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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?

„an Object(12345) <very

complex printString>“

“Senders of do: [3641]”

„Inspect it, select variable, 

explore it, write print-it, ...“

„Debug it, browse it, find variable 

references, browse senders, ...“
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system

objects

programmer

What is this 

object about?

conceptual distance

[UNG1997]



programmer

system

objects

„an Object(12345) <very

complex printString>“

“Senders of do: [3641]”

„Inspect it, select variable, 

explore it, write print-it, ...“

„Debug it, browse it, find variable 

references, browse senders, ...“

*

Motivation
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Information overload

What is this 

object about?



Idea
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programmer

system

objects

• Semantic technologies already support programmers at 

different coding and comprehension tasks ...

– LLMs generate and explain code

– Embeddings allow for source code recommendations

• Why not use them to streamline and augment

exploratory programming?

Conceptual distances, 

information overload.

„an Object(12345) <very

complex printString>“

“Senders of do: [3641]”

„Inspect it, select variable, 

explore it, write print-it, ...“

„Debug it, browse it, find variable 

references, browse senders, ...“
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• Semantic technologies already support programmers at 

different coding and comprehension tasks ...

– LLMs generate and explain code

– Embeddings allow for source code recommendations

• Why not use them to streamline and augment

exploratory programming?

STATE OF THE ART OUR VISION

Inspector (anOrder)

an OrderPropertiesFrame(1
23456)properties

Evaluate expression here...

Inspector (anOrder)

chat
How can I help 
you?

When was this 
order filed?

On March 14th.

Type your question here…



Research Question

How can we augment

the exploratory programming workflow

with semantic technologies?
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LLMs + 

embeddings



How can we augment

the exploratory programming workflow

with semantic technologies?

Thesis Statement

• We integrate semantic interfaces into exploratory 

programming systems

• Exploratory programmers delegate work to intelligent 

agents and collaborate with semantic technologies

• This augments and streamlines their exploratory 

programming workflow
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Background: Exploratory Programming

• Exploratory programmers understand and solve

problems simultatenously and iteratively 
[SAN1988,REI2019]

• They conduct vivid and extensive conversations with 

systems through many small experiments [TAE2022]
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Background: Exploratory Programming

• Our model: Exploratory 

programming is an iterative 

research process

– Programmers formulate questions, 

conduct experiments, and evaluate

results

„When was this order created?“

– Tools provide access to the software

system

Display variables of an object, browse 

methods of a class, debug processes...
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results

experiment

question

?

answer

!

plan

tool

software system

[GOL1984,SAN1988]



Background: Exploratory Programming
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• Our model: Exploratory 

programming is an iterative 

nested research process

– High-level experiments raise 

lower-level questions

„How can I build this prototype?“

– Higher-level tools facilitate 

access to software artifacts

Task- and domain-specific 

interfaces (e.g., system browsers, 

visualizations)

[GOL1984,SAN1988,CHI2015]



Background: The Experience of Immediacy
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Temporal immediacy

“Human beings recognize 
causality without 
conscious effort only when 
the time between 
causally related events
is kept to a minimum.”

Spatial immediacy

“[...] the physical 
distance between 
causally related events is 
kept to a minimum.”

Semantic immediacy

“[...] the conceptual 
distance between 
semantically related 
pieces of information is 
kept to a minimum.”

[UNG1997]



Background: Two Gulfs of HCI
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[NOR1986]

system

objects



• Traditional tools have no 

understanding of tasks

– Tool developers hard-code rigid 

assumptions

– Unable to answer higher-level 

questions in unique context

• Programmers have to handle 

large parts of the research 

process on their own

– High semantic distances

– Distractions and cognitive load

Challenges in Exploratory Programming Systems: 

Limited Level of Abstraction
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Syntactic support

[CSI2008]



Background: Semantic Technologies

• Machine learning models that focus on the meaning 

(semantics) of text

– Large language models (LLMs) generate and complete text 
[RAD2018,CHEN2021,WAY2023]

• Source code, natural language, …

– Conversational agents chat with user, call system functions, 

and reason autonomously [LEW2020,WAY2023]

– Embedding models map objects to vectors to compare, 

search, and cluster them based on common concepts 
[MIK2013,DEV2019]
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Background: Semantic Technologies
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[RAD2018,CHEN2021,BAR2023,WAY2023,LEW2020,MIK2013,DEV2019]

LLM
(large language 

model)

 

!

