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Motivation

How can |
invoke this

Why does this
not work?

programmer

system

[SAN1988,REI2019]
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Motivation

What is this
object about?

.inspect it, select variable,

explore it, write print-it, ... objects
RO =TT T ==
- L- - ,an Object(12345) <very
complex printString>* S

« »Debug it, browse it, find varlable /
w references, browse senders, .

~ — /

~ -
/\ = ~ < _“Senders of do: [3641]"
programmer

system
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Motivation

What is this
object about?

objects

programmer conceptual distance
system

[UNG1997]
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Motivation
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ldea

« Semantic technologies already support programmers at
different coding and comprehension tasks ...

— LLMs generate and explain code
— Embeddings allow for source code recommendations

« 2'Why'nhot use them to streamline and augment
exploratory programming?

.inspect it, select variable,

explore it, write print-it, ..." objects
¢ / - T ==
—_ e - -an Object(12345) <very

complex printString>* S

—

-Debug it, browse it, find variable _»
N
)\ X references, browse senders, ...* Pl

~ — -
~ -

= ~ < _“Senders of do: [3641]"
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|dea

already support programmers at
different coding and comprehension tasks ...

— generate and explain code
- allow for source code recommendations
* Why not use them to and

STATE OF THE ART OUR VISION

Inspector (anOrder) Inspector (anOrder) (4
— an OvderPropertiesFrame(1
| properties 23456) — [How can | help ]
you?

— —— Dl
——— ‘ —— WI"@V\ was tl’\ls

— order Fl(ed?

[0m March 14thJ

Evaluate expression here... j Tgpe your question here...

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

How can we augment
the exploratory programming workflow
with semantic technologies?

Master's Thesis Defense, Christoph Thiede, 2024-12-06 13
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Thesis Statement

How can we augment
the exploratory programming workflow
with semantic technologies?

« We integrate semantic interfaces into exploratory
programming systems

« EXxploratory programmers delegate work to intelligent
agents and collaborate with semantic technologies

« This augments and streamlines their exploratory
programming workflow

Master's Thesis Defense, Christoph Thiede, 2024-12-06 14
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Outline

Intro

 Background
— Exploratory Programming
— Semantic Technologies

e Solution
— Approach: Semantic Exploratory Programming

+ Semantic Conversations
— Design: Semantic Exploration Kernel

« Semantic Object Interfaces
* Demo

* Discussion
— Semantic Technologies
— Exploratory Programming Experiences

« Related Work
e Conclusion & Future Work

Master's Thesis Defense, Christoph Thiede, 2024-12-06 15
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Background
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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]

Master's Thesis Defense, Christoph Thiede, 2024-12-06 17
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Background: Exploratory Programming

* Our model: Exploratory @
programming is an iterative -
question
research process

. b >
— Programmers formulate questions, & E @’lj\

conduct experiments, and evaluate
plan results
results ﬁ

,When was this order created?* & j
experiment

— Tools provide access to the software

v4
SyStem tool

Display variables of an object, browse v4

methods of a class, debug processes...

answer

[GOL1984,SAN1988]
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Background: Exploratory Programming

e Our model: Exploratory
programming is an iterative
nested research process

— High-level experiments raise

lower-level questions
»How can | build this prototype?*
— Higher-level tools facilitate
access to software artifacts

Task- and domain-specific
interfaces (e.g., system browsers,
visualizations)

[GOL1984,SAN1988,CHI2015]
Master's Thesis Defense, Christoph Thiede, 2024-12-06
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Background: The Experience of Immediacy

o°

Temporal immediacy Spatial immediacy Semantic immediacy

“Human beings recognize “[...] the physical “[...] the conceptual
causality without distance between distance between
conscious effort only when causally related events is semantically related
the time between kept to a minimum.” pieces of information is

causally related events
is kept to a minimum.”

kept to @ minimum.”

\_

[UNG1997]
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Background: Two Gulfs of HCI
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Challenges in Exploratory Programming Systems:
Limited Level of Abstraction

1  Traditional tools have
of tasks

— Tool developers hard-code

— Unable to answer
In unique context

* Programmers have to handle
large parts of the research
process

— High semantic distances
— Distractions and cognitive load

level of abstraction

I Syntactic support
tool
exploratory
i r— programming
system
tool tool
| software system
- [CSI12008]

Master's Thesis Defense, Christoph Thiede, 2024-12-06 22
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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]

Master's Thesis Defense, Christoph Thiede, 2024-12-06 23
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Background: Semantic Techn Ies

