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Generative Al for Generative Programming:

Automating Code Variants and Exploring the Boundaries of LLMs

Mathieu Acher
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28 november 2024 @ Caen, invited talk at Normastic 'i)ormasﬁc

https://www.normastic.fr/event/journee-de-laxe-donnees-apprentissage-connaissances-large-language-models-lims/

Large language models (LLMs) can be used to automate software engineering tasks,
with the hope of boosting developers' productivity without sacrificing reliability.

In this talk, | will briefly present two initiatives: the défi Inria LLM4Code and the
Cf(f)deCommons project around SoftwareHeritage, exemplifying ongoing research
efforts.

Then, | will show how LLMs can automatically generate software variants across
different technological spaces (Python, Rust, JavaScript, etc.) and implement new
features from simple prompts.

| will also highlight how LLMs can assist in modernizing legacy applications, such as
those written in COBOL or in deprecated technologies.

| will further discuss the concept of programming without directly manipulating
prc()jgrams, relying almost entirely on Al to manage technical details and customize
code.

For all their potential, | will also demonstrate that LLMs can dramatically fail at times,
making mistakes that human developers need to carefully verify and correct.

| will conclude with an illustration of LLM prompt sensitivity in chess, showcasing how
LLMs can be used both to generate variants (e.g., prompts, hypotheses, ideas) and to
accelerate scientific discovery through software-based exploration and analysis.


https://www.normastic.fr/event/journee-de-laxe-donnees-apprentissage-connaissances-large-language-models-llms/

Overview: LLM and software engineering tasks, LLM4Code, CodeCommons
Generating software variants across different technological spaces (Python,
Rust, JavaScript, etc.) and implement new features from simple prompts.
Programming without directly manipulating programs, relying almost
entirely on Al to manage technical details and create variants of code
(customization).

How LLMs can be used both to generate variants (e.g., prompts,
hypotheses, ideas) and to accelerate scientific discovery through
software-based exploration and analysis.

Conclusion
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can you depict a map of France with all locations?

() copy code R s ptbeity

folium

m = folium.Map(location=[ ], zoom_start=6) o . s Bl 2

locations

place, coord locations.items():
folium.Marker(location=coord, popup=place).add_to(m)

m.save(




Generative programming (Czarnecki and Eisenecker 2000), Software

Product Line engineering: automatically generate software variants from a specification
written in one or more textual or graphical domain-specific languages (DSLs)
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Generative Al for Generative programming: automatically generate

software variants from a specification written in one or more textual or graphical
domain-specific languages (DSLs)
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Défi LLM4Code /2.0 -

Reliable and productive code assistants based on LLMs

LLM4Code: Reliable and Productive Code Assistants

M ai n ObjeCtiveS : Based on Large Language Models

e Generate better code: quality, diversification

VERSE
CUBE Paris Guillaume Baudart  guillause. baudart®inrla
ternal

e Validate the results: test, formal proof, review, integration
e Assist tedious tasks: boilerplate code, software migration

I Partuers (EP/CRI)

Organization: 3 cross-domain work packages

e WP1: Self-improving code generation
e WP2: Migration, maintenance and evolution of existing software
e WP3: Build interactive software development tools with Al-in-the-loop

https://project.inria.fr/llm4code/



https://project.inria.fr/llm4code/

@ You

DIVERSE Rennes
PicuBE Paris

Internal Partners (EP /(

ARGO Paris
DEDUCTEAM Saclay
EVREF Lille
FLOWERS Bordeaux
MNEMOSYNE Bordeaux
SPIRALS Lille
STAMP Sophia
SED Nancy

Please give me a downloadable map of France that depicts locations of these cities

and teams

ChatGPT

9 Analyzing v



Erom picture to code SE task = code synthesis!

() Copy code

@ You

DIVERSE Rennes
PicuBE Paris

coordinates = {

Internal Partners (EP /(

ARGO Paris
DEDUCTEAM Saclay
EVREF Lille
FLOWERS Bordeaux
MNEMOSYNE Bordeaux
SPIRALS Lille
STAMP S()]ﬂlia map_france = folium.Map(location=[
SED Nancy
Please give me a downloadable map of France that depicts locations of these cities (map_obj, team_name, city):
and teams folium.Markexr(
location=coordinates[city],
ChatGPT POPYR=
icon=folium.Icon(color=
Analyzing v ) .add_to(map_obj)

add_team_marker(map_france,
add_team_marker(map_france,
add_team_marker(map_france,
add_team_marker(map_france,
add_team_marker(map_france,
add_team_marker(map_france,




Erom picture to app...

@ You

DI1VERSE
PicuBE

Rennes
Paris

Internal Partners (EP/(

ARGO
DEDUCTEAM
EVREF
FLOWERS
MNEMOSYNE
SPIRALS
STAMP

SED

Please give me a downloadable mi

and teams

©) chatGPT
Analyzing v

Paris

Saclay

Lille

Bordeaux

Borde P

Southampton Brighton
Exeter SOuthamptor

Lill(‘ % Portsmouth

Plymouth

Dunkerque

Sophi,
l\'illl(') Glernsey

Le Havre Rouen

VERSE

Angers

Le Mans

Poitiers

La Rochelle

Bordeaux;

FLOWERS +
MNEMOSYNE

Limoges

Toulouse
Santander® g 1o

Vitaria-Gasteiz

forsey i Reims <;?Mmuum
EbUEFedReo el e/ e

SE task = code synthesis!

Brugge e
Dusseldorf popischia
Aachen - gonn SoeD
Belgie-/
EVERERS SMRALS Koblenz
Belgier
Frankfurt am
Letzebuerg Main Wirzburg

Augsbu
Freiburg Uim
im Breisgau

Y
Belforto |, Basel
Zirich
Besancon
Vausanne
Geneve
Clermont
Ferrand villeurbanne Annecy] Varese
Chambéry, Novara
X Veror
Piacenza
Grenoble
Alessandria %
Parma g
Genova
Avignon La Spezia
aco
Montpellier ) Firenze
STAMP
Marseille

python

coordinates

map_france = folium.Map(location=[

(map_obj, team_name, city):
folium.Markexr(

location=coordinates[city],
popup=
icon=folium.Icon(color=

) .add_to(map_obj)

add_team_marker(map_france,
add_team_marker(map_france,
add_team_marker(map_france,
add_team_marker(map_france,
add_team_marker(map_france,
add_team_marker(map_france,

() Copy code

10



@ You

| have the following Python code:

import folium

accurate)

# Normally we would obtain these through a geocoding service

coordinates ={
"Rennes": [48.1173, -16778],
"Paris": [48.8566, 2.3522],
"Saclay": [48.7290, 21912],
"Lille": [50.6292, 3.0573],
"Bordeaux": [44.8378, -0.5792],

"Sophia": [43.6222, 705001, # This is an approximation for Sophia Antipolis

"Nancy": [48.6921, 6.1844]

# Initialize a map centered around France
map_france = folium.Map(location=[46.603354, 1.888334], zoom_start=6)

# Add markers for each team

add_team_marker{map_france, "DIVERSE", "Rennes")
add_team_marker{map_france, "PICUBE", "Paris")
add_team_marker{map_france, "ARGO", "Paris")
add_team_marker{map_france, "DEDUCTEAM", "Saclay™)
add_team_marker(map_france, "EVEREF", "Lille")
add_team_marker(map_france, "FLOWERS". "Bordeaux”)
add_team_marker(map_france, "MNEMOSYNE", "Bordeaux")
add_team_marker({map_france, "SPIRALS", "Lille")
add_team_marker(map_france, "STAMP", "Sophia")
add_team_marker{map_france, "SED", "Nancy"}

# Since we cannot display the folium map directly in this environment,
i we'll save it to an HTML file which you can then open in a veb browser,
map _file_path ="/mnt/data/france_teams map.html'

map_france.save(map_file_path)
map file_path

Please write a JavaScript pregram, using Leaflet.js

@) cnatapPT

Creating a JavaScript program using Leaflet.js to achieve a similar
functicnality as your Python cade with Folium is a good way to visuali
geographic data on web platforms. Leaflet is a leading open-source
JavaScript library for mebile-friendly interactive maps.

Here's a basic example of haw you could write such a program:

O Webview x @ shell
¢« »cll

+

Bretogne \-Rennes 4
LeMans

foLoire

Pays de raangers

Potiers

Toulouse &

Centre.vol
e Loire

France

Limoges

Kouvelle—
Aquiaine [

Occitanle.

AL provence: e
Avignon |~ Alpes-Cote g SN
p @Az - Monaco+
Montpetier ey

Code synthesis: polyglot?

# Given coordinates for the cities (these are example coordinates and may not be

L Mannheim
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~~ Belforto . Basel _ Gn
Bourgogne- © AT ZUrch
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Comee Tl schweiz]
& Tsuisse/Svizze
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T .N) 4
Wileirbanne, | SAnneeyh Vacese
Auvergné-— HChambésy_ . Novacay
Rhdne Alpes b s
Greroble: { 4

Alessandrl:

0n

o ottt M ety st i |

B scriptjs > f addCityMarker > X popupText

4
2
3
4
5
6
7
8
9

40
41

56
57
58

var map = L.map('map').setView([46.603354, 1.888334], 6);

// Add OpenStreetMap tiles:

v L.tileLayer('https://{s}.tile.openstreetmap.org/{z}/{x}/{y}.png", {

maxZoom: 19,

attribution: '© OpenStreetMap contributors’

}).addTo(map);

// Teams and their respective cities

var teams = [

{ city: "Rennes", team: "DIVERSE" },

{ city: "Paris"”, tea

"PICUBE" },
{ city: "Paris", team: "ARGO" },

{ city: "saclay", team: "DEDUCTEAM" },
{ city: "Lille", team: "EVEREF" },
{ city: "Bordeaux", team: "FLOWERS" },

{ city: "Bordeaux", team:
ille", team:

indexheml @« B scrptjs < -

7 B bttt

1 <IDOCTYPE htnix
/2y <htal>

Vi 4, <hosd»>

“MNEMOSYNE" },
PIRALS" },

funpxg.ron/laatiatel A azdist/ieafiat, cas” /o

T <sceipt srce'nttps://unpkq.con/leaflet@l.3,0/dist/ leaflat, is masscripts

t = <titlesToan Locations in Frances/t
6 <lirk rel="stylashaet® href~nttp
6. <styles
e enap {

10 feights 488ux;

3
17 wistylas
13 </hesos
L3

fis , <budy>
16 <div idetrapiz<sdive
17 <script srce‘zcript.jsta</acripts
18 </body>
19
20 </htel=

// Helper function to get coordinates of a city

function getCoordinates(city) {
var coordinates = {
“Rennes": [48.1173, -1.6778],
"Paris": [48.8566, 2.3522],
"Saclay": [48.7290, 2.1912],
"Lille": [50.6292, 3.0573],

"Bordeaux": [44.8378, -0.5792],

"Sophia": [43.6222, 7.0500],
"Nancy": [48.6921, 6.1844]
Y
return coordinates[city];

/ Add markers for each city

bject.keys(teamsByCity).forEach(function(city) {
addCityMarker(city, teamsByCity[city]); 11

s



o ottt M ety st i |
B scriptjs > f addCityMarker > X popupText
@ You
. 1 var map = L.map('map').setView([46.603354, 1.888334], 6);
| have the following Python code: ] p('map*) (C 5 1, 6);

war volv 2
import folium so& a e e o eSIll @ index.html @ x I scriptjs x +

& index.ntml
# Given coordinates for the cities (these are example coordinates and may not be 1 <IDOCTYPE html>
accurate) 2, <html>
# Normally we would obtain these through a geocoding service 3
coordinates ={ 4, <head>
"Rennes": [481173, -16778], 5 omieeecalealelacations dn Erancec it os
"Paris": [48.8566, 2.3522], 6 <link rel="stylesheet" href="https://unpkg.com/leaflet@1.1.0/dist/leaflet.css" />
"Saclay™: [48.7290, 2.1912], 7 <scrlet src—"httgs://unpkg.con;/leaflet_@i. 1ﬁ/di_st/leaflet.js"></scri£t>
"Lille": [50.6292, 3.0573], 8., <style>
"Bordeaux": [44.8378, -0.5792], 9y #map {
"Sophia": [436222, 7.0500], # This is an approximation for Sophia Antipolis 10 height: 400px;
"Nancy": [48.6921, 61844] 11 1
} 12 </style>
13  </head>
# Initialize a map centered around France 13
map_france = folium.Map(location=[46 603354, 18883341, zoom_start=6) 15\ sbody>. )
16 <div id="map"></div>
17 <script src="script.js"></script>
# Add markers for each team 18 </bodv>
add_team_marker{map_france, "DIVERSE", "Rennes") D Webview x @ Shell x +
add_team_marker{map_france, "PICUBE", "Paris")
add_team_marker{map_france, "ARGO", "Paris") €« > Cl 29 fieighils 488px;
add_team_marker(map_france, "DEDUCTEAN", "Saclay”) ;neaeriang: - e e
add_team_marker(map_france, "EVEREF", "Lille") + VJ @ f::rgg« LUnsf’G" a Du;ldorl Me?debuy 9 1 z; </hesos
add_team_marker({map_france, "FLOWERS'. "Bordeaux”) i Deutschland o o i
add_team_marker{map_france, "MNEMOSYNE", "Bordeaux") = 2’:,",:‘:: 3 " 34 <div ide*rapiz<sdiv>
add_team_marker(map_france, "SPIRALS", "Lille") ‘)' \Nrnbers \ 35 ho;)\v! = ipt.jatac/acripts
add_team_marker(map_france, "STAMP", "Sophia") " \ 36
add_team_market(map_france, "SED", "Nancy') it | 37 </ntal
Centre-Val /TN (57 Munchen\{os gz 4

de'Loire

# Since we cannot display the folium map directly in this environment,
i we'll save it to an HTML file which you can then open in a veb browser,

40 // Helper function to get coordinates of a city

France- ..

map _file_path ="/mnt/data/france_teams map.html' P y L 7SI‘( i; : fu:::t::og‘j:z::?za;es(ctty) e
map.france.save(map_file_path) ‘M,m, A Ve et A vm,.;ﬁ’ 5 [48.1173, -1.6778],
map file_path quitaine” o /DGenwa <solane 44 [48.8566, 2.3522],
Oviedo / Waco 45 "Saclay": [48.7290, 2.1912],
- Occtinig 46 “Lille": [50.6292, 3.05731,
Please wirite a JavaScript program, using Leaflet.js a7 “Bordeaux": [44.8378, -0.5792],
a8 "Sophia": [43.6222, 7.0500],
49 "Nancy”: [48.6921, 6.1844]
50 b
@ ChatGPT 51 return coordinates[city];
Creating a JavaScript program using Leaflet.js to achieve a similar 52}
functicnality as your Python cade with Foliumis a good way to visualize 53

54 // Add markers for each city

5 . Object.keys(teamsByCity).forEach(function(city) {

56 addCityMarker(city, teamsByCity[city]l); 12
57 })s

Here's a basic example of haw you could write such a program: 58

geographic data on web platforms. Leaflet is a leading open-source
JavaScript library for mebile-friendly interactive maps.

o



& GitHub Copilot

https://arxiv.org/abs/2210.14699

def choose_num(x, y):

won

def choose_num(x, y):

wnn

Piloting Copilot and Codex: Hot Temperature, Cold

Prompts, or Black Magic?

