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

Mathieu Acher
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Journée de l’Axe « Données, Apprentissage, Connaissances » : « Large Language Models (LLMs) »



28 november 2024 @ Caen, invited talk at Normastic
https://www.normastic.fr/event/journee-de-laxe-donnees-apprentissage-connaissances-large-language-models-llms/ 

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, I will briefly present two initiatives: the défi Inria LLM4Code and the 
CodeCommons project around SoftwareHeritage, exemplifying ongoing research 
efforts.
Then, I will show how LLMs can automatically generate software variants across 
different technological spaces (Python, Rust, JavaScript, etc.) and implement new 
features from simple prompts.
I will also highlight how LLMs can assist in modernizing legacy applications, such as 
those written in COBOL or in deprecated technologies.
I will further discuss the concept of programming without directly manipulating 
programs, relying almost entirely on AI to manage technical details and customize 
code.
For all their potential, I will also demonstrate that LLMs can dramatically fail at times, 
making mistakes that human developers need to carefully verify and correct.
I 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.
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https://www.normastic.fr/event/journee-de-laxe-donnees-apprentissage-connaissances-large-language-models-llms/


Plan
● 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 AI 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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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)

5



Generative AI 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
Reliable and productive code assistants based on LLMs

Main objectives:

● Generate better code: quality, diversification
● Validate the results: test, formal proof, review, integration
● Assist tedious tasks: boilerplate code, software migration

Organization: 3 cross-domain work packages

● WP1: Self-improving code generation
● WP2: Migration, maintenance and evolution of existing software
● WP3: Build interactive software development tools with AI-in-the-loop
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https://project.inria.fr/llm4code/ 

https://project.inria.fr/llm4code/
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From picture to code SE task = code synthesis!
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From picture to app… SE task = code synthesis!
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Code synthesis: polyglot?

SE task: modernization/migration
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Software evolves…

SE tasks = software evolution, 
maintenance, upgrade | bug 
fixing | program understanding



https://arxiv.org/abs/2210.14699 
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SE tasks = code synthesis | code 
completion

https://arxiv.org/abs/2210.14699


Prompt 1: “Write a Flappy Bird game 
in python.” 

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”). 

….

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.”

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 

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
Reliable and productive code assistants based on LLMs

Main objectives:

● Generate better code: quality, diversification
● Validate the results: test, formal proof, review, integration
● Assist tedious tasks: boilerplate code, software migration

Organization: 3 cross-domain work packages

● WP1: Self-improving code generation
● WP2: Migration, maintenance and evolution of existing software
● WP3: Build interactive software development tools with AI-in-the-loop
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https://project.inria.fr/llm4code/ 

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)

Roberto Di Cosmo: Software heritage: collecting, preserving, and sharing all our source code (keynote). ASE 2018: 1-2
16



                CODE COMMONS: “LE” BIEN COMMUN
                                        FOR SOURCE CODE IN FRANCE!

Selection and extraction 
of datasets

Source code attribution 
and origin research

User group
Generative AI models

National computing infrastructure
Data collection, 

preservation, and updating

…….

For new generation AI!
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Generating software variants across different 
technological spaces (Python, Rust, JavaScript, etc.) and 
implement new features from simple prompts.
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16 variants of Rust programs

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


https://github.com/acherm/progvary-withgpt/blob/main/conditioncom
pilation-helloworld/ChatGPT-Java_program_with_Jinja.md
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16 variants of Java programs

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


https://github.com/acherm/
progvary-withgpt/blob/main/
conditioncompilation-hellow
orld/ChatGPT-Java_progra
m_with_Jinja.md
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16 variants of Java programs 
and a generator

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


https://github.com/acherm/progvary-withgpt/blob/main/featuret
oggle-helloworld/ChatGPT-Unleash_JS_Feature_Toggles.md 
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16 variants of JavaScript 
programs

https://github.com/acherm/progvary-withgpt/blob/main/featuretoggle-helloworld/ChatGPT-Unleash_JS_Feature_Toggles.md
https://github.com/acherm/progvary-withgpt/blob/main/featuretoggle-helloworld/ChatGPT-Unleash_JS_Feature_Toggles.md


16 variants of JavaScript 
programs at runtime

“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://github.com/acherm/progvary-withgpt/blob/main/featuret
oggle-helloworld/ChatGPT-Unleash_JS_Feature_Toggles.md 
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https://github.com/acherm/progvary-withgpt/blob/main/featuretoggle-helloworld/ChatGPT-Unleash_JS_Feature_Toggles.md
https://github.com/acherm/progvary-withgpt/blob/main/featuretoggle-helloworld/ChatGPT-Unleash_JS_Feature_Toggles.md


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

https://github.com/acherm/progvary-withgpt/blob/main/varyfloatinC/approx.c
24

3 variants of C programs

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


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

https://github.com/acherm/progvary-withgpt/blob/main/varyfloatinC/approx_eval.py
25Lots of variants to build programs!