-
>-

_,  Autonomous
agent
= _ Embedding
| model

[RAD2018,CHEN2021,BAR2023,WAY2023,LEW2020,MIK2013,DEV2019]
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Opportunity: More Conceptual Support through
Semantic Technologies

§
3
3
5
3
3
Semantic support
Syntactic support
tool
exploratory
r— programming
system
tool tool
software system

| _

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

Master's Thesis Defense, Christoph Thiede, 2024-12-06 27
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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

[

\ £
/
\\ //
\ /
‘bcox \\ // ‘gl
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interface
input/output
human reasoning

machine reasoning

Master's Thesis Defense, Christoph Thiede, 2024-12-06 28



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

Approach: The Semantic Workspace

* Our conceptual framework of an exploratory programming
system with different semantic tools

e Support spectrum:
— Lower-level tools augment the research process with suggestions
— Higher-level tools automate the research process

semantic semantic semantic
suggestions completions conversations
low-level high-level
support pport
<~ — ]
augmentation automation

Master's Thesis Defense, Christoph Thiede, 2024-12-06
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Approach: The Semantic Workspace

Semantic Suggestions

their plans and next steps

and summarize further experiments

4\

/

—

X

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

BROWSER 3
——_"_—1 . 4
"=—— — [ ——
— ——]
L e e ——
’_; —
WORKSPACE
INSPECTOR
=
e ——— —
——_——
—

bonus content
the experiments of programmers in traditional tools

SUGGESTIONS R
Documentation
o
\
 — u >3
Experiments
o
Summary

30



The Semantic Workspace: Augmenting Exploratory Programming with Integrated Generative Al Tools ﬂ

Approach: The Semantic Workspace

Semantic Completions bonus content
n

* Track of programmers (e.g., typing a script or
method)
« Anticipate and run possible
¢ Suggest by
WORKSPACE X
e
self doS] doSomethingWith: plonk — Griffle<123>
—_——————
doSomethingElse —> 2718
_'

Master's Thesis Defense, Christoph Thiede, 2024-12-06 31
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Approach: The Semantic Workspace
Semantic Conversations

* Answer about objects in natural language
. conduct required research process
Inspector (anOrder) ‘g

How can | help
you? ‘

I/\en was this
order filed?

On March 14th.

)L Type your question here...

—

I

Master's Thesis Defense, Christoph Thiede, 2024-12-06 33
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Design

Master's Thesis Defense, Christoph Thiede, 2024-12-06 34
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Design

[ SEMANTIC WORKSPACE
S
S
3
X
S
N
SEMANTIQQEXPLORATION KERNEL
Suggestion Engine Exploratory Programming Agent
\ -
N
N
N § (6]
§ (B ik O
strategies ranker policies functions

TRADITIONAL PROGRAMMING
SYSTEM

classes and
methods

experiments -

Master's Thesis Defense, Christoph Thiede, 2024-12-06 35
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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
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Design: Suggestion Engine

Artifact Board Strateqy
role add: anArtifact requiredRoles
* *
type ¢ O runFor: roles p 5| outputRoles
relevanceScore «<event» runFor: aBoard
added: anArtifact
Z\ AN
MethodArtifact [ SimilarMethodStrategy [
ScriptArtifact CorvelatedMethodStrategy
— DocumentArtifact lj ScriptCompletionStrategy ‘I—
correlated
e method #1 correlated
- similar method #1
. semantic Gt correlated corvelated
[ input method method search selector search method #2a corvelated
' similar e method #2a+b
I L5 (2225 TF-IDF msthod #2 method corvelated (merged)
selector search — harvester method #2b
similar correlated
method #3 corvelated method #3

[HAY1985,BUS1996,TAL2013]

Master's Thesis Defense, Christoph Thiede, 2024-12-06
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Design: Suggestion Engi

TF-IDF

| semantic ! SIMILAR

search

1
)

CORRELATED

method
harvester

B e |

[SAL1988,SU2009] e e eo e ---
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Design: Semantic Object Interfaces

(traditional manual experiments)

plan
experiment
evaluate

Tnspect objects

X state_
o 5 (= < ; —
aSk ) rowse )

= (semantic questions) <€ _"ZF e raentation

C==========- send
A S € A= Lessages
programmer exploratory

programming agent

GPT-40 system

§

conversation
history

policies

[THI2024]
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Design: Semantic Object Interfaces
Conversation Mode for Object Inspection Tools

vd

Inspector (anOrder) 3
self aCustomer<123456>

creationDate
productitems
| invoice

[GOL1984]
Master's Thesis Defense, Christoph Thiede, 2024-12-06
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Design: Semantic Object Interfaces
Conversation Mode for Object Inspection Tools

Inspector (anOvrder) g
s%e (How can | I/\e(p] |
D
customer HO"‘\'/
crea;ltw;;lzate hem was Hhis
H.anrvoo'.c:ec ems order filed?
| | |lon - March 14th. | |
Type your question here...

