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Abstract: 

Financial anomaly detection is paramount in SAP ERP systems to safeguard against fraud, errors, and 

operational inefficiencies. This survey paper explores the application of ensemble learning techniques 

for real-time anomaly detection within SAP ERP environments. Ensemble methods, such as Random 

Forests, Gradient Boosting Machines, and Neural Network Ensembles, combine multiple models to 

enhance detection accuracy and adaptability to dynamic data streams. The paper reviews case studies 

illustrating the effectiveness of ensemble learning in detecting anomalies across diverse sectors, includ-

ing fraud detection in procurement, revenue leakage prevention, and real-time transaction monitoring. 

Challenges specific to real-time anomaly detection in SAP ERP systems, such as data integration com-

plexity and interpretability of model outputs, are discussed alongside proposed solutions and best prac-

tices. The conclusion highlights the pivotal role of ensemble learning in strengthening financial security, 

optimizing operational efficiency, and mitigating risks within SAP ERP systems. Future research di-

rections focus on advancing anomaly detection algorithms and integrating AI-driven automation to 

enhance detection capabilities further. 
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1. Introduction 

 

Financial anomaly detection is crucial for maintaining the integrity and security of financial transactions 

within enterprise resource planning (ERP) systems, particularly in complex environments like SAP ERP 

systems [1]. Anomaly detection aims to identify unusual patterns or outliers in financial data that deviate 

significantly from expected behavior, signaling potential fraud, errors, or operational inefficiencies. 

 

In recent years, the integration of machine learning techniques, especially ensemble learning, has emerged as 

a powerful approach for enhancing the accuracy and efficiency of anomaly detection in SAP ERP systems 

[2]. Ensemble learning combines multiple models to improve predictive performance and robustness, making 

it particularly effective in handling the diverse and dynamic nature of financial data. 

 

Importance in SAP ERP Systems 

 

SAP ERP systems play a pivotal role in managing financial operations, encompassing processes such as 

procurement, inventory management, and financial reporting [3]. These systems handle vast amounts of 

transactional data daily, making them susceptible to various anomalies that could lead to financial losses or 

regulatory non-compliance. Detecting anomalies in real-time within SAP ERP systems is crucial for 

preemptive action, ensuring operational continuity and financial stability. 

 

Role of Ensemble Learning 

 

Ensemble learning techniques, such as Random Forests, Gradient Boosting Machines, and Ensemble of 

Neural Networks, have shown promise in improving the accuracy and efficiency of anomaly detection in 

financial data [4]. By leveraging diverse models and combining their outputs, ensemble methods can 

effectively capture complex patterns and anomalies that may not be discernible with individual models alone. 
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This capability is particularly advantageous in SAP ERP systems, where data characteristics can vary widely 

across different modules and business processes. 

 

Research Problem and Contribution 

 

Despite advancements in anomaly detection techniques, real-time detection of financial anomalies in SAP 

ERP systems remains a challenging research problem [3]. Existing methods often face issues related to 

scalability, interpretability, and the ability to handle streaming data effectively [4]. This paper addresses these 

challenges by proposing a comprehensive survey of ensemble learning techniques tailored specifically for 

real-time financial anomaly detection in SAP ERP systems. 

 

By synthesizing recent research and case studies, this paper aims to provide insights into effective strategies, 

best practices, and future research directions for leveraging ensemble learning in enhancing financial security 

and operational efficiency within SAP ERP environments. 

 
 

Figure 1: Microsoft Azure Anomaly Detector for an SAP architecture 

 

This paper is structured as follows:  Section 2 reviews ML applications in SAP for credit risk assessment. 

Section 3 discusses ensemble techniques like Random Forests and Gradient Boosting for anomaly detection. 

Section 4 examines case studies of ensemble methods in SAP ERP, and Section 5 addresses challenges and 

proposes solutions for real-time anomaly detection. Finally, Section 6 concludes the paper with future research 

direction.  

