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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
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Аннотация. Бұл мақалада несиелік қабілеттілікті бағалаудың дәстүрлі 
әдістерінің тиімсіздігін өтей отырып, тауар өндірушілер мен импорттаушы-
ларды қолдауға арналған» жасанды интеллектке негізделген несиелік скоринг 
жүйесі « ұсынылған. Дәстүрлі несиелік скоринг көбінесе тәуекелдерді дұрыс 
емес бағалауға, несие берушілер үшін қаржылық шығындарға және бизнесті 
қаржыландыруға қол жетімділіктің шектелуіне әкеледі. Ұсынылған шешім қа-
рыз алушылардың мінез-құлқын неғұрлым егжей-тегжейлі және динамикалық 
талдау үшін балама деректер көздерін пайдалана отырып, «арматуралық оқы-
ту» мен «болжамды модельдеуді» біріктіреді. Ашық деректер жиынын пайда-
лана отырып, эксперименттік бағалау «орташа квадрат түбір қатесінің 15 %-ға 
төмендеуін», «орташа дәлдіктің 10 %-ға артуын» және тұрақты жоғары жіктеу 
көрсеткіштерін (дәлдік > 80 %, толықтығы > 75 %, ROC-AUC > 0,85) 
көрсетеді. дәлдігі бойынша дәстүрлі үлгілерден 15 % - ға асып түседі. Жүйенің 
архитек-турасы «деректердің құпиялылығына, біржақтылық пен түсініктілікті 
барынша азайтуға», шешім қабылдаудағы ашықтықты және қаржылық 
ережелерді сақта-уды қамтамасыз етуге бағытталған. Зерттеу «салалар 
бойынша жүйелік ауқым-дылықтың» әлеуетін көрсетеді және несиелік 
қабілеттілікті бағалаудың этика-лық және адаптивті технологияларын одан әрі 
дамытуға негіз қалайды.

Түйін сөздер: интеллектуалды несие жүйесі, несиелік скоринг, машина-
лық оқыту, арматуралық оқыту, қаржылық инклюзия, болжамды модель, дерек-
терді талдау
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Аннотация. В данной статье предлагается “система кредитного скоринга 
на основе искусственного интеллекта”, предназначенная для поддержки 
производителей и импортеров товаров, компенсирующая неэффективность 
традиционных методов оценки кредитоспособности. Традиционный 
кредитный скоринг часто приводит к неточной оценке рисков, финансовым 
потерям для кредиторов и ограниченному доступу к финансированию для 
бизнеса. Предлагаемое решение сочетает в себе “обучение с подкреплением” 
и “прогнозное моделирование”, используя альтернативные источники 
данных для более детального и динамичного анализа поведения заемщиков. 
Экспериментальная оценка с использованием открытых наборов данных 
демонстрирует “снижение среднеквадратичной ошибки на 15 %”, “увеличение 
средней точности на 10 %” и стабильно высокие показатели классификации 
(точность > 80 %, полнота > 75 %, ROC-AUC > 0,85), превосходящие традицион-
ные модели по точности на 15 %. Архитектура системы ориентирована на “кон-
фиденциальность данных, минимизацию предвзятости и объяснимость”, обе-
спечение прозрачности процесса принятия решений и соблюдение финансовых 
правил. Исследование подчеркивает потенциал “масштабируемости системы в 
различных отраслях” и закладывает основу для дальнейшего развития этичных 
и адаптивных технологий оценки кредитоспособности.

Ключевые слова: интеллектуальная кредитная система, кредитный 
скоринг, машинное обучение, обучение с подкреплением, доступность 
финансовых услуг, прогностическая модель, анализ данных
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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, Guoqing 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 AI 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

Laborda et al. 
(Laborda et al, 
2021)

Correlation-based 
feature selection 
and terrain

Solves the important problem of 
feature selection, increasing the 
accuracy and interpretability of the 
model.

Focus is limited to a selec-
tion of characteristics; does 
not provide a complete credit 
rating model

Bobkov et al. 
(Bobkov et al., 
2020)

Machine learning 
for risk assess-
ment of new credit 
products

Uses supervised learning to predict 
risks for innovative credit products

The scope of application 
is limited to highly spe-
cialized applications; there 
is no broader credit rating 
coverage

Stadnikov (Stad-
nikov, 2022)

Decision tree-based 
models

Demonstrates the strengths and 
weaknesses of decision trees in 
credit scoring.

Does not explore alternative 
machine learning methods.

Dumpos et al. 
(Doumpos et al., 
2023)

Operational Re-
search and AI in 
Banking

Provides a broad overview of AI 
and operational research methods.

There are no details about 
specific methods and imple-
mentations.

Tezerjani et al. 
(Tezerjani et al., 
2021)

Hybrid ARF model 
for complex sys-
tems

The hybrid approach provides 
potentially higher accuracy and 
reliability.

Complexity and lack of 
transparency make applica-
bility difficult

Teles et al. (Teles 
et al., 2020)

Machine learn-
ing-based decision 
support system for 
credit scoring

Integrates machine learning into a 
decision support system for credit 
risk assessment

Insufficient description of 
methods and algorithms 
limits reproducibility
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Shen et al. Shen 
et al., 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 
al., 2022)

Logistic regression 
with nonlinear 
effects of decision 
tree

Improves the predictive power of 
logistic regression with nonlinear 
effects

Implementation details are 
unclear; methodology is not 
fully described

The proposed 
approach

Integrated intelli-
gent credit system 
based on artificial 
intelligence

Combines predictive algorithms, 
reinforcement learning, and robust 
data aggregation, delivering trans-
parency, scalability, and adaptability.

Integration issues may arise 
in environments with incom-
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

Fig. 1. Comparison of Data Collection Methods

The predictive modeling component supported by alternative (non-tradition-
al) data sources has achieved significant improvements:

• Accuracy : 82 % (base: 70 %)
• Feedback : 76 % (base: 65 %)
• 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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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 
regression 70 % 65 % 0.72

A widely used baseline 
limited to nonlinear pat-
terns

Random forest 
(standard ML) 78 % 70 % 0.79 Better nonlinear modeling, 

but limited interpretability
Gradient Boosted 
Trees (XGBoost) 80 % 72 % 0.82 High accuracy, risk of 

overfitting

The proposed intelli-
gent credit system 82 % 76 % 0.87

Excellent adaptability, in-
terpretability (via Shapley 
values)

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 AI 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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