Master's Thesis Defense, Christoph Thiede, 2024-12-06
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Design: Semantic Object Interfaces
Semantic Messaging for Scripts

 Traditional scripting:
— aProduct customer lastName.

— (aProduct orderItems detectMax: #quantity) product.

e Scripting with semantic messages:
- aProduct orderItems mostOftenBoughtOne.
— aProduct mostPopularArticle.

— aProduct numberOfSalesTo: aCustomer.
- aProduct countSalesFrom: '2023Q3' to: '202304°'.

[SAN1988]
Master's Thesis Defense, Christoph Thiede, 2024-12-06
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Implementation: Exploratory Programming Agent

Implementing Policies through Prompt~
HEADER

Exploratory programming agent
System: You are an exploratory programming agent... ® identity

System: You can call the following functions... ® interface description

System: To solve a task, you should... * rules and traits for problem solving
Conversation mode (optional)

System: You are an object... ® object identity

System: Keep your answers brief... e output format

Semantic messaging (optional)
System: You must call the evalAndReturn function...

e output format
System: Format the return value as... P

Bootstrapping the exploration
System: This object represents... ® hardcoded semantic context
Assistant: To understand this object, | will first... zero-shot chain-of-thought
Assistant: eval("self printString")
Result: an Object(12345)
Assistant: eval("self allInstVarNames")
Result: #('foo' 'bar')

BODY
User: What does this object...? ® user question

* |nitial object context

[LEW2020,BR0O2022]
Master's Thesis Defense, Christoph Thiede, 2024-12-06 42
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Implementation: Exploratory Programming Agent

System Interfaces for Experiments —
Function Description

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

evalAndReturn(expression)

browsePackage(packageName)

browseClass(className)

browseMethod(className, selector)

browseSenders(selector[, query])
Examples:
browseSender("printOn:")
browseSender("printOn:",
"date yyy-mm-dd")

Evaluate a Smalltalk expression in the context of the
explored object and return the result or error. Can be
executed in isolation.

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.

Return a hierarchical list of classes within a package.

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.

Retrieve the source code of a method defined in a class.

Search the system for all methods that send messages
with the name of a selector and return a subset.

[MIA2023]
Master's Thesis Defense, Christoph Thiede, 2024-12-06
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Demo

Master's Thesis Defense, Christoph Thiede, 2024-12-06 44
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Demo: Order

) Inspector (anOrder) v I+
chat Assistant: How can | help you?

self

all inst vars User: When was this order placed?

id

properties Assistant: On August 2nd.
User: How did you find this out?
Assistant: DateAndTime fromUnixTime;

((self properties entryAt: #creationDate) /
1000)

User:

explore

Master's Thesis Defense, Christoph Thiede, 2024-12-06 48
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Demo

) Text

v L=

chat

self

all inst vars
string

runs

U b WM =

User: what attributes are in this text

Assistant: The text contains the following attributes:
- TextEmphasis with code 1

- An empty attribute set

- TextEmphasis with code 2

User: what do the codes mean

Assistant: The codes for TextEmphasis mean the following:
- 1: bold

- 2: italic

- 4: underlined

- 8: narrow

- 16: struck out

User: multiple different ways to make self all italic? answer only code!
Assistant:

- self addAttribute: TextEmphasis italic

- self addAttribute: TextEmphasis italic from: 1 to: self size

- Text string: self string attribute: TextEmphasis italic

User: |

explore

Master's Thesis Defense, Christoph Thiede, 2024-12-06
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Building a Semantic Toolset

 |dea: Allow users of

to

on their screen

TODO

Kanban Board

! pick
strawberries

DOING DONE
rake petals ,' clean skim—

Talking to lane "TODO"...

prune apple
shoots

[ mow lawn

)

[PAW2001]

What should | H
do before the
thumderstorm?

[Pl()k Stmwberwes

and mow the {awm H

Type your question here...

— e —

Master's Thesis Defense, Christoph Thiede, 2024-12-06
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Building a Semantic Toolset

« ldea: 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)

Master's Thesis Defense, Christoph Thiede, 2024-12-06
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Building a Semantic Toolset: Browser

* In asemantic code browser, programmers can
engage in natural-language conversations with
classes to explore them, e.g., by asking for their

responsibilities or collaborators.

