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Motivation

How can |
invoke this

Why does this
not work?

objects

programmer

system
[SAN1988,REI2019]
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Motivation

What is this
object about?

objects

programmer

system
[TAE2022]
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Motivation

What is this
object about?
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Motivation

What is this
object about?
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Complex experiments,
*exaggeration Cognitive overhead.
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|dea

. already support programmers
at different comprehension and interaction tasks ...
* Why not use them to and
?

> 4+ttt [ —— <] > -

LR LA

+H++++H++ ObjeCts

— -y

< V3RY_T3CHN!C4L_OU7P
U7_U4XP3R!3NC3D_COD3RZ BN

1T > +4++[+HH+H+>——<] >+ L+
r +++++  [——+<] >+ ++++++HH+HHH+
/ < HUH4_ycUn_U_

programmer

3V3N_R34D_7H!5

Complex experiments,
*exaggeration Cognitive overhead.
Onward! 2024 - Christoph Thiede, Marcel Taeumel, Lukas BOhme, Robert Hirschfeld - hpi.de/swa 9

system



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

ldea

« Generative Al agents already support programmers
at different comprehension and interaction tasks ...

« Why not use them to streamline and augment

object exploration?
5/ objects

A A

programmer exploratory
programming agent

system
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|dea

. already support programmers
at different comprehension and interaction tasks ...
* Why not use them to and
?

hen was this
order created?
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Research Question

How can we support exploratory programming
through semantic object interfaces
that enable contextual, natural-language
conversations with or about objects?
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Contributions

Semantic object :
. J Prototype Evaluation
interfaces for Squeak/Smalltalk, from our experience
framework using GPT-40
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Background
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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]
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Background: Exploratory Programming Systems

* Liveness for short feedback cycles [san19s88 TAN2013]

christoph@ubuntu-christoph: ~ Q S = o

$ grep 'model name' /proc/cpu
-n1 | cut -d: -
7 2700X Eight-Co
| awk '
{print $2 " total,
28G1 total, 4,7Gi us
eo pid,comm,%mem --sort
PID
4511
4662
2217
4894
33570 chrome

: S compgen -c | grep -E '“Agcc|
g\+\+|clang]|javac|rustc|go|python|node’
_loncopt

_split_lonoopt

locout

-11
_64-1inux-gnu-

Talkinbox

downloadRange
messagePlaceholders
conversationsPerContributior
messagesPerContributions
messagesPerlds
lastRefreshed
messagesPerHyperkittylds

a Dictionary(size
17242)

{(self messages sort: [:ea | ea text size]
descending) take: 3) collect: #date
{2022-07-14T14:14:51+00:00 .
2023-10-11T07:30:58+00:00 .
2022-07-14714:15:01+00:00}

explore

[Squeak]
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a BlRopedText (The moldable editor<CR>can embec i uil

Text  String  Serialized Tre o 2 ® 6
o]
o 0
(=] =] (=] Q

The (o] @ embed graphica 5] @

moldable

editor can |

[Glamorous Toolkit]

elements.

TalkMessage>=>subject
TalkMailObject=>=>subject
SghHyperkittyMailWrapper(SghMailWrapper)>>subjec
SghHyperkittyMailWrapper(SahMailWrapper)>=>valu
SghHyperkittyMailWrapper{SqhMailWrapper)=>as.
Dictionary>>at:ifAbsentPut:
ByteString(String)=>withBlanksTrimmed

plt.plot(x, y)

plt.legend('ABCDEF', ncol=2, loc='upper left');
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[Jupyter]

Hierarchy Browser: Context

Reslartl Inta I Over IThruugII Back IWhereI Up

browse I senders I impleme I versions I inheritan I hierarchy I variables

valueOfProperty: aSymbol ifAbsentPut: aBlock

~ self assureProperties
at: asymbol
ifAbsentPut: aBlock

Object objects from disk aboutToReturn:througl |
InstructionStream printing + activateMethod:withAr
Context private activa A
ContextPart debugger + activateReturn:value:
BlockContext exceptions activeHome
MethodContext query activeOuterContext
SimulationContext read-only objects actualStackSize
system simulation arguments
B | et | t:n:t'inn at:?‘.ontmct‘
browse || senders H implement” int :.—.:r.|| hierarchy || variables | ( source j

mt 1/10/2020 11:25 - Marcel Taeumel - properties - 3 implemeg

self a thisContext I #subject
all inst vars SghHyperkitty ||stack top

fileName MailWrapper<E || all temp vars

fileStart 10BzcE-0001A ||aSymbol

fileEnd 5-E..> aBlock

mailMessage

properties

InstructionStream variableSubclass: #Context
instanceVariableNames: 'stackp method closureOrNil receiver’

classVariableNames: 'MaxLeng

MaxStackDepthForASingleDebuglogReport PrimitiveFailToken QuickStep Valuelndex'

poolDictionaries: "
category: 'Kernel-Methods'

thFaraSingleDebugLogReport

[...] My instances hold all the dynamic state associated with the execution of either a

[TraceDebugger]
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Background: Two Gulfs of HCI

EXECUTION
BRIDGE

PHYSICAL
SYSTEM

SPECIFICATION

GOALS

[NOR1986]

EVALUATION
BRIDGE
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Background: Generative Al

all

'Unauthorized’,

[ Tabnine Pro

[Tabnine]

(defpackage :weather
(:use :cl :drakma))
(in-package :weather)

(defun get-weather (location)
"Fetch weather information for the given location from wttr.in.”
(let ((url (format nil "https://wttr.in/~A?format=3" location)))
(with-output-to-string (stream)
(write-string (drakma:htp-request url) stream))))

(defun display-weather (location)
"Fetch and print the weather information for a location.”
(let ((weather (get-weather location)))
(format t "Weather for ~A: ~A~X" location weather)))

;3 Example usage:
(display-weather "Berlin™)

[ChatGPT]

@ ChatGPT X

Ensure that the “location” is properly
URL-encoded to avoid issues with
special characters in the location name.

