Pharo-LLM: A call for a sovereign LLM ecosystem in Pharo
From dependency to autonomy: a full control
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Who Am | ?

e PhD Student in Computer Science at University of Lille, France.

® Code Completion, Code Generation
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What is Pharo-LLM?

Q Type (/) to search

O pharo-lim

(M Overview [J Repositories 26 [ Projects |~ Insights 8 Settings

@ Packages A\ Teams R People 4

- Pharo-LLM
2 Large Language Model in Pharo

19 followers ¢ https:/fpharo-lim.githubjo ¢
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© View as: Publ|

You are viewing the

README .md
repositories as a publi

Pharo-LLM

Pharo-LLM is an organisation specialized in providing a set of tools for using Large Language Models (LLMs) inside the Pharo

You can pin repositor
ed with tasks
organizations complet

environment.
For documentation, examples, and news about the project, see the Pharo-LLM. Discussions
Set up discussions

community!

Popular repositories
Turn on discussion:

chatpharo Public pharo-infer Public
pharo-infer is a inference engine inside Pharo

ChatPharo is an Al Assistant inside Pharo
People
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What is Pharo-LLM?

x — 0
1. Choose a template category:

Q0000 C0C0O0OR

Templates

Pharo Mooc

Official distributions
Pharo-Music distributions
Pharo-LLM distributions
Deprecated distributions
Pharo 14.0 (development vel
Pharo 13.0 (stable)

Pharo loT (PharoThings)
Pharo Remote Development

Pharo Launcher - Image creation

2. Choose a template:
Pharo-LLM 14 (development)

Image name:

Image description:

Initialization script:

Mo initialization script

Create image
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Overview

e \What is Pharo-LLM?
e Concrete Example of Pharo-LLM
® Pharo-LLM vision
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What is the Pharo-LLM?

e Set of tools and libraries to integrate LLMs in Pharo.

e Creating, running, and interacting directly inside Pharo.

e Native tools instead of disconnected wrappers.

® Integrated with objects, inspectors, debuggers, and workflows.
e Built to be extended by the Pharo community
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The current Tools in Pharo-LLM

e ChatPharo: Conversational interface inside Pharo.

® Pharo-copilot: Intelligent Completion Engine

® Pharo-Infer: Inference Engine for LLMs in Pharo.

® Pharo-MCP: MCP Protocol implemented in Pharo.

® Pharo-HuggingFace: an Interface to talk with Hugging Face
e And More . ...
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Real Al Cost

® Meta is paying a bill of 221 Million dollars for using Claude
(73 T tokens) per month.

® In one single year Meta is paying a bill of 2.65 Billion $ for using
Claude.

® Microsoft is paying a bill of 500 million dollars for using Claude.

8/41



How can we have a sovereign LLM ecosystem in
Pharo?

® Having the tools inside Pharo to create, run, and interact with
LLMs.

® Having the ability to train and fine-tune our own models.

e Having the ability to deploy and maintain our own models.
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How can we train/fine tune our models?



A Concrete Example: Multi-token Code Completion

® Pharo-Copilot is a code completion engine that uses LLMs to
predict the next Pharo code tokens.

® Predict the next Pharo code tokens, not only one word.
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Single Token Completion

%7 Dependencies x  (€) OCMetl

x =0 Method: OCMethodNode>>children -
» B3 Al-Algorithms-Graph “ » instanceside A, # ~ aliDefinedVariables »
» [ Al-Algorithms-Graph-Componen ¥ @& ocProgramode » [5 extensions allSequenceNodes

» [ Al-Algorithms-Graph-Tests © ocCommentNode accessing ~ allstatements

» [CIAST-Core accessing - compiled method argumentNames

> E1AST-Core-Tests accessing - conceptual arguments

» [EJAnnouncements-Core (© oCPatternMethodNode accessing compiled method arguments:

» EJ Announcements-Core-Tests ¥ (@ OcPragmaNode adding-removing ~ asSequenceNode

» [ Athens-Balloon © OCPatternPragmaNode comparing bcToASTCache

» EJ Athens-Cairo (© OCReturnNode converting beToASTCache:

» [ Athens-Cairo-Tests OCSequenceNode «copying body

» [ Athens-Core v @& ocvalueNode ermors body:

» [ Athens-Core-Tests oC kNod initi d changeSourceSelector:keywordsinte
» [ Athens-Examples OCArrayNode iterating ~ children

» [ Athens-Morphic © 0CAssignmentNode matching ~ clearReplacements,

e T — o printing compilationContext

ramnilatinnCantavt:

@ All Packages O Scoped View O Projects | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Classrefs. © implementors @ Senders
Nod x ~ ? Comment  x ]%hilden  x 4 Inst.sidemeth x

B -+

children

O rod |
OrderedCollectionTest
OrderedIdentityDictionary
oOrderedDictionary
Orderedcollection
OrderedDictionaryTest
OrderedIdentityDictionaryTest|
Cmd + B browse entry

2/8[7]

lobal

grggredCollectianTest

These test cases demonstrate addition of items into an OrderedCollection as well as
item removal.