) System Browser: SemanticStreamingMessage

¥ * SemanticText - SemanticMessage
Help ~ SemanticStreamingMessage (]

[ i

Y ffoael ; _
ask...
Agents O

browse revisions

| browse || senders | i

SemanticMessage subclas
instanceVariableName
classVariableNames: '
poolDictionaries: "

browse full (b)

browse hierarchy (h)
browse protocol (p)
browse documentation

category: 'SemanticTe

[...]lam a message ofa S

printOut
fileOut

v N4+ N—
--all -- _U addChunk:

£} SesgAgent (gpt-40)

[~ -+R]

Ask
SemanticStreamingMessage

00

=

]

list class responsibilities
list collaborators of this class

[ESeoseT] [ concel |

show hierarchy streamed from a model, i.e., my content wiI||

chnw Aafinitinn

[Squeak]

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

User: list class responsibilities

Assistant:

- Streaming message content in chunks over time
- Notifying users about chunks and completion events

- Ul support for connecting to a text widget

User: |

+User H +Assistant |I Advanced || Complete ”

Voice

53
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Building a Semantic Toolset:

* In asemantic projectional editor (here: Sandblocks

itor

[BEC2020]), programmers can chat with single code
blocks to explain, refactor, or execute them.

TalkMessage >> styledTextFor: aStringOrText

|styledText]|
styledText := aStringOrText asText copy

r (http|https|ftp|code)\:[~\s\xa0'"]{4,}(?<![.,:!?()<=>\[\]])
matchingRangesin: styledText

£ SesgAgent (gpt-40) v X+

do: :range |url|
url := styledText copyFrom: range start to: range stop
] styledText
addAttribute: TextURL wurl: url asString

from: range start
to: range stop

r,\>+'[ 1?[~\r\n]*$ matchingRangesin: styledText

do: ‘range x)

styledText r
[1 addAttribute: TextColor gray -_asI
from: range start ask (?) L
to: range stop wraplnCascade (;)
~ styledText pasteBefore (Ctrl Shift E)

pasteString (Ctrl Shift V)

User: what does this do
Assistant: [truncated output for paper]

In essence, this code highlights (colors gray) all lines in styledText
that start with one or more > characters, potentially followed by a
space, until the end of the line. This is often used in applications like
email clients or text editors to format quoted text differently from
‘the rest of the text.

User: this is too slow. optimize this by using Text>>linelndicesDo:
instead of regex

Assistant: [truncated output for paper]

styledText linelndicesDo: [:start :end :nextStart |
| line |
line := styledText copyFrom: start to: end.
(line beginsWith: '>') ifTrue: [
styledText addAttribute: TextColor gray from: start to: end][]

+User ” +Assistant " Advanced " Cancel || Voice |

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

54




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

Building a Semantic Toolset: D er

* In asemantic debugger, programmers can ask for
the origin and meaning of values on the program
stack.

£ Halt: v N+

UndefinedObject(Object)>>halt

UndefinedObject>>Dolt
Compiler>>evaluateCue:ifFail:logged:
Compiler>>evaluate:in:to:environment:notifying:ifFail:logged:
[1in SmalltalkEditor(TextEditor)>>evaluateSelectionAndDo:

# FullBlockClosure(BlockClosure)>>on:do:
SmalltalkEditor(TextEditor)>>evaluateSelectionAndDo:
SmalltalkEditor(TextEditor)>>evaluateSelection
SmalltalkEditor(TextEditor)>>dolt

Proceed || Restart || Into || Over || Through || Full Stack || Where || Trace It |
evaluateCue: aCue ifFail: failBlock logged: logFlag
"Compiles the cue source into a parse tree, then generates code into a method.

Finally, the compiled method is invoked from here via withArgs:executeMethod:, hence
the system no longer creates Doit method litter on errors."

| methodNode method value |
methodNode := self compileCue: aCue noPattern: true ifFail: [~failBlock value].

chat a Compiler chat User: where is failBlock from and what
self thisContext does it do
all inst vars all temp vars
parser aCue Assistant: The failBlock originates from
cue failBlock SmalltalkEditor>>evaluateSelectionAnd
logFlag Do: and is designed to flash the text
methodNode || editor's selection area, then return nil if
method the evaluation fails.
value
User: [Squeak]
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Discussion

How can we augment
the exploratory programming workflow
with semantic technologies?
« 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

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
o= —
« Combination of different strategies and » Sensitive to heterogeneity between
objectives different relevance scores

‘ Normalize scores?
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Discussion: Semantic Technologies
Capability of LLMs

* Problem solving:

X N

Errors Failures
Hallucinations, incorrect reasoning, Insufficient answers, endless
invalid code trial & error, refused tasks

Train specific abilities?
 Proficiency with Squeak/Smalltalk language + frameworks
» Exploratory practice

