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Who are we?
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https://williamheld.com
https://www.linkedin.com/in/rafal-wojdyla-35b61a67


Learning goals
By the end of today:

Have a reasonable sense of the E2E Pipeline for LLM Data

Know some interesting papers about human elements of that pipeline

Have some good discussions with your classmates about your thoughts
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Think → pair → share

Think
On your own

Pair
Turn to a neighbor.

Compare thoughts!

Share
If you particularly enjoyed 
your discussion, share with 
the class!

3½ min total · 30s think → 90s pair → 90s share
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Sources → Prepare → Select → Allocate → Post-training

Evaluations → training experiments → evaluations

A data pipeline
Pipeline built at Marin · Open Athena
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https://openathena.ai/blog/marin-data-pipeline-overview/


Evaluations Sources Prepare Select Allocate Post-training

Evaluation data
Tasks / responses / judgments / scores

How might these evaluations shape the models we produce?
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Scenarios / datasets / prompting

Accuracy   Calibration   Robustness   Fairness   Bias   Toxicity   Efficiency

HELM: scenarios × metrics
Liang et al. · HELM · Fig. 3
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https://arxiv.org/abs/2211.09110


LMArena: prompts → comparisons → ranking

Participant prompt

Anonymous pair

Vote

Pairwise votes → statistical ranking
Chiang et al. · Chatbot Arena · Fig. 8
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https://proceedings.mlr.press/v235/chiang24b.html


AA II: benchmarks → scores → index
Agents / Coding / General / Scientific reasoning

Selected

benchmarks → Task-specific


grading → Weighted

index

Tests, rubrics, or answer matching → task scores

Versioned suite and aggregation

Artificial Analysis · Intelligence Index methodology · v4.3.2
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https://artificialanalysis.ai/methodology/intelligence-benchmarking


How could these shape data decisions?
Task source Judge / metric Aggregation

HELM Selected scenarios Multiple metrics Scenario × metric results

LMArena Participant prompts Pairwise human votes Statistical ranking

AA II Selected benchmarks Task-specific grading Weighted index

Choose one evaluation → predict a data choice → name who benefits.

3½ min · 30s think → 90s pair → 90s share
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Survey of what non-adopters 
wish AI could do v.s. adopters.

Bars: % of respondents

in each group

Adopters / non-adopters
Zhou et al. · Attention to Non-Adopters · Fig. 3
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https://arxiv.org/abs/2510.15951


Does our effort follow workers’ priorities?

Industry attention

Mean YC companies / task

Research attention

Mean agent papers / task

Shao et al. 2025
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https://arxiv.org/abs/2506.06576


Evaluations Sources Prepare Select Allocate Post-training

Source data
Producers / collections / ingestion

Who produces data? Who controls access?
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BERT

English Wikipedia + BooksCorpus



Size

~3x109 Tokens 


(~17 years for a person to read)

Devlin et al. 2018

Collection
Both BooksCorpus and 
Wikipedia are released as single 
website dumps with clean text!

Filtering
Inherently, we assume books 
and Wikipedia to be of “high-
quality” so no filtering is done.

Curation
Uniform sampling across all 
documents from the corpus to 
capture the natural distribution.

Data in Early LLMs
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https://arxiv.org/abs/1810.04805


BooksCorpus / 
Smashwords

was collected by 
Google without 
permission!
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Archives of web pages

Repeated snapshots

Lots of overlap



Common Crawl · page captures (2009–2025)

There’s a lot of data in Common Crawl!

CS336 · Data I Common Crawl
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https://commoncrawl.org/
https://cs336.stanford.edu/lectures/?trace=lecture_13
https://commoncrawl.org/


GPT-2

Reddit Outbound Links with 

at least 3 upvotes


Size

~1x1010 Tokens


(~50 years for a person to read)
Radford et al. 2019

Collection
Documents require processing 
to convert HTML to text and 
remove boilerplate. GPT-2 uses 
both DragNet and Newspaper

Filtering
Using human-sourced quality 
signals (Reddit Upvotes) to 
determine which webpages are 
high-quality for training!

Curation
Uniform sampling across high-
quality documents, which 
naturally upsamples genres 
popular on Reddit (e.g. news).

