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Background and Motivation

Graphical debuggers are highly effective educational tools that help novice programmers understand ab-
stract concepts such as control flow, memory management, and data structures. At the Institute for System
Software, we have successfully developed JavaWiz, a trace-based graphical debugger tailored for software
development education. By capturing detailed execution traces, JavaWiz generates dynamic, interactive vis-
ualizations of program behavior.

Currently, our graphical debugging ecosystem is tightly coupled to Java. However, introductory program-
ming courses in various schools and universities frequently use other languages, most notably Python and
C#. Expanding our tooling to support these languages would greatly benefit a wider audience of students.

The Debug Adapter Protocol (DAP), introduced by Microsoft, aims to abstract the communication between
development tools and debuggers, theoretically allowing a single debugger client to communicate with any
language's debug server. To build future language-agnostic visualization tools, the Institute for System Soft-
ware first needs a deep, practical understanding of DAP. It remains an open question how well DAP handles
the extraction of deep execution states (e.g., consistent object IDs, deep heap traversal) across different lan-
guages and what challenges arise when interacting with various DAP implementations.

Objective

The primary objective of this Bachelor's thesis is to systematically explore and document the Debug Adapter
Protocol (DAP) to assess its general suitability for building language-independent graphical debuggers.

Rather than integrating with existing tools, the student will develop a standalone prototype client to com-
municate with DAP servers (specifically for Python and C#). The goal is to extract program state during de-
bugging sessions, document the protocol's capabilities and limitations, and capture the overall developer
experience. This work will serve as a foundational knowledge base for the Institute for System Software to
inform the architecture of future DAP-based projects.

Specific Tasks
To achieve these goals, the student will:

e Investigate the Debug Adapter Protocol: Study the architecture, request/response lifecycle, and
event model of DAP, focusing on how it exposes stack frames, scopes, and variables.
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e Develop a Standalone Prototype: Implement an independent tool/client capable of launching and
communicating with DAP servers for Python and C#. The tool must be able to step through code and
extract the program state at each step.

e Analyze State Extraction Capabilities: Investigate how DAP exposes complex data structures
(e.g., object references, heap traversal, arrays) and evaluate the granularity and consistency of the
provided data across different languages.

e Document Learnings and Best Practices: Compile a comprehensive report detailing the devel-
oper experience, protocol quirks, language-specific differences (e.g., how the Python DAP server
behaves compared to the C# DAP server), and DAP's overall suitability for extracting data for visuali-
zations.

Non-Goals

e Modifying JavaWiz: The student will build an isolated, standalone prototype; no changes or integra-
tions will be made to the existing JavaWiz codebase.

e Production-Ready Debugger: The prototype is intended solely for data extraction and protocol
evaluation, not to serve as a fully-fledged, user-facing debugger.

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 2 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 must be submitted not later than
31.08.2026.



