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 Model-driven architecture (MDA) is a useful approach for designing 

enterprise information systems through structured models. This study applies 

MDA to electronic document management (EDM) systems, which are 

essential for improving document workflows and ensuring regulatory 

compliance. Organizations often face difficulties when converting business 

process models into software-ready designs. Current transformation methods 

are complex, involving multiple intermediate steps that increase effort and 

risk of errors. The objective of this work is to create a direct transformation 

from business process model and notation (BPMN) diagrams to unified 

modeling language (UML) class diagrams. This aims to improve 

automation, reduce modeling effort, and maintain consistency. The proposed 

methodology uses MDA principles and query/view/transformation (QVT) to 

automatically map BPMN elements to UML classes based on predefined 

rules. The approach is implemented within the eclipse modeling framework 

(EMF) and validated through a case study on EDM systems. The 

transformation successfully generates UML class diagrams that accurately 

represent BPMN-based business processes. The results demonstrate: 

increased automation, reducing manual effort in software modeling, 

improved model consistency, eliminating errors associated with multi-step 

transformations and enhanced business-IT alignment, providing a structured 

approach for business professionals and developers. 
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1. INTRODUCTION 

Organizations across various sectors increasingly rely on electronic document management (EDM) 

systems to streamline workflows, ensure regulatory compliance, and enhance document accessibility. 

However, bridging the gap between business requirements and IT implementations remains a challenge. 

Business process model and notation (BPMN) has emerged as a widely adopted graphical language to 

visually represent business processes, yet its integration with software development methodologies requires 

further exploration. Despite the widespread use of BPMN for modeling business processes, transforming 

these models into software-ready representations remains a challenge. Current approaches often involve 

multiple intermediate steps, increasing complexity and reducing automation potential. Our study aims to 

address this challenge by proposing a direct transformation from BPMN diagrams computation-independent 

models (CIM) into unified modeling language (UML) class diagrams platform-independent models (PIM), 

following the model-driven architecture (MDA) framework [1]. 

https://creativecommons.org/licenses/by-sa/4.0/
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Several studies have explored BPMN-to-UML transformations to improve software development 

workflows: 

 Addamssiri et al. [2] proposed a two-step transformation methodology involving UML use case diagrams 

and sequence diagrams to refine business process representations. 

 Rhazali et al. [3] developed an MDA-based approach using the atlas transformation language (ATL) to 

transition from CIM to PIM, improving precision and adaptability. 

 Bảo examined BPMN-to-UML activity diagram transformations, highlighting their conceptual alignment 

for process modeling [4], [5]. 

 Debnath et al. [6] demonstrated a multi-step BPMN transformation approach leading to Java EE platform 

implementation, showcasing the potential for automated code generation [7]. 

 Kchaou et al. [8] expanded BPMN applications by transforming them into OWL2 ontologies for semantic 

reasoning and knowledge representation [9]. 

While these contributions have advanced model transformation techniques, none provide a direct, 

automated BPMN-to-UML class diagram transformation using query/view/transformation (QVT), which 

remains a critical gap in the literature. Despite prior efforts, existing methodologies introduce complexity 

through intermediate transformations (e.g., activity diagrams, sequence diagrams) before reaching UML class 

diagrams. This study aims to: 

 Automate the transformation from BPMN to UML class diagrams, eliminating unnecessary intermediary 

steps. 

 Ensure model consistency through well-defined transformation rules aligning with object management 

group (OMG) standards. 

 Enhance collaboration between business analysts and developers by providing a direct mapping of 

business concepts to software structures. 

In this study, we focus on transforming BPMN diagrams, which represent CIMs, into UML class 

diagrams, a type of PIM. This transformation bridges the business and technical domains, allowing for 

subsequent transitions to PSMs and automated software generation. Using QVT, a language designed by 

OMG, we aim to demonstrate a streamlined, automated process that facilitates collaboration and enhances the 

overall design of information systems, with EDM systems serving as a practical case study. 

To address these gaps, we propose a model-driven transformation process using QVT within the 

eclipse modeling framework (EMF). The following sections outline our methodology: 

 Section 2 provides background knowledge on BPMN, UML, and QVT. 

 Section 3 describes the proposed transformation methodology and its implementation. 

 Section 4 presents a case study demonstrating the approach. 

 Section 5 discusses the results, highlighting automation benefits and potential limitations. 

 Section 6 concludes with insights on future enhancements and applications. 

By integrating BPMN directly into UML class diagrams, our approach simplifies model 

transformations, enhances automation, and improves business-IT alignment, ultimately contributing to the 

broader field of model-driven software engineering. 
 

 

2. BACKGROUND KNOWLEDGE 

2.1.  Business process model and notation (BPMN) 

BPMN is a graphical language developed for modeling business processes. Known for its clarity 

and simplicity, it provides a set of standardized symbols that enable non-technical users to visualize and 

communicate business needs effectively [10]. Initially created by the business process management initiative 

(BPMI), BPMN is now maintained by OMG. It serves as a bridge between business professionals and IT 

developers, facilitating a shared understanding of organizational processes [11]-[13]. This study leverages 

BPMN as the starting point for capturing business processes in a CIM, making it an ideal foundation for 

transitioning into more technically detailed models like UML class diagrams. 

