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NEFEENFEMEE: Luv Bansal (KV Cache Explained: The Complete Guide to KV C

ache in LLM Inference)

FRX###: https://luv-bansal. medium.com/the-evolution-of-kv-cache-from-simple
-buffers-to-distributed-memory-systems-df51cb8ce26f

RHEATE: 2026-02-21

SNSRIRE LLM HIERPZFEFRE, MARRAIN:

o BERNERMBRT —HFEI

* Z—HRIETHRERE, =R KV Cache

KV Cache FHIRIFENEFHE token fY Key/Value ]RZE. iRBE., SEM—1# tok
en, EEICEERHPEHE—E, HBEEREIFTH.

XREXESE KV Cache FIREDE 6 MY, BEMNTE2IRE KV Cache"NREH, EIS
X'GE—REAREFDR + DHNBEEHRNEEE, HEES vLLM, SGlang. TensorRT-LLM
A TFEENELA TR,

LLM #EEREE DR :

1. Prefill BYER
: T EeImA token, HEBE attention B9 K/V, XTMMERRITEZEE (comput
e-bound) , Iz GPU H{7&1],
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2. Decode KiEg
: BEIFHZR token & pk. BET token FEIFEHE K/V, XMMEREAFHERZESE
(memory-bound) , GPU fRZEEIEEE HBM AT KV #iE (KEMNZEFFEHIESISRA
M).

KV Cache NENXFLZ: BHE K/V EFek, BRAESITHE.
L Llama-3 70B + 8K FTF3 tHE:

1 token f) KV cache = 2(K+V) x 80/Z x 81 KVik x 128 head dim x 2% (FP16)
= 327,680 F% =~ 320 KB / token

8K token: 320 KB x 8,192 = 2.56 GB / iFK
32 JfFk: 2.56 GB x 32 = 81.9 GB

XERE(N KV Cache HETREIZH—3K A100 80GB, BEAIAEMIEIMNE,

£ Transformer B AERZAET, REFIHEFER ResNet, YOLO, VGG, Inception
XETRSEIRER, SRS, FAEEBLSHAMRES, BAEIRE KV Cache
BRNAHCHOMETRAEZE (40 ONNX Runtime. TensorRT) REM={4Z: MNEHEE. &l
M. REER,

&it: WRIRIRSHINPEER NG/ RIGEE, KV Cache HXEREEANREX.

Transformer i€ (2017) S5INTEEEN, BEIANTEEFRHSE K/V BWFEXR., BHILH
(5140 HuggingFace Transformers P AFZE) IEEEE:

d

o BMEKRMDB— max seq len BNELKKE
=3

o SCHIEE

o 1BLVELEEHE attention, FHERAEKX
5=

° W???Bﬁ max seq len x batch size HE’;HJ&
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* RERERTE (FIEXM G KIEKRER)
o FREBRME
s BRELEHZER

THEEENNERE: HIERAR token IREM KV I, RELSER 20%-38%.

PagedAttention (VLLM EIBAfRH) & T RIERFREMATEE:
* FHREBMBERDE—BREENTEF
o B KV IREIEA/NIR (block/page)
* FHIEKITIRFE DA
* F block table " 25T -> YR TT"IL5Y
O EmIFEEE:
o AR 2-4 &
s NEREREA 0 (R <4%, MIALXRERE 60%-80%)
o FREEDMLTREFELE/LFH
PagedAttention iXfZ#{T Prefix Caching, SGLangi®B“ 1 RadixAttention: ZMNij

REZE—AIR (RFERTE. 2HXE) B, ATLER KV R, FRES prefill,
e

BERRATRE
K batch 53K LR
XIFRIRER

3785 beam search / HITREFEEFHZEHE

i
o attention kernel BE% (FEELLIHTE)
* block size EEE
o BAMRIREE KV FERE

&XK vLLM, SGLang. TensorRT-LLM ZLUX—LEBAE ST,

vLLM 5 SGLang HBIBEFER
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&L+ prefix caching, {BEEIRAR:
e VvLLM
;. BEFBFER block ZRBI4ERITHED
* SGlLang
: HF RadixAttention (BIZ# + LRU) B2 r4EmRBENER

216, S22 ABTIERE (Agent. Tree-of-Thought) B, SGLang ERZEZIE
R, FRERXKZET, VLM WA REERE. HiPRAER.