Some of the assertions are quite complicated and use a lot of collection protocol.
Such methods do not test one single method, but protocolin general.

nsion 1 F +Lw
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Multi-token Completion

x =0 Method: AlAstarTest>>testAseBasicCircuit
» EJAl-Algorithms-Graph A O AlAstarTest “ » instanceside &[]
» EJAl-Algorithms-Graph-Componen @ AIBFSTest running
» E1A-Algorithms-Graph-Tests © AlBellmanFordTest tests

EJ Al-Pharo-Copilot ® AlcyclicNonWeightedComplexFi overrides

[EJ Al-Pharo-Copilot- ® A i i i

EJ Al-Pharo-Copilot-Context
[ Al-Pharo-Copilot-Evaluator
E3 Al-Pharo-Copilot-Ollama

» EJ AlI-Pharo-Copilot-Spec

» EJ Al-Pharo-Copilot-Tests

» EJAST-Core

» EJAST-Core-Tests

» EJ Announcements-Core

» EJ Announcements-Core-Tests

v

® AICyclicWeightedComplexFixtur:
® AlcyclicWeightedSimpleFixture

© AIDFSTest

© AIDijkstraTest

© AlDinicTest

@ AlEdmondsKarpTest

© AlFloydWarshallTest

© AlGraphalgorithmTest

@ AlGraphMatchingAlgorithmTest

v

~ setUp
© testAseBasicCircuit

© testaseBasicCircuitBacktrack

© testcomplexWeightedGraph2

@ testComplexWeightedGraph2BackTrac
@ testComplexWeightedGraph3

@ testComplexWeightedGraph3Backtrac
@ testsimpleWeightedGraph

© testsimpleWeightedGraphBacktrackin

@ All Packages O Scoped View O Projects | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Classrefs. @ Implementors @ Senders
x  fsetup % f)'testAseBasicCi x  + Inst.side methc x <« DR«

© AlAstarTest x ? Comment
self assert: 1 equals:
self assert: 3 equals:
self assert: 5 equals:

astar reset.

astar runFrom: $c.
self assert: 2 equals:
self 4

(astar findNode: $b) pathDistance.
(astar findNode: $e) pathDistance.
(astar findNode: $h) pathDistance.

(astar findNode: $b) pathDistance.]

astar reset.
astar runfFrom: $h.

20/24[8)

A

v
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Multi-token Completion

x =0 Method: AlAstarTest>>testAseBasicCircuit v
» EJAl-Algorithms-Graph A L AlAstarTest A » instanceside A,[ ] ~ setUp
» EJAl-Algorithms-Graph-Componen © AIBFSTest running o testAseBasicCircuit
» EJAl-Algorithms-Graph-Tests © AlBellmanFordTest tests © testAseBasicCircuitBacktrack
EJ Al-Pharo-Copilot ® AlCyclicNonWeightedComplexFi overrides © testComplexWeightedGraph2
EJ Al-Pharo-Copilot- ©® Alcyclic i i i @ testComplexWeightedGraph2BackTrac
EJAl-Pharo-Copilot-Context ® AlcyclicWeightedComplexFixtur: © testComplexWeightedGraph3
[EJ Al-Pharo-Copilot-Evaluator © AlcyclicWeightedSimpleFixture © testComplexWeightedGraph3Backtrac
EJ Al-Pharo-Copilot-Ollama © AIDFSTest © testsimpleWeightedGraph
» EJAI-Pharo-Copilot-Spec @ AlDijkstraTest @ testsimpleWeightedGraphBacktrackin
» EJAI-Pharo-Copilot-Tests © AIDinicTest
» EIAST-Core © AlEdmondsKarpTest
» EJAST-Core-Tests © AlFloydWarshallTest
» EJAnnouncements-Core © AlGraphAlgorithmTest
> EJ Announcements-Core-Tests © AlGraphMatchingAlgorithmTest
v v
@ All Packages O Scoped View O Projects | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Classrefs. © Implementors © Senders
@© AlAstarTest ~ x 7 Comment x  flsetup x ] ‘testAseBasicCi x  + Inst.side methc x < DBe=
self assert: 1 equals: (astar findNode: $b) pathdistance. “
self assert: 3 equals: (astar findNode: $e) pathDistance.
self assert: 5 equals: (astar findNode: $h) pathDistance.
astar reset.
astar runFrom: $c.
self assert: 2 equals: (astar findNode: $b) pathDistance.]
self assert: Float infinity
equals: (astar findNode: $e) pathDistancd
astar reset. v
21/25(44) # Editprotocol: tests (] Extension | [ Format [ Line numbers &I Word Wrap
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Form to participate in the Pharo-Copilot Betas
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How to train/fine-tune our models?

e Open-weight code LLMs (Qwen, DeepSeek, etc..)

® The approach uses two steps:

® continued pre-training to teach Pharo syntax and APlIs;
® supervised fine-tuning to adapt the model to code completion.

e Qwen?2.5-Coder and Mellum models.

e Small models from 0.5B to 7B parameters were enough to obtain
strong results.
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How did we get data?