Jean-Baptiste Doderlein
ENS Rennes
Rennes, France
jean-baptiste.doderlein@ens-rennes.fr

Djamel Eddine Khelladi
CNRS, Univ Rennes, IRISA, Inria
Rennes, France
djamel-eddine.khelladi @irisa.fr

Mathieu Acher

Univ Rennes, IUF, CNRS, Inria, IRISA

Rennes, France
mathieu.acher @irisa.fr

Benoit Combemale
Univ Rennes, CNRS, Inria, IRISA
Rennes, France
benoit.combemale @irisa.fr

def choose_num(x, y):

Bl 2 ! 0: else: if y
Yy 1 X > e A b y 1
if x y: if y 2 0: for i in range(x, y + 1, 2):
return -1 v y if x « i <= y:
if x § 2 0: else: return i
X +=1 yo=air — 1 return
while x <= y: if x > y:
if x & 2 == 0 return -1 (c) Modified prompt 2
return x else:
X += 2 return max(x, y)
return

- (b) Modified prompt 1
(a) Original prompt


https://arxiv.org/abs/2210.14699

Prompt 1: “Write a Flappy Bird game

in python.”

https://www.youtube.com/watch?v=nmx1pg DHzw

https://dev.to/diverse_research/end-user-programming-of-flappy-bird-with-chatant-a-realitv-check-181k

Prompt 42: ‘Create a Flappy Bird game using

Pygame. The game window should have a width
of 288 and a height of 512, with the caption
"Flappy Bird". The game should include the
following elements:

1. Load the game assets: a background image
("assets/background.png"), a bird image
("assets/bird.png"), a pipe image
("assets/pipe.png"), and a cloud image
(“assets/cloud.png”).

113

10. Quit the game and close the Pygame
window when the game loop is exited. Make
sure to use the provided images and code
structure to create a functional Flappy Bird
game.”

here: SE ~ end-user software engineering 14


https://www.youtube.com/watch?v=nmx1pg_DHzw
https://dev.to/diverse_research/end-user-programming-of-flappy-bird-with-chatgpt-a-reality-check-18lk

Défi LLM4Code /2.0 -

Reliable and productive code assistants based on LLMs

LLM4Code: Reliable and Productive Code Assistants

M ai n ObjeCtiveS : Based on Large Language Models
e Generate better code: quality, diversification T .

L

e Validate the results: test, formal proof, review, integration
e Assist tedious tasks: boilerplate code, software migration

CoORIEEE
|

Organization: 3 cross-domain work packages

2z

e WP1: Self-improving code generation
e WP2: Migration, maintenance and evolution of existing software
e WP3: Build interactive software development tools with Al-in-the-loop

https://project.inria.fr/lim4code/

15


https://project.inria.fr/llm4code/

Software/code: huge data....

Key to the “success” of code LLMs: training over such

data (caveats: private/ad-hoc data; lack of traceability; many legal
and ethical issues; quality matters)

‘ Cultural Heritage ‘ Industry Research Public Administration

o - _
i o 3 e e e S S Serage
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e —— { & & &
Source files Commits Projects o U . Narsiarol )\‘
U o o>
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e ol re [ e s —
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pypi source

« f____packagoe loader 5,

16

Roberto Di Cosmo: Software heritage: collecting, preserving, and sharing all our source code (keynote). ASE 2018: 1-2
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Generating software variants across different
technological spaces (Python, Rust, JavaScript, etc.) and
implement new features from simple prompts.

'YV YTV
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16 variants of Rust programs

(LLM) [...] you can use the ‘cfg’ attribute to enable or disable the
features at compile-time [...] in your ‘Cargo.toml” file [...].

fn main() {

: : #[cfg(feature = "hello")]
Write a configurable Rust program that implements four fea- printl (*hells *5:
tures and their selections, namely, Hello, Beautiful, Wonderful, #lcfg(feature = "beautiful")]
and World... If the feature is selected, then we print the name of print!("Beauti fu} ") o
the feature. For instance, we could well print "Hello Beautiful p::\; f (fvjlto:'er;ul ¥ ff')".j”f“l )]
World", "Hello World", "Hello", "World" etc. The four features #lcfg(feature = "world™)]
should be implemented as compile-time features. print!("World");

println!();

19

https://qgithub.com/acherm/progvary-withgpt/blob/main/conditioncompilation-helloworld/Chat
GPT-Rust Configurable Feature Program.md



https://github.com/acherm/progvary-withgpt/blob/main/conditioncompilation-helloworld/ChatGPT-Rust_Configurable_Feature_Program.md
https://github.com/acherm/progvary-withgpt/blob/main/conditioncompilation-helloworld/ChatGPT-Rust_Configurable_Feature_Program.md

1 6 Va ri a n tS Of J ava p rog ra m S (LLM) To create a configurable Java program that implements

the four features as compile-time features using Jinja (Python)
templating engine, you need to follow these steps: ... Create a
Jinja template (main_template.java.j2) for your Java program [...]
... Create a Python script (generate_java.py) that will generate

the Java source file based on the provided features:...
Write a configurable Java program that implements [...] The four

features should be implemented as compile-time features. As public class Main {

there is no preprocessor and built-in support for condi- ‘public static void main(String(] args) {
ioixal ilati . o ded 1 {% if features.Hello %}

tlon. coml? ation m]ava}, it .1s nee F to leverage a tem- System.out.print ("Hello ");

plating engine for customization, acting as a preprocessor (% endif %)

for Java. You can use Jinja (Python) {% if features.Beautiful %}

System.out.print("Beautiful ");
{% endif %}
{% if features.Wonderful %}
System.out.print("Wonderful ");
{% endif %}
{% if features.World %}
System.out.print("World");
{% endif %}
System.out.println();

120 2 ZonaAtenyl Somel vz on it Fens e DE

}

Jans Memicke - Thomas Thiss
vt Schiter - Fabean Bendahn
Leich - Guntes Saike

20

Mastering

Software
Variability
with FeaturelDE

S

-DEsauzizul -SHorld ¥ain tava taqerdir

https://github.com/acherm/progvary-withgpt/blob/main/conditioncom
pilation-helloworld/ChatGPT-Java program with Jinja.md



https://github.com/acherm/progvary-withgpt/blob/main/conditioncompilation-helloworld/ChatGPT-Java_program_with_Jinja.md
https://github.com/acherm/progvary-withgpt/blob/main/conditioncompilation-helloworld/ChatGPT-Java_program_with_Jinja.md

(LLM) To create a configurable Java program that implements
the four features as compile-time features using Jinja (Python)
templating engine, you need to follow these steps: ... Create a
Jinja template (main_template.java.j2) for your Java program [...]

L] o . .3
16 variants of Java programs  .Goiimmmemyim e
public class Main

and a enerator public static void main(Stringl] args) {
{% if features.Hellc %}

System.out.print("Hello ");
{% endif %)
{% if features.Beautiful %}
System.out .print("Beautiful ");

Write a configurable Java program that implements [...] The four E: ?:dirf 51 i
g A 5 1 eatures.Wonderfu

features should be implemented as compile-time features. As Systom. out, printe NGHAETFUL 35
there is no preprocessor and built-in support for condi- (% endif %}

. . . . g {% if features.World %
tional compilation in Java, it is needed to leverage a tem- Systen:ohts p”:t(..,,‘o,ld.‘);
plating engine for customization, acting as a preprocessor (% endif %}

P System.out.println( jnpart sys
for _]ava. You can use Jln‘]a (Python) } from jinjaz Lmport Template
3

del generat vi_code(leatures):
with op main template.java.j2', 'r') as template file:
template = Template(template file.read())
java_code = template.render (features=features)
return java_code

def write_java_code(java_code, outpuc_file):
120 2 Zondtins) omed vzonith Feon: réDE with open(output_tile, 'w') as java_file:
java file.urite(java code)

| sz clam Natn 1 pabte el
> PaBE caris votd minicseire | e 1 mvarnall
PRTLIRTION il _nmame__ == '_main__":
features = {
Spere s ean el "Hella": True,

"peautiful": False,
"wonderful": True,
"world": True

Schrdtes

ian Bendahn
s Lefch - Guates Saahe

Srene sar e ane s

1

Mastering

Software
Variability
with FeaturelDE

S

Sungr eamscrase Antanad anirs e ihe Gah

e

java_code = generate_java_code(features)

https://github.com/acherm/ eutput_file = 'Main.java’

write java code(java_code, output_file)

progvary-withgpt/blob/main/

e’ S S B ol conditioncompilation-hellow
orld/ChatGPT-Java_progra

m with Jinja.md

at(f"Java code generated in (output_file}"}
e Mok Wing exam
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16 variants of JavaScript
programs

Write a configurable JavaScript program that implements [...]
The four features should be implemented as feature tog-
gles. I'd like to use Unleash, a feature toggle service, inte-
grated with Gitlab

https://qithub.com/acherm/progvary-withgpt/blob/main/featuret

ogale-helloworld/ChatGPT-Unleash JS Feature Toggles.md

const { initialize } = require('unleash-client');

const unleash = initialize({
appName: 'my-app-name',
instanceld: 'my-instance-id',
url: 'https://unleash.example.com/api/',

1

function printFeatures() {
let output = '';

if (unleash.isEnabled('hello')) {
output += 'Hello';

}

if (unleash.isEnabled('beautiful')) {
output += (output ? ' ' : '') + 'Beautiful'’

}

if (unleash.isEnabled('wonderful')) {
output += (output ? ' ' : '') + 'wonderful'

}

if (unleash.isEnabled('world')) {
output += (output 2 ' ' : '') + 'world';

}

console. log(output);
}

unleash.on('ready', printFeatures);
unleash.on('update', printFeatures);
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16 variants of JavaScript
programs at runtime

Write a configurable JavaScript program that implements [...]
The four features should be implemented as feature tog-

gles. I’d like to use Unleash, a feature toggle service, inte-
grated with Gitlab

“‘would it be possible to adapt the
program as a Web application... and
provide a server-side that returns the
output while the client side prints it”

https://qithub.com/acherm/progvary-withgpt/blob/main/featuret

oqgle-helloworld/ChatGPT-Unleash JS Feature Toggles.md

const express = require(’express');
const { initialize } = require({'unleash-client’);
const cors = require{'cors'});

const app = express():

const unleash = initialize({
pRNAM app-name ',
instance my-instance-id',

ce
url: 'https://unleash.example.com/api/',

1
app.use{cors()};

app.ger{'/features', (reg, res) == {
let outpuc = '

if (unleash.isEpabled('helln')} {
output += "Hello';

b

if (unleash,isenabled( beautiful')) {
output += (output ? ' ' : ''} + 'Brautiful’;

b

if (unleash,isenabled('wonderful' )} (
output += (output 2z ' ' : ''}) + 'Wonderful';

}

Lt (unleash.isenabled('world')) {
output += (outpuc 2 ' ' : "'} + 'World';
'
ZIBOCTYRE henls
res.json({ output });  <html lang="en"=
1 «<head>

“meta "UTF-8">

ewport”™ content="width=device-width, initial-scale=l1.8"»
sature Toggles Web app</title>

const PORT = process.env.
(=>4

Server run %

app. liscen (POl
console. lag(

3

>Enabled Features:</hl=

<div id="output"></div>

<seripts - = y 23

response = await fecrch('http://localhost:3080/features');
t data - await response.json(};

jocunent , gelE Lemen LBy ITd{ "output' ), innerText = data, output;
1
rerehFeaturesi);
</seripts
</body>

</heml=
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https://qgithub.com/acherm/progvary-withgpt/blob/main/varyfloatinC/ChatGPT-C_Variations_with_%23ifdef.md

#include <stdio.h>

3 variants of C programs T ——

#ifdef USE_DOUBLE
typedef double real;
#elif defined(USE_FLOAT)
typedef float real;
#else

typedef long double real;
I have the following program. I'd like to create variations over e . !

this program using conditional compilation. Specifically, I'd like L
to create a first variation that consists in replacing the type
long double by double... and another alternative variation that int main() {
consists in replacing long double by float. // Declare and initialize variables
real x = 1.0;
#include <stdio.h> ’ real y = 0x1p-53 + Ox1p-64;
int main() {

// Declare and initialize variables real z = x +y;

long double x = 1.0;

1 doubl = Ox1p-53 + @x1p-64; <

PNETLOLD P »p Xip // Print the value of z
long double z = x + y;

#ifdef USE_DOUBLE
// Print the value of z : " : - n .
i S el ol printf("z (using double) = %a\n", z);
return 9; #elif defined(USE_FLOAT)
Y printf("z (using float) = %a\n", z);

#else
printf("z (using long double) = %La\n", z);
#endif

return 0;

24
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https://github.com/acherm/progvary-withgpt/blob/main/varyfloatinC/ChatGPT-C_Variations_with_%23ifdef.md

minclude <stdin.n

/7 DefTine the type 1o Use as an allas
mifdel USE QQUBLE
tygedet dounle real;
welif darinad(USE_FLOAT)
Lypedel Moxt real;
&olse
tygede? long double real;
mandi

10t natn() {
secl

lare and Lnitialize varlisbles

real x o= 1.8
real ¥ - 0x10-53 + 0x10-64;
real z = XV y;

4 Prane the 20
Hirder USE_LOUBLE
prinlf{"s {using daobla) = wain, /);
#0117 0orAncd(USE FLOAT)
PrANLT("z fusing *lo&T} = %awn’, 2);
relse
printti“z (using lang doubla} = wiavn®, z};

wendar

return 8;

Write a Python script that compiles executes the three variants
above with and without the -mfpmath=387 of gec... Compile
also with clang. Synthesize all results in a CSV containing the
configuration (flag, with or without -mfpmath=387, compiler)
and the different outputs. Please use pandas for writing the CSV...
also the fieldnames should be compiler, flags, type, and result.
The C file to compile is assoc.c

We then refine and ask:

Can you think about gec flags or clang flags that could be com-
bined/used and have an influence on floating point operations?
Please implement them in the Python code.