 

2. Literature Review 

 

The rise of interconnected devices and the Internet has heightened the vulnerability of networks to cyber 

threats such as financial losses, healthcare data breaches, and cyber warfare [5]. Network security analytics, 

particularly anomaly detection, has become crucial in mitigating these risks. Current methods often struggle 

due to the sheer volume of data generated by interconnected devices. Addressing this challenge requires a 

framework capable of real-time processing of massive data to detect network anomalies effectively [5]. This 

study focuses on developing solutions for real-time anomaly detection by exploring advanced machine learn-

ing algorithms and state-of-the-art big data processing technologies tailored for handling large-scale data in 

real-time scenarios. 

 

Traditional Enterprise Resource Planning (ERP) systems, relying on relational databases, historically require 

weeks to deliver actionable insights promptly [6]. By integrating machine learning (ML) into financial ERP 
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systems, significant benefits emerge, including enhanced accuracy, efficiency, and cost savings. ERP systems 

play a critical role in managing Human Capital Management (HCM), particularly in optimizing staff perfor-

mance [6]. This involves assigning the right employees to appropriate tasks, providing training and develop-

ment opportunities, establishing performance evaluation systems, and retaining talent. Accurate prediction of 

employee salaries is essential for resource allocation and organizational success. Traditional ERP salary fore-

casting methods often rely on static reports, lacking in-depth analysis of employee data and actionable rec-

ommendations [6]. Our prototype applies ML algorithms to Oracle EBS data, leveraging real-time ERP data 

to improve employee evaluation. The Random Forest algorithm, achieving 90% accuracy on a balanced da-

taset, significantly enhances performance metrics in this context. 

 

The integration of SAP Business Technology Platform (BTP) with Artificial Intelligence (AI) in financial 

reporting, highlighting their transformative impact on converting financial data into strategic insights for ex-

ecutive leadership is presented into [7]. Through automated commentary generation, BTP leverages AI to 

translate complex financial datasets into coherent narratives, providing decision-makers with actionable in-

telligence. Positioned at the intersection of AI advancements and financial analysis, BTP facilitates the seam-

less conversion of data into narrative reports, enhancing coherence, insightfulness, and accessibility. The ar-

ticle details BTP's functionality in financial reporting, covering data interpretation, language processing, com-

mentary generation, and customization to improve report efficiency, accuracy, scalability, and personalized 

delivery of financial insights [7]. It also addresses challenges such as technical complexities, ethical consid-

erations, and current technological limitations, while envisioning future AI advancements that will further 

refine BTP capabilities for sophisticated strategic decision-making in business leadership. 

 

Optimizing IT supply chain sales of medical devices within SAP, integrating deep learning to manage com-

plexities and leverage mergers and acquisitions is presented into [8]. It emphasizes SAP's role in enhancing 

operational efficiency and navigating strategic challenges. Neural networks and deep learning are applied to 

improve decision-making, operational streamlining, and market insights, supporting informed strategic deci-

sions and sustainable growth [8]. 

 

Leveraging AI, IIoT, ML, and analytics to optimize production efficiency, reduce costs, and enhance product 

quality in manufacturing is presented into [9]. It identifies the best ML models for predicting Overall Equip-

ment Effectiveness (OEE), crucial for preventing equipment failures and improving production quality to 

meet customer demands. The study suggests that advancements in quantum machine learning could further 

enhance productivity and performance, making OEE optimization a global manufacturing solution [9]. 

 

The rise of interconnected devices and widespread internet access has increased vulnerabilities to network 

attacks, leading to cyber-attacks, financial losses, healthcare data breaches, and cyber warfare [10]. Conse-

quently, network security analytics, particularly anomaly detection, has become a critical focus for researchers 

due to its importance in safeguarding networks. However, current approaches to anomaly detection are often 

inadequate, especially in real-time scenarios, primarily due to the enormous volume of data generated by 

connected devices [10]. Therefore, there is a pressing need to propose a framework capable of efficiently 

processing real-time big data to detect network anomalies. This paper addresses this challenge by surveying 

state-of-the-art technologies in real-time big data processing for anomaly detection, examining key character-

istics of relevant machine learning algorithms. It begins with defining essential contexts and taxonomy related 

to real-time big data processing, anomaly detection, and machine learning algorithms, followed by a compre-

hensive review of big data processing technologies [10]. Finally, the paper discusses the identified research 

challenges in real-time big data processing for anomaly detection. 

