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Classes

Babylonian Programming | Babylonian/$S I|Ii|- IE

© Babylonian Browser: BPEuropeanFlag (v N+ R
| BPEuropeanFlag = ||--all --
Babylonian-Tests 19 SfEsmpeaikia g .a\.ll - - n
E 1 BPEuropeanFlagStar initialization & foobar '8
abyloman-Demo-TreeSne @ giiea{éhColleictlgln f_._ obar £
Babylonian-Demo-Morphs s @ EPlReiainplestiia s s I3
BaselineOfSquot — dass || 2 | S
L browse ” senders ” implementors ” versions ” inheritance ” hierarchy ” variables I ( source )( side pane )
initialize
O ~ « example 1 - script: BPEuropeanFlag new & X
add example | add script example | add referencing example | add TestCaseExample | add recorded example ©ecgecesccccce Exa m p I e
| newStar |
super initialize.
self color: Color black darker.
set expression | set label X (O}
(®)
| -
self (3)
set expression | set label X ‘.. (V)
width: 500; 3
height: 500. P b L c~
)
000 0000O06OCFOGFOGOSIOS ro e m
100 * 200 + 300. z
set expression | set label X
(1to: 12) do: [:i |
X
5+
ek 10/4/2023 14:29 - unknown author - initialization - 1228 implementors - in change sets: HomeProject Babylonian-Tests-«i
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Classes

Babylonian Programming | Babylonian/$S

£ Babylonian Browser: BPEuropeanFlag (v N+N—]
i i . BPEuropeanFlac --all -- +
Babylonian-Tests : e B et
4 : 1 BPEuropeanFlagStar I initialization & foobar
Babylonian-Demo-TreeScene ‘.g :::?_eatréhCoII?ctlg'n 2 a
Babylonian-Demo-Morphs 0 ESLLXAINPIEsT a5k Sl
BaselineOfSquot _ cass || 7 |
| browse ” senders ” implementors ” versions " inheritance “ hierarchy ” variables ] ( source )( side pane )
initialize
M ~ - examplel - script: BPEuropeanFlag new & X
add example | add script example | add referencing example | add TestCaseExample | add recorded example g
| newStar |
super initialize.
self color: Color blue Farker.
MPIE x
Qu ™ il l
set expression | set label
self ‘e,
x L]
Qu o _. Probe
set expression | set label
width: 500;
height: 500.
100 * 200 + 300,

|ek 10/4/2023 14:29 - unknown author - initialization - 1228 implementors - in change sets: HomeProject Babylonian-Tests-4
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Classes

Babylonian Programming | Babylonian/$S
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Examples are created manually!

Automatically get [part of] a running program into a state
that illustrates its behavior

Opportunity:
Use “Al” (large language models) to generate such a state
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[ExemplifAl] System Browser: WebClient
¥ (WebClient) WebAuthRequired --all -- httpDelete:do:
* Core » WebChunkedStre accessing httpGet:
Help . WebClient authentication =] httpGet:do:
Tests ~ WebCookie cookies httpHead: L
J WebMessage initialize httpHead:do:
7 WebRequest methods httpOptions:
J WebResponse printing httpOptions:do:
: proxy L || httpPost:content:b
‘ L | class ‘ ‘ ? | sending httpPost:content:t
Exempllfy ” b ” senders ” Implementt ” versions || inheritance ” hlerarchy ” variables ‘ ( source )
[Tequest |
mitiatiZzeF| o Halt: o0®
:22522: ;_n_ei: WebClient(Object)>>halt L
userAgent ifN =] WebClient>>httpGet:do:
o WebClientTest>>testHttpGetDo
self contentDi
decoders]. ‘ Proceed Restart H Into ” Over H Through || Full Stack ” Where H Tally It ‘
aBlock value: httpGet: urlString do: aBlock
self halt. "GET the response from the given url"
~self sendRe

"(WebClient httpGet: 'http://www.squeak.org') content"

toma 2/7/2024 01
u |

| request |
self initializeFromUrl: urlString.
redirections 'WebClient/1.5 thianntext{ 'http://www.squeak.or
userAgent (WebClient-Core-tpr | || all temp vars || g'
authParams .135; urlString
prnxyParamsE Squeak6.1lalpha-228 —  aBlock
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What’s an LLM? |||i|-

WebClient new httpGet: °

(Web) CTient) few) bt ep) Get) ()
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Language Model

0.4 http
0.1 www
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What’s an LLM?

WebClient new httpGet: °

CWe@@nenoce@(htt@@et)@@ etp3) 17

Language Model <
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What'’s an LLM?

WebClient new httpGet: °

(Web)(C1ient)qew)ittp)Get)()(¥) (https) (c//) www.) e >

~

0.3 squeak
0.1 m.