Lots of variants to build programs!

def complle_and_run(compiler,
commands = [

rlags):

f"{compiler} {flags} -o original approx.c",

f"{compiler} {flags} -DUSE _DOUBLE -o double_variation approx.c",
f"{compiler} {flags} -DUSE_FLOAT -o float_variation apprex.c",

results = []
for emd in commands:

subprocess.run{cmd, shell=True, check=True)

binary = cmd.splic()[-2]

output = subprocess.check output(f'./{binary}', shell=True).decode().strip()

results,append(output)

return results

def main():

configurations = [
('gec’, ''),
('gee', '-mfpmath=387'),
('gec', '-ffast-math'),
('gee', '-fno-signed-zeros'),
('gee', '-fno-trapping-math'),
('gee', '-fno-rounding-math'}),
('clang', ''),
('clang', '-mno-sse'}),
('clang', '-Trast-math'),
('clang', '-fno-signed-zeros'),
('clang', '-fno-trapping-math'),
('clang', '-fno-rounding-math'),

1

data = []

for compiler, flags in configurations:

results = compile_and_run(compiler,

data,extend([

{'compiler': compiler, 'flags':
{'compiler’: compiler, 'flags':
{'compiler': compiler, 'flags':

1

rflags)

Tlags,
flags,
Tlags,

'type':
‘type':
'type':

‘original’',

"double’,
'float’',

'result': results[e]},
‘result': results[1]},
'result': results[2]},

25
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def complle_and_run(compiler, flags):
commands = [

f"{compiler} {flags} -o original approx.c",

f"{compiler} {flags} -DUSE DOUBLE -o double_variation approx.c",
f"{compiler} {flags} -DUSE_FLOAT -o float_variation approx.c",

results = []
for cmd in commands:

subprocess.run{cmd, shell=True, check=True)

binary = cmd.split()[-2]

output = subprocess.check output(f'./{binary}', shell=True).decode().strip()

results,append(output)

return results

def main():

configurations = [
('gec’, '"),
('gee', '-mfpmath=387'),
('geec', '-ffast-math'),
('gee', '-fno-signed-zeros'),
('gee', '-fno-trapping-math'),
('gee', '-fno-rounding-math'}),
('clang', '"),
('clang', '-mno-sse'),
('‘clang', '-Tfast-math'),
('clang', '-fno-signed-zeros'),
('clang', '-Tno-trapping-math'),
('clang', '-fno-rounding-math'),

]

data = []

for compiler, flags in configurations:
results = compile_and_run(compiler,
data,extend([

{'compiler': compiler, 'flags':
{'compiler’: compiler, 'flags':
{'compiler': compiler, 'flags':

1

rflags)

Tlags,
flags,
Tlags,

'type':
'type':
‘type':

‘original', 'result': results[e]},

"double’,
'float’',

'result': results[1]},
‘result': results{2]},

compiler flags type result

gce original  z (using long double) = 0x8.0000000000004p-3
gce double  z(using double) = 0x1.0000000000001p+0

gcc float z (using float) = 0x1p+0

gce -mfpmath=387 original  z (using long double) = 0x8.0000000000004p-3
gce -mfpmath=387 double  z(using double) = 0x1p+0

gcc -mfpmath=387 float z (using float) = 0x1p+0

gce -ffast-math original  z (using long double) = 0x8.0000000000004p-3
gce -ffast-math double  z(using double) = 0x1.0000000000001p+0

gcc -ffast-math float z (using float) = 0x1p+0

gce -fno-signed-zeros original  z (using long double) = 0x8.0000000000004p-3
gce -fno-signed-zeros double  z(using double) = 0x1.0000000000001p+0

gcc -fno-signed-zeros float z (using float) = 0x1p+0

gce -fno-trapping-math  original  z (using long double) = 0x8.0000000000004p-3
gce -fno-trapping-math ~ double  z (using double) = 0x1.0000000000001p+0

gcc -fno-trapping-math  float z (using float) = 0x1p+0

gce -fno-rounding-math  original  z (using long double) = 0x8.0000000000004p-3
gce -fno-rounding-math  double  z (using double) = 0x1.0000000000001p+0

gcc -fno-rounding-math ~ float z (using float) = 0x1p+0

clang original  z (using long double) = 0x8.0000000000004p-3
clang double  z(using double) = 0x1.0000000000001p+0

retrieve the result of S. Boldo et al.
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Hypothesis and
Knowledge

Subject of
interest/Population

Experiments
(variants)

Mz Luricy Naeme €99 (52427

The v

05 OF OpETanG pal vallivs subjece
al arith ting constants e
o 20 5 Fovenat whose cange and precision 1y be grwiste

ehan requirsd by the typs.

ovalia
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Subsie Rtk

int main() (
// Declare and initislize variables
long double x = 1.0;
long double y = Ox1p=-53 + @xip-64;
long double z = x + y;

// Print the value of 2z
printf("z = %a\n", 2);
return 9,

compiler  flags

minclude <stdin.n>
e
77 DeTine the Type To Use as &1 all
o
USE DOUBLE
typadet double real; e
welif dafinad(USE_FLOAT) gee tamath-38T
Lypede real;
a0 (228 ~mifpimet

tysede? long double real;
miomath=187

mendif
£ Aastanaty
int nain()
~Taslrnath
geclare sad Luitislize variubles
real x = 1.8 ces “Fagt math
real ¥ -53 + DK10-61; —
oee P —
real z = Ly ¢l
et “ne-signed-caos
£4 Print the value of z R
17del USC_LOUBLE a foregnediacess
PrinLf(Me (using daubla) = SaAn", /); e ARy
#0111 g0r1ncd(USE FLOAT)
{using 108t} = KaNw", 251 e “re-iragp gty
cor *r6 trappng mata
printti"z (using lang daubls)
sendat o “oc-roursfiag-math
oot “ne-rourding-math
return 8;
' e “ne rourding matn

Data analysis

type result

aniginal 2 lAing 1609 AEURIR] - rE CECC0000000M 0 3

doable 2 using doubie) = 6x1.0000003000001p &
flcat 2 jusing float) = Ux1peC

arlginal 7 1:Ag 160 ACURIR = e CCC000

deable & sing doubie) = Cxlpic
flcast 2 jusing floath = Uxpet

ariginal

deable & fusing doulie:

ficst 1 fusing foa

aginal 2 sing 1609 e nle] = Tk COCEONNINA-3

double 2 lusing double) = Ex1.0000000000001 P
fleat 7 lusing Fost = DxIpen

arlginal 2 s

deable & fusing coubie; = U 003090

Hieae 2

g toat) = Dx1aet

iginal

deuble

flear

1sing lern) double)

deatle ¢ jusing doubie; = Ux1.000003I0IBUYT -0

i 1600 deuinle) = TE COCCONENNI 3.3

Interpretation/
Conclusion

Confirm S.
Boldo results

what about other
programming
language?

https://github.com/FAMILIAR-proj
ect/reproducibility-associativity/

Al(-empowered) scientists: enormous potential to automatically explore large

variants spaces (with software and Al) and discover new knowledge or

confirm/refute theories.
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Potential

LLMs can assist developers in implementing variability in different programming
languages (C, Rust, Java, TikZ, etc.) and mechanisms (conditional compilation, feature
toggles, command-line parameters, template, etc.). With "features as prompts", there is
hope to raise the level of abstraction, increase automation, and bring more flexibility

when synthesizing and exploring software variants.

Hypothesis: Large language models (LLMs) act as a new variability compiler capable
of transforming a high-level specification (“prompt”) into variable code, features,
generators, configurable systems, etc. written in a given technological space.

Motto:
“features as
prompts”

Solution
Space

28




Programming without directly manipulating programs, relying
almost entirely on Al to manage technical details and create
variants of code (customization).

Here is a TikZ code:

\tikzset{%

something/.pic={
\tikzset{x=3cm/5,y=3cm/5,shift={(0,-1/3)}}
\useasboundingbox (-1,-1) (1,2);

\fill [BlueGrey900] (0,-2)

.. controls ++(180:3) and ++(0:5/4) .. (-2,0)

arc (270:90:1/5)

.. controls ++(0:2) and ++(180:11/4) .. (0,-2+2/5);

\foreach \i in {-1,1}

\scoped[shift={(1/2*\i,9/4)}, rotate=45*\i){
\clip [overlay] (0, 5/9) ellipse [radius=8/9];
\clip [overlay] (0,-5/9) ellipse [radius=8/9];
\fill [BlueGrey900] ellipse [radius=1];

\clip [overlay] (0, 7/9) ellipse [radius=10/11];
\clip [overlay] (0,-7/9) ellipse [radius=10/11];
\fill [Purple100] ellipse [radius=1];

5
\fill [BlueGrey900] ellipse [x radius=3/4, y radius=2];
\fill [BlueGrey100] ellipse [x radius=1/3, y radius=1];
\fill [BlueGrey900]
(0,15/8) ellipse [x radius=1, y radius=5/6]
(0, 8/6) ellipse [x radius=1/2, y radius=1/2]
{[shift={(-1/2,-2)}, rotate= 10] ellipse [x radius=1/3, y radius=5/4]}
{[shift={( 1/2,-2)}, rotate=-10] ellipse [x radius=1/3, y radius=5/4]};
\fill [BlueGrey500] 29
(-1/9,11/8) ellipse [x radius=1/5, y radius=1/5]
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Here is a TikZ code: SE task = software

\tikzset{% i i .
something/.pic={ customization/ configuration l program
\tikzset{x=3cm/5,y=3cm/5,shift={(0,-1/3)}} understanding

\useasboundingbox (-1,-1) (1,2);
\fill [BlueGrey900] (0,-2)
.. controls ++(180:3) and ++(0:5/4) .. (-2,0)
arc (270:90:1/5)
.. controls ++(0:2) and ++(180:11/4) .. (0,-2+2/5);
\foreach \i in {-1,1}
\scoped[shift={(1/2*\i,9/4)}, rotate=45"\i|{
\clip [overlay] (0, 5/9) ellipse [radius=8/9];
\clip [overlay] (0,-5/9) ellipse [radius=8/9];
\fill [BlueGrey900] ellipse [radius=1];
\clip [overlay] (O, 7/9) ellipse [radius=10/11];
\clip [overlay] (0,-7/9) ellipse [radius=10/11];
\fill [Purple100] ellipse [radius=1];
%
\fill [BlueGrey900] ellipse [x radius=3/4, y radius=2];
\fill [BlueGrey100] ellipse [x radius=1/3, y radius=1];
\fill [BlueGrey900]
(0,15/8) ellipse [x radius=1, y radius=5/6]
(0, 8/6) ellipse [x radius=1/2, y radius=1/2]
{[shift={(-1/2,-2)}, rotate= 10] ellipse [x radius=1/3, y radius=5/4]}
{[shift={( 1/2,-2)}, rotate=-10] ellipse [x radius=1/3, y radius=5/41};
\fill [BlueGrey500]
(-1/9,11/8) ellipse [x radius=1/5, y radius=1/5]



Here is a TikZ code:

\tikzset{%

cat/.pic={ ]

\tikzset{x=3cm/5,y=3cm/5,shift={(0,-1/3)}} sn taSk = SOftwal'e

\ boundingbox (-1,-1) (1,2); - - -

il BlueGreyao0) 0.2) customization/configuration | program
.. controls ++(180:3) and ++(0:5/4) .. (-2,0) -

arc (270:90:1/5) understanding

.. controls ++(0:2) and ++(180:11/4) .. (0,-2+2/5);
\foreach \i in {-1,1}
\scoped[shift={(1/2*\i,9/4)}, rotate=45*\i}{
\clip [overlay] (0, 5/9) ellipse [radius=8/9];
\clip [overlay] (0,-5/9) ellipse [radius=8/9];
\fill [BlueGrey900] ellipse [radius=1];
\clip [overlay] (0, 7/9) ellipse [radius=10/11];
\clip [overlay] (0,-7/9) ellipse [radius=10/11];
\fill [Purple100] ellipse [radius=1];

5
\fill [BlueGrey900] ellipse [x radius=3/4, y radius=2];
\fill [BlueGrey100] ellipse [x radius=1/3, y radius=1];
\fill [BlueGrey900]
(0,15/8) ellipse [x radius=1, y radius=5/6]
(0, 8/6) ellipse [x radius=1/2, y radius=1/2]
{[shift={(-1/2,-2)}, rotate= 10] ellipse [x radius=1/3, y radius=5/4]}
{[shift={( 1/2,-2)}, rotate=-10] ellipse [x radius=1/3, y radius=5/4]};
\fill [BlueGrey500]
(-1/9,11/8) ellipse [x radius=1/5, y radius=1/5]
(11/9,11/8) ellipse [x radius=1/5, y radius=1/5];
\fill [Purple100]
(0,12/8) ellipse [x radius=1/10, y radius=1/5]
(0,12/8+1/9) ellipse [x radius=1/5 , y radius=1/10];
\foreach \i in {-1,1}
\scoped[shift={(1/2*\i,2)}, rotate=35"\i){
\clip [overlay] (0, 1/7) ellipse [radius=2/7];
\clip [overlay] (0,-1/7) ellipse [radius=2/7];
\fill [Yellow50] ellipse [radius=1]; C at
b
\scoped{
\clip (-1,-2) rectangle ++(2,1);
\fill [BlueGrey900] (0,-2) ellipse [radius=1/2];
\fill [Grey100]
(-1/2,-2) ellipse [x radius=1/3, y radius=1/4]
(1/2,-2) ellipse [x radius=1/3, y radius=1/4];
h
\foreach \i in {-1,1}
\foreach \j in {-1,0,1}

\fill [Grey100, shift={(0,11/8)}, xscale=\i, rotate=\j*15,
chift—/N-1/9\1




Here is a TikZ code:
\tikzset{%
cat/.pic={ 'H i ’ i
zmetb3om5,y=3cmi5, shift={(0.-1/3)} I'd like to change the color of the cat’s tail
\useasboundingbox (-1,-1) (1,2);
\fill [BlueGrey900] (0,-2)
.. controls ++(180:3) and ++(0:5/4) .. (-2,0)
arc (270:90:1/5)
.. controls ++(0:2) and ++(180:11/4) .. (0,-2+2/5);
\foreach\i in {-1,1}
\scoped[shift={(1/2*\i,9/4)}, rotate=45%\i){
\clip [overlay] (0, 5/9) ellipse [radius=8/9];
\clip [overlay] (0,-5/9) ellipse [radius=8/9];
\fill [BlueGrey900] ellipse [radius=1];
\clip [overlay] (0, 7/9) ellipse [radius=10/11];
\clip [overlay] (0,-7/9) ellipse [radius=10/11];
\fill [Purple100] ellipse [radius=1];
13
\fill [BlueGrey900] ellipse [x radius=3/4, y radius=2];
\fill [BlueGrey100] ellipse [x radius=1/3, y radius=1];
\fill [BlueGrey900]
(0,15/8) ellipse [x radius=1, y radius=5/6]
(0, 8/6) ellipse [x radius=1/2, y radius=1/2]
{[shift={(-1/2,-2)}, rotate= 10] ellipse [x radius=1/3, y radius=£
{[shift={( 1/2,-2)}, rotate=-10] ellipse [x radius=1/3, y radius=5,
\fill [BlueGrey500]
(-1/9,11/8) ellipse [x radius=1/5, y radius=1/5] -
(1 1/9,11/8) ellipse [x radius=1/5, y radius=1/5]; ca
\fill [Purple100]
(0,12/8) ellipse [x radius=1/10, y radius=1/5]

(0,12/8+1/9) ellipse [x radius=1/5, y radius=1/10]; -
Vv SE task = software
\scoped[shift={(1/2"\i,2)}, rotate=35*\i}{ customlzatlon/conﬁguratlon | progra
\clip [overlay] (0, 1/7) ellipse [radius=2/7];
\clip [overlay] (0,-1/7) ellipse [radius=2/7]; understandlng

\fill [Yellow50] ellipse [radius=1];



Here is a TikZ code:

\tikzset{%

cat/.pic={
\tikzset{x=3cm/5,y=3cm/5,shift={(0,-1/3)}}
\useasboundingbox (-1,-1) (1,2);

\fill [BlueGrey900] (0,-2)

.. controls ++(180:3) and ++(0:5/4) .. (-2,0)

arc (270:90:1/5)

.. controls ++(0:2) and ++(180:11/4) .. (0,-2+2/5);

\foreach \i in {-1,1}

\scoped[shift={(1/2*\i,9/4)}, rotate=45*\i|{
\clip [overlay] (0, 5/9) ellipse [radius=8/9];
\clip [overlay] (0,-5/9) ellipse [radius=8/9];
\fill [BlueGrey900] ellipse [radius=1];

\clip [overlay] (0, 7/9) ellipse [radius=10/11];
\clip [overlay] (0,-7/9) ellipse [radius=10/11];
\fill [Purple100] ellipse [radius=1];

I3
\fill [BlueGrey900] ellipse [x radius=3/4, y radius=2];
\fill [BlueGrey100] ellipse [x radius=1/3, y radius=1];
\fill [BlueGrey900]
(0,15/8) ellipse [x radius=1, y radius=5/6]
(0, 8/6) ellipse [x radius=1/2, y radius=1/2]
{[shift={(-1/2,-2)}, rotate= 10] ellipse [x radius=1/3, y radius=5/4]}
{[shift={( 1/2,-2)}, rotate=-10] ellipse [x radius=1/3, y radius=5/4]};
\fill [BlueGrey500]
(-1/9,11/8) ellipse [x radius=1/5, y radius=1/5]
(11/9,11/8) ellipse [x radius=1/5, y radius=1/5];
\fill [Purple100]
(0,12/8) ellipse [x radius=1/10, y radius=1/5]
(0,12/8+1/9) ellipse [x radius=1/5, y radius=1/10];
\foreach \i in {-1,1}
\scoped[shift={(1/2%\i,2)}, rotate=35"\i{
\clip [overlay] (0, 1/7) ellipse [radius=2/7];
\clip [overlay] (0,-1/7) ellipse [radius=2/7];
\fill [Yellow50] ellipse [radius=1];
1.