 

As enterprises increasingly rely on Enterprise Resource Planning (ERP) systems for centralized resource man-

agement, the risk of insider threats becomes paramount [11]. Unlike external threats, insider threats are stealth-

ier and more damaging, as they blend into normal access patterns. Traditional methods for detecting insider 

threats manually define specific event criteria, making them vulnerable to evolving patterns and unknown 

threats [11]. This paper introduces a real-time anomaly detection method using Predictive Auto-regression 

Model (PAM) to identify abnormal insider events in ERP systems. By training on normal event data, the 
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method predicts deviations and triggers alerts when predictions fall below a defined threshold. Experimental 

results using real ERP system logs validate the efficacy of this approach in detecting insider anomalies effec-

tively [11]. 

 

Table 1: Summary for The Literature Review 

 

Ref-

er-

ence 

Methods Used Application Highlights 

[5] Machine Learning Algo-

rithms, Big Data Pro-

cessing 

Network Secu-

rity Anomaly De-

tection 

Focuses on real-time detection of network anoma-

lies using advanced ML algorithms and big data 

processing technologies to mitigate cyber threats. 

[6] Machine Learning (Ran-

dom Forest), ERP Data 

Integration 

Human Capital 

Management in 

ERP Systems 

Improves employee evaluation and salary predic-

tion using real-time ERP data, achieving 90% ac-

curacy with Random Forest algorithm. 

[7] Artificial Intelligence 

(AI), SAP Business 

Technology Platform 

(BTP) 

Financial Report-

ing 

Integrates AI with BTP for automated commentary 

generation, converting financial data into strategic 

insights for executive decision-making. 

[8] Deep Learning, SAP 

ERP Integration 

IT Supply Chain 

Sales of Medical 

Devices 

Applies deep learning within SAP to optimize sales 

operations amid mergers and acquisitions, enhanc-

ing efficiency and strategic decision-making. 

[9] AI, IIoT, Machine 

Learning 

Manufacturing 

Production Opti-

mization 

Utilizes AI, IIoT, and ML to enhance production 

efficiency, reduce costs, and improve product qual-

ity, focusing on Overall Equipment Effectiveness 

(OEE) prediction. 

[10] Real-Time Big Data Pro-

cessing, Machine Learn-

ing Algorithms 

Network Anom-

aly Detection 

Surveys state-of-the-art technologies for real-time 

big data processing in anomaly detection, address-

ing challenges in network security analytics. 

[11] Predictive Auto-regres-

sion Model (PAM), ERP 

System Logs 

Insider Threat 

Detection in ERP 

Systems 

Proposes a real-time anomaly detection method us-

ing PAM to identify abnormal insider events, vali-

dated through experiments with real ERP system 

logs. 

 

3.  Ensemble Learning Techniques for Real-time Financial Anomaly Detection in SAP ERP Systems 

 

Ensemble learning techniques have emerged as powerful tools for enhancing the accuracy and efficiency of 

real-time financial anomaly detection within SAP ERP systems [11]. This section explores several ensemble 

methods that are particularly suitable for this application: 

 

1. Random Forests: 

   - Description: Random Forests construct multiple decision trees during training and aggregate their 

predictions to classify anomalies. Each tree operates independently, and the final decision is based on a majority 

vote or averaging process [11]. 

   - Suitability: Random Forests are robust against overfitting and capable of handling large, heterogeneous 

datasets typical in SAP ERP systems. They excel in identifying anomalies by capturing complex interactions 

between variables. 

 

2. Gradient Boosting Machines (GBM): 

   - Description: GBM sequentially builds a series of decision trees, where each subsequent tree corrects errors 

made by the previous ones [12]. This iterative process focuses on instances where anomalies are likely to occur. 
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   - Suitability: GBM is effective in capturing subtle anomalies in real-time data streams within SAP ERP 

systems. It adapts well to changing data distributions and can handle non-linear relationships effectively [12]. 

 

3. Ensemble of Neural Networks: 

   - Description: Ensemble methods can combine predictions from multiple neural networks trained 

independently or using different architectures. This approach enhances predictive performance and robustness 

[13]. 

   - Suitability: Neural network ensembles are beneficial when anomalies manifest as complex patterns in SAP 

ERP data. They offer flexibility in modeling diverse data characteristics and can adapt to varying anomaly 

types [13]. 