<o.6

Large Language Model*

Billions of parameters
Terabytes of training data

*) In this work: Codellama-7/B
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Approach I ] I i |- IE

LLMs can generate code but not run-time state (yet)

&

&

Set-up preconditions
Call the method of interest

2 Verify-outcome

()
(%2
(1]
O
)
wn
()
=
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Approach | Limitations I|I

|<— Maximum context size —>|

(~250 LOC)

v

Language Model

4 No project-specific knowledge
Training data 4 Mixed versions and distributions
4 Out of date
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Approach | Fine-tuning I|Ii|- IE

Standard library

Fine-tuning (& 1h) Coding styles/practices
Project-specific abstractions
4 : ) :
Codebase P
ke

Generation ( & 3 sec.)
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Approach | Fine-tuning

i =

4 ) 4 )
Class 1 Class 2 - Problem structure:
Method 1 - « UsSes [ Method 3 ] calls/uses
\ J® o [
e N by Tg
Method 2
. ) ’ J § Y,
LLM completes
Fine-tuning Data left-to-right
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L

Approach | Generation I|I

[ \ { ___________________ \
Class 1 . Class1Test : TestCase !
: I
( \ uses 1 (T "TTTToo ) :
Method 1 11 testMethod1 ! , Class & method stub
i@ * @ ooococee t 1 @:ecececee .
\ AL N e e ! ! (names derived from
" Method 2 - 3 i ! method of interest)
1
I
\_ ) ’ Yy, P ;

uses .V
Compile & Run (3
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| request |

self initializeFromUrl: urlString.

[ExemplifAl] System Browser: WebClient
¥ (WebClient) ~WebAuthRequired --all -- httpDelete:do:
* Core » WebChunkedStre accessing httpGet:
Help ~ WebClient authentication =] httpGet:do:
Tests ~ WebCookie cookies httpHead: L
J WebMessage initialize httpHead:do:
7 WebRequest methods httpOptions:
J WebResponse printing httpOptions:do:
: proxy L || httpPost:content:b
‘ L | e ‘ ‘ ? | sending httpPost:content:t
Exempllfy ” browse ” senders ” Implementr. ” versions || inheritance ” hlerarchy ” variables ‘ ( sSource )
[Tequest |
self initializeF © Halt: ona
::22522: ;-n_esi': WEhCI!ent(Dhject):-:-halt L
userAgent if o WebClientTest>>testHttpGetDo
self content
decoders]. | Proceed | Restart | Into | Over H Through || Full Stack ” Where H Tally It ‘
aBlock value: httpGet: urlString do: aBlock
self halt. "GET the response from the given url"
“self sendRe "(WebClient httpGet: 'http://www.squeak.org') content"
toma 2/7/2024 0]
|

redirections
userAgent
authParams
proxyParams

'WebClient/1.5
(WebClient-Core-tpr
.135;
Squeak6.lalpha-228

thisContext

urlString
aBlock

all temp var{

'http://www.squeak.or
gl
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= Study usefulness
= Interactive refinement
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Next Steps | Directly to Objects u

Goal: Remove indirection over test code

Class Instance : Class
[Methods J [Data J
4
Training data & prompt Scrialization Context (re-)construction

¥
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Next Steps | Data Sources

Repository and Community Resources
= Examples from documentation, mailing lists, ...

= Ethical/legal considerations when using community content for
training (plagiarism, attribution, consent, ...)

2024-03-11 Mattis, Krebs, Rinard, Hirschfeld | Al-generated Examples | HPI Software Architecture Group & MIT CSAIL

24



Summary |||i|- IE

(Fine-tuned) LLM that generates examples in Squeak/Smalltalk

LLMs generate code, live programming is about
data and behavior and

How can we better co-design LP + LLMs?
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Backup Slides



Architecture Overview

Training Data

Base System
(XX 4 Program
s+ Call Graphs
Program
Analysis

et QOO0 <
Serialization

WebClientExample >>

Context

performHttpGet .
o0 ‘l' Program
£ Prompt :
E ~
) Language Model
C
e
... o] AdAPTEr| pre_trained LLM OO

s ﬁé: httpGet: [:;;]
Completion A /

K Method of

Interest n

WebClient new httpGet:
‘https://..°

Compile & Run

Code and Test Cases
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Fine-tuning

= Filtering (80% of Methods)
* Insert redundant definitions

definition ¢ : Method

Language Model

Adapter Pre-trained LLM
Layer n-1 h

'=A-B | Origina
I\ | (rrained) < i | | Matrix
i i (Frozen) X

= Low-rank Adaptation (LoRA) W

= Train <1% of model weights Layer n J
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Prompt Construction

Follow Dependencies
Call Graph

Dynamically sampled for project
Statically approximated for rest of environment

Data dependencies

Symbolic execution = Data flow graph

Link inter-method DFGs to a full DFG
with help of call graph

Include immediate dependents
Future work: Ablation study

context - cal i :

azI|elas




Greedy vs. Search

WebICllentI new [httpGet:| F—>{ nttps —>{:// F-> ...