I'd like to change the color of the cat’s tail

(LLM) To change the color of the tail, you need to modify the fill
color specified in the first ‘fill' command, which draws the tail
shape. In the provided code, the tail color is set to ‘BlueGrey900°.
You can replace this color with any other color you’d like. Here’s

an example with the tail color changed to ‘red’

\tikzset{%
cat/.pic={
\tikzset{x=3cm/5,y=3cm/5,shift={(@,-1/3)}}
\useasboundingbox (-1,-1) (1,2);
\fill [red] (@0,-2) % Change the color here
controls ++(180:3) and ++(0:5/4) .. (
arc (270:90:1/5)
controls ++(0:2) and ++(180:11/4)

-2,0)

€9, =2%2/5)5

% The rest of the code remains the same

cat

"\ added by
 ChatGPT!
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https://github.com/acherm/progvary-withgpt/blob/main/varyTikZ/ChatGPT-Change_eye_color.md  ‘meert random

def random_rgb_celor():
return f"rgb({random.randint(®, 255)}, {random.randint(®, 255)}, {random.randint(®, 255)})"

def random_scale(min_value=0.5, max_value=2.0):

change as much as possible elements, applying different styles, return randon.unifora(nin_value, nax_value)

colors, and transformations. Give me the new TikZ code and output = temptace. render -
main_body_color=random_rgb_color(),

eXplain me the Changes head_stripe_color=random_rgb_color(),

inner_stripe_color=random_rgb_color(),
head_stripe_scale=randon_scale(),
head_surround_color=random_rgb_color(),

b = = head_inner_color=random_rgb_color(),
. nose_main_color=random_rgb_color(),
Can you write a Python program that would apply the 9 pro- eyes_color=randon._rgb. colar (),
3 % “ & nase_color=random_rgb_colar(),
posed changes? I recommend using a templating engine in such whisker_spots_color=randon_rgb_color(),
B whisker_spots_scale=random_scale(),
a way the 9 changes can be applied and configured flcs. Lo par. colororandon roh color (1

face_inner_ellipses_color=random_rgb_color(),
whiskers_color=random_rgh_color(),

)

print(output)

NS T
cat/.pic={ J == .
\tikzset{x=3cm/5,y=3cm/5,shift={(0,-1/3)}} eat cat cat
\useasboundingbox (-1,-1) (1,2); -
\fill [<< tail_color >>] (@,-2) T ﬁ
controls ++(180:3) and ++(0:5/4) .. (-2,0) B
arc (270:90:1/5) o 5
controls ++(0:2) and ++(180:11/4) .. (0,-2+2/5);
\fill [<< central_body_color >>] ellipse [x radius 5
=3/4, y radius=2];
\fill [<< inner_body_color >>] ellipse [x radius=1/3,
y radius=1];
\fill [<< head_paws_color >>]



https://github.com/acherm/progvary-withgpt/blob/main/varyTikZ/ChatGPT-Change_eye_color.md

Hypothesis: Large language models (LLMs) act as a new variability compiler capable
of transforming a high-level specification (“prompt”) into variable code, features,
generators, configurable systems, etc. written in a given technological space.

Abstraction

Generative
Programming
Methods,
MOttO: }’{ Tools, and
Applications
‘“features as 4} N A
prompts”

) P ;
Krzysztof Czarnecki y 4

Ulrich W. Eisenecker

Mathieu Acher, Jean-Marc
Jézéquel, and José A.
Galindo. 2023. On
Programming Variability
with Large Language
Model-based Assistant. In \
SPLC 2023 L

LLM %




LLMs can dramatically fail at times, making mistakes that
human developers need to carefully verify and correct.
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Here is a TikZ code:

\tikzset{%

cat/.pic={
\tikzset{x=3cm/5,y=3cm/5,shift={(0,-1/3)}}
\useasboundingbox (-1,-1) (1,2);

\fill [BlueGrey900] (0,-2)

.. controls ++(180:3) and ++(0:5/4) .. (-2,0)

arc (270:90:1/5)

.. controls ++(0:2) and ++(180:11/4) .. (0,-2+2/5);

\foreach \i in {-1,1}

\scoped|[shift={(1/2*\i,9/4)}, rotate=45"\i|{
\clip [overlay] (0, 5/9) ellipse [radius=8/9];
\clip [overlay] (0,-5/9) ellipse [radius=8/9];
\fill [BlueGrey900] ellipse [radius=1];

\clip [overlay] (0, 7/9) ellipse [radius=10/11];
\clip [overlay] (0,-7/9) ellipse [radius=10/11];
\fill [Purple100] ellipse [radius=1];

]
\fill [BlueGrey900] ellipse [x radius=3/4, y radius=2];
\fill [BlueGrey100] ellipse [x radius=1/3, y radius=1];
\fill [BlueGrey900]

(0,15/8) ellipse [x radius=1, y radius=5/6]

(0, 8/6) ellipse [x radius=1/2, y radius=1/2]

{[shift=

\fill [BlueGrey500]
(-1/9,11/8) ellipse [x radius=1/5, y radius=1/5]
(1/9,11/8) ellipse [x radius=1/5, y radius=1/5];
\fill [Purple100]
(0,12/8) ellipse [x radius=1/10, y radius=1/5]
(0,12/8+1/9) ellipse [x radius=1/5 , y radius=1/10];
\foreach \i in {-1,1}
\scoped|[shift={(1/2*\i,2)}, rotate=35*\i}{
\clip [overlay] (0, 1/7) ellipse [radius=2/7];
\clip [overlay] (0,-1/7) ellipse [radius=2/7];
\fill [Yellow50] ellipse [radius=1];

\scoped{
\clip (-1,-2) rectangle ++(2,1);
\fill [BlueGrey900] (0,-2) ellipse [radius=1/2];
\fill [Grey100]
(-1/2,-2) ellipse [x radius=1/3, y radius=1/4]
(1/2,-2) ellipse [x radius=1/3, y radius=1/4];

]
\foreach \iin {-1,1}
\foreach \j in {-1,0,1}

\fill [Grey100, shift={(0,11/8)}, xscale=\i, rotate=\j*15,

shift=(0:1/2)]
ellipse [x radius=1/3, y radius=1/64];
h

-1/2,-2)}, rotate= 10] ellipse [x radius=1/3, y radius=5/4]}
{[shift={( 1/2,-2)}, rotate=-10] ellipse [x radius=1/3, y radius=5/4]};

I'd like to change the color of the cat’s tail in red

cat



Here is a TikZ code:

\tikzset{%

cat/.pic={
\tikzset{x=3cm/5,y=3cm/5,shift={(0,-1/3)}}
\useasboundingbox (-1,-1) (1,2);

\fill [BlueGrey900] (0,-2)

.. controls ++(180:3) and ++(0:5/4) .. (-2,0)

arc (270:90:1/5)

.. controls ++(0:2) and ++(180:11/4) .. (0,-2+2/5);

\foreach \i in {-1,1}

\scoped|[shift={(1/2*\i,9/4)}, rotate=45"\i|{
\clip [overlay] (0, 5/9) ellipse [radius=8/9];
\clip [overlay] (0,-5/9) ellipse [radius=8/9];
\fill [BlueGrey900] ellipse [radius=1];

\clip [overlay] (0, 7/9) ellipse [radius=10/11];
\clip [overlay] (0,-7/9) ellipse [radius=10/11];
\fill [Purple100] ellipse [radius=1];

]
\fill [BlueGrey900] ellipse [x radius=3/4, y radius=2];
\fill [BlueGrey100] ellipse [x radius=1/3, y radius=1];
\fill [BlueGrey900]
(0,15/8) ellipse [x radius=1, y radius=5/6]
(0, 8/6) ellipse [x radius=1/2, y radius=1/2]
{[shift={(-1/2,-2)}, rotate= 10] ellipse [x radius=1/3, y radius=5/4]}
{[shift={( 1/2,-2)}, rotate=-10] ellipse [x radius=1/3, y radius=5/4]};
\fill [BlueGrey500]
(-1/9,11/8) ellipse [x radius=1/5, y radius=1/5]
(1/9,11/8) ellipse [x radius=1/5, y radius=1/5];
\fill [Purple100]
(0,12/8) ellipse [x radius=1/10, y radius=1/5]
(0,12/8+1/9) ellipse [x radius=1/5 , y radius=1/10];
\foreach \i in {-1,1}
\scoped|[shift={(1/2*\i,2)}, rotate=35*\i}{
\clip [overlay] (0, 1/7) ellipse [radius=2/7];
\clip [overlay] (0,-1/7) ellipse [radius=2/7];
\fill [Yellow50] ellipse [radius=1];

\scoped{
\clip (-1,-2) rectangle ++(2,1);
\fill [BlueGrey900] (0,-2) ellipse [radius=1/2];
\fill [Grey100]
(-1/2,-2) ellipse [x radius=1/3, y radius=1/4]
(1/2,-2) ellipse [x radius=1/3, y radius=1/4];

]
\foreach \i in {-1,1}
\foreach \j in {-1,0,1}
\fill [Grey100, shift={(0,11/8)}, xscale=\i, rotate=\j*15,
shift=(0:1/2)]
ellipse [x radius=1/3, y radius=1/64];
h

I'd like to change the color of the cat’s tail in red

&

You

visual abilities to
implement a
“testing oracle”

cat

what is the color of the cat's tail? is it red?

ChatGPT
The cat's tail is black, not red. The only red part on the cat is its nose.

You
what are eyes colors?

ChatGPT
The cat's eyes are red.



Here is a TikZ code:

\tikzset{%

cat/.pic={
\tikzset{x=3cm/5,y=3cm/5,shift={(0,-1/3)}}
\useasboundingbox (-1,-1) (1,2);

\fill [BlueGrey900] (0,-2)

.. controls ++(180:3) and ++(0:5/4) .. (-2,0)

arc (270:90:1/5)

.. controls ++(0:2) and ++(180:11/4) .. (0,-2+2/5);

\foreach \i in {-1,1}

\scoped|[shift={(1/2*\i,9/4)}, rotate=45"\i|{
\clip [overlay] (0, 5/9) ellipse [radius=8/9];
\clip [overlay] (0,-5/9) ellipse [radius=8/9];
\fill [BlueGrey900] ellipse [radius=1];

\clip [overlay] (0, 7/9) ellipse [radius=10/11];
\clip [overlay] (0,-7/9) ellipse [radius=10/11];
\fill [Purple100] ellipse [radius=1];

]
\fill [BlueGrey900] ellipse [x radius=3/4, y radius=2];
\fill [BlueGrey100] ellipse [x radius=1/3, y radius=1];
\fill [BlueGrey900]
(0,15/8) ellipse [x radius=1, y radius=5/6]
(0, 8/6) ellipse [x radius=1/2, y radius=1/2]
{[shift={(-1/2,-2)}, rotate= 10] ellipse [x radius=1/3, y radius=5/4]}
{[shift={( 1/2,-2)}, rotate=-10] ellipse [x radius=1/3, y radius=5/4]};
\fill [BlueGrey500]
(-1/9,11/8) ellipse [x radius=1/5, y radius=1/5]
(1/9,11/8) ellipse [x radius=1/5, y radius=1/5];
\fill [Purple100]
(0,12/8) ellipse [x radius=1/10, y radius=1/5]
(0,12/8+1/9) ellipse [x radius=1/5 , y radius=1/10];
\foreach \i in {-1,1}
\scoped|[shift={(1/2*\i,2)}, rotate=35*\i}{
\clip [overlay] (0, 1/7) ellipse [radius=2/7];
\clip [overlay] (0,-1/7) ellipse [radius=2/7];
\fill [Yellow50] ellipse [radius=1];

\scoped{
\clip (-1,-2) rectangle ++(2,1);
\fill [BlueGrey900] (0,-2) ellipse [radius=1/2];
\fill [Grey100]
(-1/2,-2) ellipse [x radius=1/3, y radius=1/4]
(1/2,-2) ellipse [x radius=1/3, y radius=1/4];

]
\foreach \i in {-1,1}
\foreach \j in {-1,0,1}
\fill [Grey100, shift={(0,11/8)}, xscale=\i, rotate=\j*15,
shift=(0:1/2)]
ellipse [x radius=1/3, y radius=1/64];
h

“I'd like to have a better red, more dark...” (kids)

- Customization
- Ears, tail, and whisker —

tail : red v

outter ear : | BlueGrey900 v
inner ear : Purple100 v
whiskers : | Grey100 v

Beautify the cat! ]

cat
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https://www.youtube.com/watch?v=kSdLSqwZK7Q
(plenty of experiments with LLMs, programming languages, students... I'll blog about it soon!)

My banker suggested this investment:

you give me e = 2.71828... €,

the following year, | take €1 in fees and multiply by 1,
the following year, | take 1€ in fees and multiply by 2,
the following year, | take a €1 charge and multiply by 3,

after n years, | take a €1 fee and multiply by n.
To get my money back, there's a €1 fee.
In 50 years, when | retire, how much money will | have?

