the effectiveness
of systematic feature selection methods. However, this study does not propose a com-
plete credit scoring system. In comparison, Bobkov et al. (Bobkov et al., 2020) fo-
cused on risk assessment for new credit products using machine learning methods.
While valuable in a highly specialized context, their approach does not have broader
applicability than Laborda’s work. Similarly, Stadnikov (Stadnikov, 2022) investigat-
ed credit scoring models based on decision tree methods. While this work illustrates
the strengths and weaknesses of decision trees, it does not cover the full range of ma-
chine learning methods used in credit scoring. Dumpos et al. (Doumpos et al., 2023)
examined operational research and Al methods in banking, offering a broad overview
of approaches but providing limited information on specific methods. Tezerjani et al.
(Tezerjani et al., 2021) proposed a hybrid ARF model for credit scoring in complex
systems. This model provides tailored solutions for complex scenarios, but its com-
plexity and lack of transparency may hinder practical implementation. Teles et al.
(Teles et al., 2020) presented a machine learning-based decision support system for
credit scoring, but the study does not sufficiently explain the underlying methods and
algorithms, limiting its reproducibility and practical value.

Other studies have addressed important issues such as data imbalance. Shen
et al. (Shen et al., 2019) presented an ensemble model for credit risk assessment that
effectively addresses imbalance issues; however, the details of the model architecture
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and computational complexity remain unclear. Dumitrescu et al. (Dumitrescu et al.,
2022) sought to improve logistic regression by incorporating nonlinear decision tree
effects, but the specifics of these improvements are not fully described. To simultane-
ously address the challenges of interpretability and predictability, an enhanced credit
scoring model with interpretable nonlinear ensembles (ECSM-INLE) was developed.
ECSM-INLE combines gradient boosting and decision tree ensemble models and
utilizes Shapley values to ensure interpretability. While this model combines trans-
parency with predictive power, its complexity and data requirements can pose imple-
mentation challenges.

Unlike existing approaches, our proposed smart credit system for product
manufacturers and importers combines artificial intelligence methods with a compre-
hensive framework for secure, transparent, and scalable credit scoring. Unlike previ-
ous methods, which often focus on individual aspects such as feature selection, highly
specialized applications, or specific algorithms, our system takes a holistic approach.
It prioritizes data privacy, risk mitigation, and adaptability to various business sizes
and industries. The unique advantage of our system is its versatility, providing a ro-
bust and adaptable solution for credit assessment in both manufacturing and import
industries.

A structured comparison of existing methods and the proposed approach is
presented in Table 1.

Table 1. Comparative Review of Existing Studies in the Field of Innovative
Lending to Importers of Goods

Study Approach Key Features/Benefits Limitations/Disadvantages

. 1 he im nt problem of F is limi lec-
Laborda et al. Correlation-based Solves the .‘pOI't'fl tp Ol.) em o ocus 15 ted .to A sefec

. feature selection, increasing the tion of characteristics; does

(Laborda et al, feature selection . o . .

. accuracy and interpretability of the | not provide a complete credit
2021) and terrain .

model. rating model

Machine learning The scope of application

g;:éfgve;a;i for risk assess- Uses supervised learning to predict lcslii?zl;?i tollilclfgl)};z-ptel;ere
” ment of new credit | risks for innovative credit products | . PP o
2020) products is no broader credit rating

coverage

. .. Demonstrates the strengths and .
Stadnikov (Stad- | Decision tree-based Ueng . Does not explore alternative
weaknesses of decision trees in

nikov, 2022) models . . machine learning methods.
credit scoring.

Dumpos et al. Operational Re- . . There are no details about
. Provides a broad overview of Al . .

(Doumpos et al., | search and Al in . specific methods and imple-

. and operational research methods. .
2023) Banking mentations.
Tezerjani et al. Hybrid ARF model | The hybrid approach provides Complexity and lack of
(Tezerjani et al., | for complex sys- potentially higher accuracy and transparency make applica-
2021) tems reliability. bility difficult

Machine learn-
Teles et al. (Teles | ing-based decision
et al., 2020) support system for
credit scoring

Integrates machine learning into a Insufficient description of
decision support system for credit methods and algorithms
risk assessment limits reproducibility
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Shen et al. Shen
etal., 2019)

Ensemble model
with neural net-
works and classifier
optimization

Eliminates data imbalances, improv-
ing accuracy and reliability

The model architecture and
computational requirements
are not fully defined

Dumitrescu et al.
(Dumitrescu et

Logistic regression
with nonlinear
effects of decision

Improves the predictive power of
logistic regression with nonlinear

Implementation details are
unclear; methodology is not

intelligence

parency, scalability, and adaptability.

al., 2022) effects fully described

tree

Integrated intelli- | Combines predictive algorithms, | Integration issues may arise
The  proposed | gent credit system [ reinforcement learning, and robust | in environments with incom-
approach based on artificial | data aggregation, delivering trans- | patible or inconsistent data

formats.

