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Abstract. Enterprise Resource Planning (ERP) systems have evolved into 
advanced business management platforms, integrating diverse organizational 
processes. The increasing need for real-time data processing and intelligent 
decision-making has led to the incorporation of machine learning (ML) and hybrid 
optimization into ERP systems, enabling greater efficiency, automation, and 
predictive capabilities. This paper systematically reviews the latest developments 
in ML-driven ERP solutions, analyzing over 70 scholarly articles. ML algorithms 
improve demand forecasting, inventory management, and resource allocation, while 
hybrid optimization effectively balances costs, operational efficiency, and resource 
distribution. The integration of ML with ERP significantly enhances supply chain 
operations, streamlining logistics, procurement, and warehouse management while 
reducing inefficiencies.
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The role of ML-powered ERP in human resource management (HRM) is also 
explored, particularly its application in employee turnover prediction, recruitment 
optimization, and workforce planning. Additionally, ERP security and transparency 
are being enhanced through technologies such as federated learning and blockchain, 
ensuring secure and decentralized data management. Future research will focus 
on deep learning, cloud-based ERP, and big data analytics, which will further 
enhance predictive modeling, business intelligence, and operational automation. 
The incorporation of artificial intelligence (AI), IoT, and smart decision systems 
will allow enterprises to optimize workflows, reduce risks, and develop data-driven 
strategic frameworks, ensuring resilience and adaptability in highly dynamic 
business environments.

Key words: ERP systems, machine learning, hybrid optimization, big data, 
artificial intelligence, automation, predictive analytics.
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Аннотация. Кәсiпорын ресурстарын жоспарлау (КРЖ) жүйелерi әртүрлi 
ұйымдастырушылық процестердi бiрiктiрiп отыратын бизнестi басқарудың 
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озық платформаларына айналды. Нақты уақыт режимінде деректерді 
өңдеуге және интеллектуалды шешімдер қабылдауға деген өсіп келе жатқан 
қажеттілік машиналық оқытуды (МО) енгізуге және КРЖ жүйелеріне гибридті 
оңтайландыруға алып келді, бұл тиімділікті, автоматтандыруды, сондай-ақ 
болжамдық мүмкіндіктерді арттырады. Бұл мақалада МО негізіндегі КРЖ-ға 
қатысты шешімдері саласындағы соңғы жетістіктер жүйелі түрде қаралып, 70-
тен астам ғылыми мақала талданды. МО алгоритмдері сұранысты болжауды, 
инвентаризацияны басқаруды және ресурстарды бөлуді жақсартады, бұл 
ретте гибридті оңтайландыру шығындарды, операциялық тиімділікті және 
ресурстарды бөлуді тиімді теңестіріп отыр. МО-дың КРЖ-мен интеграциясы 
жеткізу тізбегінің операцияларын айтарлықтай жақсартады, логистиканы, 
сатып алуды оңтайландырады, сондай-ақ қоймаларды басқару және 
тиімсіздіктерді азайтады.

Сондай-ақ, кадрлық ресурстарды басқарудағы (КРБ) МО-дың рөлі, атап 
айтқанда, оның кадрлардың тұрақталуын болжауға, жұмысқа қабылдауды 
оңтайландыруға және жұмыс күшін жоспарлауға қолдануы қарастырылады. 
Бұдан басқа, КРЖ қауіпсіздігі мен ашықтығы деректерді қауіпсіз және 
орталықсыздандырылған басқаруға мүмкіндік беретін федералдық оқыту 
және блокчейн сияқты технологиялармен күшейтіледі. Болашақ зерттеулер 
терең оқытуға, бұлтты КРЖ-ға, сондай-ақ үлкен деректер талдауына 
бағытталатын болады, бұл болжамды модельдеуді, бизнес-интеллектті, 
операцияларды автоматтандыруды одан әрі жақсартуға мүмкіндік береді. 
Жасанды интеллектті (ЖИ), интернет заттар (ИЗ) және интеллектуалды 
шешімдер қабылдау жүйелерін енгізу кәсіпорындарға жұмыс процестерін 
оңтайландыруға, тәуекелді төмендетуге және жоғары серпінді дамып келе 
жатқан бизнес ортада тұрақтылық пен тепе-тендікті қамтамасыз ететін 
деректерге негізделген стратегиялық негіздерді дамытуға мүмкіндік береді.