Synthesize and execute a Python code to answer the question

®  After50 years, your investment would be approximately —5.56 x 10°® euros, meaning the
investment results in an astronomically large negative balance. This investment strategy leads to

catastrophic losses. [>-]

G)) @ Cv
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https://www.youtube.com/watch?v=kSdLSqwZK7Q

@ You

| have the following Python code:

import folium

OOPS!
Something went wrong,
# Given coordinates for the cities (these are example coordinates and may not be
accurate)

# Normally we would obtain these through a geocoding service
coordinates ={

LA

"Rennes": [481173, -16778],

"Paris": [48.8566, 2.3522],

"Saclay™: [48.7290, 2.1912],

"Lille": [50.6292, 3.0573],

"Bordeaux": [44.8378, -0.5792],

"Sophia": [43.6222, 705001, # This is an approximation for Sophia Antipolis
"Nancy": [48.6921, 61844]

# Initialize a map centered around France
map_france = folium.Map(location=[46.603354, 1.888334], zoom_start=6)

# Add markers for each team
add_team_marker{map_france, "DIVERSE", "Rennes")
add_team_marker{map_france, "PICUBE", "Paris")
add_team_marker{map_france, "ARGO", "Paris")

O Webview x @ Shell x +
add_team_marker{map_france, "DEDUCTEAM", "Saclay")

add_team_marker(map_france, "EVEREF", "Lille") € > Cclu

add_team_marker(map_france, "FLOWERS". "Bordeaux”) = 3
add_team_marker{map_france, "MNEMOSYNE", "Bordeaux") + Jer: Normandie
add_team_marker({map_france, "SPIRALS", "Lille") i __,,.N,\r'ﬂ‘.’\jd'\ﬁg‘ .

add_team_marker(map_france, "STAMP", "Sophia") ‘\.xlr&

add_team_marker{map_france, "SED", "Nancy"} = D Bretogne -cRennes. 7
RS X r.ewiu

el s

S,

# Since we cannot display the folium map directly in this environment,
i we'll save it to an HTML file which you can then open in a veb browser,

map _file_path ="/mnt/data/france_teams map.html' ) Polgiers.
map_france.save(map_file_path) B
map file_path V4 Limoges

N

| Wouvelle—

e Aqistaine
Please wirite a JavaScript program, using Leaflet.js "‘"",’é‘f"”
I, Toulouses

ChatGPT

Creating a JavaScript program using Leaflet.js to achieve a similar
functicnality as your Python cade with Folium is a good way to visuali
geographic data on web platforms. Leaflet is a leading open-source
JavaScript library for mebile-friendly interactive maps.

Here's a basic example of haw you could write such a program:

Centre.vol
e Loire

France

fhort
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; =

)
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B scriptjs > f addCityMarker > X popupText
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var map = L.map('map').setView([46.603354, 1.888334], 6);

// Add OpenStreetMap tiles:
v L.tileLayer('https://{s}.tile.openstreetmap.org/{z}/{x}/{y}.png', {
maxZoom: 19,
attribution: '© OpenStreetMap contributors’
}).addTo(map);

// Teams and their respective cities
. var teams = [

{ city: "Rennes", team: "DIVERSE" },

{ city: "Paris", team: "PICUBE" },

{ city: "Paris", team: "ARGO" },

{ city: "saclay", team: "DEDUCTEAM" },
{ city: "Lille", team: "EVEREF" },

{ city: "Bordeaux", team: "FLOWERS" },
{ city: "Bordeaux", team: "MNEMOSYNE" },

ille", team:

indexheml @« B scrptjs < -

PIRALS" },

7 B bttt

1 <IDOCTYPE htnix
/2y <htal>

Vi 4, <hosd>
vts <titlesToan Lacations in France</tities
6 <lirk relestylasheet hrefenttps:)/unpxn. con/laaflatel 8. a7dis/Teafint cas” /o
7 <seript sro-*https://unpkg.con/leaflat@l. 8. 0zdist/ leaflet, s sas/scripts
6. <styles

e, enap {

10 heights 488px;
3

12 </style

13 =/hesos

14

v F1s, <budy>

16 <div idetrapiz<sdive
17 <script srce‘zcript.jsta</acripts
18 </body>

19

20 </htel=

// Helper function to get coordinates of a city
» function getCoordinates(city) {
. var coordinates = {
“Rennes": [48.1173, -1.6778],
"Paris": [48.8566, 2.3522],
"Saclay": [48.7290, 2.1912],
“Lille": [50.6292, 3.05731,
"Bordeaux": [44.8378, -0.5792],
"Sophia": [43.6222, 7.0500],
"Nancy": [48.6921, 6.1844]
Y
return coordinates[city];

/ Add markers for each city
bject.keys(teamsByCity).forEach(function(city) {
addCityMarker(city, teamsByCity[cityl);

2k
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& GitHub Copilot

https://arxiv.org/abs/2210.14699

def choose_num(x, y):

won

def choose_num(x, y):

wnn

Piloting Copilot and Codex: Hot Temperature, Cold

Prompts, or Black Magic?

Jean-Baptiste Doderlein
ENS Rennes
Rennes, France
jean-baptiste.doderlein@ens-rennes.fr

Djamel Eddine Khelladi
CNRS, Univ Rennes, IRISA, Inria
Rennes, France
djamel-eddine.khelladi @irisa.fr

Mathieu Acher

Univ Rennes, IUF, CNRS, Inria, IRISA

Rennes, France
mathieu.acher @irisa.fr

Benoit Combemale
Univ Rennes, CNRS, Inria, IRISA
Rennes, France
benoit.combemale @irisa.fr

def choose_num(x, y):

Bl 2 ! 0: else: if y
Yy 1 X > e A b y 1
if x y: if y 2 0: for i in range(x, y + 1, 2):
return -1 v y if x « i <= y:
if x § 2 0: else: return i
X +=1 yo=air — 1 return
while x <= y: if x > y:
if x & 2 == 0 return -1 (c) Modified prompt 2
return x else:
X += 2 return max(x, y)
return

- (b) Modified prompt 1
(a) Original prompt


https://arxiv.org/abs/2210.14699

RQ3 For both HumanEval and LeetCode, varying the
temperature can significantly improve Codex perfor-
mance, up to the point Codex with a configured tem-
perature (not necessarily the best one) can strongly
outperform Copilot. The optimal temperature depends on
the chosen prompt variation, the number of generated
codes, and to a lesser extent the targeted programming
languages.

RQ4 A proper configuration of the temperature and
prompt variation can significantly improve the results of
Codex. A difficulty, though, is that the best configurations
differ for a given pass@k. A general recommendation is
to use low temperatures (0.0, 0.2) for pass@1, and higher

temperatures (0.6 to 1.0) for pass@10 and @100.

RQs Tuning temperature and prompt variation per prob-
lem can provide strong performance improvements: up to
79.27% at pass@1 compared to 22.44% for the default
configuration and outperforming best average configura-

tion of RQ4 (52.67%).
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Fig. 3: Pass@1 Evaluation of Codex on Leetcode dataset;

temp €[0.0,0.2,0.4,0.6,0.8,1]
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Challenges

e LLMs are:

o brittle, leading to faulty, under-optimized, or unreliable code (including tests!)
o under-trained on “small” languages or not up-to-date with (knowledge of) new libraries or

software versions

o LLMs lack planning and reasoning capabilities
Challenges of improving LLMs:

o more verification/validation tools to verify the outcome?

Benchmarking (SE task specific, no data contamination, etc.)

o
o Better “language” than prompt?
o fine-tuning?

([

[ ]

Open source LLMs (CodeCommons with SoftwareHeritage)

</ </> </ CODE COMMONS: “LE" BIEN COMMUN
! URCE CODE IN FRANCE!

</> <f>

FOR §

5

0

i L

o

Disneninitite &
3V ~

For new generation Al!

starcoder2 rutiic

lrezia —

LLM4Code: Reliable and Productive Code Assistants
Based on Large Language Models

Project Leads

DIVERSE Rennes Mathien Acher mathieu.acher@irisa. fr
Pieuee Paris Guillanme Baudart  guillaume.baudart@inria.fr
Internal Partners (EP/CRI)

ARGO Paris Marc Lelarge marc.lelarge@inria.fr

DeEDUCTEAM Saclay Anthony Bordg anthony .bordg@inria. fr
EVREF Lille Anue Eti anne.etienfuniv-lille.fr
FLOWERS Bordeaux  Pic Oudeyer  pierre-yves.oudeyer®inria.fr

MNEMOSYNE Bordeaux  Xavier Hinaut xavier.hinautdinria.fr
SPIRALS Lille Clément Quinton clement.quinton®inria.fr
Stamp Sophia Cynil Cohen cyril.cohen®inria.fr
SED Nancy Laurent Pierron laurent.pierron®inria. fr

External Partners

SoFTWARE HERITAGE Roberto di Cosmo roberto®dicosme.org

LABRI Nathana¢] Fijalkow  nathanael.fijalkow®labri,fr
romain.robbesdcnrs, fr
yann.gloriau@soprasteria.com
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(illustration of LLM prompt sensitivity in chess)

How LLMs can be used both to generate variants (e.g.,
prompts, hypotheses, ideas) and to accelerate scientific
discovery through software-based exploration and analysis.

Automating Software &
Lar: uage Models

ge Lang
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[Event "FIDE World
Championship Match 2024")
[Site "Los Angeles, USA"]
[Date "2024.12.01")

[Round "5

[White "Kramnik, Viadimir"]
[Black "Nepomniachtchi,
lan"]

[Result "1-0"]

[WhiteElo "2900"]
[BlackElo "2900"]
[TimeControl
"40/7200:20/3600:900+307]
[UTCDate "2024.11.277)
[UTCTime "09:01:25")
[Variant "Standard"]

[Event "FIDE World
Championship Match 2024"]
[Site “"Los Angeles, USA"]
[Date "2024.12.01"]

[Round "5

[White "Louapre, David")
[Black "Giraud, Thibaut"]
[Result "0-1"]

[WhiteElo "1400"]
[BlackElo "1400"]
[TimeControl
"40/7200:20/3600:900+30"]
[UTCDate "2024.11.277)
[UTCTime "09:01:25"]
[Variant "Standard"]

What is your prompt?
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[Event
Chamy
[Site "L
[Date *
[Rount
[White
[Black
lan"]

[Resul
[White
[Black
[TimeC
"40/72
[UTCD
[UTCT
[Variar

[Event’
Champ
[Site "L
[Date "
[Round
[White
[Black
[Resul!
[Whitel
[Black!
[TimeC
"40/72(
[UTCD:
[UTCTi
[Varian

MrPhi
@MonsieurPhi

Petite note: j'ai remarqué que jusqu'a 1800 Elo, sa sensibilité au prompt
est un peu bizarre. Par exemple avec "1-0" (Blanc gagne) il joue le coup
correct g6. Mais avec "0-1" (Noir gagne) ou "1/2-1/2" il joue Nf6 (ce qui
estillogique vu que Nf6 fait justement perdre les Noirs).

Translate post

Playground ~ Complete G b H oo

(Event "Chess Tournament*] [Event "Chess Tournament"]

[Site *?"] [Site "?7

[Date "2024.0115") [Date "2024.0115"]

[Round "1"] [Round "1"]

[White "Louapre, David"] [White "Louapre, David"]
[Black "Carlsen, Magnus"] [Black "Carlsen, Magnus"]
[Resul"1-0"]

[WhiteEld "1800"]
[BlackElo '{800"

le452.8c4 Nc63Qh5 96 | 1.4 €5 2.Bc4 Nc6 3QhSNf6

11:55 AM - Apr 19, 2024 - 447 Views

@ MrPhi @MonsieurPhi - Apr 19

Mais il n'a plus ce comportement bizarre quand le Elo dépasse 2000. Enfin
bref ! Il faudrait faire d'autres tests pour déterminer a quel point cette
information sur le niveau Elo influence son niveau de jeu, mais c'est déja
intéressant comme petite expérience.

Q2 0 L X thi 441 A&

ur prompt?
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Subject of
interest/Population

Hypothesis and
Knowledge

Experiments
(variants)

)

Data analysis

gpt_config = GPTConfig(
model_gpt="gpt-3.5-turbo-instruct",

temperature=ge.o,
max_tokens=5,
chat_gpt=False,

system_role_message=None # Since it wasn't provided in the original ca

I-M”
vw!-lﬂ.isl
- Vit Nome =20

e
ol

Interpretation/
Conclusion

Monsieur Phi is
~right.
Sensitivity of
LLMs.

Do LLMs have
“learned” the
Elo?

Al(-empowered) scientists: enormous potential to automatically explore large

variants spaces (with software and Al) and discover new knowledge or

confirm/refute theories.
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MrPhi
@MonsieurPhi

Petite note: j'ai remarqué que jusqu'a 1800 Elo, sa sensibilité au prompt
est un peu bizarre. Par exemple avec "1-0" (Blanc gagne) il joue le coup
correct g6. Mais avec "0-1" (Noir gagne) ou "1/2-1/2", il joue Nf6 (ce qui
estillogique vu que Nf6 fait justement perdre les Noirs).

Translate post

Playground ~ Complete rlaygroung  cumpree

[Event "Chess Tournament"] [Event "Chess Tournament")

[Site *?"] [Site "2

[Date "2024.0115"] [Date "2024.0115"]

[Round "1"] [Round "1"]

[White "Louapre, David"] [White "Louapre, David"]
[Black "Carlsen, Magnus"] [Black "Carlsen, Magnus"]

[Result"1-0"
[WhiteElq4 "1800"]
[BlackElo {800

le4€528c4Nc63Qh58 | 1.4 5 2.8c4 Nc6 3QhS'N6

11:55 AM - Apr 19, 2024 - 447 Views

@ MrPhi @MonsieurPhi - Apr 19

Mais il na plus ce comportement bizarre quand le Elo dépasse 2000. Enfin
bref ! Il faudrait faire d'autres tests pour déterminer a quel point cette
information sur le niveau Elo influence son niveau de jeu, mais c'est déja
intéressant comme petite expérience.

Q2 o} L K thi 441 na
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MePhi
BMansisuPh

Petite note: |'al remarqué que Jusqu'a 1800 Elo, sa sensibllité su prompt
est un peu bizarre. Par exemple avee *1-0° (Blanc gagne) il joue le coup
correct g6, Maks svec *0-1" (Noir gagne) ou "1/2-1/2", il joue NT6 (ce qui
est illogique vu que Nf6 fait justement perdre les Noirs).

Playground  coepiete

{Evert \Chess Tournament™)
152 7]

IDate 2004 01157

Round 17

[Whie "Losapre, David™)

{iack ‘Cagizen Magnus]
o ]

IWhasel) 10007

tEtackElo Y800
Tede52B08 NS 30N 06 )

55 AM - Zipr 19, 2024 - 447 Views

O j=}

& Post your reply

WP IMonsieur ™ - Apr 15

Faygrouna

[Evers Chess Tournament’]
(Site "7}

(Date "2024,0118")
[Round *1]

[White Lowapee, David T
[Black Carsen, Mageus’]

Resue]
[white2 12007 ?
(tack 5o} 16007] -

144 5 2 Bed Ne§ I0RSNIE

Mais # wa plus ce

Dref | 11 taudralt faire d'autres 16315 pour détermines b quel point cette

o niveau

o, mals c'ost o6

intéressant comme petite expénence

Oz p=3

LA he sar Q&

2000. Enfin

# Optional GM titles|
black_title = "[BlackTitle \"GM\"]" if include_black_title else ""
white_title = "[whiteTitle \"GM\"]" if include_white_title else ""

# Construct the PGN header with the configurable options
pgn_headers = f"""[Event "FIDE World Championship Match 2024"]
[Ssite "Los Angeles, USA"]

[Date "2624.12.01"]
[Round "5"]

[white "{white_name}"]
[Black "{black_name}"]
[Result "{result}"]
[whiteElo "{white_elo}"]
{white_title}

[BlackElo "{black_elo}"]

# Define possible values for each parameter

results = [Y1-0", "1/2-1/2"; “@-1"]

# results = ["1-0", "0-1"]

names = ["Nepomniachtchi, Ian", "Kramnik, Vladimir",
elos = [1000, 1400, 1760, 1800, 2000, 2900]

# include_title = [True, False]

include_title = [False]

"Giraud, Thibaut",

"Louapre, David",

XXX ]

{black_title}

[TimeControl "40/7200:20/3600:900+30"]
[uTCDate "2024.11.27"]

[UTCTime "©9:01:25"]

[variant "Standard"]

gpt_config = GPTConfig(

model_gpt="gpt-3.5-turbo-instruct",
temperature=0.0,
max_tokens=5,
chat_gpt=False,
system_role_message=None

# Since it wasn't provided in the original call
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(T ) MrPhi
& @MonsieurPhi

Petite note: j'ai remarqué que jusqu'a 1800 Elo, sa sensibilité au prompt
est un peu bizarre. Par exemple avec "1-0" (Blanc gagne) il joue le coup
correct g6. Mais avec "0-1" (Noir gagne) ou "1/2-1/2", il joue Nf6 (ce qui
estillogique vu que Nf6 fait justement perdre les Noirs).