 

2.2.  Query/view/transformation 

QVT is an OMG-standard language designed for model-to-model transformations within the MDA 

framework. Introduced in 2005 [14]-[18], QVT ensures automated, consistent transformations between 

models. Key features of QVT include: 

 Automation: reduces human error and increases efficiency during model transformation. 

 Meta-model compliance: ensures input and output models adhere to predefined meta-models. 

 Integration: supported by platforms like eclipse, allowing seamless transformations between models like 

BPMN and UML [19]-[23]. 
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By using QVT in this study, we implement a reliable process for converting BPMN diagrams into 

UML class diagrams, demonstrating its utility in bridging the business and technical domains. 

 

 

3. PROPOSED METHOD 

Our approach aims to establish an automated transformation process that bridges the gap between 

non-technical users and IT developers by converting BPMN diagrams into unified UML class diagrams. This 

transformation follows the MDA principles, transitioning from a CIM to a PIM. 

 

3.1.  Overview of the proposed methodology 

The proposed methodology focuses on using BPMN diagrams to represent business processes and 

then transforming them into UML class diagrams. The transformation process automates the transition from 

CIM to PIM, enabling clear communication between business professionals and developers. Figure 1 

illustrates the transformation sequence, which bypasses intermediate models (e.g., use case, sequence, or 

activity diagrams) to directly obtain UML class diagrams, saving time and enhancing accuracy [24]-[27]. 

The chosen methodology follows the MDA framework to automate the transformation of business 

process models into software-ready structures. The key justifications for this approach include: 

 Alignment with OMG standards: the use of BPMN and UML ensures compatibility with widely accepted 

modeling standards. 

 Automation and consistency: QVT enables automated, rule-based transformations, minimizing human 

error and improving model consistency. 

 Reduction of intermediary steps: unlike previous studies that require multiple intermediate 

transformations (e.g., UML activity diagrams), our approach directly maps BPMN elements to UML class 

structures. 

 Practical application: the methodology is tested using real-world EDM processes, demonstrating its 

effectiveness in a business environment. 

 

 

 
 

Figure 1. Our proposed transformation compared to the MDA models 

 

 

3.2.  Transformation rules 

The transformation rules define how elements in BPMN diagrams correspond to elements in UML 

class diagrams. Table 1 outlines these rules, specifying the conditions for mapping BPMN components  

(e.g., tasks, pools, and sequence flows) to their UML equivalents (e.g., classes, methods, and associations). 

For instance: 

 Pools in BPMN are transformed into UML classes. 

 Lanes become subclasses to represent organizational hierarchies. 

 Tasks may translate into methods or classes based on their role and position. 

 Sequence and message flows are converted into UML associations or generalizations, depending on the 

relationships they depict. 

 

 

Table 1. Transformation rules for the two models 
Transformation rules Source model element Target model element 

Participant (pool) to class Participant (pool) Class 

Lane to class Lane Class 
Task “activity” to class or method “with 

condition” 

Task “activity” receive task send 

task 

Class 

Sequence flow or message flow to association Sequence flow message flow Association (condition) 
Exclusive gate way (OR XOR …) to 

association 

Exclusive gate way Association or (generalization) 
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3.3.  Case study 

To demonstrate our approach, we used an EDM process as a case study. The BPMN diagram 

(Figure 2) illustrates the interactions between two primary participants: the document requester and the 

document manager. Key elements include: 

 Pools representing participants (e.g., user, machine). 

 Tasks representing activities (e.g., “scan file,” “receive file”, “evaluate”, and “result of scan”). 

 Sequence flows indicating the progression of tasks through the document management workflow. 

The transformation applies the defined rules to convert this BPMN diagram into a UML class 

diagram, capturing the structural and behavioral aspects of the EDM system for further development.  

Figure 2 illustrates the BPMN process diagram (collaboration), detailing the interactions between document 

requesters and document managers. This diagram provides an overview of workflow transitions within the 

EDM system.  

Experimental setup:  

 The transformation of BPMN diagrams into UML class diagrams follows the MDA approach. The setup 

includes the following key components. 

Software and tools:  

 EMF: used for model definition and transformation. 

 Papyrus for UML: a modeling tool to visualize UML class diagrams. 

 Eclipse QVTo: an implementation of the QVT language used for model-to-model transformation. 

 BPMN 2.0 editor: for designing and validating BPMN diagrams before transformation. 

 

 

 
 

Figure 2. The process diagram of BPMN (collaboration) 

 

 

3.4.  Implementation 

The transformation process employs the QVT language within the eclipse platform. 

 Step 1: import BPMN and UML meta-models into eclipse. 

 Step 2: develop QVT code following the transformation rules. 

 Step 3: execute the QVT script to generate a UML class diagram from the BPMN diagram. 

Figure 3 illustrates a portion of the QVT code, showcasing how BPMN elements are mapped to 

UML equivalents. The eclipse papyrus plugin is used to visualize the resulting UML class diagram. 

