NEEZhR

B HiE viim Z3)EiC MEFAE,

PDF

REBRIBHIR, RBESEIREE |, ES7EEMIER ERE,
K& PDF

EPUB

EESTEBRFPIFi%EE (Kindle, Apple Books, Calibre &) L%,
T& EPUB


http://localhost:16762/downloads/vllm-learning.pdf
http://localhost:16762/downloads/vllm-learning.epub

1% prompt B prefill T3/ D 24 chunk DEHIT , BHRK prompt I 5 GPU &2
Hith 73S,

F+LZEZE Chunked Prefill

7t chunking BY , —4MK prompt B9 prefill 238 524 iteration , HA[B]FTH decode ER#PEE |, 155K
FEREF (TTFT X ) ., Chunked Prefill 34K prompt 53 FLEIE A /NEY chunk , &)X iteration 24t
IE— chunk 2 #& decode step , {EHT&ERLAY token FER AR prompt KERAT,

DRI

e Chunk X/\ : | max num batched tokens =l , B4 iteration RZAIEIX4 S token HY
prefill,

o BRBIEE . —1 iteration a][FAF B prefill chunk #1 decode token , FRFIE token R 5&EM,
e KV Cache I@EE A : 4 chunk i KV ££RIEE S AW sequence f KV Cache block,
« Attention Mask : chunk AEB{ER causal mask , & chunk #9 attention &3 BE7FHI KV 3K,

TEIRIE FRRYSEER

vllm/core/scheduler.py — Scheduler 7£ schedule() FRIFK prompt #5534 chunk , )X IBE
—~ chunk,

e vllm/worker/model runner.py — ModelRunner {E prepare inputs BY[X 53 prefill chunk #1 decode
token,

vllm/config.py — SchedulerConfig HY chunked prefill enabled 0

max_num_batched tokens ZS%,

vllm/attention/backends/ — ZEFEIFIHBELIEFE chunk §9 partial attention,



EPS

« continuous-batching — Chunked Prefill & continuous batching 1 ESRE&RFI X BEML
kv-cache — B4 chunk FIZERIBES A KV Cache

paged-attention — I8 E 732 block LASz 553 1R prefill

prefix-caching — &7 prefill WIS BRES T8


http://localhost:16762/glossary/continuous-batching.html
http://localhost:16762/glossary/kv-cache.html
http://localhost:16762/glossary/paged-attention.html
http://localhost:16762/glossary/prefix-caching.html

EEXERARPISBATIER. BRETMBERIAIERE , HFF iteration-

level batching,

71+ 4 FEZE Continuous Batching

B SH LR (Static Batching ) B3R [E— batch AFTERFIIRR AR, REETLER, BTG
EERKFY , B8 GPU XEZFf, Continuous Batching fE&XIi&{X (iteration ) FIfE HiA%E
batch 485§, , ¥iERILFEEFFFHF batch TR , FERRAVERIZANBERZR  EBRASTHE,

DRI

Iteration-level iAfE : §X forward BijE Scheduler ;RE AR batch B ZWLE sequence,

« Preemption & Swap : EFAEH LS (preempt ) KILERFT , $EE KV Cache swap ZI
CPU,

« Slot R : B5TAHY sequence FERHY slot 1B R EELEFHPIVFIBE R,
« 5 pagedAttention 3] : block % 3If KV Cache BI2{E sequence BN AT AL FEEFFH,

TEIRIE FRRYSEER

vllm/core/scheduler.py — Scheduler FZIDVMBAEEIS , iR schedule() iR[E]IZF] iteration B
SchedulerOutput o

vllm/core/scheduling policy.py — VEREE (FCFS, LAELRTEF ) RAEBKRIBAEINF,

vllm/engine/engine core.py — EngineCore FEFEEMAIEHA scheduler.step() ¥zl continuous
batching,

vllm/worker/worker.py — Worker ¥ 5URQIAELER , 1TH#EE!L forward,



EPS

paged-attention — {FSUENASIIN/FEBRAL S RT BE
kv-cache — i E R EEIZIDRIR

chunked-prefill — =41 prefill BYERYT batch ZiREHI &5

speculative-decoding — 5 continuous batching 45 & 18 F+ A3 R



http://localhost:16762/glossary/paged-attention.html
http://localhost:16762/glossary/kv-cache.html
http://localhost:16762/glossary/chunked-prefill.html
http://localhost:16762/glossary/speculative-decoding.html

&2 1~ CUDA kernel BYBHFIMITREI A —KEFSE |, BT —XEERERR kernel
launch F45H.