Apply

0 monalisa

How do | design a responsive layout in @primer?

& Copilot

To design a responsive layout in primer, you should utilize the
Primer design guidelines which provide common grammar and
vocabulary to build cohesive, accessible, responsive, and
efficient experiences. For responsive design considerations
specifically, you can check out the section on responsive
foundations. Primer provides two levels of abstraction for
handling responsive designs: viewport ranges and
breakpoints. Viewport ranges target common scenarios when
designing responsive layouts, and breakpoints enable
designers to fine-tune their responsive experiences.

B &

@ Using 3 results from Primer docs
[J 1. Viewport ranges
[ 2. Introduction to Primer

[0 3. Developing with Primer

Ask a question or type '/’ for topics B>

[GitHub Copilot]
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Approach: Semantic Object Interfaces

(traditional manual experiments)

plan
experiment
evaluate

ask
(semantic questions)
( —-—— - - - mam sl - N g W -

functional epistemic / \ <--
exploratory

programming agent

programmer

objects

browse

/7 v
s N
\/ \/

§

policies

€1

conversation
history

messa

messages

send

system
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Integration into Programming System
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Integration: Conversation Mode for

Object Inspection Tools

Inspector (anOrder)

—

&3

self aCustomer<123456>
creationDate
productitems
| invoice
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Integration: 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...
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Integration: 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: '2023Q4°'.
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Building an Exploratory Programming Agent
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Building an Exploratory Programming Agent:
Implementing Policies through Prompts

HEADER

Exploratory programming agent
System: You are an exploratory programming agent...
System: You can call the following functions...
System: To solve a task, you should...

Conversation mode (optional)
System: You are an object...
System: Keep your answers brief...

Semantic messaging (optional)
System: You must call the evalAndReturn function...
System: Format the return value as...

Bootstrapping the exploration
System: This object represents...
Assistant: To understand this object, | will first...
Assistant: eval("self printString")
Result: an Object(12345)
Assistant: eval("self allInstVarNames")
Result: #('foo' 'bar')

BODY
User: What does this object...?

* jdentity
* interface description
* rules and traits for problem solving

* object identity
* output format

* output format

* hardcoded semantic context
zero-shot chain-of-thought

* |nitial object context

* yser question
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Building an 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.
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Demo
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Toward a Semantic Toolset

 |dea: Allow users of
to on their screen

Kanban Board

DOING DONE
rake petals ,' clean skim—

TODO
pick

!

strawberries Talking to lane "TODO"...
prune apple What should. | H
shoots do before the
[ thumderstorm?
mow lawn
Pick Stmwberwes
and mow the Ian \
—~——

Type your question here...
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Toward 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)
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Discussion

« Feasibility of the exploratory programming agent

* Programming experience of semantic object
Interfaces
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Discussion: Feasibility

« Limitations of LLMs

X )

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 — 4s $0.10 — $0.50 $1-360
per hour
Complex tasks 5s — 155 $0.5 — $5 [KUB2018]

Fine-tuned or small language models? [MAG2023]
Optimize prompts?
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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? [rHiz2o24
— ... 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

Semantic object interfaces

(traditional manual experiments)

Integrations into programming systems

exporment Inspector (anOrder) 8] aproduct orderItems mostOftenBoughtOne.
cvaluate gﬁi How can [ help aProduct numberOfSalesTo: aCustomer.
——-—-ffpm‘"——" objects customer you? aProduct countSalesFrom: '2023Q3"' to:
- creationDate il v G 202304 "'.
ask iaplomaenation productitems ovder filed?
< (semantic questions) < —plementation invoice §
D —
Functﬁ:u' -:p}temic € e _
explorato
programmer ngm’fmw-ngrggent |Type your question heve... |
7 L ——
/ K\\ system . .
§ Findings
policies con}zgz:_;ion . . . .
« Semantic object interfaces improve
semantic experience, reduce
Applications cognitive overhead, and avoid
— distractions
[chat | [user: what attributes are in this text © Halt: coo
i:‘:nsf vars | |assistant: The text contains the fallowing attributes: E:::;::::g:fg?:gﬁ?a’}h“ |
ol s e - Programmers delegate control and
: e con 2 R - | i NI i i
: car what do the codes : an mISssS Serendlpltous discoveries
e R— * Need to optimize and fine-tune LLMs

- 16: struck out

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

i value
nethodiode 1= self compileCue: aCue noPattern: true ifFail: [“failBlock value].

Assistant: T

- self addAttribute: TextEmphasis italic
chat i chat

- self addAttribute: TextEmphasis italic from: 1 to: self size sl 2 Compler  eContext

- Text string: self string attribute: TextEmphasis italic all inst vars ail tamp vars
parser

aCue
failBloc
logFlag

user: |

User: where is failBlock from and what
does it do

Assistant: The failBlock originates from
SmalltalkEditor=>evaluateSelectionAnd
Do: and is designed ta flash the text

de |editor's selection area, then retum nil if

the evaluation fails

user:|
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Further Information

« 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 ldeas, 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://linglover.github.io/LingLover/posters/
Onward24%20Talking%20t0%200bjects.pdf
 Artifacts:
— https://github.com/hpi-swa-lab/SemanticSqueak
— https://github.com/hpi-swa-lab/Squeak-SemanticText
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