Түйін сөздер: КРЖ жүйелері, машиналық оқыту, гибридті оптимизация, 
үлкен деректер, жасанды интеллект, автоматтандыру, болжамдық аналитика. 
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Аннотация. Системы планирования ресурсов предприятия (СПР) 
превратились в передовые платформы управления бизнесом, объединяющие 
различные организационные процессы. Растущая потребность в обработке 
данных в режиме реального времени и принятии интеллектуальных решений 
привела к внедрению машинного обучения (МО) и гибридной оптимизации 
в СПР-системы, обеспечивая повышение эффективности, автоматизацию 
и возможности прогнозирования. В данной статье систематически 
рассматриваются последние достижения в области СПР-решений на основе 
МО, проанализировано более 70 научных статей. Алгоритмы МО улучшают 
прогнозирование спроса, управление запасами и распределение ресурсов, 
а гибридная оптимизация эффективно балансирует затраты, операционную 
эффективность и распределение ресурсов. Интеграция МО с СПР значительно 
улучшает работу цепочек поставок, оптимизируя логистику, закупки и 
управление складами и снижая неэффективность.

Также рассматривается роль СПР на базе МО в управлении человеческими 
ресурсами (УЧР), в частности ее применение для прогнозирования текучести 
кадров, оптимизации найма и планирования трудовых ресурсов. Кроме того, 
безопасность и прозрачность СПР повышаются благодаря таким технологиям, 
как федеративное обучение и блокчейн, обеспечивающим безопасное и 
децентрализованное управление данными. Будущие исследования будут 
сосредоточены на глубоком обучении, облачных СПР и аналитике больших 
данных, что позволит еще больше усовершенствовать предиктивное 
моделирование, бизнес-аналитику и автоматизацию операций.

Внедрение искусственного интеллекта (ИИ), интернета вещей (ИВ) 
и интел лектуальных систем принятия решений позволит предприятиям 
оптимизировать рабочие процессы, снизить риски и разработать 
стратегические основы, основанные на данных, обеспечивая устойчивость и 
адаптивность в высокодинамичной бизнес-среде.

Ключевые слова: СПР-системы, машинное обучение, гибридная оптими-
зация, большие данные, искусственный интеллект, автоматизация, прогнозная 
аналитика. 
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Introduction. ERP (Enterprise Resource Planning) systems have evolved from 
basic process integration tools into sophisticated platforms essential for managing 
complex business processes and data across finance, production, logistics, and 
human resources. This evolution reflects the increasing demands of modern 
industries for real-time data processing and enhanced decision-making capabilities. 
Recent advancements in machine learning (ML) and hybrid optimization represent 
a pivotal shift in ERP’s capabilities, enabling more intricate operational efficiency, 
automation, and predictive analytics (Azevedo, et al., 2024). Traditional ERP 
systems were often limited by high implementation costs, lack of flexibility, and 
scalability issues, which hindered adoption. However, as industries adopt digital 
transformation strategies, ERP systems must now go beyond basic integration to 
support data-driven processes that align with strategic goals. For instance, hybrid 
optimization in ERP supply-chain management has shown promise in energy 
management applications, where fluctuating demand and external variables, such as 
energy prices and regulations, require adaptive optimization (Reddy, et al., 2024). 
The shift towards ML-integrated ERP represents a significant milestone in digital 
transformation, promising benefits in strategic planning and operational insights 
that support long-term objectives (Ebirim, et al., 2024).

Methods and materials. A comprehensive systematic literature review was 
conducted to explore current trends in ERP systems, focusing on advancements in 
ML and hybrid optimization. Seventy recent articles were selected using inclusion 
criteria based on relevance to ML and hybrid optimization in ERP systems. After an 
initial screening, fifteen articles were further reviewed to assess specific contributions 
to ERP technology, covering a diverse range of applications across industries. The 
literature review methodology involved filtering by keywords related to ERP, ML, 
and optimization techniques in databases like Scopus, IEEE Xplore, and Web of 
Science. Figure 1 below illustrates the article selection and filtering process, which 
ensured that the analysis included only the most relevant studies.

Machine learning (ML) and hybrid optimization in ERP systems
The introduction of Machine Learning (ML) and Hybrid Optimization techniques 

into ERP systems represents a critical milestone in this evolution, enabling more 
complex operational efficiency, automation, and real-time predictive analytics. 
As industries increasingly rely on data-driven processes, ERP systems must now 
offer capabilities that not only support basic functions but also enhance long-term 
strategic decision-making by offering predictive insights and automation at scale 
(Feng, et al., 2024). 

The transition from traditional ERP systems, which primarily focused on 
process integration, to modern ERP systems that leverage AI and ML reflects 
the broader trend towards digital transformation. Its applications in supply-chain 
management where, in addition, hybrid optimization, is also gaining traction in 
energy management systems integrated into ERP platforms. This approach enables 
companies to optimize their energy consumption based on fluctuating demand and 
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external variables, such as energy prices and environmental regulations. In this 
context, ERP systems are increasingly being used not only for automating repetitive 
tasks, but also for providing analytical insights that drive strategic initiatives (Tuli, 
et al., 2022).   

