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The Java Stream API is a powerful feature introduced in Java 8 that allows developers to process sequences of 
elements in a functional style. It provides a high-level abstraction for operations on collections of data, such as 
filtering, mapping, and reducing. Despite its advantages, the complexity of stream operations, especially when 
involving lambda expressions and higher-order functions, can make it challenging for developers and students to 
understand the flow of data through these operations. 
 
Currently, there is a lack of tools that effectively visualize the execution of Java Stream API operations. Existing 
tools often fail to provide a clear and intuitive representation of how data flows through streams, making it difficult 
to debug, understand and optimize code. This lack of visualization tools is particularly evident in educational 
settings, where students struggle to grasp certain aspects of stream processing, especially more advanced ones 
such as flatMap(). 
 
The primary objective of this master's thesis is to develop an automated marble diagram visualizer for Java Stream 
API operations. This tool will capture and analyze execution traces of stream operations. By tracking the complete 
flow of every input object through the stream, the system will generate dynamic marble diagrams that visually 
represent the data flow, transformations, and operation sequencing. 
 

 
 
Key features of the visualization tool should include: 
1. Execution Trace Recording: Capture detailed execution traces of Java Stream API operations, including input 
and output data, order of calls, and linkages between operations. 
2. Dynamic Marble Diagrams: Automatically transform execution traces into marble diagrams, providing a clear and 
intuitive visual representation of stream operations. 
3. Interactive Visualization: Allow users to interact with the marble diagrams, such as zooming in on specific 
operations or highlighting data transformations. 
4. Educational Focus: Design the tool to be easily understandable, making it suitable for use in live teaching and 
as an aid for students in their homework assignments. 
 
The development of this tool will have a significant impact on both educational and professional settings. For 
students, it will enhance their understanding of Java Stream API operations, making it easier to learn and apply 
functional programming concepts. For developers, it will provide a valuable debugging and optimization tool, helping 
them to write more efficient and error-free code. 
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To undertake this thesis, the student should have a strong background in Java programming, particularly with the 
Stream API and lambda expressions. Experience with web development technologies, such as JavaScript and 
HTML, will also be beneficial for creating the interactive visualization component. Throughout the project, the 
student will develop skills in execution trace generation and analysis, data visualization, and user interface design. 
 
The results of this thesis are expected to be published in relevant computer science conferences, such as the 

European Conference on Object-Oriented Programming (ECOOP) or the IEEE Working Conference on Software 
Visualization (VISSOFT). The student should aim to produce a high-quality academic paper detailing the design 
and approach, feature set and evaluation of the visualization tool. 

 

Modalities: 

The progress of the project should be discussed at least every three to four weeks with the advisor(s). A time 
schedule and a milestone plan must be set up within the first two weeks and discussed with the advisor(s). It should 
be continuously refined and monitored to make sure that the thesis will be completed in time. The final version of 
the thesis is expected to be finished before 28.02.2026. 