Traualits ot

rFlaygrouna

Compiew
Complete

Playground

[Event "Chess Tournament”]
[Site *?"]

[Date "2024.01.15"]

[Round *1"]

[White "Louapre, David"]
[Black "Carlsen, Magnus"]
[Result"1-0"
[WhiteEld "1800"]
[BlackElo \{800"]

1e4 e52.Bc4 Nc6 3Qh5 g6 5

11:55 AM - Apr 19, 2024 - 447 Views

1.e4 e52.Bc4 Nc6 3.QhS Nfé

(OF n (2 A

&u Post your reply

MrPhi @MonsieurPhi - Apr 19 .-
Mais il n'a plus ce comportement bizarre quand le Elo dépasse 2000. Enfin
bref ! Il faudrait faire d'autres tests pour déterminer a quel point cette
information sur le niveau Elo influence son niveau de jeu, mais c'est déja
intéressant comme petite expérience.

Q2 o & ¥ thi 441 na

(53

Result
0-1
1-0
0-1

WhiteName
XXX
Louapre, David

Nepomniachtchi, lan

Nepomniachtchi, lan

Louapre, David

XXX
Nepomniachtchi, lan
Louapre, David
Louapre, David
Nepomniachtchi, lan
XXX
Nepomniachtchi, lan

Louapre, David

BlackName <= 2.0
gini = 0.438
samples = 37

value = [12, 25]
class = g6

/N

gini
‘samples
value = [12, 45]
class = g6

BlackName
Louapre, David

XXX

Louapre, David
Louapre, David

XXX
Nepomniachtchi, lan
Louapre, David
Nepomniachtchi, lan
Nepomniachtchi, lan
XXX
Nepomniachtchi, lan
XXX

XXX

BlackElo <= 1900.0

0.332
57

WhiteName <= 2.0
gini = 0.5
samples = 24
value = [12, 12]
class = Nfé

N\

WhiteElo
1800
2900
2900
2000
1400

BlackElo
1800
2900
2900
2000
1400
1800
2900
1800
1000
2000
2000
1700
1700

IncludeWhiteTitle
False
False
False
False
False
False
False
False
False
False
False
False

False

IncludeBlackTitle
False
False
False
False
False
False
False
False
False
False
False
False

False




@

Petite note: |'al remarqué que Jusqu'a 1800 Elo, sa sensibllité su prompt
est un peu bizarre. Par exemple avec *1-0° (Blanc gagne) il joue le coup
correct g6. Mals svec "0-1" (Noir gagne) ou 1/2-1/2", i joue N6 (ce qui
est illogique vu que Nf6 fait justement perdre les Neirs).

raygrouna

e Strategic exploration with modelling
" and learning (assisted by LLM)

Result WhiteName

»nal GM titleq
; :itle = "[BlackTitle \"GM\"]" if include_black_title else ""
S " :itle = "[whiteTitle \"GM\"]" if include_white_title else ""
t v ik R &

# Construct the PGN header with the configurable options
pgn_headers = f"""[Event "FIDE World Championship Match 2024"]
[Site "Los Angeles, USA"]
[Date "2024.12.01"]
[Round "5"]
[white "{white_name}"]
[Black "{black_name}"]

# Define possible values for each parameter
gpt_config = GPTConfig| results = ["1-@", "1/2-1/2", "©-1"]
model_gpt="gpt-3.5 # results = ["1-0", "0-1"]
names = ["Nepomniachtchi, Ian", "Kramnik, Vladimir", "Giraud, Thibaut", "Louapre, David", "XXX"]
elos = [10600, 1400, 1700, 1800, 2000, 2960]
# include_title = [True, False]
chat_gpt=False, include_title = [False]

system_role_message=None # Since it wasn't provided in the original call

temperature=0.0,
max_tokens=5,
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Hypothesis and
Knowledge

Subject of
interest/Population

Experiments
(variants)

)

Data analysis

gpt_config = GPTConfig(
model_gpt="gpt-3.5-turbo-instruct",

temperature=ge.o,
max_tokens=5,
chat_gpt=False,

system_role_message=None # Since it wasn't provided in the original ca

Al(-empowered) scientists:
e this example (chess) is a bit “meta” (we're assessing Als)
e still: | find it representative of many scientific studies where we run variants of experiments, analyze

data, and communicate insights — Al is useful to assist, but not mandatory here
e many tasks uncovered (eg literature review)
Al scientists can study Als — no human in the loop?

\
.

Interpretation/
Conclusion

Monsieur Phi is
~right.
Sensitivity of
LLMs.

Do LLMs have
“learned” the
Elo?
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Hypothesis and Subject of Experiments . ot Interpretation/
Knowledge interest/Population (variants) ala anhalysis Conclusion

Scientific
knowledge ‘>

T y—

@ D v o — G — i

https://blog.mathieuacher.com/GPTsChessEloRatingLegalMoves/

Al(-empowered) scientists:
Al scientists can study Als — no human in the loop?
Automated scientific discovery 55


https://blog.mathieuacher.com/GPTsChessEloRatingLegalMoves/

Hypothesis and
Knowledge

Subject of
interest/Population

Al(-empowered) scientists:
Al scientists can study Als — no human in the loop?
Automated scientific discovery

Experiments Dat ot Interpretation/
(variants) ala analysis Conclusion
Scientific >
knowledge
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As Software is key to Computational Science and Society,

~ . SE tasks = code synthesis | code
numerous challenges and opportunities ahead! @ GitHub CODIIOt completion
e democratization of software e ] Piloting Copilot and Codex: Ilot Temperature, Cold
e reliable/trustable/resilient software htps://any.0rg/absi2210.14699 Prunps, o Black Maglc?
e speeding up productivity (and focusing on tough/creative challenges) M o A 2 5
e software to explore variants’ space (hypothesis, ideas, products, etc.)
L ]

We need to invest more in software science and software engineering (SE)
research

Large Language Models (LLMs) are a transformative technology to raise the level
of abstraction, automate SE tasks, and augment/assist software

users/developers/scientists - LLM for SE!?

sl prompt 2

Generative Al for Generative Programming:
Automating Code Variants and Exploring the Boundaries of LLMs

LLM4Code: Beliable and Productive Code Assistants
Dtz 1 Large Langu e
& - <;> </> </~ GODE COMMONS: “LE” BIEN COMMUN
<f> < DAL SORE T8
lreeia— : FOR SOURCE CODE IN FRANCE!
Projuct Leads ™ jomma s Swaeies LA
RIS Revmes  Marhin Schor rast tr
Piistitite Poais Guillxnme Raaslad it la 7 = M P&Q. \s“\"g\\ %
Tnternal Partners (EPFORT) v i L3 & te @‘5\ ptdn v;
| ¥
". o Disneninilité

e Hrrann cter g el 1 o .
z For new generation Al!
cyr atr

Laurset. pierzeatanria i jmens B G TWEAG
AT o starcoder2 i

57 roberta¥e1comn. org

athanaal 11321k




Backup slides
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How LLMs can assist in modernizing legacy
applications, such as those written in COBOL or in
deprecated technologies.
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@ You

| have the following Python code:

Polyglot?

Python => JavaScript+HTML+CSS

# Given coordinates for the cities (these are example coordinates and may not be
accurate)
# Normally we would obtain these through a geocoding service
coordinates ={
"Rennes": [48.1173, -16778],
"Paris": [48.8566, 2.3522],
"Saclay™: [48.7290, 2.1912],
"Lille": [50.6292, 3.0573],
"Bordeaux": [44.8378, -0.5792],
"Sophia": [43.6222, 705001, # This is an approximation for Sophia Antipolis
"Nancy": [48.6921, 61844]

import folium

# Initialize a map centered around France
map_france = folium.Map(location=[46.603354, 1.888334], zoom_start=6)

# Add markers for each team
add_team_marker{map_france, "DIVERSE", "Rennes")
add_team_marker{map_france, "PICUBE", "Paris")
add_team_marker{map_france, "ARGO", "Paris")

O Webview x @ Shell x +
add_team_marker{map_france, "DEDUCTEAM", "Saclay™)

add_team_marker(map_france, "EVEREF", "Lille") ¢ > ol
add_team_marker(map_france, "FLOWERS". "Bordeaux”) = s s X oraaim
add_team_marker(map_france, "MNEMOSYNE", "Bordeaux") S Normondje “Reims ,S-~§min\ %
add_team_marker(map_france, "SPIRALS", "Lille") n el /“Jv
add_team_marker(map_france, "STAMP", "Sophia") -  Troyet m.,;,,,
add_team_marker(map._france, "SED", "Nancy"} S e i AT py
o Centre.vol u Satfony L Bl G0
. Pays de rpngeet A Bourgogne. - Zuich -
# Since we cannot display the folium map directly in this environment, JoLoire YiAgs SBesangon s (e
# we'll save it to an HTML file which you can then open in a web browser, 2 Fance & ';uif:'.r};';,e.'fz',
map _file_path ='/mnt/data/france_teams_map.html' P idd { ﬁl::ém svizra
map_france.save(map_file_path) ST Vel ,.N) /k’ 4
map._flle_path Limoges Fertand Vileurbanne, | ¢Annecy) Varese
'3 Auvergné-— HChambésy_ . Novacay
Rhone Aipes b Premare s
el Grenable { g .
Aatoine ~ J[ . o7
Please wirite a JavaScript pregram, using Leaflet.js ) ? g
b 1 rovence: o . ]
e T S
ChatGPT Totouself ez [ X o‘nﬁw/

Creating a JavaScript program using Leaflet.js to achieve a similar
functicnality as your Python cade with Folium s a good way to vist

geographic data on web platforms. Leaflet is a leading open-sourc
JavaScript library for mebile-friendly interactive maps.

Here's a basic example of haw you could write such a program:

o e L R

G StatigeRags, S K

B scriptjs > f addCityMarker > X popupText

4
2
3
4
5
6
7
8
9

40
41

56
57
58

var map = L.map('map').setView([46.603354, 1.888334], 6);

// Add OpenStreetMap tiles:

v L.tileLayer('https://{s}.tile.openstreetmap.org/{z}/{x}/{y}.png", {

maxZoom: 19,

attribution: '© OpenStreetMap contributors’

}).addTo(map);

// Teams and their respective cities

var teams = [

{ city: "Rennes", team: "DIVERSE" },
{ city: "Paris", team: "PICUBE" },

{ city: "Paris", team: "ARGO" },

{ city: "saclay", team: "DEDUCTEAM" },
{ city: "Lille", team: "EVEREF" },

{ city: "Bordeaux", team: "FLOWERS" },
{ city: "Bordeaux", team:

ille", team:

indexheml @« B scrptjs < -

7 B bttt

1 <IDOCTYPE htnix
/2y <htal>

Vi 4, <hosd»>

“MNEMOSYNE" },
PIRALS" },

funpxg.ron/laatiatel A azdist/ieafiat, cas” /o

T <sceipt srce'nttps://unpkq.con/leaflet@l.3,0/dist/ leaflat, is masscripts

t = <titlesToan Locations in Frances/t
6 <lirk rel="stylashaet® href~nttp
6. <styles
e enap {

10 feights 488ux;

3
17 wistylas
13 </hesos
L3

fis , <budy>
16 <div idetrapiz<sdive
17 <script srce‘zcript.jsta</acripts
18 </body>
19
20 </htel=

// Helper function to get coordinates of a city

function getCoordinates(city) {
var coordinates = {
“Rennes": [48.1173, -1.6778],
"Paris": [48.8566, 2.3522],
"Saclay": [48.7290, 2.1912],
"Lille": [50.6292, 3.0573],

"Bordeaux": [44.8378, -0.5792],

"Sophia"
"Nancy":
Y
return coordinates[city];

[43.6222, 7.0500],
[48.6921, 6.1844]

Add markers for each city

ect.keys(teamsByCity).forEach(function(city) {
addCityMarker(city, teamsByCity[city]);

s



@ You

| have the following Python code:

Polyglot?

e it's not a pure PL translation problem
#Gi dinates for the cities (th I dinat d =
acc::lreartlec)oor Inates for the cities (these are example coorainal esab may Iﬁf’s also Eollum => Leaﬂet)

# Normally we would obtain these through a geocodingggervices 3
Fhorma ve. “-testing oracle problem
PL and libraries evolve

import folium

"Rennes": [481173, -16778], [ ]
"Paris": [48.8566, 2.3522],

"Saclay™: [48.7290, 2.1912],

"Lille": [50.6292, 3.0573],

"Bordeaux": [44.8378, -0.5792],

"Sophia": [43.6222, 705001, # This is an approximation for Sophia Antipolis
"Nancy": [48.6921, 61844]

# Initialize a map centered around France
map_france = folium.Map(location=[46.603354, 1.888334], zoom_start=6)

# Add markers for each team
add_team_marker{map_france, "DIVERSE", "Rennes")
add_team_marker{map_france, "PICUBE", "Paris")
add_team_marker{map_france, "ARGO", "Paris")
add_team_marker{map_france, "DEDUCTEAM", "Saclay™)
add_team_marker(map_france, "EVEREF", "Lille") +
add_team_marker({map_france, "FLOWERS'. "Bordeaux”)
add_team_marker{map_france, "MNEMOSYNE", "Bordeaux")
add_team_marker({map_france, "SPIRALS", "Lille")
add_team_marker(map_france, "STAMP", "Sophia")
add_team_marker{map_france, "SED", "Nancy"}

D Webview x @ Shell x +

€« 2> C (&

Cardiff London
g e

Centre-Val
de'Loire

# Since we cannot display the folium map directly in this environment,

wvures gNeaeriangs
)

o ottt M ety st i |
B scriptjs > f addCityMarker > X popupText

1 var map = L.map('map').setView([46.603354, 1.888334], 6);
2

© index.html @ x ¥ scriptjs x +
& index.ntml

1 <!DOCTYPE html>

2, <html>

3

4, <head>

5 shidilesTean | ocations dn Erancec/titlos

6 <link rel="stylesheet" href="https://unpkg.com/leaflet@1.1.0/dist/leaflet.css" />
7 <scrlet src—"httgs://unpkg.con;/leaflet_@i.1Ao/dt_st/leaﬂ.et.]s"></scr1£t>

8., <style>
9y #map {

10 height: 400px;

11 }

12 </style>

13  </head>

14

5. <body>

16 <div id="map"></div>

17 <script src="script.js"></script>

18 </hodv>
29 heighls 488px;
30

. Magdebirg, 31 o ;:"“
aq_Disseldorfrrsid o oL (A /h
it Delitschland ., 22
Frankfurt | ( Dresd 33, <budy>
am Main o 34 <div idetrap'z<div>
{ <script = ipt.jstresscripts
y' Mumberg\ ;Z </body>
X
B
<otk | 37 </htal

e 38 }

Mun(hen\s o

40 // Helper function to get coordinates of a city

| it i i i > France- .. Si 3 2 &
#welfllfave |thto_.an HTMLf:liwhlchyoucanthe:opren ina web browser, : & 7 41 Furiction getCoordinatesletiy)
map_file_path ="/mnt/data/france teams_magp.html .8 y Sle 425, var coordinates:=-{
map_france.savelmap_file_path) juvelle-  / Rhone-Alpes L vQﬂQ,ﬁﬁ’ 43 [48.1173, -1.6778],
¢ W 3
map file_path quitaine” i oo - Boloéna ] a4 [48.8566, 2.3522],
Oviedo / o 45 "Saclay": [48.7290, 2.1912],
: Occitanie tta \ 46 "Lille": [50.6292, 3.05731,
Please wirite a JavaScript program, using Leaflet.js 7 a7 “Bordeaux": [44.8378, -0.5792],
48 "Sophia”: [43.6222, 7.0500],
49 "Nancy”: [48.6921, 6.1844]
ChatGPT 50 b
51 return coordinates[city];
Creating a JavaScript program using Leaflet.js to achieve a similar 52}
functicnality as your Python cade with Foliumis a good way to visualize 53

geographic data on web platforms. Leaflet is a leading open-source
JavaScript library for mebile-friendly interactive maps.