Traditional ERP platforms were limited by high costs, lack of flexibility, and 
challenges with scalability. The implementation of ERP systems encompass elevated 
failure rates, intricate deployment procedures, budgetary excesses, opposition to 
change, the necessity for proficient change management, difficulties associated 
with customization, integration complications, and insufficient user training. ML 
algorithms provide ERP systems with the ability to learn from historical data and 
make informed predictions about future outcomes. This capability has significantly 
enhanced various facets of ERP systems, including demand forecasting, inventory 
optimization, and maintenance scheduling (Feng, et al., 2024). 

Figure 1. Method of systematic literature review.

ML algorithms enhance ERP systems by enabling predictive analytics, 
demand forecasting, inventory optimization, and maintenance scheduling, as 
well as optimizing resource management and strategic planning. In supply chain 
management, for example, ML-based models can adjust inventory levels in real 
time by analyzing seasonality, economic conditions, and historical sales trends. 
The observation that ML-enhanced ERP systems reduce lead times and improve 
inventory turnover rates, showcasing ML’s practical benefits for supply chains 
(Fadojutimi, et al., 2024). In human resource management, ML algorithms help 
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predict employee turnover, optimize hiring strategies, and align HR objectives with 
long-term organizational goals. Hybrid optimization, combining ML with traditional 
optimization methods, addresses complex multi-objective challenges within ERP 
systems by balancing trade-offs like cost, resource allocation, and operational 
efficiency. In addition, performed SWOT analysis of optimization algorithms that 
offers insights into how hybrid approaches effectively enhance ERP performance 
through the integration of predictive analytics with operational processes. 

One of the primary applications of hybrid optimization is in supply-chain 
management, where businesses must constantly balance competing objectives—
such as inventory management, cost control, and lead-time reduction. Also, an 
application of multi-objective optimization to ERP systems to streamline decision-
making processes by integrating factors such as production costs, employee 
schedules, and resource allocations into a unified model (Feofanov, et al., 2020).

Industrial applications of ERP systems with ML and hybrid optimization 
techniques

The integration of ML into supply-chain management has revolutionized 
logistics and inventory management. By analyzing large datasets, ERP systems 
with ML capabilities can predict demand trends, optimize supply routes, and 
manage inventory more effectively (Gollangi, H.K., et al., 2024). 

By automating demand forecasting and inventory replenishment, ML-based ERP 
systems help businesses minimize overstocking and stock-outs. Additionally, ML 
algorithms analyze external factors such as market trends, customer preferences, 
and historical data to ensure that the supply-chain is agile and responsive to changes 
in demand (Hammouch, et al., 2024).

ERP systems have also found significant applications in HRM. By utilizing ML 
models, businesses can predict employee performances, assess recruitment needs, 
and optimize workforce management (Zhao, 2024). It’s been demonstrated that ML 
enabled ERP systems improve the alignment between human resource strategies 
and organizational objectives. This alignment ensures that staffing levels are 
optimized, based upon past data, to meet current and future needs of the enterprise 
(Jawad, et al., 2024). 

 Emerging technologies in ERP systems
In addition to its applications in supply-chain management, hybrid optimization is 

also gaining traction in energy management systems integrated into ERP platforms. 
This approach enables companies to optimize their energy consumption based on 
fluctuating demand and external variables, such as energy prices and environmental 
regulations. By employing hybrid optimization techniques, companies can reduce 
their operational costs while adhering to sustainability goals (Krishna et al., 2024).

Big data analytics enhances the capabilities of cloud ERP by enabling the analysis 
of massive datasets. This allows businesses to derive actionable insights from data 
and improve various areas of the business such as decision-making processes 
across various domains, including finance, supply-chain management and customer 
relationship management (Lu, 2020). The integration of AI into ERP systems is a 
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significant development that has enabled businesses to automate complex decision-
making processes. AI-driven ERP systems can automate repetitive tasks and enhance 
predictive analytics. These cognitive ERP systems are capable of processing vast 
amounts of data in real time, providing recommendations for optimizing resources 
and improving operational efficiency (Hrischev, et al., 2023). The reviews highlight 
how hybrid ERP systems can benefit from integrating ML for real-time resource 
optimization. Hybrid optimization models which are combining deep-learning, 
genetic algorithms, and predictive analytics have proven effective in improving 
ERP scalability and decision-making (Kumar, 2024). 

In overall, current emerging technologies in ERP systems could solve the 
challenges such as the complexity of integrating ML models and techniques into 
existing ERP systems and managing large-scale data more efficiently. Table 1 
outlines current technologies applications and its benefits in summarized content.

