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programmer

What is this 

object about?

How can I 

invoke this 

feature?

system

objects

Where is this 

data stored?

Why does this 

not work?

[SAN1988,REI2019]
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programmer

system

objects

What is this 

object about?

[TAE2022]
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programmer

system

objects

What is this 

object about?

> .+++++++++++++.+[---->+++<]>.-++
----.++.++++++++.------.++++
+++++++++.-----.++.-----------.+.

> ++++[++++>---<]>++.+++++++++.+
+++++.[----->+<]>+.+++++++++++++

*

*

*exaggeration
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programmer

system

objects

What is this 

object about?

> .+++++++++++++.+[---->+++<]>.-++
----.++.++++++++.------.++++
+++++++++.-----.++.-----------.+.

> ++++[++++>---<]>++.+++++++++.+
+++++.[----->+<]>+.+++++++++++++

< V3RY_T3CHN!C4L_0U7P
U7_4XP3R!3NC3D_C0D3RZ

< H4H4_yc4n_U_
3V3N_R34D_7H!5

*

*

*

*

*exaggeration
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programmer

system

objects

What is this 

object about?

> .+++++++++++++.+[---->+++<]>.-++
----.++.++++++++.------.++++
+++++++++.-----.++.-----------.+.

> ++++[++++>---<]>++.+++++++++.+
+++++.[----->+<]>+.+++++++++++++

< V3RY_T3CHN!C4L_0U7P
U7_4XP3R!3NC3D_C0D3RZ

< H4H4_yc4n_U_
3V3N_R34D_7H!5

Complex experiments, 

cognitive overhead.

*

*

*

*

*exaggeration
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programmer

system

objects
> .+++++++++++++.+[---->+++<]>.-++
----.++.++++++++.------.++++
+++++++++.-----.++.-----------.+.

> ++++[++++>---<]>++.+++++++++.+
+++++.[----->+<]>+.+++++++++++++

< V3RY_T3CHN!C4L_0U7P
U7_4XP3R!3NC3D_C0D3RZ

< H4H4_yc4n_U_
3V3N_R34D_7H!5

• Generative AI agents already support programmers 

at different comprehension and interaction tasks ...

• Why not use them to streamline and augment

object exploration?

Complex experiments, 

cognitive overhead.

*

*

*

*

*exaggeration
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programmer

system

objects

• Generative AI agents already support programmers 

at different comprehension and interaction tasks ...

• Why not use them to streamline and augment

object exploration?

exploratory 
programming agent

Hi
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programmer

system

objects

When was this 

order created?

exploratory 
programming agent

> .+++++++++++++.+[---->+++<]>.-++
----.++.++++++++.------.++++
+++++++++.-----.++.-----------.+.

> ++++[++++>---<]>++.+++++++++.+
+++++.[----->+<]>+.+++++++++++++

< V3RY_T3CHN!C4L_0U7P
U7_4XP3R!3NC3D_C0D3RZ

< H4H4_yc4n_U_
3V3N_R34D_7H!5

• Generative AI agents already support programmers 

at different comprehension and interaction tasks ...

• Why not use them to streamline and augment

object exploration?
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programmer

system

objects

When was this 

order created?

exploratory 
programming agent

> .+++++++++++++.+[---->+++<]>.-++
----.++.++++++++.------.++++
+++++++++.-----.++.-----------.+.

> ++++[++++>---<]>++.+++++++++.+
+++++.[----->+<]>+.+++++++++++++

< V3RY_T3CHN!C4L_0U7P
U7_4XP3R!3NC3D_C0D3RZ

< H4H4_yc4n_U_
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On March 
14th.

• Generative AI agents already support programmers 

at different comprehension and interaction tasks ...

• Why not use them to streamline and augment

object exploration?
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How can we support exploratory programming 

through semantic object interfaces

that enable contextual, natural-language 

conversations with or about objects?
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Semantic object 
interfaces 
framework

Prototype
for Squeak/Smalltalk,

using GPT-4o

Evaluation
from our experience

Talking to Objects in Natural Language: Towards Semantic Tools for Exploratory Programming
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Background: Exploratory Programming

• Exploratory programmers understand problems and 

systems iteratively [SAN1988,REI2019]

• They work like researchers: they formulate questions, 

conduct experiments, and evaluate results

• They conduct vivid and extensive conversations with 

systems through many small experiments [TAE2022]

16

Talking to Objects in Natural Language: Towards Semantic Tools for Exploratory Programming

Onward! 2024 ⸱ Christoph Thiede, Marcel Taeumel, Lukas Böhme, Robert Hirschfeld ⸱ hpi.de/swa



Background: Exploratory Programming Systems

• Liveness for short feedback cycles [SAN1988,TAN2013]
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[Glamorous Toolkit] 

[Bash] [Jupyter] 

[Squeak] 

[TraceDebugger] 

[Squeak] 



Background: Two Gulfs of HCI
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[NOR1986]
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[Tabnine] 

[GitHub Copilot] 

[ChatGPT] 
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ask

programmer exploratory 
programming agent

§
policies

conversation 
history

plan
experiment
evaluate

system

objects

browse 
implementation

(traditional manual experiments)

(semantic questions)

functional epistemic
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Integration: Conversation Mode for

Object Inspection Tools
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Inspector (anOrder)

aCustomer<123456>self
customer
creationDate
productItems
invoice



Integration: Conversation Mode for

Object Inspection Tools
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Inspector (anOrder)

chat
self
customer
creationDate
productItems
invoice

How can I help 
you?