At L FEZE CUDA Graph

LLM 3#FEE9 decode PHERE R forward i+E21R/)\ , 1B CPU @ GPU £3< kernel 9 launch FF84 ( 49
5-10us/kernel ) MW E &, —4 Transformer EiF R+ kernel , BB launch FER FTRE S BT
IRHY 30% LA L, CUDA Graph #3525k i+ &EEIRGI TR , )X decode LFEM— X graph , jBEBRFT
A kernel launch FF4H,

ZIDRIE

 Capture : 7E#EIEFIART , A dummy BIAMIT—IX forward , R&IFTE kernel Jo CUDA Graph,

« Replay : SEFRIEIEATIG A ZUIEIE LRI buffer 3 replay graph , £ CPU &/ launch
kernel,

o FSMARBRT : Graph REFEKERARVIEE , ELEEE R J decode FER (B batch ) ik
graph,

Z graph &12 : JI7RFE batch size {EIXARE graph , BITATIER&IEIRR graph 7 padding,

TEIRIEFRYSEER

e vllm/worker/model runner.py — CUDAGraphRunner 5135 capture [l replay , I Z /" batch
size B graph,

o vllm/compiler/ — YmiFESIEENERSARELASZHF graph capture,
e vllm/config.py — CompilationConfig #1 enforce eager FXIZTHIRE/ZH CUDA Graph,

o vllm/worker/worker.py — Worker HJIG{CETIAA warmup model fii%& graph capture,



EPS

« torch-compile — torch.compile #f{t5 CUDA Graph =] &l

continuous-batching — Batch K/\EHZAZ(LXT graph capture & H#kak
tensor-parallelism — TP 175 CUDA Graph E4 128 GPU &8

speculative-decoding — Draft model #9/)\ forward t1=]F§ CUDA Graph fili&



http://localhost:16762/glossary/torch-compile.html
http://localhost:16762/glossary/continuous-batching.html
http://localhost:16762/glossary/tensor-parallelism.html
http://localhost:16762/glossary/speculative-decoding.html

81T tiling 0 kernel fusion J&‘> HBM 14184180 10 B iFRNEE , B VLLM &
N+ EBZID G U,

124 EZE FlashAttention

FAETE NI ESTER S = QKAT # P = softmax(S)V EA HBM , ATEAIRIE R O(N~2d) , A
ATEH#II, FlashAttention BT 53 R1TE (tiling ) 48 Q/K/V 73RIZEAN SRAM , 7E on-chip EFERK

softmax 1 matmul , {FRLHEHE R HBM , RF5RIZMEZE ON2d2/ M) , EF M 2 SRAM
KW,

ZIDRIE

o Tiling : ¥ Q/K/V IR K/ 5 , BIRTE SRAM it EFEFENEERE AT,
« Online Softmax : 1@ 4P running max #0 running sum 3K 531R softmax BIEEIRE iT &,

o 10 EZE : MEtbAmEEEIH9 O(NA2 d) HBM 1/18] , FlashAttention BEZE O(N*2 d*2 / M) , £
5l L3RR 2-4x,

 FlashAttention-2/3 : #— %1t parallelism (2D grid ) ¥ async ( 5 Tensor Core i&/K) ,
BEFFEIR

TEIRIEFRYSEER

e vllm/attention/backends/flash attn.py — FlashAttention [FimsEIE , £13% flash-attn FE1EF,
e vllm/attention/backends/rocm flash attn.py — AMD ROCm hrZHY FlashAttention,
e vllm/attention/layer.py — Attention FAREECEIXFE Fim ( FlashAttention, XFormers &) ,

o vllm/attention/ops/ — JEEIEES] kernel B TE XK EFE,



EPS

paged-attention — FlashAttention kernel Fi&ES PagedAttention BYIEIELE KV St

kv-cache — FlashAttention i%EX KV Cache #{TiE=Nit&E

tensor-parallelism — FlashAttention kernel &% TP #J QKV 4%

chunked-prefill — Chunked prefill #&k#§ FlashAttention F73 R i+& &N


http://localhost:16762/glossary/paged-attention.html
http://localhost:16762/glossary/kv-cache.html
http://localhost:16762/glossary/tensor-parallelism.html
http://localhost:16762/glossary/chunked-prefill.html