Table 1. Comparative analysis of emerging technologies in ERP systems
# Technology Applications Benefits
1 Cloud ERP Data storage, real-time access Scalability, accessibility, cost-

effectiveness
2 Big data analytics Predictive modeling, customer 

analytics
Deeper insights, improved decision-
making, analytics

3 AI Automation, predictive 
analytics

Automation of tasks, better 
resource management

4 Blockchain Secure transactions, supply-
chain tracking

Enhanced security, transparency, 
and traceability

5 IoT Integration Real-time data processing Improved operational efficiency, 
automation

Results and discussion.
Although the current advancements in ML and hybrid optimization in ERP 

systems offer substantial benefits, certain areas are still unexplored. One of the 
promising avenues for future research is the application of federated learning to 
enhance data privacy in ERP systems. By enabling decentralized ML models which 
allows businesses to process data locally while protecting sensitive information. 
Specially, it is vital if data has to be stored on-premises in local servers.

Integrating blockchain technology into ERP systems offers a secure and 
transparent way to track transactions and manage supply-chains. Blockchain’s 
immutable ledger could be used to enhance the security and traceability of 
transactions within ERP systems. 

The integration of ML and hybrid optimization in ERP systems has enhanced 
decision-making and operational efficiency, although challenges remain in data 
privacy and scalability. Future research should focus on federated learning, which 
allows decentralized ML models to process data locally, addressing privacy concerns 
without sacrificing ERP performance. Federated learning is particularly promising 
for companies that store data on local servers and require high data privacy. 
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Additionally, blockchain technology could strengthen ERP systems’ security and 
transparency, particularly in transaction tracking and supply-chain management. 
Table 2 contrasts the areas already well-researched against those requiring further 
exploration to advance ERP system adaptability.

Table 2: Comparison of researched vs. Unexplored areas in ERP systems
Researched areas Unexplored areas

ML for predictive maintenance in ERP 
systems structure

Integration of federated learning for data privacy in ERP 
systems

Hybrid optimization for supply-chain 
management in ERP systems

Block-chain integration for supply-chain functions 
traceability in ERP systems

AI-driven human resource 
management in ERP 

Cognitive ERP systems for automated decision-making 
implementation

Cloud technology implementations for 
scalability and real-time access in ERP AI-enhanced cybersecurity in ERP systems

Big data analytics in ERP systems for 
customer insights

Decentralized ERP models with block-chain integration in 
ERP systems
Integration of gamification models in ERP systems
Virtual Reality (VR) & Augmented Reality (AR) 
technologies implementation in ERP systems 
Enterprise Architecture (EA) integration with ERP Systems

As shown in the above table 2, further research could explore studies in the 
application of federated learning, block-chain integration, cognitive ERP systems, 
edge computing in hybrid ERP systems, gamification integration, VR / AR 
technologies integration into ERP Systems and TOGAF framework implementation 
along with ERP systems to address scalability, flexibility challenges and enhance 
ERP systems adaptability for current trends.

Conclusion. The literature demonstrates that ML and hybrid optimization 
methods are reshaping ERP systems by enhancing resource allocation and 
decision-making processes. Nevertheless, effective ML model implementation 
faces significant challenges, especially concerning data privacy and scalability. As 
ERP systems continue to evolve, integrating emerging technologies like AI and 
blockchain is anticipated to play a crucial role in developing resilient, adaptable, 
and secure enterprise management solutions. 

The amalgamation of ML and hybrid optimization methodologies into ERP 
systems has fundamentally transformed the manner in which organizations 
administer their operational workflows. These advanced technologies furnish 
sophisticated capabilities for predictive analytics, instantaneous decision-making, 
and enhanced operational efficiency. Their utilization is particularly pivotal in 
industries such as manufacturing, supply chain management, and human resource 
management, where they have empowered enterprises to optimize performance 
metrics and foster sustainable growth trajectories.

As ERP systems perpetuate their advancement, the incorporation of nascent 
technologies such as artificial intelligence (AI), cloud computing, gamification, 
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augmented reality (AR) and virtual reality (VR), enterprise architecture (EA), and 
blockchain will assume a vital position in molding the future landscape of enterprise 
management solutions. Subsequent research endeavors should concentrate on 
investigating how these innovative technologies can be harnessed to surmount 
existing obstacles and to engender more resilient, scalable, adaptable, and secure 
ERP frameworks.

Consequently, forthcoming studies could catalyze the progression of these 
models, scrutinizing their scalability and exploring the potential of sophisticated 
AI methodologies to enhance the adaptability and efficiency of ERP systems. 
In conclusion, the primary challenges associated with ERP implementation 
encompass elevated failure rates, intricate deployment procedures, budgetary 
excesses, resistance to organizational change, the imperative for effective change 
management, hurdles in customization, integration complexities, and inadequate 
user training. Addressing these impediments is imperative for organizations to 
successfully deploy ERP systems and attain the anticipated levels of operational 
efficiency and productivity.
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