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Motivation

2

Reasoning LLM = Long Reasoning Path → Huge KV Cache

Problem

Reasoning LLMs generate > 50K tokens for one answer
KV cache → Major memory and throughput bottleneck

Compressing KV cache of generated tokens without retraining

Goal

Inference-time compression method for generated tokens
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Observation: Semantic Sparsity
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Reasoning paths contain redundant logic and self-checks
Low phrase-level entropy 
Repetitive phrases and semantic overlap

Define Semantic Sparsity
Enables aggressive compression of KV cache
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Method: Reasoning Path Compression
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Reasoning Path Compression (RPC) = periodic KV cache compression during decoding
Uses attention-based importance from recent tokens (selector window)
Training-free / plug-in / model-agnostic
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Periodic Compression Dynamics

5

Compression period P, # Selector window tokens R, Target ratio c
Compression triggered every P tokens
Query states of R select window tokens used for importance scoring

𝑁𝑃/𝑐 + 𝑅 KV entries retained after 𝑁𝑃 + 𝑅 decoding steps
Outdated, Unimportant tokens fade out → Steady, compact context
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Results: Redundancy Reduction and Accuracy
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RPC reduces redundant sentence pairs
• Proportion of semantically redundant 

sentences decreased by over 50%
• Stronger effect with higher threshold 

(N=2,4)

Full KV cache level accuracy preserved
• Accuracy remains almost unchanged 

(≤1.2% drop on AIME 2024)
• Outperforms baselines by large margin

(N = Number of redundant pairs)
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Results: Efficiency
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Throughput improvement up to 1.6×
Gains amplify with model size and output 
length

Peak memory reduction up to 50%
Prevents OOM even for 32K + tokens reasoning



/  8

Conclusion & Takeaways

Key Idea

Reasoning LLMs often generate redundant reasoning paths 

→ Large KV Cache, Slow inference, High memory cost

RPC exploits semantic sparsity

→ Periodically removes low-importance KV entries w/o retraining and architecture change

Main Results

4× KV Compression with redundancy reduction

Redundancy rate decreases by over 50%

Throughput↑ 1.6×, memory↓ >50% with accuracy drop ≤ 1.2% (AIME24, QwQ-32B)

RPC leverages semantic sparsity for faster, lighter, and scalable reasoning
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