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Reasoning models are bottlenecked by their KV cache

- Large Reasoning Models (DeepSeek-R1, etc.) generate very long CoT traces.

- Token count grows linearly → KV cache memory dominates inference cost.

- Example: R1-Distill-Llama-8B can generate 32K+ tokens on one complex math 
problem; at batch size 10, KV cache becomes ~2.5× larger than the model 
weights.
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- Large Reasoning Models (DeepSeek-R1, etc.) generate very long CoT traces.

- Token count grows linearly → KV cache memory dominates inference cost.

- Example: R1-Distill-Llama-8B can generate 32K+ tokens on one complex math 
problem; at batch size 10, KV cache becomes ~2.5× larger than the model 
weights.

KV cache compression is essential for deploying reasoning models 

at scale — both for memory headroom and decoding throughput. 
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Failure of Token-level Eviction Strategies

- SnapKV: prefill-only eviction → fail on long CoT generations 
- H2O: attention-magnitude eviction → blind to semantic structure 
- R-KV: token-level redundancy eviction → fragment semantic units
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Failure of Token-level Eviction Strategies

- SnapKV: prefill-only eviction → fail on long CoT generations 
- H2O: attention-magnitude eviction → blind to semantic structure 
- R-KV: token-level redundancy eviction → fragment semantic units

SkipKV: Consider sentences redundancy and property → keep 
coherent semantic units and generate concise outputs
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Failure of Token-level Eviction Strategies

- Observation 1: Accuracy drop on multi-batch decoding

6



Failure of Token-level Eviction Strategies

- Observation 1: Accuracy drop on multi-batch decoding

-15%

-4%

7



Failure of Token-level Eviction Strategies

- Observation 1: Accuracy drop on multi-batch decoding

- Explanation 1: Padding tokens reduce the effective KV budget

-15%

-4%

8



Failure of Token-level Eviction Strategies

- Observation 1: Accuracy drop on multi-batch decoding

- Explanation 1: Padding tokens reduce the effective KV budget

-15%

-4%

~700 padding tokens 

>50% cache budget
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Failure of Token-level Eviction Strategies

- Observation 2: Generation token length increase
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Failure of Token-level Eviction Strategies

- Observation 2: Generation token length increase

- Explanation 2: Evicting similar tokens disrupts semantic units in 
computation steps, causing repeated self-validation.

+13%
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Motivation of Sentence-level Eviction 

- Observation 3: Wrong reasoning traces have more similar and non-execution 
sentences 
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Motivation of Sentence-level Eviction 

- Observation 3: Wrong reasoning traces have more similar and non-execution 
sentences 

+27%

+24%
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SkipKV: Skip KV Storage

- Skipping KV storage via sentence-primary KV cache eviction

15



SkipKV: Skip KV Storage

- Skipping KV storage via sentence-primary KV cache eviction

16



SkipKV: Skip KV Storage

- Skipping KV storage via sentence-primary KV cache eviction

17



SkipKV: Skip KV Storage

- Skipping KV storage via sentence-primary KV cache eviction

18



SkipKV: Skip KV Storage

- Skipping KV storage via sentence-primary KV cache eviction

19



SkipKV: Skip KV Generation

- Skipping KV generation via adaptively steering the sentence property in the 
hidden space 
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SkipKV: Robust Multi-batch Serving

- Recover the effective KV cache budget via reordering samples by prefilling 
length
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Experimental Setup

- Setup: 1 x A100 40GB GPU, Batch-size=10
- Benchmarks: GSM8K, MATH500, AIME-24, LiveCodeBench
- Models: DeepSeek-R1-Distill-(Qwen-7B, Qwen-14B, Llama-8B)
- Baselines: H2O, R-KV, SEAL 
- Metrics: accuracy, cache memory (GB), generation token length, throughput 

(samples/min)
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Experimental Results: Accuracy vs KV Budget
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Experimental Results: Accuracy vs KV Budget

SkipKV vs FullKV: 

● 6.7x less KV cache w/ same accuracy

● 2.5x less KV cache w/ +10% accuracy
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Experimental Results: Token Length vs KV 
Budget
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Experimental Results: Token Length vs KV 
Budget

● SkipKV vs FullKV: -28% tokens

● SkipKV vs R-KV: -48% tokens
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Experimental Results: Throughput
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Experimental Results: Throughput

● SkipKV vs FullKV: 9.6x higher throughput 

● SkipKV vs SEAL: 3.4x higher throughput 

● SkipKV vs R-KV: 1.7x higher throughput
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Takeaways

- Token-level scores ignore generation coherence and harms CoT reasoning.
- Sentence-aware KV eviction and steering can achieve better accuracy with lower 

generation token lengths at the same KV budget.
- Batch grouping further boost the performance of KV eviction methods via 

increasing the effective KV budget 

Code: https://github.com/TTTTTTris/SkipKV
Email: jiayi_tian@ucsb.edu

Code Paper
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