3

2024 TR, REGHAHEENHREREI, E5 5F— KV RIRBFTH.
EARVTRY, .

Speculative Decoding

. ERERESEREZESHET

* VLM
: K4S embedding KT, BRI S3AK KV RF

Quantized KV Cache
. FP8 FHEABE KV FERI) scale EIE

Sliding Window Attention
RIRBRIAEN token, HREORIMIEARE

¢ Mamba/SSM
D EIPBIRE, £aEESREIRIENX KV TeAE

e Hybrid &8¢
: E—EREERES SWA + Full Attention, Mamba + Attention. Chunked + Full &%
=55t
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A| cached evicted |A| possible prefix
window - 1CHD|- 1F| HRIJ
self AABHCHDHE A FHGHHHI |-
(a) The KV cache
window - 1CDF —Fr ~HHIHJT

self AHBHCHDHEHEHGHHHEL

Sliding Window Attention it KV £ap/EEIETEN " RIB K TR shEET B

Model E A boyran to i Model E A boyran to the parki
layer0 i J(J(J( )] sliding window ; OO
I I I G |
wert (DO mamba | B
I I I I
: : selfattention (OO O3,
layer2 1(J(JCJ(C: | O,
I I b ] |
wers (DOOD; | mambe B
e it o e i s e e Y F I N T T o e i e et e S I

KV cache of self- KV cache of sliding Large mamba
attention layer window attention (only state (only need

need for last 4 tokens) by last token)

(a) Traditional LLMs (b) Heterogeneous ' LI.Ms (Hymba meodel)

HREESZMELZN, BEFFAKSRIETER—,
Jenga I XA HEREN SRR T (B RA =Bt
e Llama 3.2 11B Vision: HiZEEKKERE—EE, AFERETIX 79.6%

e Gemma-2: &% 25%

e Ministral: £ 56.25%

BHEFFERER:

s ZEZEFEEEHFEERRRSRERR

* SHRIEEXIEYE

o REFXRBRBM prefix caching, AT

o AR EZERIZ

REZEZRERBEIRLZ 1 manager (Ei@ KV. Vision Cache, Mamba Cache %)

RS,
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SR SHEREIER, RN B RRAFER RN STREEFOREFRSE .

1) #IBR%48 (Disaggregated Inference)

DistServe Btz B48: 1B prefill 5§ decode #EIARE GPU itb,
e prefill & compute-bound
e decode 2 memory-bound
MERMRAAE, FAERESSREMNMK. 1EXNREET:
s ERFEH TARSIEREIRTE 4.48x
o HEERBRMETE SLO FEFE (£ 10.2x)

KRR AT R prefill 7407 KV N—HT RE4 decode T9,

2) KV EHiEH (KV-aware Routing)

NVIDIA Dynamo 38 HesUIBIEKIEE EEMEX KV BIgk'AIsLfl, MERFEmEH
PR, XEKRFLATHEPISLAIEFIE.

3) ¥ B KV £&1%F (Hierarchical KV Cache)

Mooncake J5ZB/$TM GPU HBM TifiZl CPU DRAM / SSD, #RERTE GPU, @idiE
EBRKFESHT, SoBELREEEIER.,
ERKLETO7ET, XMREEERATRSERESHL.
SR CAIIISEXE R :
s REBRBFURSNDHRATETRS
o EIEREZY (InfiniBand, RoCE. NIXL £)

o WEER. BTR. AR BT BB ATERE
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SRIANGAR BI—MEFRE", MEM R—RERR: LIREEFHER—REE, 5
MEZEREE.

Jenga: Huge Page + LCM £

Jenga BIXEERK DB
o KIA/MNNAE embedding X/INIRNAEEL (LCM)
o BIIDRSEE T AI/NRA

flanE & token KV 73 256B, 37 token KV 75 384B, WJKTIATEY LCM(256, 384)=76

8B,
D For image tokens D For text tokens |: unused
Large page Large PO Large P1 Large P2 Large P3
768
Small page for
image tokens PO | P1 | P2 P6 | P7 | P8
25
Small page for
text tokens P2 P3
384

Figure 6: Two-level allocation for Llama 3.2 vision model.

Jenga BRDED: SEHR—AN, BREEZ A,

| Y
) imb@\gncegif&& Hello World )
Current cache: W No hit
self attn. | Hello [World (b) unahgnesj (evicted Hello . ,E}}
window |Hello [World|tokens are different) World 1:13 hit
(c
bafanced & a1; Hello .
1 n —
£d | Hello Hit: Hello
[ Evict two pages J [New request: ]
due to other requests Hello World

Figure 4. Balanced and aligned cache eviction policy can
improve hit rate.
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Jenga BV —BISRE 7S R R EBE AN B EE S B 7R 2,
ICNEER R, BELEM vLLM, Jenga BI3k15:

* &= 79.6% B9 GPU NEFIAZETR

o FEE 4.92x (F1847 1.80x)