 Performance:

Response times Monetary cost
Simple tasks 25 — 45 $0.01 — $0.10 $1-%60
per hour?
Complex tasks 55 — 155 $0.1 — $2 [KUB2018]

Fine-tuned or small language models? [MAG2023]
Optimize prompts?
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Discussion: Semantic Technologies

Performance (2024-09-30) -

Semantic interface Response time M;::t;l;zrc;)st MO;;t:;yu(;OSt
Semantic suggestions 0.5s- 09 s $0.0001 — $0.001 $0.08
Semantic completions

Stage-1 generations 10 s-15 s $0.15 $18

Stage-2 generations 11 s- 13 s $0.0005 $1.8

‘Total 1 s-163s %0

Semantic conversations

Simple to moderate 2 s-4 s $0.1 - $0.5 $1- $60

tasks

Complex tasks 5 s-10 s $0.5 - $5 $5—- $30

 Memory consumption of embeddings: ~100 MB
« Ethical and environmental concerns
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Discussion: Exploratory Programming Experience

Natural language interfaces

* More intuitive/closer to
mental model

— Reduced gulf of

execution/evaluation
[NOR1986]

» Avoidance of explication

Delegation of control Level of support

* Limited trust « Automation: more conceptual

— Need to improve support, explicit invocation,
explananation of separate interface, leaky
semantic tools abstraction [SPO2004]
[CHEF2021] « Augmentation: better integration

with existing workflow
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Related Work

« Pair programming workflow with driver and navigator

e Suggestion tools

— Traditional code completions
» Microsoft IntelliSense, OCompletion [ROB200g], ...
» 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: Nava [sam2014], GPTScript,
AlIOS [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 gqualitative 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

Model: Augmented exploratory Implementation: Semantic
programming workflow Exploration Kernel

.-

\
\

4*—-
Autocompletion
\ -é
\
B
~
\ r
\

SEMANTIC WORKSPACE 3.2

tools layer

ﬁ j‘y&?‘ SEMANTICJEXPLORATIOIf KERNEL ‘L gl
¥
N Suggestion Engine Exploratory Programming Agent|
N
Ry 3 3
S [Blackboard Framework | -J lScmantm Object lntcrfaces@
£
———— N O
— = interf I]]]
€ input/output § 8 L r— §
m— human reasoni ing strategies el policies functions
——b  machine reasonin, g
I

Prototype: Semantic
Object Interfz

&) Inspector (anOrd&)

Concept: Semantic Workspace

semantic semantic semantic
suggestions completions conversations

chat
low-level high-level S st vars
support support id
S properties
*,' Sz

augmentation

Assistant: On August 2nd.

automation User: How did you find this out?

Assistant: DateAndTime fromUnixTime:
({self properties entryAt: #creationDate) /
1000)

User: |
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The Thesis

« Christoph Thiede. 2024. The Semantic Workspace:
Augmenting Exploratory Programming with
Integrated Generative Al Tools. Master’s Thesis.
Hasso Plattner Institute, 161 pages.

 https://github.com/LinglLover/semexp-
thesis/releases/download/submission/semexp-
thesis.pdf
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Publications

» Christoph Thiede, Marcel Taeumel, Lukas B6hme, and Robert Hirschfeld.
Talking to Objects in Natural Language: Toward Semantic Tools for Exploratory
Programming. In Proceedings of the 2024 ACM SIGPLAN International
Symposium on New Ideas, New Paradigms, and Reflections on Programming
and Software (Onward! ’24), October 20-25, 2024, Pascadena, California. ACM,
17 pages.

»  Christoph Thiede, Willy Scheibel, and Jurgen Doéllner. Bringing Objects to Life:
Supporting Program Comprehension through Animated 2.5D Object Maps from
Program Traces. In Proceedings of the 19th International Joint Conference on
Computer Vision, Imaging and Computer Graphics Theory and Applications (IVAPP
‘24). Volume 1. GRAPP, HUCAPP and IVAPP. INSTICC, Feb. 2024, Rome, Italy.
SciTePress, 9 pages.

»  Christoph Thiede, Marcel Taeumel, and Robert Hirschfeld. Time-Awareness in Object
Exploration Tools: Toward In Situ Omniscient Debugging. In Proceedings of
SIGPLAN International Symposium on New Ideas, New Paradigms, and Reflections
on Programming and Software (Onward! '23), Oct. 2023, Cascais, Portugal. ACM, 15
pages.

»  Christoph Thiede, Marcel Taeumel, and Robert Hirschfeld. Object-Centric Time-
Travel Debugging: Exploring Traces of Objects. In Companion Proceedings of the 7th
International Conference on the Art, Science, and Engineering of Programming
(<Programming>), Mar. 2023, Tokyo, Japan. ACM, 7 pages.