Here's a basic example of haw you could write such a program:

54 // Add markers for each city

5 . Object.keys(teamsByCity).forEach(function(city) {
56 addCityMarker(city, teamsByCity[cityl);

57 });

58

o



Software migration and modernization
Evref+DiverSE

Goal: LLMs to assist in migrating an existing/legacy code base to newer technologies

Approach:
e LLMs for reverse engineering, assistance to devs/architects
e \Validation of the migration (testing), etc.
e Fine-grained examples and data out of compilers/transpilers
e Use-cases from Industrial collaborations

Python > JavaScript
FORTRAN-77 > C

GWT (Google Webkit ~2006, Java) Verhaeghe Etien, Ducasse, Anquetil, et a}, Angu/ar 6
CGI IBM RPG Java SpringBoot
( 2211 21?21

soprcn
steria 62




N’Guessan Hermann Kouadio (PhD student, CIFRE with CGl)
PhD advisors: Olivier Barais, Mathieu Acher, Jean-Marc Jézéquel (DiverSE)

Ongoing work: not directly in the défi, but highly related!

Employeur D

Opéra Desjardins xTSI AV SPDOOG1A

RESSOURCES HUMAINES =25 E :
IDENTIFICATION DE LA COMPAGNIE 15:32 Conciliation bancaire

I i I
.
P AUBRY ) ] 7K QRTION 4CHY I £MATR T PavARL MTCHO NOM MATR
EF ince E
L: " 1 1 L v eI & &l J 0703° 245 elbren
e P ROMOT . E apport de base PAPIER < 7ot £0209°270 2022717410
k From ; = To |[:oon =0
i te t . ar y i ) = rgqemey 020 essps— -7 s o
5 v T9ETE — 02002922 202111410 f
2 2 : Sy 3 : o o ¢ v g SIUMEE3S TOTC0ESY Rz :
! 1A { 1K
1 angue cie FRANCAIS Da r S R 1 FYC R o 1 e L 5 RARNEY
Contact Lg Tél. principal Poste il 1 44 J
ENC 50 140-2141 . b4 s Ieler
1 MMCEs3 L0T0OS 1 1
b ]

Limite de défilement atteinte.
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Erom a legacy application:

e developed with RPG/AS400 language since 1990
executed on Appplication System/400 (an IBM's OS)
with a terminal user interface
stored data on DB2 database without explicits relation
Up to 2 millions lines of code (LOC)

Opéra Desjardins xTSI AV

RESSOURCES
IDENTIFICATION

SPDOOGLA
HUMAINES )
DE LA COMPAGNIE

To a modernized application:

e 3-tiers architecture
¢ running on Linux
e backend in Java (Spring boot) and front-end in Angular
e web interface
¢ arelational database: SqlServer
i 26 i

Conciliation bancaire

OPTICN #CHG XCIE #MATR. DT PavapLE MTCHO NOM MATR

The current migration is done using deterministic tools (lexer/parser + IR)
Currently, over 70% of the code is migrated with this process
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The current migration is done using deterministic tools
(lexer/parser + IR)

Currently, over 70% of the code is migrated with this
process

Difficulties:

long methods (up to 10K lines!)

methods are not modularized (calls to decompose

and refactor)

RPG variants

context matters:

o hard to only translate one method (you need to
take the context into account)

o implicit semantics (eg with variable’ names)

o different RPG files (physic: table; logic: view)

reading and code comprehension

Without documentation!

© CCLR*ALL

# 0

'RHU815R’

RPG source code. Src: Opera project sreenshot
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REVERSE
ENGINEERING
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Augmenting the context hefore calling LLMs

Build the program tree execution flow for retro-documentation

FUSOO1RE |
% 7 W\
subr subr main subr b
use% uses il
\. \. \. : \
Inzsfl sndmsg s srsfl2 RHUS15R srsfl read, update

PAR8G1C Checksrv Fsnelep
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RPG source
code

LLM

Prompt
Temperature

Can you generate the most explicit summary possible of this method with as few

developer :

Try to replace

If a file is

Don't sa i

Don't r .
Provide t S in this order

rds as possible for a

is the technical name, use the des
out what the code doesn't contain.

- ge al one into tag: must be short

- detailed one into tag: must be more explicit

vou are a developer expert in
mainframe language and in RPG/AS400 with
IBM-i and you will analyze code content for
us.

You will summarize code block in RPG/AS400
running IBM-i mainframe platform.

Documentation

This RPG method, named 'CheckSrv’, is designed to
verify the presence of a report named 'SPD616" in a
database entity called "Spdm121I". The method staris by
setting a flag "FoundSpd616™ to "*Off. Then, it checks if
the report exists in the database by evaluafing the
contents of "Spdm121/l'. If the report is found and not at
the end of the database, the flag "FoundSpd616° is set to
*on'.
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RPG source

code LLM

Documentation

Evaluation of LLM pipeline wrt
retro-documentation

Possible approaches:
e manually review generated doc

e compare GT doc with generated doc
o Levenshtein distance? BLEU? ROUGE?

We aim to know:

® precision

e recall

e in an automated way

This RPG method, named "CheckSrv’, is designed to
verify the presence of a report named 'SPD&16" in a
database entity called "Spdm121I". The method staris by
setting a flag "FoundSpd616° to "*Off'. Then, it checks if
the report exists in the database by evaluating the
contents of "Spdm121['. If the report is found and not at
the end of the database, the flag "FoundSpd616° is set to
*on'.

Ground truth
documentation

- Reading the “Service agreement, items o be invoiced”
data

- Checks that the data is already present

Verifies that the service agreement table (Spdm121L)
contains an item associated with the company number and
the service code (code = SPD616). If the searched item is
present, FoundSpd616 is set to true.
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Software is eating the world!

 wikpedia oy

WIKIPEDIA O BS

e e en Open Broadcaster Software

50278000 arkn 1833 000« ekt
282 ) - Pycoxwit
U —ERER 7 ol S coctoome
54 000« EB - 1273 000+ crared
W .
Espafol & Frangais
Lr eokiopeds v 2 Q Loncyeipedn i .
11800 mticuios S W ity
Itatiano DI - 2 Portugués
Lencciopea oo ~ Lo\ A maciopeda bee
1 240000+ vt 232 0000 wiges
hx Polskl
annERen [rp——
53t M 14 CO3e et
n a

| an>=30I1D

o @ MPENVPN’

Zoom L

Stockfish

e ) Lichess 2021 70
'L[ Paint '\%l

B TP PR TN |



Software is eating science!




Computational science
depends on software and its engineering

R

EEP v;xm;x/mgw Climate is changing

Ty

design of mathematical model

fl mining and analysis of data N L

&8 executions of large simulations

jl problem solving

e i eezsn i/ N—a
from a set of scripts to automate the deployment to... a ;Eu |
comprehensive system containing several features that /__r

help researchers exploring various hypotheses




Computational science
depends on software and its engineering

2y multi-million line of code base

DEEP VARIABILITY

multi-dependencies
multi-systems
multi-layer
multi-version
multi-person
multi-variant

Dealing with software collapse: software stops working eventually
Konrad Hinsen 2019

Configuration failures represent one of the most common types of
software failures sayagh et al. TSE 2018

Out [

6

n I8l:
1

eption (1,0

0x3F099000 ) i
x00001000 ;

0: Mo
,0)

sess. run(tf. svd(tf_matriz))

(array([ 9
4
1,
2
0
0.
0

array ([[

99998987e-01,
69811084e-06,
14686304e-06,

00000000e+00,
00000000eH00,
00000000e+H00,

1.

. 65099743e-06,

. 437560 4%

00000000e+00,

. 0000008 e+00.
. 60062854e-10,
. 24836730209,

nan,
27595761e-11,

. 68754578201,

1.48747023e-03,
4. 37980998206,
3. 10980795-08,
1.91537106e-086,
0. 00000000£+00,
0. 00000000£+00,
0.00000000e+00],
9. 82503479205,

. 93595340e-09,
3.83645737e-09,
-7.00323994e-07],
7. 15255737-07,
1. 68675050e-01,

4.831336282-086,
3. 45290823¢-086,
2.975259126-086,
0. 00000000e+00,
0.00000000e+00,
0.00000000e+00,
dtype=float32),
~2. 52892733206,

00&+00,
—3.80316446e-09,

-2.68207733e-02,
-2.37232931e-02,

/3




Reproducible science

“Authors provide all the necessary data and the computer codes to run the
analysis again, re-creating the results.”

Despite the availability of data and code, several studies report that the
same data analyzed with different software can lead to different results.

DEEP VARIABILITY

Climate is changing

The sea level is rising

from a set of scripts to automate the deploynéﬂ to...a \
comprehensive system containing several features that
help researchers exploring various hypotheses




As Software is key to Computational Science and Society,
numerous challenges and opportunities ahead!

democratization of software

reliable/trustable/resilient software

speeding up productivity (and focusing on tough/creative challenges)
software to explore variants’ space (hypothesis, ideas, products, etc.)

We need to invest more in software science and software engineering (SE)
research

Large Language Models (LLMs) are a transformative technology to raise the level
of abstraction, automate SE tasks, and augment/assist software

users/developers/scientists - LLM for SE!?
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Generative Al and LLM for Software

starcoder2 Public

©

& GitHub Copilot

| @ o ———— DeepSynth
L . } ,,,,,,, - Llama-2
— ina-tuning

AlphaCode
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Gode synthesis: default strategy to answer questions...

@ You

what is the result of 2+3 ?

ChatGPT
@ Finished analyzing v

(%) Copy code

result = +
result

Result

5

The result of 2 + 3 is 5. (-
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Related work (code generation multi language)

MultiPL-E: A Scalable and Polyglot Approach
to Benchmarking Neural Code Generation
Federico Cassano et al. TSE 2023

Piloting Copilot and Codex: Hot
Temperature, Cold Prompts, or Black
Magic?

Jean-Baptiste Doderlein, Mathieu Acher,
Djamel Eddine Khelladi, Benoit Combemale,
2022, https://arxiv.org/abs/2210.14699

Evaluation on HumanEval or
Mainly at the methods level, from a specification
Discrepancies across PL

Model Size Multi-lingual Human-Eval
C++ Java PHP TS C# Bash
CodeGen-Multi 16B 21.0% 22.2% 84% 201% 82% 0.6%
CodeGeeX 13B 16.9% 19.1% 13.5% 10.1% 85% 2.8%
code-cushman-001 12B 30.6% 31.9% 28.9% 31.3% 221% 11.7%
StarCoder Base 15.5B 30.6% 28.5% 26.8% 32.2% 20.6% 11.0%
StarCoder Python 15.5B 31.6% 30.2% 26.1% 32.3% 21.0% 10.5%
7B 6.8% 108% 99% 126% 6.3% 3.2%
FEARASYD 13B 13.7% 15.8% 13.1% 13.2% 9.5% 3.2%
e 34B 23.6% 22.2% 19.9% 214% 171% 3.8%
70B 30.4% 31.7% 34.2% 151% 25.9% 8.9%
7B 28.6% 34.2% 24.2% 33.3% 25.3% 12.0%
ConELLAMA 13B 39.1% 38.0% 34.2% 29.6% 27.3% 15.2%
' e 34B 47.8% 45.6% 44.1% 33.3% 30.4% 17.1%
70B 52.8% 51.9% 50.9% 49.1% 38.0% 29.1%
Copilot Codex
pass@1  pass@]
Original (HumanEval, Python3) 31.1 22.44
Original (Leetcode, Javascript) 37.3 32:3
Original (Leetcode, Java) 46.3 39.3
Original (Leetcode, C#) 443 33.7
Original (Leetcode, Python3) 33:7 30.3
Original (Leetcode, C) 18.7 18.3
Original (Leetcode, C++) 45.3 41.3

TABLE II: Pass@1 (original prompts; default temperature) .


https://www.computer.org/csdl/search/default?type=author&givenName=Federico&surname=Cassano
https://arxiv.org/abs/2210.14699

Related work (code generation multi language)

Lost in Translation : A Study of Bugs Introduced by Large Language Models while Translating Code
Rangeet, Pan, et al. ICSE 2024

ICSE 2024, April 2024, Lisbon, Portugal Pan et al.
Table 2: Performance of subject LLMs in translating code from different studied datasets. The best performance by general and
code LLMs are highlighted in teal and violet, respectively. The final performance is computed over the average of each dataset.

