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LLMs need to process really really … really long context!
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Enabling LLMs to process long context

Long-context mid-training (in LLM tech reports)


A full-stack overview of long context training


Long context and long chain-of-thought reasoning


Scaffolding for long context
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Recap: model training pipeline

Pre-training Post-Training

Scaling laws; data mixture; … SFT; DPO; GRPO; …

What if we further unpack …
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How real training pipeline looks like



7

When to inject long-context capabilities?

Post-TrainingPre-Training

The end of pre-training and some parts of post-training
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Post-Training

The end of pre-training and some parts of post-training

Pre-Training

When to inject long-context capabilities?

OLmo3 Training Pipeline
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Train on short context size first:


- majority of the pre-training data is short-context anyway


- Natural curriculum (longer context data is harder to learn


- Efficiency consideration

8K window size 64K window size
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Common Recipe: OLmo3 as an example (but it is similar in Qwen3, 
DeepSeek-V3)

- Continual pre-training on long documents 


- Synthetic long context data


- Further context extension (YaRN)

8K window size 64K window size



Continual Pre-training
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First adjust hyper-parameters of positional embeddings (to support longer context)

OLmo3

Qwen3
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RoPE (previous slides)
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RoPE (previous slides)

Max i  increases as we 
extend L to 4L or 8L

Need to increase theta



Continual Pre-training
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Continual pre-train (language modeling loss) on longer documents (e.g., arXiv 
papers, code repository

First adjust hyper-parameters of positional embeddings (to support longer context)

Typical source of long documents 
(ProLong, Gao et al., 25)



Continual Pre-training
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Typically train on both short-context data and long-context data to preserve short-
context performance 

Long Context Extension data used for OLMo3

50B tokens in total 
66% short context



Continual Pre-training
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Typically train on both short-context data and long-context data to preserve short-
context performance 

66% short + 34% long -> 0.8% degradation on short-context tasks

34% short + 66% long -> 2.5% degradation on short-context tasks



Synthetic Long Context Data
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Mostly in an instruction style (as opposed to narrative style in natural text)

OLMo3 uses synthetic data for continual pre-training; they can also be used for post-training 

Context … 
<missing part> 
Context … 
 
Q: Fill in the missing part

Fill-in-the-Middle Task

Common Synthetic Long-Context Tasks

- Fill-in-the-Middle (commonly used)

- Question answering 


- Aggregation (e.g., summarization


- (More, like paragraph reordering ….



Synthetic Long Context Data
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Mostly in an instruction style (as opposed to narrative style in natural text)

OLMo3 uses synthetic data for continual pre-training; they can also be used for post-training 

Common Synthetic Long-Context Tasks

- Fill-in-the-Middle (commonly used)

- Question answering 


- Aggregation (e.g., summarization


- (More, like paragraph reordering ….

Synthetic Summarization Data



Synthetic Long Context Data

19

OLmo3 shows substantial 
improvements from synthetic data 



Further Context Length Extension (After Training)
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8K window size 64K window size

What if I want to use this LM on 256K 
tasks?

Use YaRN (Bowen Peng et al., 2023) at 
inference time 
This is how Qwen supports 128K or 1M 
context size
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YaRN Slides (previous lecture)



Attention Scaling in YaRN
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This is inevitable as softmax never produces 0 or negative values
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Summary: Long-Context Extension Training

Common Recipe: OLmo3 as an example (but it is similar in Qwen3, 
DeepSeek-V3)

- Continual pre-training on long documents 


- Synthetic long context data


- Further context extension (YaRN)

For context extension, the recipe is still 
dominated by data decisions



This lecture
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Enabling LLMs to process long context

Long-context mid-training (in LLM tech reports)


A full-stack overview of long context training


Long context and long chain-of-thought reasoning


Scaffolding for long context
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Long-Context is Expensive: Memory Costs

Activations (basically gradients on KV 
caches) takes a huge chunk of memory 
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Efficient Architecture
Interleaving sliding window attention and full 
attention layer (e.g. OLMo3, Gemma 4, GPT-OSS) 
- Efficient for training and inference