 

4. Isolation Forest: 

   - Description: Isolation Forest isolates anomalies by randomly partitioning data points into isolation trees. 

Anomalies are identified as instances that require fewer partitions to separate from the majority of data points 

[14]. 

   - Suitability: Isolation Forest is efficient in detecting outliers and anomalies in real-time, making it suitable 

for monitoring financial transactions and operational data in SAP ERP systems. 

 

5. Voting-based Ensembles: 

   - Description: Voting-based ensembles combine predictions from multiple base models (e.g., decision trees, 

neural networks) to make a final anomaly detection decision [14]. Different voting strategies, such as hard or 

soft voting, can be employed based on the ensemble structure. 

   - Suitability: Voting-based ensembles provide robust anomaly detection capabilities by aggregating diverse 

model outputs. They enhance overall detection accuracy and reliability in dynamic SAP ERP environments. 

 

These ensemble learning techniques leverage the collective strength of multiple models to improve the 

detection of financial anomalies in real-time SAP ERP data. By integrating these methods, organizations can 

enhance their ability to identify and mitigate potential risks promptly, ensuring financial integrity and 

operational continuity. 

 

4.  Applications in SAP ERP Systems 

 

Ensemble learning techniques have been increasingly applied to detect financial anomalies within SAP ERP 

environments, leveraging their ability to enhance detection accuracy and adaptability to complex data 

structures. This section reviews notable case studies and applications where ensemble learning has 

demonstrated effectiveness: 

 

1. Case Study 1: Fraud Detection in Procurement 

   - Description: A multinational corporation implemented a fraud detection system in its SAP ERP system 

using ensemble learning techniques, including Random Forests and Gradient Boosting Machines [15]. 

   - Outcome: The ensemble approach significantly improved the detection of fraudulent procurement activities 

by identifying anomalous purchase orders and invoice discrepancies. This led to substantial cost savings and 

enhanced compliance with procurement policies. 

 

2. Case Study 2: Revenue Leakage Detection 

   - Description: A financial services company utilized ensemble learning methods, such as Voting-based 

Ensembles and Isolation Forests, to detect revenue leakage in its SAP ERP financial modules [16]. 

   - Outcome: By aggregating predictions from multiple models, the company identified irregular revenue 

patterns and unauthorized transactions more effectively. This proactive approach mitigated financial risks and 

improved revenue assurance processes. 
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3. Case Study 3: Real-time Transaction Monitoring 

   - Description: An industrial manufacturing firm integrated ensemble learning models into its SAP ERP 

system for real-time monitoring of financial transactions [16]. 

   - Outcome: The ensemble approach enabled prompt identification of unusual payment behaviors and 

fraudulent activities across diverse operational units. This real-time detection capability enhanced financial 

security and operational transparency within the organization. 

 

4. Case Study 4: Anomaly Detection in Financial Reporting 

   - Description: A retail corporation implemented ensemble learning techniques within its SAP ERP system to 

identify anomalies in financial reporting metrics, such as revenue forecasts and expense allocations [17]. 

   - Outcome: By combining Random Forests and Neural Network Ensembles, the corporation achieved more 

accurate anomaly detection, ensuring compliance with regulatory standards and improving decision-making 

processes at executive levels [17]. 

 

5. Case Study 5: Operational Risk Management 

   - Description: A telecommunications provider adopted ensemble learning methodologies to manage 

operational risks associated with billing discrepancies and fraudulent customer accounts in its SAP ERP 

system. 

   - Outcome: The ensemble models enhanced the detection of anomalous billing activities and customer 

account manipulations, thereby minimizing revenue loss and maintaining customer trust [18]. 

 

These case studies illustrate the diverse applications of ensemble learning techniques in detecting financial 

anomalies within SAP ERP systems. By leveraging ensemble methods, organizations can enhance their ability 

to safeguard financial integrity, mitigate risks, and optimize operational performance in dynamic business 

environments. 

