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RAG vs LLM Fine-tuning
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https://kili-technology.com/large-language-models-llms/the-ultimate-guide-to-fine-tuning-llms-2024
https://cds.cern.ch/record/2935252
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SMARTHEP - How do you fine-tune?
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Masked Language Modeling

cat, dog, tiger, fox |

quick brown fox jumped over

N
MLM
1

quick brown é jumped over

Source

|Supervised fine-tuning vs. Reinforcement fine-tuning

Online
Deploy Deployment

LoRAX

-------

SFT is an offline process and fine-tuning happens on static data

Reinforcement Fine-tuning (RFT)

RFT online
— fine-tuning
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https://kili-technology.com/large-language-models-llms/the-ultimate-guide-to-fine-tuning-llms-2024
https://github.com/patchy631/ai-engineering-hub
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SMARTHEP - What do you fme-tune"
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* Fine-tune the whole base model

* Backprop through all weights
* “Small” models have O(1B) params - Too
expensive!
. Low Rank Adaptation (LoRA)
Fix the massive base model
* Create small low-rank adapters
* Append adapter to base and train on
target dataset (say SM analyses)

* Create new adapter for new target (say
Exotics analyses) ...
* Possibly 100s of adapters each tuned on
a different concept/group
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https://www.dailydoseofds.com/understanding-lora-derived-techniques-for-optimal-llm-fine-tuning/
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» Research papers usually carry equal

weighted importance for:

Output: The image depicts a
e P rotary phone, which...

* Graphicals T
+ Just text generation/learning may not
be enough Multimodal LLM
» Multi-modal LLMs (Multiple input

modalities) TI IT

* TARP LLMs take both text and images as |
inputs during fine-tuning: ‘))) What does

[l

this...
* @Generate text OUtpUtS
* eg: Gemma 3, Deepseek V3 Input: Audio Text Images Videos
* @Generate text + image outputs Source
* DeepseekJanus pro
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https://magazine.sebastianraschka.com/p/understanding-multimodal-llms
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LLM Agent Tool-Suites
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« Datascraping:
* (DS text:
* Crawl4Al
*  Firecrawl
* (DS plots:
* Colivara
« Orchestration:
* Llamalndex

«  LLM serving:

* Ollama

« Hyper-fast fine-tuning:
* Sloth

« Tracing and Evals:
* Comet Opik

« Potential TARP serving:

*  LORAX
*  Rough UI:

* Streamlit

R programme, call H2020-MSCA-ITN-2020, under Grant Agreement n. 956086
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- TARP Tool-Suite

timlabs/ColiVara

CRANLSS g\ F i I"e C ra W I et AL

1) embedding

F’% Ollama

comet-ml/opik ~

€3) unsloth

- Llamalndex

LoRAX

Multi-LoRA inference server that scales to 1000s of fine-tuned LLMs

Streamlit
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SMARTHEP - My Takeaways:
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« Can HEP benefit from Al '
tools?
* Yes

 Are there any good
off-the-shelf options
currently? '

* No (for most, specific use cases)

* %
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* %

Developing our own Al tools?

Yes, but..

* Mimicking existing tools on top of general purpose
LLMs doesn't work in short term

* Way too many new tools/protocols coming out
frequently

* Risklocking in to a suboptimal setup
* Mimicking existing text-gen, image-gen and
code-gen
* Should(?) work in the long run
* Constant iteration required

So what do we do now?

Build our own Base models
* Foundation models for Physics
* LLMs from scratch tailored to Sciences

Asking Shakespeare to sing Feynman is not the way
to go!
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+ Serving 100s of fine-tuned S S

adapters on a single GPU e
* Dynamic adapter selection s **ﬂlw Sr-u. .l

_____________________ | 1 )

LoRA Exchange (LoRAX): Serve 100s of Fine-tuned LLMs for the Cost of 1

Source
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https://predibase.com/blog/lora-exchange-lorax-serve-100s-of-fine-tuned-llms-for-the-cost-of-one
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SMARTHEP - AI Dev Tools used in TARP
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 Analyze tool-suite repos to make

choices:
* Gitingest
* Gitdiagram

» Deep-research + Plan generation:
* Gemini 2.5 Pro Beta

* Perplexity

+ Agentic Planning + Skeletons:
* Manus Al

« Code Gen:
 Zed Al

* Gemini 2.5 Pro
* (Claude 3.5 Sonnet

* %
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SMARTHEP - Instruction Fine-funing
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\
Step 1)

» How do you generate labeled
datasets from HEP text rpane:

datasets?
* Maybe, like this >

Step 2)
Rank the
responses

with
another
tm

et 6 ----- > ‘ <<<Response 1>>>

<<<Instruction>>>] -

<<<Response 1>>> } = --> | Rating = ¢ '

<<<Response 2>>>

Step 3)
Create
instruction
response
pair
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[<<<Instruction>>>] s

<<<Instruction>>>
e

<<<Response 2>>>
best-rated response

<<<Response 2>>> o Final synthetic

data sample
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