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AI is everywhere …

Once a vertical, has become a horizontal - Foundation models make it simpler to apply across scenarios



Where are data decisions necessary?



What do you think about these scenarios?

A new LLM/Chatbot is released

The model has been trained with 
social media data like 
Reddit/Facebook/X/…

A developer asked LLM to find bugs 
in the production code. 

Somebody else at some other part 
of the globe got that code as a 
response to his instructions

A model has excellent result on a few 
benchmark datasets, say code 
generation of math related tasks. 

However, if the entries are modified 
slightly, the system fails poorly



Role of data: Pre-Training



Pre-training Pipeline

Data, Data Everywhere: A Guide for Pretraining Dataset Construction (Parmar et al., EMNLP 2024)
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https://aclanthology.org/2024.emnlp-main.596/


Deduplication

Which instance to retain, among the many duplicates?

Full

Full - MD5-hashing

Fuzzy

Fuzzy - MinHash, LSH

Embedding

Clustering

Pairwise Similarity

Pick Representatives

Semantic



Quality

● Model based 
○ Build dataset with quality or its proxy (whether wikipedia will 

refer to it)
● A pipeline for quality check (Proposed in FineWeb-Edu)

○ Uses LLM-generated data and and LLM-generated annotations
○ Specifies multiple criteria for quality
○ Finally aggregates the individual scores based on different criteria
○ Works better and is also explainable, over a model that assigns a 

single score
● Domain filtering using language modeling
● Scoring → bin → Aggregate score → Pre-training → Downstream 

evaluation → Further grouping

The FineWeb datasets: decanting the web for the finest text data at scale. (Penedo et. al., NeurIPS 2025)
Nemotron-CC: Transforming Common Crawl into a Refined Long-Horizon Pretraining Dataset (Su et al., ACL 2025)

https://arxiv.org/pdf/2406.17557
https://aclanthology.org/2025.acl-long.123/


Safety and Focused Parsing

● Safety
○ Removal of PII
○ Removal of toxic content

■ Classification
■ “Dirty-word-counting” to discard adult/gambling/harmful websites that 

are not in blacklist

● Focused parsing
○ Language identification
○ Code and Math - all constructs should be retained

Q1: Is data provenance important?
Q2: Should we discard all poor quality data instances?



Data Mixing for Pre-Training



Data Mixing for LLM Training

- Leveraging larger datasets requires balancing quality, 
quantity, and diversity across source

- Data can be from various sources/domains
- Literature, code, web, …
- Have different characteristics
- How to effectively combine them?

- Simplest heuristics
- Uniformly sample from each partition
- Sample in proportion with number of tokens from 

each partition



Temperature

● Huge imbalance in available data
● Adjust sampling probability for different 

population subgroups
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Hyperparameter 
- How to select?

Mastering LLM Parameters: A Deep Dive into Temperature, Top-K, and Top-P 
Temperature Sampling for Data Mixtures 

https://plainenglish.io/aws/mastering-llm-parameters-a-deep-dive-into-temperature-top-k-and-top-p
https://apxml.com/courses/how-to-build-a-large-language-model/chapter-9-data-sampling-strategies-training/temperature-based-sampling


DoReMi - Domain Reweighting with Minimax Optimization

- Seeks a model that performs well on all domains
- Tries to minimize the worst-case excess loss 

over domains
- Steps followed:

- Train a small reference model using an initial set 
of reference domain weights

- Use the reference model to train a small proxy 
model, which optimizes for the worst-case 
excess loss via distributionally robust 
optimization (DRO). 

- Produces the optimized domain weights 
and 

- A small proxy model
- Uses the optimized domain weights do create 

the final training dataset

Xie, Sang Michael, et al. "Doremi: Optimizing data mixtures speeds up language model pretraining." NeurIPS 2023

https://arxiv.org/abs/1911.08731
https://arxiv.org/abs/1911.08731
https://proceedings.neurips.cc/paper_files/paper/2023/file/dcba6be91359358c2355cd920da3fcbd-Paper-Conference.pdf


DoReMi Steps

Learns using distributionally robust 
language modeling (DRO-LM)

Xie, Sang Michael, et al. "Doremi: Optimizing data mixtures speeds up language model pretraining." NeurIPS 2023
Sagawa, Shiori, et al. "Distributionally Robust Neural Networks." ICLR 2020

https://openreview.net/pdf?id=ryxGuJrFvS
https://openreview.net/pdf?id=ryxGuJrFvS
https://proceedings.neurips.cc/paper_files/paper/2023/file/dcba6be91359358c2355cd920da3fcbd-Paper-Conference.pdf
https://openreview.net/pdf?id=ryxGuJrFvS


DRO-LM in DoReMi

Minimize the maximum excess loss over the domains



Experimental Results



Experimental Results



Handling multilinguality?

Thakur, A., Nagpal, A., Savarkar, A., Pundalik, K., Dosi, S., Sawarkar, P., Thakur, V., Saluja, R., Desarkar, M.S. and Ramakrishnan, G., 2025. The 
Art of Breaking Words: Rethinking Multilingual Tokenizer Design. arXiv preprint arXiv:2508.06533. 

https://arxiv.org/pdf/2508.06533
https://arxiv.org/pdf/2508.06533


Does it help?



Synthetic Data
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Original Content: The new restaurant serves authentic Italian cuisine made with 
imported ingredients

A foodie rewrite: “This culinary gem transports diners straight to Italy, crafting 
traditional dishes with genuine ingredients sourced directly from the Mediterranean.”

A business rewrite: “The establishment differentiates itself through authentic Italian 
offerings, utilizing a supply chain that imports key ingredients to ensure traditional flavor 
profiles.”

A local reviewer rewrite: “Finally, a place that doesn’t just claim to be Italian—they’re 
using the real deal ingredients shipped over from Italy to make dishes that actually taste 
like the ones from the old country.”

What is Rewrite?
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LLMs for Safety Training

Maini, Pratyush, et al. "Safety pretraining: Toward the next generation of safe ai." NeurIPS 2026

https://openreview.net/pdf?id=91H9CSvdwl


Acknowledgement: Slide display-style generated with NotebookLM



Acknowledgement: Slide display-style generated with NotebookLM

Mixing Proportions: How much synthetic?
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