 

 

4. RESULTS AND DISCUSSION 

The output of the transformation is a well-structured UML class diagram containing: 

 Classes and methods derived from BPMN pools and tasks. 

 Associations derived from sequence and message flows. 

This automated process ensures consistency, reduces manual errors, and serves as a foundation for 

further transformations, such as generating platform-specific models (PSMs) or code. 
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Figure 4 showcases the UML class diagram structure derived from the BPMN transformation 

process. It highlights the relationships and associations between different components within the EDM 

system. 

 

 

 
 

Figure 3. A part of the QVT code 

 

 

 
 

Figure 4. The class diagram structure 
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The transformation process successfully demonstrated the practical application of the MDA 

framework by automating the transition from BPMN diagrams to UML class diagrams. This transformation 

addressed a key challenge in aligning business requirements with technical implementation, providing a 

streamlined bridge between non-technical stakeholders and developers. The resulting UML class diagram 

effectively captured the structural and behavioral elements of the BPMN diagram, such as: 

 Classes derived from participants and lanes, representing key organizational roles. 

 Methods generated from tasks, detailing specific actions or processes. 

 Associations formed from sequence and message flows, reflecting interactions and dependencies between 

components. 

The use of QVT proved instrumental in ensuring accuracy and consistency during the 

transformation process. By adhering to predefined rules and meta-models, the approach minimized manual 

intervention, reducing the potential for errors. Furthermore, the case study on an online purchase process 

illustrated the flexibility of the methodology in handling real-world business scenarios. 

The transformation outcome highlights several benefits: 

1. Improved collaboration: by converting BPMN diagrams into a more technical UML class diagram,  

the approach fosters better communication between business professionals and IT developers. 

2. Automation: the use of QVT and eclipse eliminates redundant manual work, saving time and effort. 

3. Scalability: the resulting UML class diagram provides a foundation for further transformations, including 

PSMs and automated code generation. 

However, some limitations were observed. The transformation process, while robust, relies on the 

accuracy of the input BPMN diagrams. Any ambiguities or inconsistencies in the initial model can propagate 

to the UML output. Future enhancements could address this by integrating error-checking mechanisms or 

additional transformation rules for more complex BPMN constructs. 

Overall, the results validate the feasibility and utility of the proposed methodology, demonstrating 

its potential to enhance model-driven development workflows across various domains. 

 The resulting UML class diagrams were evaluated for consistency with the original BPMN model. 

 The validity of the transformation was assessed using Papyrus for UML. 

 The correctness of class structures and relationships was manually verified by domain experts. 

Figure 5 displays the final UML class diagram, representing the complete transformation from 

BPMN. This diagram serves as the primary outcome of the proposed methodology, illustrating how business 

processes are translated into structured software models. 

 

 

 
 

Figure 5. Our result as a class diagram 

 

 

By following this structured methodology, we provide a rigorous, automated, and validated process 

for transforming BPMN business process models into UML class diagrams, supporting model-driven 

software development and business-IT alignment 

In comparison to prior methodologies that involve intermediate transformations (e.g., use case  

and sequence diagrams), our direct BPMN-to-UML class transformation eliminates unnecessary steps,  

improving efficiency and reducing complexity. Studies such as Addamssiri et al. [4] and Rhazali et al. [4] 
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employed multi-step transformations, increasing the risk of model inconsistencies. Our approach ensures 

direct mapping using well-defined QVT transformation rules, enhancing model integrity. While the proposed 

methodology demonstrates effectiveness, several areas warrant further exploration: 

 Extending the transformation process: future work could focus on extending the methodology to generate 

PSMs and executable code. 

 Enhancing error handling: incorporating automated validation mechanisms to detect and correct 

inconsistencies in BPMN models before transformation. 

 Applying machine learning techniques: exploring AI-driven optimization of transformation rules to 

improve accuracy and adaptability across different business domains. 

 

 

5. CONCLUSION 

This study highlights the value of MDA in designing and transforming enterprise information 

systems, emphasizing the transition from business process modeling to technical implementation.  

By automating the transformation from BPMN diagrams to UML class diagrams, the proposed approach 

bridges the gap between non-technical users and IT developers. The transformation not only ensures a 

seamless flow of information but also contributes to investment protection, time savings, and the creation of 

robust, up-to-date information systems. 

The use of QVT has proven effective in achieving accurate and consistent model transformations 

while reducing the effort required for manual intervention. The results demonstrate the practical benefits of 

this method, including improved collaboration, automation, and scalability, as evident in the case study of an 

online purchase process. This research contributes to the advancement of model-driven engineering (MDE) 

by providing a streamlined, automated methodology for BPMN-to-UML class transformation. The approach 

is particularly beneficial for organizations looking to enhance software modeling efficiency while 

maintaining business process fidelity.  

Future research will focus on extending this methodology to achieve further transformations within 

the MDA framework. These include transitioning from UML class diagrams to PSMs and ultimately 

generating executable code. Additionally, the reverse transformation process, as part of the architecture-

driven modernization (ADM) framework, could be explored to compare and evaluate various tools and 

approaches. Such advancements would enhance the adaptability and flexibility of the proposed solution, 

further enriching its applications in model-driven software engineering. 
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