BAEIREY KV Cache M GPU E77E1#E] CPU AFEE IR , EEREF TZHEK
FFXEEX batch,

F1+ L4 FEZE KV Cache Offloading

KV Cache FEFFFIHK EF batch size &8 , BHRFER GPU BfF, K ETXIZ5: (128K+
tokens ) A , KV Cache sJREH I+ GB E7F , imiBRAEINEAXRE, KV Cache Offloading 14 &t
RIEERRI KV block #§# 2 CPU RTF (SR ) , EEENBRE GPU , UAREI#RZE],

DRI

Swap ##l : 5 GPU BFAERT , iBE 28:1EFER 5 sequence AY KV Cache swap £ CPU pinned
memory,

« Recompute ¥l : he[EFEEZF KV Cache HEEZEZEM MRS token EFTE , BATEITEMN
ARRIFR,

« FAEYX ( Prefetch) : 7£ sequence BN #IAERIF ZIFH KV Cache A CPU FEXZ| GPU , =
BIER,

o FHEIR : Hot KV 7E GPU, Warm KV 7£ CPU. Cold KV aJ%&EE% |, KRB REFER,

RS HRRYSCIL
e vllm/worker/cache engine.py — CacheEngine HY swap in/swap out F3i&H1T GPU-CPU %4
Tz,

vllm/core/block manager.py — BlockSpaceManager IBERMBLE block £ GPU, MRLE#E swap E|
CPU,

e vllm/core/scheduler.py — Scheduler 7TE 27 BRI & preempt #1 swap /R%K,
e vllm/swap manager.py — 212 swap buffer B2 ECF1F 2 1L,

e vllm/vl/kv_offload/tiering/fs/ — XHERAERE : FileSystemTierManager +
DualQueueThreadPool SEIRREERZ KV E7%,

e vllm/vl/kv offload/file mapper.py — 4§ KV block REZEBRET RIS A4 ER1Z (MRETFEHREM ) .



o vllm/distributed/kv connector/vl/mooncake/ — MooncakeStore B3I\ KV EiFiEigss (25
Z4H KV cache) ,

e vllm/distributed/kv_connector/vl/simple cpu offload connector.py — Simple CPU Offload
[Gif (Z# DSV4 BREEEN) .

EER FHe

« kv-cache — #RENFRIIZIDERIBLEM
« paged-attention — Block #IEHIEIR(E swap =5 ( A block A EAMIHHE )

« continuous-batching — AE2EHY swap RZE S continuous batching JRERE

« prefix-caching — & FRIZREY KV Cache R]E3t GPU , JE;EERER7 ENF§ZI CPU


http://localhost:16762/glossary/kv-cache.html
http://localhost:16762/glossary/paged-attention.html
http://localhost:16762/glossary/continuous-batching.html
http://localhost:16762/glossary/prefix-caching.html

FEEE VBT Key F Value AIERVETF , BRERIBENES HECEMN

token FYIGEZ,

F+4FEE KV Cache

LLM EEVA4RE , S5 BN LUWHAE token HEIEES), ERERF KeyNalue , S5 HEMR
FIK ISR , BERERAN O 2), KV Cache FEI+EH KeyNalue REBERET , BE5
{RFHE token MY , HHRBMIDEREME O,

DRI

Prefill FHER : —RMETHE prompt B & token B KIV H4E7F,
« Decode PHER : {UiHEH token B9 Q/K/V , K/IV BIIZIETE , HLE KV 5381 Q HEEE,

o ETFH#RI : KV Cache 55 batch_size * seq_len * num_layers * hidden_dim B{1ELL , RKF7!
HIENFEREGFHHE.

o EXEYE : vTA FP8/INT8/INT4 ¥ KV Cache #{TEt , BEEGFSASTEE.

TEIRIE FRRYSEER

vllm/worker/cache engine.py — CacheEngine ¥il93EC GPU/PU KV Cache E1Fitt,

vllm/core/kv cache manager.py — KVCacheManager IBERE/ sequence BY KV block R
Do

vllm/attention/layer.py — Attention /ERY forward 7353 &W kv cache SRHMITIES,

vllm/config.py — CacheConfig ZE X block_size, gpu_memory_utilization, dtype FE4E1FEC
B,



EPS

paged-attention — EI2 KV Cache F953 TI# %l

kv-cache-offloading — 4§ KV Cache 1% CPUMEUTEERF

prefix-caching — & FItEERI4&AY KV Cache

chunked-prefill — 53 3R+ 8 prefill BA#ZE#] KV Cache 5 ECiEZ


http://localhost:16762/glossary/paged-attention.html
http://localhost:16762/glossary/kv-cache-offloading.html
http://localhost:16762/glossary/prefix-caching.html
http://localhost:16762/glossary/chunked-prefill.html

Low-Rank Adaptation , Bt RN E = R AR PR B PE R SLIM S AR
SRERFHE.