® \We collected Pharo repositories from GitHub (~ 1200).

e \We kept repositories with:

® MIT license (~ 748);
® Tonel format;
® compatibility with Pharo 10 or newer (~ 415).
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How much did it take?

Stage Model Size | Duration

Continuous Pre-training (Training) 0.5B-1.5B | 2-3 days
3B-7B 5-6 days

Supervised Fine-tuning (Fine-tuning) | 0.5B-1.5B | 1-1.5 days
3B-7B 2-3 days
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How did you validate?

e Syntax Aware Benchmarks

® Repository-Level Aware Benchmaks
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Does it understand the Syntax ?

Syntax Aware Benchmarks

Qwen 3B base 71.5
Qwen 3B SFT 83.7
Qwen 7B base 71.1
owen 78577 [ s>
Qwen3 480B 92.0
Claude 4.5 95.1
0 50 100
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Does it understand the Context ?

Repository Context Benchmarks

Qwen 3B base 33.1
awen 38 SFT () 778
Qwen 7B base 34.5
Qwen 7B SFT 76.0
Qwen3 480B 69.4
Claude 4.5 83.0
0 50 100
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How can we have a sovereign LLM ecosystem in
Pharo?

® Having the tools inside Pharo to create, run, and interact with
LLMs.

® Having the ability to train and fine-tune our own models.

e Having the ability to deploy and maintain our own models.
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How to Deploy Our Models?



How we can deploy an LLM?

Inference Server

5% )
Inference Enﬁine

Queue

Scheduler
Query responses Query
HTTP/ gRPC Response
Metri
Bnd user sending

requests to your & )

application $ $ $

Hardware (&PU/ CPU)

Queries
HTTP/4RPC
requests Query

App lication
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Pharo-LLM Inference Architecture

Cloud APlIs
| ChatGPT| |Claude| |DeepSeek
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Pharo-LLM Inference Architecture

| Cloud APIs
| ChatGPT | | Claude| |DeepSeek
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Pharo-LLM Inference Architecture

| Cloud APIs
| ChatGPT | | Claude| |DeepSeek
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What is Pharo-Infer?



What is an Inference engine?

® |t loads a trained language model and prepares it for execution.

® |t converts user prompts into tokens and generates tokens back as
output.

® |t manages memory, context, sampling, and streaming during
generation.

31/41



Why owning the model matters?

e No artificial limits imposed by someone else.

® Privacy: sensitive data stays on the machine

® Reliability: no network dependency during demos or development.
e Custom behavior for specific domains and workflows.

e Fully integrated in Pharo.
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Why not depend on Ollama and LMStudio?

® \We inherit their architecture and limitations
e \We lose part of the < everything is moldable > inside Pharo.
® Changes in their politics — Direct effect on our infrastructure.

® Building our own engine aligns the full stack with our language
and values.
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Why do we need our own inference engine?

e Cost

e Rate Limits

® Privacy Concerns

e Network Dependency
® Lack of Control
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Pros and Cons of our own Inference Engine

Pros Cons
Independence More maintenance work
Better privacy Requires performance optimization
Full integration | Needs hardware and model management
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What if I’'m working in a team?

® Deploy the model once on a shared server for the whole team.

e Connect it to the team's repositories, documentation, and project
knowledge using RAG.

e Keep the model up to date with the latest project changes
without retraining it.

e Keep source code and sensitive data inside the organization's
infrastructure.

® Share the same APIs infrastructure across the team.
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What is a RAG?

How RAG Works?

QUESTION

[—r
x H g . ) RAG Context
RAG

Question
Vector

Database J/

@& Answer includes RAG context
ANSWER

LLM
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Pharo-LLM Vision

External Providers Pharo-LLM
Cost: Paid
Rate Limits: Serious Rate Limits: No rate limits
Run on the cloud: No privacy Run locally
Lack of control Big control
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Pharo-LLM Vision Limitations?

® Training and fine-tuning require time, data preparation, and
experimentation.

® Bigger models need more resources and are harder to maintain.

® The community must share datasets, benchmarks, and model
improvements.
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Conclusion?

® The goal is not to train a huge general-purpose models.

e A 7B model quantized to 4-bit uses around 4.3 GB of memory.

® The benchmarks show that Pharo-specialized models outperform
their base versions.

® Fine-tuned models produce more valid Pharo completions.

e Smaller specialized models can outperform much larger
general-purpose models on realistic Pharo tasks.

® This supports the idea of a local, sovereign, Pharo-native LLM
ecosystem.

® A small model well trained and fine tuned better than a big model
trained and fine tuned for general purpose
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arxiv.org

huggingface.co/pharo-limollama.com /pharo-llm  github.com/pharo-lim

Hugging Face Ollama GitHub Paper

Pharo-LLM is not only a technical project;
It is a strategic investment in independence

Contributions are very welcome!


https://huggingface.co/pharo-llm
https://ollama.com/pharo-llm
https://github.com/pharo-llm
https://arxiv.org/abs/2607.04939