»  Christoph Thiede, Willy Scheibel, Daniel Limberger, and Jurgen Doéllner. Augmenting
Library Development by Mining Usage Data from Downstream Dependencies. In
Proceedings of the 17th International Conference on Evaluation of Novel Approaches
to Software Engineering (ENASE '22). INSTICC, 2022. SciTePress, 2022, 12 pages.
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Talks

« Talking to Objects in Natural Lanquage: 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 Al. 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

\

Example. A programmer is writing a script to create a red circle. Their
incomplete draft looks like this:

circle := Circle new.

color := Color red.

Based on the used names, the suggestion engine identifies similar
methods such as:

* High similarity (3 common terms):
circle := Circle new.
circle color: Color green.
circle border: #thick.

* Moderate similarity (2 common terms):

triangle := Triangle new.
triangle color: Color green.
triangle shadow: true.

* Low similarity (1 common term):

rectangle := Rectangle newSquare.
rectangle borderColor: Color blue.

From these similar methods, the suggestion engine suggests the follow-
ing most relevant new correlated artifacts:

* #color: (used in 1 highly similar and 1 moderately similar method)
* #green (used in 1 highly similar and 1 moderately similar method)
#border: (used in 1 highly similar method)

* #shadow: (used in 1 moderately similar method)

Thus, the programmer can complete their script by choose from the
most likely suggestions.
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Implementation: Semantic Suggestions

Ranking
é—— S ——
irrelevant relevant
— e T—
redundant irvedundant
‘_)
homogeneous diverse
il — N —
biased representative
B Top-k selection Clustering
Probabilistic sampling B Probabilistic sampling from
o clusters
* PiT—x (R;: relevance score,
E.eT

J
T: temperature)
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Implementation: Semantic Completions

Code completion agent \
System: You are a code completion agent... e jdentity
System: You will complete a method... e task and rules
System: Use the following information... e data description

Example

User: DateAndTime»yyyymmddString

User: self: 2024-06-22T00:30:37.216061+02:00
class: DateAndTime

utcMicroseconds: 1719009070988843

e draft

* receiver object state

User: Magnitude subclass: #DateAndTime... * receiver class: definition and proto-

('accessing' getSeconds -> 1870 setSeconds:... cols with preview results

User: Related classes and methods:

ArrayedCollection subclass: #String... » correlated classes: definition and > Stag e 1
example: 'hi' protocols with preview results

('accessing' byteAt: byteSize -> 2 ...
User: SequenceableCollection»streamContents:
blockWithArg

~

e correlated methods: definition and

self new... _ )
implementation

Text class»exampleWithNumber: x

<primitive: "primitiveCopyBits”...
Assistant: DateAndTime»yyyymmddString

~ String streamContents: [:stream | self...

Task

User: <information about task in the same format as above>
System: Now complete this:
User: <draft again>

¢ completion

¢ repetition of the task context

-

Task
System: Use the following code snippet... * task and rules (brief)
User: <sfage-1 expression> * previously generated code completion St ag e 2
System: Now complete this:

* task context

User: <updated draft>

Master's Thesis Defense, Christoph Thiede, 2024-12-06 76



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

Demo: Semantic Suggestions

| | 20:04:02 ]

Master's Thesis Defense, Christoph Thiede,

) Semantic Suggestions (v I+

E” following: System Browser: Date ||I|

Similar methods (113)

[Browse] [Explain]
Date>>mmddyyyy

"Answer the receiver rendered in standard U.5.A format
mm/dd/yyyy. Note that the name here is slightly misleading —
the meonth and day numbers don't show leading zeros, so that
for example February 1 1996 is 2/1/96"

~ self printFormat: #{2 13 %/11)

[Browse] [Explain]
Player==>getDate
"Answer a string representing the selected date.”
| format |
format := self getDateFormat caseQf: {
[#'dd/mmfyyyy'] -= [#{1 2 3 /1 1)].
[#'yyyy/mm/dd'] -= [#(3 21 5/ 1 1)].
[#' mm/dd/yyyy'] -= [#(2 1 3 5/ 1 1)].
} otherwise: [#(12 3% 31)].
~ self costume renderedMorph date printFormat: format

[Browse] [Explain]
MailMessage>>dateString
"Answer a date string for this message.”
~(Date from5Seconds: self time + (Date newDay: 1 year:
1980) as5econds)
printFormat: #{(2 1347 1 2)

i

Related names (95)

Date>>printFormat: formatArray "Answer a String describing
the receiver using the argument formatArray." [...]

