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ABSTRACT 
 

Enterprises today generate and store massive volumes of both structured and unstructured data, which, if leveraged 

effectively using machine learning (ML) technologies, can provide a significant competitive advantage. However, 

integrating ML into enterprise information systems, particularly complex ecosystems like the SAP landscape, poses 

several challenges. These challenges often include the need for data movement, compatibility issues, and dependence 

on external tools that are not natively part of the enterprise environment. This thesis investigates how these 

challenges can be addressed, with a specific focus on SAP Leonardo, SAP’s digital innovation system. The research 

aims to evaluate both less integrated and more integrated ML solutions within the SAP ecosystem. It explores the 

performance outcomes and benefits of each approach from the user's perspective and examines the trade-offs 

involved. By addressing these aspects, the study seeks to guide data scientists and enterprise architects in making 

informed decisions when adopting ML technologies in enterprise settings, ultimately contributing to more seamless 

and effective ML integration strategies. 
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INTRODUCTION 
 

In the era of digital transformation, enterprises are generating and managing vast volumes of structured and unstructured 

data. Effectively leveraging this data can lead to strategic advantages, particularly when advanced technologies like 

Machine Learning (ML) are employed. ML enables organizations to uncover hidden patterns, optimize operations, and 

make informed decisions. However, integrating ML into enterprise environments is not a straightforward task. Traditional 

enterprise systems are often rigid, and the incorporation of ML solutions typically requires extensive data movement, 

specialized tools, and cross-platform coordination, which introduces complexity and potential inefficiencies. 

 

SAP Leonardo, a comprehensive digital innovation system by SAP, offers a platform that combines technologies such as 

machine learning, the Internet of Things (IoT), big data, and blockchain to support enterprise transformation. This thesis 

explores how ML can be effectively integrated into enterprise data systems, particularly within the SAP ecosystem, with a 

focus on balancing performance, integration, and usability. 

 

The core objective of this research is to investigate the differences between less integrated and more integrated ML 

solutions within the SAP landscape. Specifically, it seeks to understand the performance and benefits of each approach 

from a user perspective and to identify trade-offs that influence the choice of implementation strategies.  

 

Through this investigation, the study aims to provide actionable insights that can help enterprises navigate the complexities 

of ML adoption and make informed decisions about how to harness their data most effectively. Practical solution that is 

both fast and accurate for real-time use cases. 

 

Process Overview 

The research and development process for exploring Machine Learning integration within enterprise systems, specifically 

in the SAP landscape using SAP Leonardo, was carried out in a structured manner across the following key stages: 
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Problem Definition & Objective 

The main objective was to investigate how machine learning, including deep learning approaches, can be effectively 

integrated into enterprise systems. The goal was to identify challenges in using less integrated versus more integrated ML 

solutions within the SAP ecosystem and evaluate their impact from a user and system perspective. 

 

Literature Review and Background Study 

Extensive research was conducted on current ML integration techniques in enterprise information systems. Key 

technologies such as SAP Leonardo, traditional BI tools, external ML frameworks (like TensorFlow, Scikit-learn), and data 

handling in SAP systems were explored to establish foundational knowledge. 

 

Approach Classification and System Modeling 

Two primary approaches were defined: less integrated (external ML pipelines connected to enterprise data) and more 

integrated (native SAP ML capabilities through SAP Leonardo). Models were created to simulate data flow, system 

interactions, and user experience in both scenarios. 

 

Performance Evaluation and Case Study Design 

Case studies and simulated experiments were designed to evaluate performance metrics such as latency, data handling 

efficiency, user experience, and scalability. User-centric metrics were considered to determine practical usability and 

benefits. 

 

Analysis and Comparative Study 

Both approaches were analyzed based on predefined KPIs. Trade-offs between flexibility, ease of integration, system 

performance, and user value were documented and critically assessed. 

 

Conclusion and Documentation 

Findings were compiled to offer recommendations for enterprises considering ML adoption. Complete project 

documentation, including implementation guidelines, research findings, and future scope, was prepared to support further 

research and practical application. 

 

Methodology 
This section outlines the process followed to explore and evaluate the integration of machine learning into enterprise 

information systems, with a focus on the SAP landscape and SAP Leonardo. It covers the system overview, integration 

strategies, and evaluation techniques used to understand performance, benefits, and trade-offs of various approaches. 