When was this 
order filed?

On March 14th.

Type your question here…



Integration: Semantic Messaging

for Scripts
• Traditional scripting:

– aProduct customer lastName.

– (aProduct orderItems detectMax: #quantity) product.

• Scripting with semantic messages:
– aProduct orderItems mostOftenBoughtOne.

– aProduct mostPopularArticle.

– aProduct numberOfSalesTo: aCustomer.

– aProduct countSalesFrom: '2023Q3' to: '2023Q4'.
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Building an Exploratory Programming Agent
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GPT-4o



Building an Exploratory Programming Agent:

Implementing Policies through Prompts
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Building an Exploratory Programming Agent: 

System Interfaces for Experiments 
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Function Description

eval(expression)
Example: eval("self customer")

Evaluate a Smalltalk expression in the context of the 

explored object and return the result or error. Can be 

executed in isolation.

evalAndReturn(expression) Evaluate a Smalltalk expression in the context of the 

explored object and pass back the result to the sender 

of the original semantic message. Only available if the 

agent was invoked through a semantic message.

browsePackage(packageName) Return a hierarchical list of classes within a package.

browseClass(className) Enumerate all methods defined on a class or one of its 

superclasses or their metaclasses (for static methods), 

grouped by the defining class and the method category 

(protocol) within the class organization.

browseMethod(className, selector) Retrieve the source code of a method defined in a class.

browseSenders(selector[, query])
Examples:

browseSender("printOn:")
browseSender("printOn:",
  "date yyy-mm-dd")

Search the system for all methods that send messages 

with the name of a selector and return a subset.
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Toward a Semantic Toolset

• Idea: Allow users of object-oriented user interfaces

to talk to domain objects on their screen
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Kanban Board

TODO DOING DONE

pick 
strawberries

mow lawn

clean skim-
mer

prune apple 
shoots

rake petals

turn 
compost

Talking to lane "TODO"…

What should I 
do before the 
thunderstorm?

Pick strawberries 
and mow the lawn.

Type your question here…



Toward a Semantic Toolset

• Idea: Allow users of object-oriented user interfaces

to talk to domain objects on their screen

• Many exploratory programming tools employ

object-oriented interfaces:

– Structural navigation tools (such as Smalltalk code 

browsers)

– Projectional editors (based on AST)

– Symbolic debuggers (based on process/call stack)

– Profilers (based on trace)

– ...
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Discussion

• Feasibility of the exploratory programming agent

• Programming experience of semantic object 

interfaces
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• Limitations of LLMs

• Performance

Discussion: Feasibility
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Errors
Hallucinations, incorrect reasoning, 

invalid code

Failures
Insufficient answers, endless

trial & error, refused tasks

Train specific abilities?

• Proficiency with Squeak/Smalltalk language + frameworks

• Exploratory practice

Response times Monetary cost

Simple tasks 2 s – 4 s $0.10 – $0.50 $1 – $60 

per hour 
[KUB2018]Complex tasks 5 s – 15 s $0.5 – $5

Fine-tuned or small language models? [MAG2023]

Optimize prompts?



Discussion: Programming Experience

• Higher abstraction level

+ Reduced interruptions and cognitive overhead

+ Improved semantic immediacy and flow [CSI2008]

– Leaky abstractions [SPO2004]

– Missed serendipitous discoveries

• Natural-language interface

+ Reduced gulf of execution and evaluation

+ Implicit context

• Current LLMs

– Limited trust

– Temporal distances for complex questions

– Fear of expenses

– Energy & water consumption [LI2023]
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Future Work

• How can we improve the capability and performance 

of the exploratory programming agent?

– … by fine-tuning a smaller language model?

– … by optimizing prompts and function interfaces?

• How can we improve the collaboration of 

programmers and exploratory agents? [THI2024]

– … by collecting further implicit context for agents?

– … by improving the explanation of semantic answers?

– … by separating responsibilities between programmers and 

agents more clearly?
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Conclusion
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aProduct orderItems mostOftenBoughtOne.
aProduct numberOfSalesTo: aCustomer.
aProduct countSalesFrom: '2023Q3' to: 
'2023Q4'.

Semantic object interfaces
Integrations into programming systems

Applications

Findings

• Semantic object interfaces improve 

semantic experience, reduce 

cognitive overhead, and avoid 

distractions

• Programmers delegate control and  

miss serendipitous discoveries

• Need to optimize and fine-tune LLMs 

for exploratory programming

Thank you!

https://doi.org/10.1145/3689492.3690049


Further Information
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2024 ACM SIGPLAN International Symposium on 
New Ideas, New Paradigms, and Reflections on 
Programming and Software (Onward! ’24), October 
23–25, 2024, Pasadena, CA, USA. ACM, New York, 
NY, USA, 17 pages. 
https://doi.org/10.1145/3689492.3690049

• Poster: https://linqlover.github.io/LinqLover/posters/
Onward24%20Talking%20to%20Objects.pdf

• Artifacts:
– https://github.com/hpi-swa-lab/SemanticSqueak

– https://github.com/hpi-swa-lab/Squeak-SemanticText
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