0.5 hittps <109 ://110.3 www
Language Model 0.4 http 0.1. 0.2 squeak °**

0.1 www 0.0 - 0.2m

[WebIClientI nethtthGet
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Example Prompt

<class>

Object subclass: #WebClient

instanceVariableNames: 'flags server scheme timeout userAgent .. > Context

classVariableNames: 'DebuglLog FlagAcceptCookies FlagAllowRedirect ..
category: 'WebClient-Core'

</class>
<method>

WebClient >> httpGet: urlString do: aBlock

</method>
<method>

WebClientTest >> testHttpGetDo

Class, related Methods

N—

Target Method

N ——

Test Stub
client := WebClient new.
client httpGet: 'http://www.squeak.org’ > Generated
do: [:request | Output
self assert: request method = 'GET']. j
</method>
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Benchmark

CodelLlama-7B-hf @ RTX4090

13 4 —8— 128 tokens context
—0— 256 tokens context L
—8— 512 tokens context » )
10 - -®- 128 tokens context [Batch x4] ,f"jf”
-®- 256 tokens context [Batch x4] ‘,’ R -,.’
-
—-®- 512 tokens context [Batch x4] -~ ,f‘;f’
— - 3
g 81
)
1]
£
T 6
=
&
4 —
2 —
T T T T T T T
64 128 192 256 320 384 448
Tokens generated
2024-03-11

parallel generations: 1
in out
64 128 192 256 320 384 448
128 1
256 1
384 1
512 1
640 1.
768 1
1
1

BwWwWwwwN NN
NNNNNNNN
[= = = WV Ty B N S VY
WwWwwwwww
W oSN N oo
LV RV, TRV, RV T SN N SN oY
F R R ®WW
NSNS N SN NN
N hwoR
WO 0 00 00 00 00 00 0
® W oo REw

parallel generations: 4
in out
64 128 192 256 320 384 448
128 1
256 1
384 1
512 1.
640 1
768 1
2

B W ~NOWV AW
WWwwwenNN
N B NERP OO

parallel generations: 16
in out

64 128 192 256 320 384 448
128 1.7 3.5 -- -- -- -- --
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9.5
9.6
9.8
9.9
le.
le.
1e.
1e.

e
1
1
3
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Training Parameters

= 292k LOC = 5.5M tokens = 5.3k x (4 x 256-token)-batches
= 2 epochs & 20 min (~ 40 min. training)

TNk # o o oo e o o ™ ¢ T o™ T o o o e o o ol T e T o

100% || 5318/5318 [19:54<00:00, 4.45it/s]
Warning: Evaluation disabled. Overfitting.

epoch=1: train_epoch_loss=tensor(1.0421) eval_epoch_loss=tensor(1.0421)

[15]: | peft_config = LoraConfig(
task_type=TaskType.CAUSAL_ LM,

lr = 3e-4 inference_mode=False,

optimizer = torch.optim.AdamiW(model.parameters(), lr=1r) target_modules=['q_proj’, 'v_proj’l,
r=16,

1r_scheduler = get_linear_schedule_with_warmup( 1ora_alpha=32,

optimizer=optimizer,

num_warmup_ steps=0, .
- E‘ 3 . . blas="allﬂ

num_training_steps=(len(train_dataloader) num_epochs),

lora_dropout=0.85,
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Data Cleaning (Number of Methods)

passed: 66020 (81.13%)
denied: 546 (0.67%)
empty: 223 (0.27%)
exceeded blocks: 1616 (1.99%)
exceeded class variables: 6 (0.01%)
exceeded classes: 416 (0.51%)
exceeded keywords: 1197 (1.47%)
exceeded lines: 4561 (5.6%)
exceeded variables: 1075 (1.32%)
too many assertions: 1129 (1.39%)
too few letters: 4586 (5.64%)
total LOC: 292330

inserted 4806 repeated class definitions

Manual Blacklist (Fonts)
Nesting/Complexity

Low Coupling
Arguments <=3

Low State

Small Tests
Magic numbers/Baseé4/...

Redundancy



Hardware

NVidia RTX 4090, 24GB Video Memory

Codellama uses 14GB for inference, 23GB for training

Ryzen 7 7800X3D
64GB DDR5 Memory
PCle 4.0 SSD
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