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


retrieve the result of S. Boldo et al. 26
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Hypothesis and 
Knowledge

Subject of 
interest/Population Data analysis

Experiments 
(variants)

Interpretation/
Conclusion

Confirm S. 
Boldo results

what about other 
programming 
language?

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

AI(-empowered) scientists: enormous potential to automatically explore large 
variants spaces (with software and AI) and discover new knowledge or 
confirm/refute theories.

https://github.com/FAMILIAR-project/reproducibility-associativity/
https://github.com/FAMILIAR-project/reproducibility-associativity/


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.
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Programming without directly manipulating programs, relying 
almost entirely on AI to manage technical details and create 
variants of code (customization).
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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];
  };
\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];
},



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];
  };
\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];
},
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SE task = software 
customization/configuration | program 
understanding



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];
},
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SE task = software 
customization/configuration | program 
understanding



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];
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\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];
},

I’d like to change the color of the cat’s tail
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SE task = software 
customization/configuration | program 
understanding



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];
},

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

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

34

SE task = software 
customization/configuration | program 
understanding

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


LLM

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”

35

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



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={(-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];
},

I’d like to change the color of the cat’s tail in red
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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={(-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];
},

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

visual abilities to 
implement a 
“testing oracle”
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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={(-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];
},

“I’d like to have a better red, more dark…” (kids)
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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!)

https://www.youtube.com/watch?v=kSdLSqwZK7Q


41
SE task: modernization/migration



https://arxiv.org/abs/2210.14699 

42

SE tasks = code synthesis | code 
completion

https://arxiv.org/abs/2210.14699
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Challenges 

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

software versions 
○ LLMs lack planning and reasoning capabilities

● Challenges of improving LLMs:
○ Better “language” than prompt? 
○ more verification/validation tools to verify the outcome? 
○ fine-tuning?

● Benchmarking (SE task specific, no data contamination, etc.)
● Open source LLMs (CodeCommons with SoftwareHeritage)
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(illustration of LLM prompt sensitivity in chess) 

45

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.



What
is your move?

46



What is your prompt?
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What is your prompt?
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Hypothesis and 
Knowledge

Subject of 
interest/Population Data analysis

Experiments 
(variants)

Interpretation/
Conclusion

Monsieur Phi is 
~right. 
Sensitivity of 
LLMs.
Do LLMs have 
“learned” the 
Elo? 

AI(-empowered) scientists: enormous potential to automatically explore large 
variants spaces (with software and AI) and discover new knowledge or 
confirm/refute theories.
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Strategic exploration with modelling 
and learning (assisted by LLM)
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Hypothesis and 
Knowledge

Subject of 
interest/Population Data analysis

Experiments 
(variants)

Interpretation/
Conclusion

Monsieur Phi is 
~right. 
Sensitivity of 
LLMs.
Do LLMs have 
“learned” the 
Elo? 

AI(-empowered) scientists: 
● this example (chess) is a bit “meta” (we’re assessing AIs)
● still: I find it representative of many scientific studies where we run variants of experiments, analyze 

data, and communicate insights – AI is useful to assist, but not mandatory here
● many tasks uncovered (eg literature review)   

AI scientists can study AIs – no human in the loop?
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Hypothesis and 
Knowledge

Subject of 
interest/Population Data analysis

Experiments 
(variants)

Interpretation/
Conclusion

Scientific 
knowledge

AI(-empowered) scientists: 
AI scientists can study AIs – no human in the loop?
Automated scientific discovery

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

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


56

Hypothesis and 
Knowledge

Subject of 
interest/Population Data analysis

Experiments 
(variants)

Interpretation/
Conclusion

Scientific 
knowledge

AI(-empowered) scientists: 
AI scientists can study AIs – no human in the loop?
Automated scientific discovery
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Generative AI for Generative Programming: 
Automating Code Variants and Exploring the Boundaries of LLMs



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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Polyglot?
Python => JavaScript+HTML+CSS

SE task: modernization/migration
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SE tasks = software evolution, 
maintenance, upgrade | bug 
fixing | program understanding

Polyglot?
● it’s not a pure PL translation problem

○ (it’s also Folium => Leaflet)
● testing oracle problem
● PL and libraries evolve



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

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

62

FORTRAN-77 C

GWT (Google Webkit ~2006, Java) Angular 6

IBM RPG Java SpringBoot

??!! ?!?!