The first widely known GPT!
Data, Data, and Data | CS 329X | Will Held 17

https://cdn.openai.com/better-language-models/language_models_are_unsupervised_multitask_learners.pdf
https://github.com/dragnet-org/dragnet
https://github.com/codelucas/newspaper


Collected size by source / domain · log scale

Openly licensed sources
Size


~2x1012 Tokens

(~7,600 years for a person to read)

Kandpal et al. · Common Pile · Fig. 1
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https://arxiv.org/abs/2506.05209


Size

~2.5x1013 Tokens


(~100,000 years for a person to read)

Every Open Source Dataset!
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C4 / Dolma / 
RefinedWeb

robots.txt

+ terms of service

Observed restrictions

over time

Availability changes
Longpre et al. · Consent in Crisis · Fig. 2
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https://arxiv.org/abs/2407.14933


Data is all bots now???
Russell et al. · How Much Is an AI Token Worth? · 2026
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https://arxiv.org/abs/2609.40295


Who can contribute online?
Internet-user counts by country

Light → dark: fewer → more users

Held et al. 2024
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https://arxiv.org/abs/2311.08391


Whose communities do annotated resources cover?
Language-resource papers per country

Light → dark: fewer → more papers

Held et al. 2024

Data, Data, and Data | CS 329X 21

https://arxiv.org/abs/2311.08391


Evaluations Sources Prepare Select Allocate Post-training

Preparing data
Extraction / deduplication / decontamination

What survives processing?

Data, Data, and Data | CS 329X 22



<nav> Home | Login </nav>

<article> Main text… </article>

<table>…</table>

<pre> code… </pre>

Main text…



Table representation…



Code…
→

Web page → training text
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Exact copies / near-copies / benchmark overlap

Exact text

→ hash

Shared shingles

→ candidates

Overlap

→ retain/remove

Repeated text: when to keep it? When to remove it?

Pick one case to keep or remove. Give a reason.

3½ min · 30s think → 90s pair → 90s share
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T5-XL

Validation

perplexity

Lower is better

Duplicates affect evaluation
Lee et al. · Deduplicating Training Data · Fig. 2
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https://arxiv.org/abs/2107.06499


Training text

… a shared sequence of words …

Benchmark text

… a shared sequence of words …

Match unit → Threshold → Removal unit

Span / paragraph / document?

Decontamination choices
Data, Data, and Data | CS 329X 26



Does decontamination just mean benchmarks?
https://presidio.dataprivacystack.org/
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Evaluations Sources Prepare Select Allocate Post-training

Selecting data
Rules / reference examples / rubrics

Who defines the selection criteria?

Data, Data, and Data | CS 329X 27



Punctuation Short lines

Banned words Code-like braces

Document signal → threshold → keep / drop

Rule-based filtering
Raffel et al. · T5 / C4 · §2.2 (adapted)
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https://www.jmlr.org/papers/volume21/20-074/20-074.pdf


Punctuation Short lines

Banned words Code-like braces

Document signal → threshold → keep / drop

Rule-based filtering
Raffel et al. · T5 / C4 · §2.2 (adapted)
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https://www.jmlr.org/papers/volume21/20-074/20-074.pdf


Positive reference

OpenHermes-2.5 + ELI5

Negative reference

RefinedWeb

Labeled examples → fastText scorer → Selection threshold

Reference examples → scorer
Li et al. · DCLM · method adapted
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https://arxiv.org/abs/2406.11794


Rubric → labels → scorer

Document
→

Educational

value rubric →

Teacher labels
→

Distilled scorer

What does each signal measure?

Which documents do you predict it keeps?

Penedo et al. · FineWeb-Edu · §4 / Appendix E.1
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https://arxiv.org/abs/2406.17557


1.82B models

Training tokens →

aggregate benchmark accuracy

Controlled pipeline ablations

Filtering ablations
Penedo et al. · FineWeb · Fig. 9
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https://arxiv.org/abs/2406.17557


What biases are newly introduced by 
filtering?

Discuss a possible filtering bias. Propose a comparison to test it.

3½ min · 30s think → 90s pair → 90s share
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Study design
Replicate the GPT-3-style filter → test on new writing

Reference vs. crawl
Wikipedia + Books3 + OpenWebText

vs. random Common Crawl

N-gram classifier
Logistic regression

P(high quality)

Freeze the scorer
Score new articles

No LM retraining

School news
910K articles · 1,410 schools

2010–2019 · U.S. high schools

Join metadata
School data: NCES

ZIP / county data: Census

Compare scores
Topics: article-level

Demographics: school means

Demographic regression: 968 matched schools · observational associations

Gururangan et al. · Whose Language Counts as High Quality? · §3.1–3.4
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https://aclanthology.org/2022.emnlp-main.165/


School mean score × local demographics

Audit the scorer
Gururangan et al. · Whose Language Counts as High Quality? · Fig. 1
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https://aclanthology.org/2022.emnlp-main.165/


What topics does the scorer reward?
Article scores → compare school-news categories

Probe: school-news articles
One reference source: OpenWebText

Gururangan et al. 2022
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https://aclanthology.org/2022.emnlp-main.165/


Socioeconomic Bias in Quality Classification
968 schools · mean score ~ school + area demographics

Gururangan et al. 2022
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https://aclanthology.org/2022.emnlp-main.165/


Same historical scorer

News sources grouped

by factuality rating

Quality score / factuality
Gururangan et al. · Whose Language Counts as High Quality? · Fig. 2
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https://aclanthology.org/2022.emnlp-main.165/


What if we want to filter data for 
more socially motivated reasons?