P ABE LoRA

LEMARRUZZEFMESH , ASRANBNMESRETERERIARINE, LoRA KRLER
IEXE W, IR MRFRERE A (BE4E) F1 B (Fr4E) |, ERTIZSEM O"2) FEZE O(rd) (r <<
d) ., 7EEIERY |, B]4% BA &3 W LI zero inference overhead , BeJ{RIE DB USRS

LoRA adapter,

D RIE

o EFMORR : RIAEE h=Wx TR h=Wx+BAx, EHRBEF RMdx 1}, ABF RMrxd}, ri&
& 8-64,

o ZIHIF I W QKV FEH output IRELET D AR LORA |, RIBEENAE.

« Multi-LoRA : VLLM Z#5[E— batch AREER{EARE LoRA adapter , @id sASAXE L #SE
M,

« EAEIEH  BSMERNE LORANESHIIEMNE | ISRSHEFEIFNE | RFKMEH,

TEIRIEFRYSEER

e vllm/lora/layers.py — LinearWithLoRA. ColumnParallellLinearWithLoRA 3§ LORA B13[E.
e vllm/lora/models.py — LoRAModel E=IZ adapter BN, &H Stk

e vllm/lora/worker manager.py — Worker #5189 LoRA & EHAEIE,

e vllm/lora/request.py — LoRARequest HRIBRERIH adapter brit =

e vllm/config.py — LoRAConfig XX max_lora_rank, max_loras F[R&HISE,



EPS

« tensor-parallelism — LoRA BE S TP MHITEMERE

cuda-graph — Multi-LoRA 75 F CUDA Graph capture 75 IBENZSINE

paged-attention — LoRA 5 PagedAttention =]J#37 {85 FH

flash-attention — LoRA {24 QKV #i&2 , Fii#HY FlashAttention EFE AN


http://localhost:16762/glossary/tensor-parallelism.html
http://localhost:16762/glossary/cuda-graph.html
http://localhost:16762/glossary/paged-attention.html
http://localhost:16762/glossary/flash-attention.html

BEEETHRIRE , BT EAVEIESK forward UHIES D ETRWLE , BRIEITEMAE
HBXSUE.

~Nte

¥4
W

At 24 FEZE Mixture of Experts

RERE (S8E) SHEEEEX , E2ERENITEREMESHLIEIEK, MoE 1GEEIFRf FEN
BB ZENFITHNERMLE (Expert) , 4 token {XHEEHEE (Router/Gate ) LAY 1-2 NE
KALIE, DA DeepSeek-V3 Al , 2S£ 671B {BEA token {UgliE 37B , iTEMAS 37B fAZIREY
EER

ZIDRIE

Router/Gate : {4 /Z4F hidden state BRET TR 741 , BX Top-K EHFEKRE R,
Expert M4& : ENERE—MNMHII FFN (BRES ML ) , SEFEEMINE,
EIE . ABHLLRRAIARLE (2 token ERF—F XK ) , BEMA auxiliary loss 89257 .

Expert Parallelism : ERZHEHN I HECRNZ 4 GPU , B4 GPU IR ISR E KA
token,

TEIRRS A KR

vllm/model executor/models/ — 3Z#F Mixtral, DeepSeek, Qwen-MoE &Z# MoE 444,
vllm/model executor/layers/fused moe/ — =tk AE MoE kernel SE3] ( CUDA. Triton ) ,

vllm/model executor/layers/fused moe/oracle/ — Oracle EEZR%—5imiEFE (W4AS,
WNAL6 EEHXHER)

vllm/model executor/layers/fused moe/eep reconfigure.py — Elastic EP ZSH R/48R,

vllm/distributed/expert parallel/ — Expert Parallelism BJB{EERE ( All-to-All, NIXL
EP),

vllm/distributed/elastic ep/ — Elastic EP B9 ERE S EHIE IR,

vllm/worker/worker.py — Worker 181& expert_parallel_size J0Z}T N E SR,



e vllm/config.py — HEEIFEE FPHEHT num_experts, num_experts_per_tok FS#,

UEES

tensor-parallelism — TP 5 Expert Parallelism aJB&{# A

pipeline-parallelism — 8 X##& MoE BIgERE PP BT =

cuda-graph — MoE kernel #J CUDA Graph capture F IS8 H

flash-attention — MoE &MIf92 FFN & , Attention EAE


http://localhost:16762/glossary/tensor-parallelism.html
http://localhost:16762/glossary/pipeline-parallelism.html
http://localhost:16762/glossary/cuda-graph.html
http://localhost:16762/glossary/flash-attention.html

