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■ Increasing demand for program comprehension:

□ Explore and reverse-engineer large unfamiliar software systems

□ Build up a mental model that links observable behavior to architectural
and implementation units [Hamou-Lhadj et al., 2004; von Mayrhauser et al., 1995]

■ Traditional approaches:

□ Source-code centric exploration: Package/file-based navigation

– Abstract descriptions, overwhelming details

□ Behavior-centric exploration: Example-based navigation in a debugger

– Observe concrete program instances (e.g., test cases) through their
call stack to identify relevant units and interactions

– Omniscient debuggers (or time-travel debuggers): Record a program 
trace to explore behavior in nonlinear fashion through a call tree
[Pothier and Tanter, 2009; Perscheid et al., 2012]

– Too fine-grained and text-heavy information displays

Background

Using the TraceDebugger in Squeak/
Smalltalk to explore the parsing of a regular 
expression pattern. [Thiede et al., 2023a]
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https://github.com/hpi-swa-lab/squeak-tracedebugger


■ Visualize object-oriented programs as animated 2.5D object maps:

□ Object map: Blocks represent objects, arrows represent references

□ Force-directed graph layout based on classes, references, and interactions
between objects

□ Animation: Object activations and communication during program execution

– Color indication [Harrower and Brewer, 2003] and curved trail (control flow)

□ Timeline: Temporal navigation and call tree overview [Gregg 2016]
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Approach



Demo: The TRACE4D Prototype
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https://linqlover.github.io/trace4d/app.html?trace=traces/regexParse.json


■ Experience report of the TRACE4D prototype:

□ Analyzed 6 program traces from 4 domains within the Squeak/Smalltalk environment

■ Suitable program traces:

□ Small to moderate number of subsystems and objects

□ High class cohesion and extensive communication between objects

■ Types of visual insights:

□ Identify characteristic regions of the object graph

□ Identify significant behavior stages within the program execution
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Evaluation



■ Possible benefits for program comprehension:

□ Develop and refine a mental model of system functioning and
link it to implementation artifacts

□ Exploring and analyzing communication patterns

□ Reflect on system design and share/discuss mental models with coworkers

■ Future Work:

□ Visual scaling for larger object graphs through trace summarization
[Hamou-Lhadj and Lethbridge, 2006]

□ Improve clarity of the object graph through clustering and
hierarchical layout approaches [Atzberger et al., 2023; Scheibel et al., 2018]

□ Evaluate potential and limitations through user study

□ Integrate visualization into programmers’ toolchains Christoph Thiede
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Conclusion



linqlover.github.io/trace4d

https://linqlover.github.io/trace4d/poster-ivapp.pdf
https://linqlover.github.io/trace4d
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