This study develops an intelligent credit system for product manufacturers
and importers that integrates artificial intelligence (AI), machine learning (ML), and
reinforcement learning (RL) methods. Unlike previous studies, which primarily fo-
cused on isolated algorithms, our methodology offers a comprehensive framework
encompassing data processing, model development, training, and evaluation.

Data Sources and Structure.

The dataset used in this study consists of anonymized loan applications ob-
tained from financial institutions and open economic databases. It includes approx-
imately 41,000 records with characteristics covering applicants’ financial history,
business performance indicators, trading activity, and macroeconomic factors. To
broaden the representation of characteristics, additional external data sources, such as
industry benchmarks and import/export statistics, were also included.

Data Preprocessing.

Several preprocessing steps were performed before modeling:

Data Cleaning: Removed duplicates, corrected inconsistencies, and imputed
missing values using the K-Nearest Neighbors (KNN) method. Normalization: Nu-
merical features were scaled using z-score normalization, and categorical features
were encoded using one-hot encoding.

Class Balancing: Synthetic Minority Oversampling (SMOTE) was used to
eliminate data imbalances between creditworthy and insolvent applicants.

Model Architecture and Algorithms.

The system uses a hybrid modeling strategy:

Predictive Modeling: Ensemble methods (gradient-boosted trees, random for-
ests) were used for basic credit risk classification.

Reinforcement Learning (RL): Used to dynamically adapt credit scoring
rules as new data became available, enabling continuous improvement of the deci-
sion-making policy. Interpretability: Shapley values were integrated to provide trans-
parent explanations of model decisions at the feature level.

Hyperparameter Optimization.

Hyperparameters (e.g., tree depth, learning rate, number of estimators) were
optimized using grid search and Bayesian optimization. Regularization parameters
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were carefully tuned to prevent overfitting while maintaining high prediction accu-
racy.

Training and Validation Strategy.

The dataset was split into 70 % training, 15 % validation, and 15 % test sub-
sets. Additionally, 5-fold cross-validation was used to ensure robustness and general-
izability. Performance metrics included:

Accuracy — overall classification accuracy.

Precision and recall — to identify asymmetries between successful and unsuc-
cessful candidates.

F1-score — harmonic mean of precision and recall.

AUC-ROC — an estimate of discriminatory ability under class imbalance.

Computing environment

The models were trained on an Apple Silicon workstation (M-series proces-
sor, 64 GB of RAM). While specific hardware specifications are not key to the meth-
odology, these characteristics ensure reproducibility and indicate the available com-
puting power.

Results and Discussion

Experimental Setup

The proposed intelligent credit scoring system was implemented in Python
(version 3.12.1, 64-bit) using Jupyter Notebook as the primary development envi-
ronment. Key libraries included NumPy for numerical operations, Scikit-learn for
machine learning tasks, and TensorFlow for training deep learning models. Although
experiments were conducted on Apple’s Mac Studio (M1 Max, 64 GB RAM, 32 GPU
cores, and a 16-core neural engine), the focus of this study is not on hardware perfor-
mance, but on the modeling process and evaluation methodology.

Datasets were obtained from open financial databases and anonymized loan
application records. The data were preprocessed using SMOTE normalization, cate-
gorical variable coding, and class balancing. Models were evaluated using a train-val-
idation-test (70/15/15) design with 5-fold cross-validation.

Results

Increased detail and comparability

The inclusion of normalized and diverse borrower data (coverage exceeding
90%) allowed the system to achieve greater credit assessment granularity compared
to traditional models. This granularity improved the comparability of borrower data,
facilitating more consistent and fair lending decisions (Figure 1).