Hi

Please

 

!
 

Hi

Please

Conversational 

agent

Autonomous 

agent
 

Please

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

< V3RY_T3CHN!C4L_0U7PU7_
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Please

Embedding 

model

0.431  
-0.17  
0.218

⋮
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Opportunity: More Conceptual Support through 

Semantic Technologies
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Semantic support

Syntactic support



Approach
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Approach: Augmented Exploratory Programming

• Programmers exchange conceptual artifacts with a semantic 

exploratory programming system through high-level interfaces

• Semantic system continues research process and suggests 

further artifacts
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• Our conceptual framework of an exploratory programming 

system with different semantic tools

• Support spectrum:

– Lower-level tools augment the research process with suggestions

– Higher-level tools automate the research process

Approach: The Semantic Workspace
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• Track the experiments of programmers in traditional tools

• Anticipate their plans and next steps

• Suggest and summarize further experiments

Approach: The Semantic Workspace 
Semantic Suggestions
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• Track planning activities of programmers (e.g., typing a script or 

method)

• Anticipate intentions and run possible experiments

• Suggest contextualized experiments by completing plans

Approach: The Semantic Workspace 
Semantic Completions
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• Answer conceptual questions about objects in natural language

• Autonomously conduct required research process

Approach: The Semantic Workspace 
Semantic Conversations
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Inspector (anOrder)

chat
How can I help 
you?

When was this 
order filed?

On March 14th.

Type your question here…



Design

34

The Semantic Workspace: Augmenting Exploratory Programming with Integrated Generative AI Tools

Master's Thesis Defense, Christoph Thiede, 2024-12-06



Design
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SEMANTIC WORKSPACE

Semantic 
Suggestions

Semantic 
Completions

Semantic 
Conversations

SEMANTIC EXPLORATION KERNEL

Suggestion Engine

Blackboard Framework

strategies ranker

Exploratory Programming Agent

Semantic Object Interfaces  
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https://github.com/LinqLover/semexp-thesis/releases/download/submission/semexp-thesis.pdf#section.3.2
https://github.com/LinqLover/semexp-thesis/releases/download/submission/semexp-thesis.pdf#section.4.2
https://github.com/LinqLover/semexp-thesis/releases/download/submission/semexp-thesis.pdf#chapter.5
https://github.com/LinqLover/semexp-thesis/releases/download/submission/semexp-thesis.pdf#chapter.6
https://github.com/LinqLover/semexp-thesis/releases/download/submission/semexp-thesis.pdf#section.2.2
https://github.com/LinqLover/semexp-thesis/releases/download/submission/semexp-thesis.pdf#appendix.A
https://github.com/LinqLover/semexp-thesis/releases/download/submission/semexp-thesis.pdf#section.4.3
https://github.com/LinqLover/semexp-thesis/releases/download/submission/semexp-thesis.pdf#chapter.4
https://github.com/LinqLover/semexp-thesis/releases/download/submission/semexp-thesis.pdf#chapter.7


Design: Suggestion Engine
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[HAY1985,BUS1996,TAL2013]



Design: Suggestion Engine
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[SAL1988,SU2009]



Design: Semantic Object Interfaces
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ask

programmer exploratory 
programming agent

plan
experiment
evaluate

system

objects

browse 
implementation

(traditional manual experiments)

(semantic questions)

[THI2024]

§
policies

conversation 
history

GPT-4o



Design: Semantic Object Interfaces
Conversation Mode for Object Inspection Tools
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Inspector (anOrder)

aCustomer<123456>self
customer
creationDate
productItems
invoice

[GOL1984]



Design: Semantic Object Interfaces
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…



Design: Semantic Object Interfaces
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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[SAN1988]



Implementation: Exploratory Programming Agent
Implementing Policies through Prompts
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[LEW2020,BRO2022]



Implementation: 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.