DateAndTime>>dayMonthYearDo: aBlock "Evaiuation the
biock with three arguments: day month, year." [...]

Timespan subclass: #Date poolDictionaries:
'ChronologyConstants' category: 'Chronology-Core' "Instances of
Date are Timespans with duration of 1 day. As with all
Chronology Timespan sub-instances, Dates can be instantiated
as position values which compare equally to any other instance

O

2024-12-06
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Demo: Semantic Suggestions

£) Workspace

v 11

counter := Morph new.
counter openlnHand.l

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

) Semantic Suggestions v I+

== Horkspce L[]

Related names (98)

[Browse] [Explain]
Morph=>=>color: aColor "Set the receiver's color. Directly set
the color if appropriate, else go by way of fillStyie"
Examples:

* Morph new color: Color gray [...]

* aMoph color: Color lightGreen [...]

* space color: Color transparent [...]

[Browse] [Explain]
Morph>>extent: aPoint
Examples:
* anAlignmentMorph new extent: 1@1 [...]
* aGeeMailMorph extent: Display extent // 3 [...]
* EllipseMorph new extent: diameter @ diameter [...]

[Browse] [Explain]
Morph>>borderStyle: aBorderStyle
Examples:
* aSimpleButtonMorph borderStyle: (BorderStyle raised
width: 2 px) [...]
* row borderStyle: BorderStyle inset [...]
* aTransformationMorph borderStyle: aBorderStyle [...]

[Browse] [Explain]
Morph=>=>layoutPolicy: alayoutPolicy "Layout specific.
Return the layout policy describing how children of the
receiver should appear.”
Examples:

* gself layoutPolicy: nil [...]

* gwnerMorph layoutPolicy: TableLayout new [...]

* gelf layoutPolicy: ProportionalLayout new [...]

[Browse] [Explain]
Morph>>addMorph: aMorph
Examples:
* myalert addMorph: messageCounter [...]
* TransformationMorph new addMorph: pointerMorph [...]

* self addMorph: aBookMorph [...]
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Demo: Semantic Completions

posixEpochjulianDays
printOn:withLeadingSpace:

self printHMS0n: aStream
testTime printHMS0OR: s

ctrl + <- close detail

browse ctrl + -3

printYMDOm:withLeadingSpace:

) DateAndTime (v N +J—]
chat
self
all inst vars
utcMicroseconds N
String streamContents: [:stream |
self gl

" printOn: stream

£ printYMDOnR: stream; printHMSO0n: strea et had

E DateAndTime (semantic suggestion)

& PrintYMDOn: DateAndTime>>printHMSOn: aStream expilon

% printOn: "Print just hh:mm:ss"

& putOn:

printHMOn: Examplas:
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Demo: Semantic Completions

£} Workspace

v L+
counter := Morph new. ‘
counter color: Color gray.
counter extent: 100 @ 50.
counter borderStyle;

completion
semantic completion
BorderStyle complexAltFramed width: 4

counter openinHe  BorderStyle inset

Border5Style simple color: Color red; width: 2; yourself
DashedBorder new width: 5; gapColor: Color green

—= a Morph({1429530)

Color

Marph -q&f

Form -q&f

UpdateCounter -q&f

HatchForm -q&f ctrl + <- close detail browse ctrl + -3
SystemProgressBarMorph -q"“‘-z
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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

7
/ v - 7
] . 7 <interface>
Set q SemanticCorpus "/ EmbeddingModel
textFor: anObject {virtual} 7
getClusterCenters: k — — =7 - -
findObjectsSimilarTo: anObject } EmbeddingConfig
findObjectsForQuery: aString ‘\ length: aninteger
1
|
Embedding \
x L N vector: aFloatArray \l
. 1
Object \
* * SearchResult "‘
relevance: aNumber 1
\
A"
Sequenceable q SearchResultCollection SearchResultRanking
Collection
top: k - 7
probabilisticSample: k 1
probabilisticSample: k fromClusters: n
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Appendix: SemanticText
Domain Model: Semantic Retrieval

Example. A programmer wants to find classes in the system that im-
plement means for semantic search. For this, they can create a semantic
corpus of all classes based on their names and comments, perform a

search, and rank the results:
corpus := self systemNavigation allClasses

asSemanticCorpusWithTitle: #name
content: #comment.

results := corpus findObjectsForQuery: 'semantic
search database'.
ranking := results top: 5.

ranking —% a SearchResultRanking(

#SemanticCorpus->0.533
#SemanticHelpSearchTopic->0.442
#SemanticText->0.385 #SemanticAgentParser->0.364
#SemanticMathAgent->0.338)