Adaptability to Dynamic Borrower Behavior

Reinforcement learning (RL) enabled the model to dynamically adapt to bor-
rower behavior over time. Compared to the baseline logistic regression model, in-
tegrating RL resulted in a 15 % reduction in mean squared error (MSE) and a 10 %
increase in mean accuracy (AP) (Figure 2). This adaptability is particularly relevant
in a rapidly changing financial environment, where borrower behavior patterns fre-
quently shift.
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Improving accuracy with predictive modeling

Comparison of Data Collection Methods
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Fig. 1. Comparison of Data Collection Methods

The predictive modeling component supported by alternative (non-tradition-

al) data sources has achieved significant improvements:
e Accuracy : 82 % (base: 70 %)
o Feedback : 76 % (base: 65 %)
e ROC-AUC : 0.87 (baseline: 0.72)

Overall, predictive modeling improved credit scoring accuracy by 15 % com-
pared to traditional logistic regression and by 8 % compared to standard ML models
such as Random Forest (Figure 2).

Comparative performance

To contextualize the results, Table 2 summarizes the performance of the pro-
posed system in comparison with traditional and modern approaches.
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Comparison of Predictive Modeling with Alternative Data Sources and Traditional Credit Scoring Models
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Fig. 2. Comparison of PM with ADS and TCSM

Table 2. Comparative Results of Various Creditworthiness Assessment Methods
Method Accuracy Recall ROC-AUC Notes

Traditional  logistic A widely used baseline

regression 70 % 65 % 0.72 limited to nonlinear pat-
g terns

Random forest 0 o Better nonlinear modeling,

(standard ML) 8% 70% 0.79 but limited interpretability

Gradient Boosted o o High accuracy, risk of

Trees (XGBoost) 80% 72% 0.82 overfitting

Excellent adaptability, in-
82 % 76 % 0.87 terpretability (via Shapley
values)

The proposed intelli-
gent credit system

Discussion

The results show that the proposed system outperforms both traditional evalu-
ation models and standard machine learning approaches in accuracy, adaptability, and
interpretability. The integration of reinforcement learning ensures dynamic adaptabil-
ity, while predictive modeling ensures robustness even when using alternative data
sources.

Limitations and risks
Despite the promising results, several limitations must be acknowledged:
1. Sensitivity to incomplete or poor-quality data - Model performance may de-
grade if input data is missing or inconsistently formatted.
2. Risk of overfitting - Although cross-validation reduces this risk, highly com-
plex models require regular monitoring.
3. Need for continuous updating of information: borrower behavior and macro-
economic conditions change, which necessitates periodic retraining.
Data protection and fraud prevention

Considering the confidentiality of financial data, the system uses anonymiza-
tion, encryption, and secure data storage protocols. Fraud detection mechanisms, in-
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cluding anomaly detection and behavioral pattern analysis, are built in to identify
suspicious loan applications. These measures ensure that increased accuracy does not
come at the expense of data confidentiality or system integrity.

Conclusion

This study demonstrates that the proposed intelligent credit scoring system
significantly improves the accuracy and adaptability of credit risk assessment for
manufacturers and importers of goods. Through training with training and predictive
modeling, the system achieved a 15% reduction in mean square error (MSE), a 10%
increase in average precision (AP), and a ROC-AUC exceeding 0.85, significantly
outperforming traditional and standard machine learning-based scoring models.

This study addresses both theory (by developing interpretable, adaptive, and
data-driven approaches to credit scoring) and practice (by proposing a universal and
scalable solution applicable to various sectors, excluding manufacturing and import
warehouses).

Next steps include pilot training in countries with healthcare institutions, val-
idation in various market conditions, and continuous model refinement using addi-
tional alternative data sources. These efforts to create a more reliable, transparent, and
secure ecosystem assess creditworthiness, help principles minimize risks, and ensure
more equitable access to finance for businesses.

Future Work

Further research should focus on improving stress-based learning algorithms
to improve adaptability to dynamic borrower behavior. Methods for integrating un-
derstandable Al will be crucial for increasing transparency, fostering greater trust and
interpretability in lending decisions. Another key area includes defining parameters
for real-time data processing, ensuring rapid response to rapidly changing conditions.
Furthermore, ethical considerations, particularly comprehensive strategies and bias
minimization, should remain central to future work, ensuring fairness and reliability.
To address these challenges, strengthen the smart credit system by increasing its effi-
ciency and transparency of these standards, thereby supporting producers, importers,
and the broader financial ecosystem.
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