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of Context Length Scaling in LLMs

Idea
Dataset

1. Long Context Capability is Important…

2. Longer Context is NOT Always Better

3. Analysis: Trade-off behind Longer Context

4. Measure Context Information: Intrinsic Entropy
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e.g. Agentic Paradigm need Long 
Contexts:

Scenario: Pretraining with various fixed context length

Scenario: Testing on downstream task with various visible context
Error Rate (Left)
 v.s. Visible Context Length Friction,
On RulerBench with fixed MaxCtl
across different model sizes
=>
More context might HURT for 
downstream task
(hurt less for larger models)

Error v.s. Training context length,
On Openwebtext (Left) & 
On Synthetic Dataset (Right),
across different training set sizes
=>
More context may HURT for
pre-training
(hurt less for larger training sets)

Synthetic Dataset
(Description & Results)

Loss Decomposition:
���� = ������ + �������

������: Bayes Risk
        Loss given certain context for Bayes Model (Optimal Model possible)
        smaller Bayes Risk if:

longer visible contexts (more information!)
more local tasks (shorter-range dependencies)

�������: Approximation Loss
        Gap between Actual Model and Bayes Model
        smaller Approximation Loss if:

stronger models (less gap with optimal model)

    Larger � = More Local Task
= Smaller Bayes Risk
= Smaller Optimal Context

    Larger Model
= Smaller Approximation Loss
= Larger Optimal Context

Acc. v.s. Ctl for task with different locality Acc. v.s. Ctl for different models
    Larger Training Data
= Smaller Approximation Loss
= Larger Optimal Context

Loss v.s. Ctl for different training data

Question: How much information
(for next token prediction)
Is contained for certain Ctl?

Answer: Measuring by Intrinsic Entropy
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Intrinsic Entropy Calculation

Intrinsic Entropy
measured for different Ctl 

(saturation plateau)

Intrinsic Entropy
v.s. Cross Entropy Loss

5. Looking Forward: Potentials of Discoveries:
1. Better Agent Designs
2. Better ‘Entropy’-guided Exploration for RL training.

In Previous work:
Lost in the Middle
Context Rot
Multi-Instance Collapse
Irrelevant Context Distraction
…

We further conducted experiments showing relevant context might hurt:
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