[MIA2023]



Demo

44

The Semantic Workspace: Augmenting Exploratory Programming with Integrated Generative AI Tools

Master's Thesis Defense, Christoph Thiede, 2024-12-06



Demo: Order
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Demo
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Building a Semantic Toolset

• Idea: Allow users of object-oriented user interfaces

to talk to domain objects on their screen

51

The Semantic Workspace: Augmenting Exploratory Programming with Integrated Generative AI Tools

Master's Thesis Defense, Christoph Thiede, 2024-12-06

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…

[PAW2001]



Building 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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Building a Semantic Toolset: Browser

• In a semantic code browser, programmers can 

engage in natural-language conversations with 

classes to explore them, e.g., by asking for their 

responsibilities or collaborators.
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[Squeak] 



Building a Semantic Toolset: Editor

• In a semantic projectional editor (here: Sandblocks 

[BEC2020]), programmers can chat with single code 

blocks to explain, refactor, or execute them.
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Building a Semantic Toolset: Debugger

• In a semantic debugger, programmers can ask for 

the origin and meaning of values on the program 

stack.

55

The Semantic Workspace: Augmenting Exploratory Programming with Integrated Generative AI Tools

Master's Thesis Defense, Christoph Thiede, 2024-12-06

[Squeak] 



How can we augment

the exploratory programming workflow

with semantic technologies?

Discussion

• We integrate semantic interfaces into exploratory 

programming systems

→ How capable are semantic technologies for our 

approach?

• Exploratory programmers delegate work to intelligent 

agents and collaborate with semantic technologies

→ How do semantic interfaces affect the exploratory 

programming experience?

• This augments and streamlines their exploratory 

programming workflow
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Discussion: Semantic Technologies
Semantic Retrieval
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Text embeddings

• Discover similar implementations

• Read relevant comments

• Spot duplications

• Limited conceptual comparison

Train custom model?

Term-based search

• Discover similar artifacts from prefixes • False negatives from homonyms and 

synonyms

• False positives from polysemes

• Imprecise for artifacts with few terms

Use term-wise embeddings?

Ranking

• Combination of different strategies and 

objectives

• Sensitive to heterogeneity between 

different relevance scores

Normalize scores?



Discussion: Semantic Technologies
Capability of LLMs

• Problem solving:

• Performance:
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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 $0.01 – $0.10 $1 – $60 

per hour? 
[KUB2018]Complex tasks 5 s – 15 s $0.1 – $2

Fine-tuned or small language models? [MAG2023]

Optimize prompts?



Discussion: Semantic Technologies
Performance (2024-09-30)
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• Memory consumption of embeddings: ~100 MB

• Ethical and environmental concerns



Discussion: Exploratory Programming Experience
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Research process support

• Higher level of abstraction

→ Fewer interruptions 
[CSI2008]

• Tunnel vision: missed 

serendipitous discoveries

Natural language interfaces

• More intuitive/closer to 

mental model

→ Reduced gulf of 

execution/evaluation 
[NOR1986]

• Avoidance of explication

Delegation of control

• Limited trust

→ Need to improve 

explananation of 

semantic tools 
[CHEF2021]

Level of support

• Automation: more conceptual 

support, explicit invocation, 

separate interface, leaky 

abstraction [SPO2004]

• Augmentation: better integration 

with existing workflow



Related Work

• Pair programming workflow with driver and navigator

• Suggestion tools

– Traditional code completions

• Microsoft IntelliSense, OCompletion [ROB2008], …

• Palettes: Etoys, Scratch [RES2009], …

– LLM code completions and refactorings:

GitHub Copilot [BAR2023], …

• High-level programming interfaces

– Question-based debugging: Whyline [KO2004],

ChatDBG [LEV2024]

– Conversational agents: GitHub Copilot Chat, ...

– Natural-language programming: Navā [SAM2014], GPTScript, 

AIOS [MEI2024]
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Future Work

• How far can we improve the capability of semantic 

tools with existing language models?

– Fine-tune, optimize, and configure language models

• How can we choose or combine augmentation vs. 

automation tools for an optimal programming 

experience?

– Conduct qualitative or comparative user study

• How can we keep programmers in the loop when 

automating the research process?