Data, Data, and Data | CS 329X 41



Filtering doesn’t always behave the ways we expect!

Li et al. 2025. · When When Bad Data Leads to Good Models  · Figure 4
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https://arxiv.org/pdf/2505.04741


Rephrasing???

Maini et al. 2025  ·  Safety Pretraining: Toward the Next Generation of Safe AI
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https://arxiv.org/pdf/2504.16980


But models don’t learn like people...

Mayne et al. 2026 · Negation Neglect: When models fail to learn negations in training
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https://arxiv.org/pdf/2605.13829


Evaluations Sources Prepare Select Allocate Post-training

Allocating data
Buckets / weights / small experiments

What domains matter? Why? Can we measure them?

Data, Data, and Data | CS 329X 38



Illustrative grouping

Code Science Dialogue

Bad Data

Okay Data

Best Data

Topic × score buckets
Data, Data, and Data | CS 329X 39



What should the mixture optimize?
Filtered pool → priorities + measurements → mixture

Choose a goal you might want to optimize for an LLM?

How might it be hard to measure efficiently? How do you think it will influence what data you pick?

3½ min · 30s think → 90s pair → 90s share
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Given lots of “good” data, what do we care 
about?
Customer Support Chatbot

50%

Science

25% 25%

Dialogue
Software Engineering Agent

Code

25% 25%
Dialogue Science

Automatic Paper Reviewer

25% 50%
ScienceDialogue

50%
Code

25%

Code
Data, Data, and Data | CS 329X 40



Mixtures change learning
Xie et al. · DoReMi · Fig. 3
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https://arxiv.org/abs/2305.10429


Small Run 

w/

Uniform Weights

I.I.D Domain Loss Small Run 

Minimizing

Online Excess Loss 

→ →

Selected mixture → Larger-run validation

DoReMi
Xie et al. · DoReMi
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https://arxiv.org/abs/2305.10429


Candidate

mixtures →

Small runs
→

Evaluations
→

Predictor

Selected mixture → Larger-run validation

Small runs → choose weights
Liu et al. · RegMix
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https://arxiv.org/abs/2407.01492


Evaluations Sources Prepare Select Allocate Post-training

Post-training data
Demonstrations / comparisons / synthetic supervision

Who produces, selects, and judges the supervision?

Data, Data, and Data | CS 329X 46



Demonstrations and comparisons

Ouyang et al. · InstructGPT · Fig. 2
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https://arxiv.org/abs/2203.02155


Who supplies examples? Who chooses the rubric?

Requester Demonstrator Ranker Rubric designer

Change recruitment or instructions. What changes in the data?

Change one role’s recruitment or instructions. Predict a data change.

3½ min · 30s think → 90s pair → 90s share

Ouyang et al. · InstructGPT · Appendix B.1 / Fig. 10
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https://arxiv.org/abs/2203.02155


1,000 selected training demonstrations

Sources / selection process / evaluation setup

Curated demonstrations
Zhou et al. · LIMA · Table 1 (training)
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https://arxiv.org/abs/2305.11206


Seeds → generated examples → filtering
Wang et al. · Self-Instruct · Fig. 2
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https://aclanthology.org/2023.acl-long.754/


What changes with synthetic data?
Role Human-authored Model-generated

Production People write examples Model + seed tasks

Selection Curators / rules Filters / tests

Judgment Annotators + rubric Model + principles

Choose one role. Who controls it now? What would you test?

3½ min · 30s think → 90s pair → 90s share

Data, Data, and Data | CS 329X 51



Human-chosen principles → model critiques and judgments

AI feedback from principles
Bai et al. · Constitutional AI · Fig. 1
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https://arxiv.org/abs/2212.08073


Task + environment
→

Actions
→

Test outcome
→

Retained trajectory

Converting Human Data into Agent Rollouts
SWE-smith · task generation and trajectory collection · adapted
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https://arxiv.org/abs/2504.21798


MOPD - Shipping the Org Chart???
Ma et al. · MOPD: Multi-Teacher On-Policy Distillation for Capability Integration in LLM Post-Training
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https://arxiv.org/pdf/2606.30406


Sources
→

Prepare
→

Select
→

Allocate
→

Post-training

Producers + rights Processing rules References + labels Goals + measures Examples + judges

Which data decision would you change?

Name a community → change one data decision → choose a test.

3½ min · 30s think → 90s pair → 90s share
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Questions?

Data, Data, and Data | CS 329X 55


