Motivation: Reasoning Model’s Output is Super Long

R-KV: Redundancy-aware KV Cache Compression for Reasoning Models

Redundant! It’s Time to Do Some Thing!
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Results: Match Full KV Baseline with
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Performance (Acc.)

Performance (Acc.)

DeepSeek-R1-Distill-Llama-8B - MATH-500

4 -
0 == FylIKV
500 1000 1500 2000
4% 17% 34% 52% 69%

DeepSeek-R1-Distill-Qwen- 14B MATH-500

KV Cache Budget

a4 et ~#— SnapKkV -
—>— FullKV
500 1000 1500 2000

59%0%

18% 27% 36% 54% 12%

KV Cache Budget

)
u
o

Performance (Acc.

Performance (Acc.)

N T
o o o

10

60

40

20

B DeepSeek-R1-Distill-Llama-8B

DeepSeek-R1-Distill-Llama-8B - AIME24

______

4 4 ___________ .~ SnapkVv
i —— FuIII(V

0 500 1000 1500 2000 2500 3000

2%3%5%7% 10% 13% 16% 20%

DeepSeek-R1-Distill-Qwen- 14B AIME24

KV Cache Budget

> FullkV
0 1000 2000 3000 4000
29%4% 8% 12% 17% 25% 33%

KV Cache Budget

Math-500 - 2-gram - Average Frequency

Failure Case of Attention-Based

KV Cache Eviction

You are givan]a math problem. Problem: In Mr. Roper's class of 30 students,
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[Question and Instruction - 102 words]

16.6 First, the problem says that there are 30 students in total in the class. Out of

[Think - 203 words]

[Reflection for 13 times and 581 words in total]

E‘t wait, the |..

So, 10% of 30 is 3. Sq 3 students are leaving early.

[Think - 36 words]
Butin the initial prublem...50|3 students are leaving early.
[Think - 42 words]
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But in the initial problem, the... Sola students are leaving early.

11.7

[Think - 42 words]
wait,

= ]..early?" So, 10% of 30 is 3. So|3 students are leaving early.
rds]

But in the initial

... S0, 10% of 30 is 3. So,|3 students are leaving early.

[Think - 40 words]

Sut wait, the user wrote:

[Think-3T words]

...10% of 30 is 3. So, B students are leaving early.

But in the initial|.

|of|30 ig 3. Therefore, 3 students are leaving early.
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| think that's all. The calculation is straightforward: 10% of 30 is 3.

onclusion- 11 words]

We want to make your Reasoning Model run fast!

Case Study: Token Selected by R-KV Compared with
Token Selected only based on Importance

[Question and Instruction - 65 words] ... the format: Final answer: \boxed({}.
[Think - 228 words] Okay, so | need to find out how many students thatis. ... So,
there are 6 football players... and band members. ...12 students leaving early.
[Reflection - 24 times and 1067 words] Wait, ... Wait, the problem says, ... Wait, ....
"You are given a class of 30 students. ... How'many students are leaving early?[’
Wait, ... Wait, ... 20% + 25% + 15% = 60%. ... So 12students are [eavingfearly. Wait,

. . How many students arejleaving parly?” Wait, ... So 12 students leave early. But
... Wait, ... So, 20% of 30 is 6. So 6 students are leaving early. But wait, ... So, 20% of
30 is 6. So 6 students are leaving early. But ... "You are given a class of 30 students.
... Wait, ... Wait, ... So Jstudents are leaving parly. But in the user's first message, ...
So 3[students are leaving early.[ﬂut walt, ... So 3 students are leaving early. But in
the initial problem, ... "You are given a class of 30 students. Howjmany students are
leaving early?" So 3/students are leaving early] But wait, the user wrote: ”... So,
10% of 30 is 3. So 3 students are leaving early. But in the initial problem, ... S0 3

students arc|leaving early.|But wait, ... You are given a class of 30 students] How

maﬂyistudents are leaving early?" So, 10% of 30 is 3. So 3 students|are leaving
early. But in the initial problem, the user wrote: "You are given a class of 30

students] 10% of themlare leavingearly|How manyjstudents are leaving early?"