Interleaving linear attention and full attention 
layer (e.g. Qwen3.5, Kimi-Linear, MinMax-01)
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Memory Efficient Training: Sequence Parallelism
Model and optimizer 
shardded with FSDP

Activations are shardded 
with sequence parallelism

DeepSpeed Ulysses Sequence Parallelism 
(Sam Ade Jacobs et al, 2023)

Core idea: each GPU holds L/N tokens. Queries are 
local, but keys & values are streamed across GPUs so 
every query can attend to the full sequence. 


https://arxiv.org/search/cs?searchtype=author&query=Jacobs,+S+A
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Long Context Post Training (RLVR)
We been mostly talking about mid-training but not post-training 🤔 ❓

- Few (academic) papers study long-context post-training, as it is very compute-intensive

- Agentic RL post-training naturally trains LMs to process long-context better

Still most papers on long-
context post-training are about 
synthetic data
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Long-context mid-training (in LLM tech reports)


A full-stack overview of long context training


Long context and long chain-of-thought reasoning


Scaffolding for long context
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Connection between Long-Context and Long CoT


• Naturally, LLMs need long context to support long CoT

• Shared challenge: each generation step must selectively attend to critical 

positions in a long preceding sequence (with semantical-wise and embedding-
wise similar spans)
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Evaluating Long-Context by Long-CoT Generation


We evaluate long-context LMs by requiring models to generate 
long structured CoT (e.g. search trees)
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Evaluating Long-Context by Long-CoT Generation


Input to LMs:

Instructions that 
describes a procedure

In-context examples

Example Output CoT for the 
given question
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Evaluating Long-Context by Long-CoT Generation


SoTA models (by the time we ran our evaluation) fails at long CoT generation even when the 
overall task length is not that long; (# input tokens: 8K, # output tokens: 0.5 - 8K)

Long CoT generation provides reliable signals for evaluating long context models
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Reasoning Models vs Non-Reasoning Models

Reasoning models outperform non-reasoning models 
(even on HTML to TSV, a non reasoning task)
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Can we directly tackle the challenges in long-context reasoning (attending to key 
information at each generation step)?



36 Fangcong Yin @NYU



Do we have to process all the context at once? 🤔
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We can build agentic scaffolding that allows 
LMs to process context piece by piece.
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Long-context mid-training (in LLM tech reports)


A full-stack overview of long context training


Long context and long chain-of-thought reasoning


Scaffolding for long context
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Scaffolding for Long Context

Designing agentic systems that allows LMs to interact with the context, e.g.

- Slicing context and viewing a slice 


- Retrieving from context


- Taking summary notes


- ……. 

🤖 📚
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Scaffolding: Memory Systems


Divide the document into chunks; process one 
chunk at a time and update the memory
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Scaffolding: Memory Systems


Input chunk

Updated memory (notes)

Question: Which part of New York City is the director of Big Stone Gap based in?
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Scaffolding: Memory Systems


Train end-to-end with RL; propagate the reward at the end of 
the multi-turn conversations to all preceding conversations 
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Scaffolding: Memory Systems


Preserve performance with increasing context 
length as LMs always only process one chunk at 
each time
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Scaffolding: Memory Systems


Issues with MemAgent: LMs can never revisit a chunk

🤖 📚
We need smarter, more autonomous 
exploration mechanism for agents
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Scaffolding: Recursive Language Models


🤖
Wrap context in a executable coding environment (REPL)
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Scaffolding: Recursive Language Models


Flexible interaction with 
contexts via code

Allow calling sub-LMs (with 
customized prompts 
assembled with code
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Scaffolding: Recursive Language Models


Preserve performance with increasing context length
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Scaffolding: General Coding Agents


🤖
Can it be even more flexible?
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Scaffolding: General Coding Agents


📚
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Scaffolding: General Coding Agents


📚

Present context to coding 
agents as file systems
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Scaffolding: General Coding Agents


Emerging strategy from coding agent (Claude Code) 
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Summary: Scaffolding

For LMs with strong agentic capabilities, we can 
present context as an interactive environment

🤖 📚



What’s Next
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🤖 📚

Better synthetic data for long-context training


RL training recipe for long-context scaffolding 

- Better scaffolding design


- We need better open-source data (or data gyms)
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