SGLang: CUDA Virtual Memory

SGLang HIBEZ 2R CUDA EHANTE API:

o WIER FESEN. REMLLIESR
o NTEhE M RS
o BEITHHMTEEARIEF (40 Mamba jtBf0 KV i) Bctt
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Orclnestrator J

4 Mamba Pool \ KV Cache Pool \
[ KV Cache Block 0 ]

KV Cache Block 1 j

Mamba Block 0

Mamba Block 1 KV Cache Block 2 J

KV Cache Block 3 ]

Mamba Block 2 KV Cache Block 4 ]

,
\

KV Cache Block 5 J

[
(
{
(
[
[ kv Cache Block 6 |
{
{
[
{
(

Mamba Block 3

-
J NN

\

KV Cache Block 7 }

Mamba Block ¢

¢ J )
NG|
cuMe.mUnmap +

cuMemRelease V—?

cuD4 memorly

KV Cache Block 2 ]

KV Cache Block 9 )

KV Cache Block 10 ]

KV Cache Block 11 }

r KV Cache Block 12 ]

[ KV Cache Block 13 ]
- - )

cuMemCreate + cuMemMap

SGlang ##id CUDA /= AZLHIAT(#4E. AT ERETHIFE A7,
HRGERHE SETAGH FAERBR, il ESTREBEETRE VLM +

speculative decoding,
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Key Innovation Memory Efficiency Framewaorks

0: Pre-GenAl re Mo specialized memory NfA ONNX, TensorRT

optimization required

1: Continuous Allocation 2017+ Contiguous pre-allocation of ~20-38% utilization HuggingFace

memary

2: PagedAttention -style paging for KV cache ~96% utilization VLLM, SGLang, TRT-LLM

3: Heterogeneous Per-type cache managers Varies (20 ste for hybrid VLLM (separate managers)

Memory

4; Distributed KV 2025+ Multi-node KV cache management Cluster-level optimization Dynamo, Mooncake, llm-d

5: Unified Hybrid 2025+ Sk lemory pools across Up to % infplovbihedt- . JergaVCIMG EGLanas
ds I :

EEErTkE, R TESIUE:

IFHEXAEIRSS (Chat / Completion)
. L5 Era 2 (PagedAttention) , vLLM / SGLang #B7], %&i8 prefix caching FFiE

%0

Z18E (VLM)

: ¥ Era 3 [@fflE, ELAEMK embedding E1FEK. BGOSR, TiEd vLLM
B9 encoder disaggregation,

iRS%EfIIEE (Gemma 3 / Jamba / Llama 4)

. Era 5 E###8%, EHXE SGLang CUDA VM 5 Jenga A%,

AMEREILE
. Era 4 M, BABIERE + KV BAEBASBEF A ANE,

BIKLETX (100K+)
. WIREERDEER (GPU [ CPU/SSD Fi) , BURNRE EBEFEXFIR.

. BIFfEFHEER KV Cache, MIARIERNE

. FRESKLETXT, KV REZEIZHRZ.

. PagedAttention EH7KI

. Bt KV EEN HRS R w2 LR ERARRNTFEER",

. RISEBERLN T MG

. F—ENRREETMIL, BEFERFVMLRLEEHR,

. B3 KV EHEEM, (ERTOE

. MEEXF, EXREMHIE, MEEMMIREI.

 F-ETast
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. BIEBRSE: BWEE + speculative decoding + DHRRE + F—AIBEFTLUE
A 1.
BTRETERENRERE
. 5%5F vLLM = SGLang 8% PagedAttention; Z#IZHEFT prefix caching; #MiE Lk
B Li#85 KV-aware IRH.

KV Cache RUEHIIE, MERFRFRNFTEERG: NEXSE, F9R, BRISEMST

AHZ. FRNR, BERFL T HEETNR, LM EREMIREEARET] 10 FRILF
ET i,

SNSYRIENL LLM Infra, XIRAR FNERIR", MRERARITHIHE.

e Transformer (2017): https://arxiv.org/pdf/1706.03762

e PagedAttention / vLLM: https://arxiv.org/abs/2309.06180
e RadixAttention: https://arxiv.org/abs/2312.07104

e DistServe: https://arxiv.org/abs/2401.09670

e Mooncake: https://arxiv.org/abs/2407.00079

e Jenga: https://arxiv.org/abs/2503.18292

e SGLang Hybrid Models: https://pytorch.org/blog/hybrid-models-meet-sglang-m

ore-than-full-attention/

¢ NVIDIA Dynamo KV Routing: https://docs.nvidia.com/dynamo/archive/0.4.0/archi

tecture/kv_cache routing.html
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