– Enhance collaboration between programmers and agents
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Contributions
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Model: Augmented exploratory 

programming workflow

Implementation: Semantic 

Exploration Kernel

Concept: Semantic Workspace
Prototype: Semantic

Object Interfaces

Questions?

SEMANTIC WORKSPACE

Semantic 
Suggestions

Semantic 
Completions

Semantic 
Conversations

SEMANTIC EXPLORATION KERNEL

Suggestion Engine

Blackboard Framework

strategies ranker

Exploratory Programming Agent

Semantic Object Interfaces  
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The Thesis

• Christoph Thiede. 2024. The Semantic Workspace: 

Augmenting Exploratory Programming with 

Integrated Generative AI Tools. Master’s Thesis. 

Hasso Plattner Institute, 161 pages.

• https://github.com/LinqLover/semexp-

thesis/releases/download/submission/semexp-

thesis.pdf
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Talks

• Talking to Objects in Natural Language: Toward 

Semantic Tools for Exploratory 

Programming. SPLASH Coference, Onward! Track, 

2024-10-25, Pascadena, California, 20 minutes.

• SemanticText: Improving Exploratory Programming in 

Squeak with Generative AI. UKSTUG Meeting, 2024-

11-27, 90 minutes.
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Try It Out!

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

• Further reading:

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

– [squeak-dev] [ANN] Exploratory Programming - Talking to Objects 
in Natural Language

– [squeak-dev] [ANN] SemanticText: ChatGPT, embedding search, 
and retrieval-augmented generation for Squeak

– Transcript: Talking to Objects in Natural Language: Toward 
Semantic Tools for Exploratory Programming.
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Background: Transformer Architecture
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Design: Semantic Suggestions
Correlation Search
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Implementation: Semantic Suggestions
Ranking

▪ Top-k selection

▪ Probabilistic sampling

• 𝑝𝑖 =
𝑒
𝑅𝑖
𝑇

σ𝑗 𝑒

𝑅𝑗
𝑇

(𝑅𝑖: relevance score,

𝑇: temperature)

▪ Clustering

▪ Probabilistic sampling from 

clusters
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Implementation: Semantic Completions
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stage 1

stage 2



Demo: Semantic Suggestions
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Demo: Semantic Suggestions
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Demo: Semantic Completions
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Demo: Semantic Completions
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Discussion: Ethical Considerations of 

Language Models
• Concentration of economic and political power

• High energy intake (one question to agent: 0.05 kWh)

• High water consumption (one question to agent: 50-

750 ml)

• Intellectual property of training data

• Working conditions of click workers for training data

• Poorly understood biases: safety, accessibility, 

decision making
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Appendix: SemanticText
Domain Model: Semantic Retrieval
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Appendix: SemanticText
Domain Model: Semantic Retrieval
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Appendix: SemanticText
Domain Model: Conversations
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Appendix: SemanticText
Domain Model: Conversations
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Appendix: SemanticText
Domain Model: Conversations
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Appendix: SemanticText
Tooling: Conversation Editor
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Appendix: SemanticText
Tooling: Expense Watchers
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Appendix: Recommendations for

Tool Developers
1. Consider limited accuracy of semantic technologies

– Prototype critical model invocations to ensure reasonable and useful responses.

– Evaluate and communicate risks such as hallucinations.

2. Design for bidirectional cooperation
– Share extensive context and artifacts with language models.

– Allow programmers to inspect, feedback, and modify agent actions.

3. Display progress and cost
– Reduce experienced latency with progress bars or streamed responses.

– Offer tools to monitor costs or set rate limits to avoid unexpected expenses.

4. Optimize semantic applications
– Use efficient, smaller, open-source models when possible.

– Tune prompts, preprocess embedding documents, or fine-tune models.

5. Collect data early for training and evaluation early on
– Log model requests and responses early to support prompt tuning, model evaluation, 

and fine-tuning.

6. Address ethical and legal concerns
– Understand ethical and environmental concerns and favor responsible and sustainable 

options.

– Require users to opt-in, inform them about data usage, anonymize collected data.

– Best: Require them to build applications from source and bring their own API key.

7. Consider traditional implementations
– Evaluate traditional methods (e.g., parsers, decision trees) and human interventions as 

alternatives to AI solutions.
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