So, 10% of 30 is 3. So, 3lstudents are leaving early | But wait, the user wrote: "You
are given a class of 30 students. 10% of them| are leaving parlyt How many|students
are leaving early?" §o, 10% of 30 is 3. So, 3 students are leaving early] But in the
initial problem, the user wrote: "You are given a class of 30|students] 10% of
them arer.eaving early]How many students are leaving early?" So, 10% of 30 is 3.
Therefore, 3[students are leaving early.JBut wait, the user wrote: "You are given a

class of qutudents 10% of them are{leaving early] How manyj|students
areleaving early? , 10% of 30 is 3. Therefore, 3|students are leaving early.|But

the user also mentioned that the answer should be in a box and using LaTeX. So,
| need to write the final answer as \boxed{3}. Incorrect Answer

[Conclusion - 11 words] | think that's all. The calculation is straightforward: 10%
of 30 is 3. Pure attention-based metric selects redundant & unessential tokens
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[Question and Instruction - 65 words] You are given a math problem. Problem: In
Mr. Roper's class of 30 students, 20% of the class are football players. Out of the
remaining class, 25% of the students are cheerleaders or part of band. These 3
groups of students will need to leave early today to travel to an away game. How
many students are leaving early? You need to solve the problem step by step. First,
you need to provide the chain-of-thought, then provide the final answer. Provide
the final answer in the format: Final answer: \boxed{}.

[Think - 107 words] Okay, so | have this math problem here from Mr. Roper's class.
Let me try to figure it out step by step. First, the problem says that there are 30
students in totalin the class. Out of these, 20% are football players. Hmm, okay,
so I need to find out how many students thatis. To find 20% of 30, | can calculate
0.20 multiplied by 30. Let me do that: 0.20 * 30 equals 6. So, there are 6 football
players in the class. Now, the problem says that out of the remaining class, 25%
are cheerleaders or part of the band.

[Reflextion - 292 words] Wait, so after taking out the football players, how many
students are left? Let me subtract the football players from the total class. Total
students: 30 Football players: 6 Remaining students: 30 - 6 = 24 So, there are 24
students left who are not football players. Of these 24, 25% are cheerleaders or
part of the band. | need to find 25% of 24. Caleulating 25% of 24: 0.25* 24 =6. So, 6
students are either cheerleaders or part of the band. The problem asks how many
students are leaving early. These include the football players, cheerleaders, and

band members. So, adding them up: Football players (6) + Cheerleaders/Band (6) =

12 students. Wait, let me double-check. 20% of 30 is indeed 6. Then 25% of the
remaining 10 students (30 - 6 = 24? Wait, hold on, that doesn't add up. Wait, no,
the remaining class after football players is 30-6 = 24. Then 25% of 24 is 6. So total
leaving is & + £ =12. Yeah, that seems right. Alternatively, maybe | misread. It
says 'out of the remaining class." So after football players leave, 25% of the
remaining are cheerleaders or band. So total students leaving: 20% of 30 is 6,
then 25% of (30 - 6) is 25% of 24, which is 6. Sototalis6+6=12. Correct

[Conclusion - 13 words] Yeah, that makes sense. | think that's correct. So the
answer is 12 students leaving early. R-KV selects more diverse tokens

Overview: Decoding Time Compression (Left) and Redundancy
and Importance Joint Selection (Right)

L T

- -

-
—

B o e o e e e e e o o o omm mm e o omm o o omm omm omm omm o o omm omm omm mm omm omm omm omm mm o omm mm B

T o e e e e e e

-
L

]

[
I
I
I
I
I
|
I
I

Key Cache

Value Cache

e WA WS SN BN BN TN WS WS OEEN EEM EEN BN T N ERF CEDF BEF BN BN TN TEAT CEEE NS BN BEE NEN TN T WS NS BT NI NEN T TS SN CEET BEM BEN BN T ST CEET EEE BN I TN T T WS BT BN IR TN T W CEST CEET BEM BN TN T T OCESr BT BN B TN T E W e -

Efficiency Results: R-KV Achieves 8X Throughput Improvement
with Lossless Performance
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Gen. Length Method Budget Mem. Saving (%) Batch Throughput (tok/s) Tokens Gen. Dec. Time (s)
- — 1 75.44 8 094 107.30
FullkV - _ 62 (max) 849.13 501828 590.99
Fixed — 1024 87.50 1 80.46 8 094 100.60
8K Fixed — 1024 87.50 402 (max) 3251.52 3253788 1 000.70
R.KV Fixed — 1536 81.25 287 (max) 2525.75 6546972 019.72
Ratio — 10% — 819 90.00 479 (max) 3809.15 3877026 1017.82
Ratio — 34% — 2785 66.00 167 (max) 1608.01 1351698 840.61
Ratio — 54% — 4 423 46.00 105 (max) 1257.83 849 870 675.66
— — 1 69.41 16 286 234.65
FullkV - _ 30 (max) 347.03 488 580 1407.89
Fixed — 1024 03.75 1 80.95 16286 201.18
16K Fixed — 1024 03.75 402 (max) 3188.82 6546972 2053.10
-~ Fixed — 1536 90.63 287 (max) 2447.61 4674082 1909.65
Ratio — 10% — 1 638 90.00 271 (max) 2300.28 4413506 1918.68
Ratio - 34% — 5570 66.00 82 (max) 797.43 1335452 1674.770
Ratio — 54% — 8 847 46.00 46 (max) 584.77 749 156 1281.12
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