 

5. Challenges and Solutions in Real-time Anomaly Detection in SAP ERP Systems 

 

Real-time anomaly detection in SAP ERP systems presents several challenges due to the complexity of data 

integration, scalability requirements, and the need for interpretability. Addressing these challenges is crucial 

for ensuring effective anomaly detection and maintaining operational integrity: 

 

1. Data Integration Challenges: 

   - Challenge: SAP ERP systems encompass diverse modules and data sources, often leading to siloed data 

and heterogeneous formats that hinder seamless integration for anomaly detection [19]. 

   - Solution: Implement robust data integration frameworks that consolidate data from various SAP modules 

and external sources in real-time. Use standardized data formats and protocols to facilitate interoperability 

across different ERP components. 

 

2. Scalability Issues: 

   - Challenge: The volume and velocity of data generated within SAP ERP systems can overwhelm traditional 

anomaly detection algorithms, leading to scalability issues during real-time processing [20]. 

   - Solution: Utilize scalable computing architectures, such as cloud-based platforms or distributed computing 

frameworks, to handle large-scale data streams. Employ parallel processing techniques and optimize algorithm 

performance to accommodate increasing data volumes without compromising detection accuracy. 

 

3. Interpretability and Actionability: 

   - Challenge: Anomalies detected in SAP ERP systems must be interpretable and actionable by stakeholders, 

including financial analysts and operational teams, to facilitate timely decision-making [20]. 

   - Solution: Enhance model interpretability by incorporating feature importance analysis and model-agnostic 

interpretability techniques. Provide contextual information and visualizations that explain the rationale behind 

anomaly alerts, enabling informed responses and proactive risk mitigation strategies. 
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4. Adaptability to Dynamic Environments: 

   - Challenge: SAP ERP systems operate in dynamic business environments where data distributions and 

anomaly patterns may evolve over time, requiring adaptive anomaly detection models [18]. 

   - Solution: Implement adaptive learning techniques, such as online learning algorithms or reinforcement 

learning approaches, that continuously update anomaly detection models based on real-time data feedback. 

Incorporate feedback loops and model retraining schedules to ensure responsiveness to changing business 

conditions. 

 

5. Integration with Operational Workflows: 

   - Challenge: Seamless integration of anomaly detection outputs into existing SAP ERP workflows and 

operational processes is essential for effective incident response and corrective actions [21]. 

   - Solution: Develop integrations with SAP ERP APIs and middleware solutions that automate the transfer of 

anomaly alerts to relevant stakeholders and operational dashboards. Implement workflow orchestration tools 

to streamline incident management and resolution processes in real-time [21]. 

 

Addressing these challenges with proactive strategies and best practices enables organizations to enhance the 

effectiveness of real-time anomaly detection in SAP ERP systems. By leveraging advanced technologies and 

operational insights, businesses can mitigate financial risks, optimize resource allocation, and maintain 

competitive advantage in dynamic market environments. 

 

6. Conclusion  

 

Real-time financial anomaly detection in SAP ERP systems is critical for ensuring financial integrity, 

operational efficiency, and regulatory compliance in today's dynamic business landscape. This survey paper 

has explored the role of ensemble learning techniques in enhancing anomaly detection capabilities within SAP 

ERP environments. 

 

Ensemble learning methods, including Random Forests, Gradient Boosting Machines, and Neural Network 

Ensembles, offer robust solutions for identifying anomalies in heterogeneous and real-time data streams. By 

combining the strengths of multiple models, ensemble approaches improve detection accuracy and adaptability 

to evolving anomaly patterns. 

 

Throughout this paper, we have reviewed applications of ensemble learning in detecting fraud, revenue 

leakage, and operational risks across various sectors within SAP ERP systems. Case studies have demonstrated 

significant improvements in anomaly detection efficiency, leading to cost savings, enhanced compliance, and 

proactive risk management. Despite the advancements, challenges such as data integration complexity, 

scalability requirements, interpretability of model outputs, and adaptability to dynamic environments remain. 

Addressing these challenges requires innovative approaches, including advanced data integration frameworks, 

scalable computing architectures, and model interpretability techniques. 

 

Looking ahead, future research directions should focus on enhancing real-time anomaly detection algorithms 

with AI-driven automation, integrating anomaly detection seamlessly into SAP ERP workflows, and exploring 

emerging technologies like federated learning for decentralized anomaly detection. 
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