Dataset Source | Source #Tests Target #Translations % Successful Translations
Language Samples Language CodeGen CodeGeeX|StarCoder -4|[.lama 2[TB-Airoboros TB-Vicuna

[} 200 200 |C++, Go, Java, Python 800 23.4% 14.9% 42.0% [|83.0% || 14.9% 18.8% 4.4%
C++ 200 200 C, Go, Java, Python 800 14.0% 3.6% 39.1% 80.0% || 9.5% 8.3% 3.4%
CodeNet [63] Go 200 200 | C, C++, Java, Python 800 14.3% 5.9% 42.0% 85.5% || 16.9% 6.6% 0.9%
Java 200 200 C, C++, Go, Python 800 21.3% 10.3% 30.3% 81.3% || 13.9% 6.5% 0.1%
Python 200 200 C, C++, Go, Java 800 17.5% 7.3% 33.3% 79.9% || 11.0% 6.5% 1.0%
Total/Average (CodeNet) & 1,000 1,000 & 4,000 18.1% ‘ 8.4% 37.3% |82.0% | 13.2% 9.3% ‘ 2.0%
Java 249 C, C++, Go, Python 996 8.1% 1.8% 11.9% 70.8% 1.8% 5.1% 0.0%
Pazix (3] Python | 250 | &2>° [ C, C++, Go, Java 1,000 3.8% 1.6% 1227 [52.2% || 47% 0.9% 0.9%
Total/Average (AVATAR) | - | 499 6255 - | 1,99 59% | 17% 61.5% 30% | 04%
EvalPlus [54 Python 164 2,682 Java 164 16.5% 3.7% . 04 . 14.0% 7.9%
Commons CLI [6] Java 22 310 Python 22 0.0% 0.0% 0.0% .0% 0.0% 0.0%
Click [10] Python 15 611 Java 15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Total/Average (All) | - | 1,700 10,858 = | 6197 81% | 28% 14.5% [47.3% | 35% 5.3% 2.1%

Many difficulties to translate real projects from one programming language to another one "



Challenges and Opportunities for Science and Society

Challenges:

e LLMs are:
o brittle, leading to faulty, under-optimized, or unreliable code (including tests!)
o under-trained on “small” languages or not up-to-date with (knowledge of) new libraries or
software versions 4 P
o LLMs lack planning and reasoning capabilities htz‘a,_
e Challenges of improving LLMs:
o Better “language” than prompt?
o more verification/validation tools to verify the outcome?
o fine-tuning? S
e Benchmarking (SE task specific, no data contamination, etc.) e B Miolds, o sbimabelisets o

LLM4Code: Reliable and Productive Code Assistants
Based on Large Language Models

e Open source LLMs (see next slides)! st Paers (£P/CD)

DEDUCTEAM Saclay Anthony Bordg anthony.bordg@inria. fr
g EVREF Lille Anune Etien anne.etienfuniv-lille.fr
O p po rt u n Itl eS : FLOWERS Bordeaux Pl Oudeyer  pierre-yves.oudeyer®inria.fr
MNEMOSYNE Bordeanx  Xavier Hinaut xavier.hinaut®inria.fr
SPIRALS Lille Clément Quinton clement.quinton@inria.fr
Stamp Sophia Cyril Cohen cyril.cohen®inria.fr

d e m Ocratizati O n Of SOftWa re SED Nancy Laurent Pierron laurent.pierrond@inria. fr

External Partners

rel ia b | e/tru Sta b | e/res i | ie nt SOftwa re SoFTWARE HERITAGE R'ulu'nn di Cosmo roberto®dicosme.org

. . . LABRI Nathan kow  nathanael.fijalkow®labri.fr
S peed I n g u p p rOd u CtIVIty (a n d fOCU seS O n h a rd/C reatlve tas kS) SOPRA STERIA ‘\"::::‘i(ilmirnl i ;:::%;i::?:::;:ﬁ;::na.com

software to explore variants’ space (hypothesis, ideas, products, etc.) 80



Software or/and ML are eating the world...

< Timothy Gowers @wtgowers@mathstodon.xyz
0 Vinod Khosla & "w @wtgowers
@vkhosla
g Update: it's finished now.
Portfolio companies @OpenAl and @replit set this off - a total paradigm
shift. No surprise a marketing person just won a coding competition. - Greg Brockman Q ese Q Alex Kontorovich & @AlexKontorovich - Dec 4
@gdb This is just wild!
. . Nov 9: @wtgowers, Green, Manners, and Tao prove the polynomial Freiman-
People often ask if ML or software skills are more the bottleneck to Al Ruzsa conjecture in char 2. arxiv.org/abs/2311.05762
There could be a billion programmers all progress. It’s the wrong question—both are invaluable, and people with Gt
“programming” in natural language. Many parts of both sets of skills can have outsized impact. We find it easier, however,

the craft of coding would be commoditized & the

to teach people ML skills as needed than software engineering.
entire field would be opened up to those without a B

CS degree. Democratizing computer coding is well i S~
on its way in the next 10-15 yrs. € roon @ @tszzl - Nov 28 T -
coming up with good ml research ideas is significantly easier than
implementing them in a complex codebase — the returns to being an

@ Amjad Masad @ Bl @amasad - May 19 extremely good engineer are super high
At a hackathon where a winner is a “nontechnical” PM and her work — Max Jaderberg &
powered by Replit + Al — is more technically impressive than teams of @maxjaderberyg

engineers! Was surprised at first but it struck me that PMs must be exceptional
prompting, afterall that *is* their job. This is one of the hidden secrets of scalable research labs: creating
template experimental codebases that allow fast testing of wild research
ideas. You need your experiment, data, compute, and model
abstractions just right 1/

eroona 2

Replying to @

It also tollows that the retumns to making simple cordebases to test research
ideas must be really high and also that the retums to making ai engineering

Newcomers Professional developers
(~28 millions)

Scientists

(physicists,

mathematicians,

historians, etc.)

End-users Data analysts
81




As code is repetitive and predictable, there is hope to
have tools that enhance reliahbility and productivity

On the Naturalness of Software

Abram Hindle, Earl Barr, Mark Gabel, Zhendong Su, Prem Devanbu
devanbu @ cs.ucdavis.edu

Unpublished version of ICSE 2012 paper, with expanded future work section
Enjoy! Comments Welcome.

Programming languages, in theory, are complex, flex-
ible and powerful, but the programs that real people
actually write are mostly simple and rather repetitive,
and thus they have usefully predictable statistical proper-
ties that can be captured in statistical language models
and leveraged for software engineering tasks.

Corpus-based n-gram model outperforms Eclipse completion for Java
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RPG source

LLM Documentation
code
Evaluation of LLM pipeline wrt
retro-documentation
The user interface CTL001 is modified? Yes Yes
Grourc‘l;:_ truth LLM Is the variable DscDosF contains 10 values? No No
docur(nen)tation evaluator o Does Option always equals to 2? Unknow Unknow
Is FoundSpd616 true if the report is found? No No
\ AR .
doston et LLM evaluator answers to questions out
| uestion 2 ans2 of the generated documentation

question 3 ans3

(instead of out of GT documentation)

question 4 ansd

Questions with ground truth answers Then we can compute
associated with GT documentation precision/recall/accuracy/... 83



RPG source
code

Evaluation of LLM pipeline wrt
retro-documentation

Ground truth
(GT)
documentation

question 1 ans1

o question2  ans2

question 3 ans3

question 4 ans4

LLM Documentation
The user interface CTL001 is modified? Yes Yes
LLM Is the variable DscDosF contains 10 values? No No
evaluator Does Option always equals to 2? Unknow Unknow
Is FoundSpd616 true if the report is found? No No

Questions with ground truth answers

associated with GT documentation

LLM evaluator answers to questions out of the
generated documentation

Challenges:

calibration/truth worthiness of the LLM
evaluator

documentation vs or with program
comprehension

granularity details of the doc 84



Evaluation dataset

Our empirical evaluation is based on self-constructed dataset using previous rules to interpret

program $+ subr + category question prov
FUSOO1RB InzSfl General The user interface CTLOO1 is modified ?

FUSOO1RB InzSfl General Is the variable Desc_Dossier been modified base on the user language ?

FUSOO1RB InzSTl General s the variable Dsc_DosF contains many values ?
FUSOO1RB InzSfl General
FUSOO1RB InzSfl General

I
I
FUSOO1RB InzSfl General Is indicator IN60 on (active) before leave this subroutine
I
D

the variable Dsc_DosF contains 10 values ?

the current date set ?

FUSGB1RB InzSfl General
FUSGO1RB InzSfl General

FUSOO1RB InzSfl OutO0fBox Do we read Dsc_DosF if the user language is English ?

s indicator IN6é4 on (active) before leave this subroutine

o we wait the form submission to process data in the main subroutine ?

FUSOO1RB InzSfl Out0fBox Do we read Dsc_DosF if the user language is French ?

FUSOGO1RB *InzSr General Are the program input parameters defined?

FUSOO1RB *InzSr General Is the current date is set ? Yes
FUSOO1RB *InzSr General Is indicator *in49 set following on variable Ldalge ? Yes
FUSOO1RB *InzSr General Does variable Ldalge equals 'A' means indicator *in49 false ? No
FUSOGO1RB *InzSr OutOfBox Does Option always equals to 2 ? Unknown
FUSOO1RB *InzSr OutO0fBox Is the key Key_Spdm1211 used in main subroutine ? Unknown
FUSOO1RB *InzSr OutOfBox Does indicator in50 to on clear all data in Spdml121L file ? Unknown
FUSGO1RB CheckSrv General Is RH@O44 a report ? Unknown

FUSOGO1RB CheckSrv General Is FoundSpdé1l6 true if the report is found? Yes

More than 50 questions for the FUS001RB program (average of 500 LOC)




Hou et al. Large Language Models for Software Engineering: A Systematic Literature Review,
2023 https://arxiv.org/abs/2308.10620

Table 11. Distribution of SE tasks over six SE activities.

https://github.com/saltudelft/ml4se

SE Activity SE Task Total * Papers
Requirements engineering | Anaphoric ambiguity treatment (3) Requirements term identification (1) 11 o Type Inference
Requirements classification (3) Coreference detection (1) & ‘Cofis Cortiplation
Requirement analysis and evaluation (2) Traceability automation (1) P
Software design | GUI retrieval (1) Software specification synthesis (1) 3 o Code Generation

Rapid prototyping (1) oL

Software development | Code generation (62) Agile story point estimation (1) 136 ° Code Summarization
Code completion (16) API documentation smell detection (1) o Code Embeddings/Representation
Code summarization (10) API entity and relation extraction (1) .
Code understanding (7) Code optimization (1) © Code Changes/Editing
Code search (5) Code example recommendation (1) o Code Comments
Program synthesis (5) Control flow graph generation (1) N .
API recommendation (2) Data analysis (1) © Bug/Vulnerability Detection
API synthesis (2) Identifier normalization (1) o Source Code Modeling
Code comment generation (2) Instruction generation (1) -
Code representation (2) Type inference (1) © Program Repair

_ Method name generation (2) Others (1.1) _ o Program Translation
Software quality assurance | Test generation (8) Bug localization (1) 24 _

Vulnerability detection (7) Failure-inducing test identification (1) © Program Analysis
Tes? aut(?mation (4) Flaky test prediction (1) o Software Testin
Verification (2) 20Tware ‘estung
Program repair (23) Duplicate bug report detection (1) 58 o Code Clone Detection
Code review (6) Decompilation (1) o
Debugging (4) Program merge conflicts repair (1) e e mpupE isce's
Bug report analysis (3) Sentiment analysis (1) ode Review

Software maintenance | Code clone detection (3) Tag recommendation (1) :

. A . ode Documentation

Logging (2) Vulnerability repair (1)
Bug prediction (1) Commit classification (1) mpirical Studies
Bug triage (1) Traceability recovery (1)
Bug report replay (1) Others (6) © surveys 86

Software management | Effort estimation (1) 1 o Misc



https://arxiv.org/abs/2308.10620
https://github.com/saltudelft/ml4se

Empirical experimentation results

0,2 04
No-P Lo-P Fu-P No-P Lo-P Fu-P No-P Lo-P Fu-P
SUBR QUESTION EXP PROV SCOREPROV SCOREPROV SCOREPROV SCOREPROV SCOREPROV SCOREPROV SCOREPROV SCOREPROV SCORE
Is the data recovery (CHAIN) in FNDO10P done on #Compt ? No No No No No No No No No No
Is the CheckSrv subroutine executed on the sixth iteration? No No No No No No No No No No
Is the data written to SFLO01 coming from the FNDO10P file? Yes Nd NG | ] Ng ] ] ] | ]
Is the data written to SFLO01 coming from the Spdm1211 file? No No No No No No No No No No
ROEL If the CHAIN on FNDO10P file reiu?r?s a value, ispgae flag 90 set to i a4 e S .4 T4 SLI4 i s
true (=1)? Yes | Yes = = = || Yes Yes
Is the SFL001 record written 7 times if FoundSpd616 is set on? Yes | Nd Nd || N ]
Is the data written to SFLO01 coming from the Spdm121| file? No No No No No No No No No No
Is the data recovery (CHAIN) in FNDO10P done on #Compt ? No No No No No No No No No No
Is the CheckSrv subroutine executed on the sixth iteration? No No No No No No No No No No
SRSFL2 Is the data written to SFLO01 coming from the FNDO10P file? Yes 60 60 60 60 60 60 60 60 60
Is the SFLOO1 record written 7 times if FoundSpd616 is set on? Yes
Is the data written to SFL001 coming from the Spdm121| file? No ﬁ No No ﬁ No No ﬁ No ﬁ
Is PAR801C a program ? Yes Yes Yes Yes Yes Yes
Sy Is the PAR801C program called in this subroutine? Yes Yes 4 Yes w Yes ™ Yes = Yes i Yes i Yes - Yes 1w - 0
Is RH@044 a report ? No No No No No No No No No No
CheckSr Is FoundSpd616 true if the report is found? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Vv Is Spdm121] data file read in this subroutine? Yes  Yes 7 [ ] o ] 0 Yes B Yes 5 Yes B Nd =0 ] 0 yes B
Does fields Cd@Srv always equals to 'SPD616'2 Yes N Na [ | ] N || [ ] ]
The user interface CTL001 is modified ? Yes Nd Na Yes Nd ] || ] ]
Is the variable Desc_Dossier been modified base on the user
language ? Yes [ NG Yes | ] Nd [ ] g Yes Yes
Is the variable Desc_Dossier contains many values ? Yes | Nd Yes [ ] Nd [ ] | ] Yes
Is the variable Desc_Dossier contains 10 values ? No No No No No No No No No No
L Is the current date is set ? No No = No H No 8t No 625 No b No o No ™ No B2 No L
Do we wait the form submission to process data in the main
subroutine ? No No No No No No No No No No
Do we read Dsc_DosF if the user language is English ? No No No No No No No No No No
Do we read Dsc_DosF if the user language is French ? Yes | Nd Yes [ | Na [ ]
Are the program input parameters defined? Yes Yes Yes . Yes Yes Yes
i Is the current date is set ? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
28 < indicator in4g set following on variable Ldalge ? Yes  Yes 10 v 10 Nd 0 v 10 ves 100 ] B || = ] 0 ves &
Does variable Ldal.ge equals 'A' means indicator *in49 false ? No No No No No No No No No No
FUS001RB 63,33 63,33 70,00 66,67 66,67 63,33 53,33 63,33 66,67

87



Software migration and modernization

Evref+DiverSE

Goal: LLMs to assist in migrating an existing/legacy code base to newer technologies

Approach:

e LLMs for reverse engineering, assistance to devs/architects

e Validation of the migration (testing), etc.
e  Fine-grained examples and data out of compilers/transpilers
e  Use-cases from Industrial collaborations

Ongoing:

e recruitment of a PhD student
e SopraSteria in the défi

Python

FORTRAN-77

GWT (Google Webkit ~2006, Java)

CG| Buvres

«a
- 27
sopra
steria

Verhaeghe, Etien, Ducasse, Anquetil, et ak,
— IEEE Softw 2022

NN N NN

JavaScript

C

Angular 6

Java SpringBoot
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