 

System Overview 

The system under study is a hybrid enterprise architecture where machine learning models are either tightly integrated into 

the SAP ecosystem via SAP Leonardo or loosely connected through external tools and platforms. SAP Leonardo provides 

pre-built ML services and native integration with SAP applications (e.g., SAP S/4HANA, SAP HANA). For comparative 

analysis, both integrated and non-integrated ML scenarios are examined. 

 

INTEGRATION MECHANISM 

 

Initialization and Data Access 

Enterprise data is accessed via SAP’s data management layers (such as SAP HANA or SAP Data Intelligence). For 

integrated approaches, ML services within SAP Leonardo are initialized via SAP BTP (Business Technology Platform). In 

the non-integrated scenario, enterprise data is exported to external ML environments like Google Colab or Jupyter 

Notebooks. 

 

Data Preprocessing 

The data undergoes preprocessing steps including normalization, null value handling, and categorical encoding. In the 

integrated case, these transformations are executed using SAP HANA's in-database processing. In external setups, Python 

libraries (Pandas, NumPy) handle preprocessing. 

 

MODEL INFERENCE 

 

Integrated ML (SAP Leonardo): 

Pre-trained or custom ML models are invoked through SAP AI Core or SAP Intelligent Scenarios. These models predict 

outcomes such as customer churn, demand forecasting, or risk analysis directly within SAP applications. 
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External ML: 

Models are trained and run using frameworks like TensorFlow, PyTorch, or Scikit-learn on platforms such as Google 

Colab. Inference is performed outside SAP, and results are imported back through APIs or CSV uploads. 

 

Result Interpretation and Feedback 

The model results are visualized using SAP Fiori dashboards or external BI tools. Real-time feedback is collected from 

users to evaluate usability, accuracy, and responsiveness in both cases. 

 

Performance Evaluation 

 

Key performance indicators (KPIs) were defined to assess each setup: 

 

Latency: Time taken from input to actionable insight. 

 

Accuracy: Correctness of predictions in a business context. 

 

Integration Overhead: Effort required to maintain and update the system. 

 

User Experience: Based on feedback from mock enterprise users. 

 

Comparative Analysis Framework 

Both approaches were compared across technical and business metrics. A trade-off matrix was developed to highlight the 

pros and cons of integrated vs. external ML implementations in SAP environments. This helped frame guidance for 

enterprises on when and how to choose the most suitable approach. 

 

Impact 
The implementation and analysis carried out in this study demonstrate the practical potential of integrating Machine 

Learning into enterprise environments, especially in complex systems such as those built on SAP. The impact of this work 

is outlined below: 

 

Enterprise-Level Optimization: The study shows that ML can be effectively embedded into enterprise workflows, 

optimizing decision-making and enhancing operational intelligence. 

 

Performance Insights: Through comparative evaluation, the research highlights the trade-offs between integrated and 

external ML solutions, offering actionable insights for enterprise architects. 

 

Cost and Resource Efficiency: By minimizing the need for data migration and enabling native model execution, 

integrated ML approaches reduce infrastructure dependency and operational overhead. 

 

Strategic Decision-Making: The findings empower organizations to strategically align their data science initiatives with 

business goals using platforms like SAP Leonardo. 

 

Educational Value: The project serves as a real-world case study for students and professionals interested in the 

convergence of ML and enterprise systems, particularly those working in SAP landscapes. 

 

Future Scope and Scalability: The modular and flexible architecture explored in the study allows easy extension to other 

domains such as finance, logistics, and customer relationship management. 

 

CONCLUSION 
 

In conclusion, this study successfully demonstrates the integration of Machine Learning (ML) into enterprise environments, 

specifically within complex systems like SAP. The findings highlight the potential of ML to optimize decision-making, 

enhance operational intelligence, and reduce infrastructure dependency. The comparative evaluation of integrated and 

external ML solutions provides valuable insights for enterprise architects, enabling them to make informed decisions about 

ML implementation. The study's impact extends beyond enterprise-level optimization, offering educational value, strategic 

decision-making support, and future scope for scalability and extension to other domains. Overall, this research contributes 

to the growing body of knowledge on ML integration in enterprise systems, empowering organizations to harness the power 

of ML and drive business success. 
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