“We use the notation <expr> — <result> to indicate a print-it evaluation [67, p. 13].
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Appendix: SemanticText
Domain Model: Conversations

SemanticAgent

initializeConversation: aCon -
versation {virtual}

<<£9mgmas>>
<function: aSignature>

ConversationConfig

«interface>
ConversationModel

\ 4

FunctionSpec

A

temperature: aNumber
nucleusSampling: aNumber
maxTokens: anlnteger

parallelFunctions: aBoolean

SemanticConversation

Message

*

addMessage: aMessage
getAssistantMessage

*>—>

Function

role: aSymbol
content: aString

paN

signature: aSignature
callwWith: args {virtual}

FunctionCall

FunctionMessage

€——] arguments: args

€
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Appendix: SemanticText
Domain Model: Conversations

Example. A programmer wants to create a chatbot that can retrieve
the current time and date. For this, they define a conversation with an
appropriate configuration for the LLM, define the necessary functions,
and provide the question of the user:

SemanticConversation new
withConfigDo: [:config |
config temperature: 0.2];
addFunction: #getTime action: [Time now];
addUserMessage: 'What time is it?';
getAssistantReply — 'The current time 1is
13:59."
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Appendix: SemanticText
Domain Model: Conversations

r

\

Example. A programmer wants to build a chatbot that can access the
running Squeak image to assist the user. To achieve this, they create
a subclass of SemanticAgent, initialize the conversation, and define an

#eval: method:

SemanticAgent subclass: #SemanticSqueakAgent
instanceVariableNames: '

classVariableNames: '

poolDictionaries: "'

category: 'SemanticText-Model-Agents'

SemanticSqueakAgent»initializeConversation:
aConversation
super initializeConversation: aConversation.
aConversation addSystemMessage: 'You are a
Squeak/Smalltalk assistant.'.

SemanticSqueakAgent»eval: aString
"Evaluate a Smalltalk expression in the running
Squeak image."
<function: eval(
expression: string "e.g. '(8 nthRoot: 3)-1'"
)=
~ Compiler evaluate: aString

Finally, the programmer invokes the agent:

SemanticSqueakAgent makeNewConversation
addUserMessage: 'how many windows are open';
getAssistantReply — 'You currently have 138

open windows in your Squeak environment.'

Master's Thesis Defense, Christoph Thiede, 2024-12-06
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Appendix: SemanticText
Tooling: Conversation Editor

£ semanticSqueakAgent (gpt-d40) [+ N4J=] £ SemanticSqueakAgent (gpt-40) [+ N+ =]

Availlable tools: eval Awvailable tools (force: nif): eval "Evaluate a Smalitalk
expression in the running Sgueak image.”

User: how many windows are open (expression: string "e.q., '(8 nthRoaot: 3)-1")

Assistant: System: You are a Squeak/Smalltalk assistant

[eval] User: how many windows are open

You currently have 138 open windows in your Squeak Assistant:

enviranment,

[call_ KgNBNOddunU2G]1gW2XKzcvR]
User: | eval{expression="{Project current world submorphs
select: [:m | m isSystemWindow]) size")

Tool: [call KgNENO4dunU2G]1gW2XKzevR] 138

Assistant: You currently have 138 open windows in
your Squeak environment.

User:

|+535tem || +User ” +A55i5‘ca|||ﬁdmrm” Cumpleti” Voice |

| +User ” +Assistant || Advanced ” Complete H Voice | |+Tuu|5pec ” +Tool call ||+Tuu| resul ” Resolve || Inspect |

(a) In the default mode, end users can en- (b) In the advanced mode, developers can

gage in conversations with the assis- declare prompts and functions and in-
tant. spect or simulate function calls of the
model.
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Appendix: SemanticText
Tooling: Expense Watchers

) SemanticSqueakAgent (gpt-do) (v N1
Available tools: eval

User: how many windows are open

Assistant:

I.r =10
Complete this conversation (s}

Y%| This will use ca. 276 input tekens (which |in your
d i5 0.22% of the 128K context window)
and generate up to 4096 output tokens.
This will cost up to approx ¢6.28

| $29.17 + approx $1.03 | 00:02:05 IZ‘ L (depending on the length of the completed

rmessage).

The conversation so far has cost €0.39.

T
| +User || +-.P.ssistan1|| Advanced || Complete || Vaoice |

(a) A global expense watcher attached to the (b) A tooltip in the conversation editor
world’s main docking bar displays all ex- provides detailed information on
penses in the system. the prior costs of a conversation and

estimates the tokens and price for
answering the next user message.
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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 Al solutions.
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