Python JavaScript 

Verhaeghe, Etien, Ducasse, Anquetil, et al., 
IEEE Softw 2022

Software migration and modernization
Evref+DiverSE
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From To

N’Guessan Hermann Kouadio (PhD student, CIFRE with CGI)

PhD advisors: Olivier Barais, Mathieu Acher, Jean-Marc Jézéquel (DiverSE) 

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



From a legacy application:
● 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)

64

From To

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

To a modernized application:
● 3-tiers architecture
● running on Linux
● backend in Java (Spring boot) and front-end in Angular
● web interface
● a relational database: SqlServer
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RPG source code. Src: Opera project sreenshotWithout documentation!

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: 

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

○ implicit semantics (eg with variable’ names)
○ different RPG files (physic: table; logic: view)

● reading and code comprehension



REVERSE 
ENGINEERING

66
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Build the program tree execution flow for retro-documentation

Augmenting the context before calling LLMs
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RPG source 
code

LLM Documentation

Prompt
Temperature

…

You 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.

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

developer ?
Try to replace technical names by the descriptions of elements given in your global context.
If a file is used, use this description to explain the code, and refer to the technical name in parentheses. 
Don't say "in the logical file xxx" with xxx is the technical name, use the description instead.
Don't refer to unused context. Don't talk about what the code doesn't contain.
Provide two summaries in this order:

- general one into #general# tag: must be short

- detailed one into #details# tag: must be more explicit
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RPG source 
code

LLM Documentation

Ground truth 
documentation

Evaluation of LLM pipeline wrt 
retro-documentation

Possible approaches:
● manually review generated doc
● compare GT doc with generated doc

○ Levenshtein distance? BLEU? ROUGE?

We aim to know:
● precision
● recall
● in an automated way



Software is eating the world!
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Software is eating science!
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Computational science 
depends on software and its engineering

72

design of mathematical model

mining and analysis of data

executions of large simulations

problem solving

executable paper

from a set of scripts to automate the deployment to… a 
comprehensive system containing several features that 
help researchers exploring various hypotheses



Computational science 
depends on software and its engineering

73

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

multi-million line of code base
multi-dependencies
multi-systems
multi-layer
multi-version
multi-person
multi-variant



Reproducible science 

74

“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.

from a set of scripts to automate the deployment 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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AlphaCode

Llama-2

76

Generative AI and LLM for Software



Code synthesis: default strategy to answer questions… 
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Related work (code generation multi language)

78

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

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

Piloting Copilot and Codex: Hot 
Temperature, Cold Prompts, or Black 
Magic?
Jean-Baptiste Döderlein, Mathieu Acher, 
Djamel Eddine Khelladi, Benoit Combemale, 
2022, https://arxiv.org/abs/2210.14699 

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


79Many difficulties to translate real projects from one programming language to another one

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

Related work (code generation multi language)



Challenges and Opportunities for Science and Society

Challenges:

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

software versions 
○ LLMs lack planning and reasoning capabilities

● Challenges of improving LLMs:
○ Better “language” than prompt? 
○ more verification/validation tools to verify the outcome? 
○ fine-tuning?

● Benchmarking (SE task specific, no data contamination, etc.)
● Open source LLMs (see next slides)!

Opportunities:

● democratization of software
● reliable/trustable/resilient software 
● speeding up productivity (and focuses on hard/creative tasks)
● software to explore variants’ space (hypothesis, ideas, products, etc.)
● …
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Software or/and ML are eating the world…

Professional developers 
(~28 millions)

Scientists 
(physicists, 
mathematicians, 
historians, etc.) 

End-users Data analysts

Newcomers
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Corpus-based n-gram model outperforms Eclipse completion for Java
82

As code is repetitive and predictable, there is hope to 
have tools that enhance reliability and productivity
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RPG source 
code

LLM Documentation

Ground truth 
(GT) 

documentation

LLM
evaluator

Evaluation of LLM pipeline wrt 
retro-documentation

Questions with ground truth answers 
associated with GT documentation

LLM evaluator answers to questions out 
of the generated documentation 
(instead of out of GT documentation)

Then we can compute 
precision/recall/accuracy/…
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RPG source 
code

LLM Documentation

Ground truth 
(GT) 

documentation

LLM
evaluator

Evaluation of LLM pipeline wrt 
retro-documentation

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 



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

Evaluation dataset
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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 

https://github.com/saltudelft/ml4se 
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SE tasks!

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


Empirical experimentation results
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Software migration and modernization
Evref+DiverSE

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

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

Ongoing: 
● recruitment of a PhD student
● SopraSteria in the défi 
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FORTRAN-77 C

GWT (Google Webkit ~2006, Java) Angular 6

IBM RPG Java SpringBoot

??!! ?!?!

Python JavaScript 

Verhaeghe, Etien, Ducasse, Anquetil, et al., 
IEEE Softw 2022