BELIRERARIUNAFT A TING , 45 KV Cache XI5 AEIE K/ block #1TIEELE
FEEEERNERNEL

AT LEE PagedAttention

£4% LLM #I2H |, KV Cache EEMH I —RiE , SHREENAEER (TREES ) IR
B (ONESERMETERNBM/R) ., PagedAttention 4§ KV Cache 5 AEE X/ block ,
RESER , EFF AR 20%-40% BFHEI1ER 100%,

DRI

LA Block JHIE : KV Cache #& block ( ZXik 16 1™ token ) KB N E , ABEERYIEE

Block Table : £/ sequence 43P —ik block table , 12248 block 232 block BIBRET , (L
OS KT,

Copy-on-Write : = prompt B1£3Rt , 24 sequence 7] S FE—#t4IE block , (REEERMARE
token By =4 # D1HT block,

Paged Attention Kernel : B X CUDA kernel i@3T block table [8]##Z35| KV , X#FIFiELIE
BY,

TEIRIEFHRYSEER

vllm/attention/backends/ — ZMEFEGiH ( FlashAttention, Roen, XFormers) Y9533
paged &z,

vllm/core/block manager.py — BlockSpaceManager &I2 block table 97 2. B S3H,
vllm/worker/cache engine.py — CacheEngine f1357E GPU/CPU 28] swap block,
vllm/attention/layer.py — Attention [Z7E forward Bf{& A block_tables k& Fe ki 8#E S 4k,



EPS

« kv-cache — PagedAttention BEIEHIZIOEIRLEH

prefix-caching — &F block 1 ZEM B MNFIRET
flash-attention — J&/&Z;£ =] kernel FYSLIRE A

continuous-batching — PagedAttention {F1E 2R EERZEBTKFY!



http://localhost:16762/glossary/kv-cache.html
http://localhost:16762/glossary/prefix-caching.html
http://localhost:16762/glossary/flash-attention.html
http://localhost:16762/glossary/continuous-batching.html

BEREREZ4 GPU £, 81 GPU iR —HELEENITE |, FEAURKE,

AT L EE Pipeline Parallelism

LHER K K TTEMA R GPU B Tensor Parallelism BE@EFETEZET =3 BAY , Pipeline
Parallelism (PP) Rt T H—MtIHn4HE, PP FREENERIARE GPU , 84 GPU (XZEER5
[Z , IBEE 5 hidden_dim £ERMREE , i/\F TP 89 AllReduce , EEBE T REPE.

ZIDRIE

« Stage %% : IREIREH T PP 4 stage , 1 stage 2 —HELM Transformer £,
 Micro-batching : ¥ batch 4% JZ2 4 micro-batch {fRIENFKE , IRE GPU REXE,

o BEIRT : 1840 stage Z[8)3@id P2P Send/Recv &i#EHEHE , IBISE = batch_size * seq_len *
hidden_dim,

« Bubble [0)87 : ;H/K&TZEEZSHETE (bubble) , PP #X bubble /™5 , &% PP ER#Eid
8,

TEIRIEFRYSEER

vllm/distributed/pipeline parallel/ — PP i@{S/&1& ( P2P Send/Recv) ,

vllm/worker/worker.py — & Worker 1&8#E pipeline_rank 103 M AVIEERLE,

vllm/model executor/models/ — #REVE X HIEIT get pipeline model tlI5/=E,

vllm/config.py — ParallelConfig.pipeline parallel size ¥zl PP &,

EES

« tensor-parallelism —@&E 5 PP IEXRE |, f2AL 2D FH17

« cuda-graph — Pipeline & stage BJ#37##3% CUDA Graph


http://localhost:16762/glossary/tensor-parallelism.html
http://localhost:16762/glossary/cuda-graph.html

« kv-cache — Pipeline & stage & BEIEFTEEM KV Cache

« continuous-batching — PP 3= T RIIAEFEEE stage [BIES



http://localhost:16762/glossary/kv-cache.html
http://localhost:16762/glossary/continuous-batching.html

BRI S BARREEXKEHERE prompt §i%EHI KV Cache , BREEITE,

A1t ALFEZE Prefix Caching

ENiEZST , AEAFIERLEEHEE system prompt , SXE—AFHNZ RIEREZHERHE, W
XEHSFBEEITE KV 2EAMRE, Prefix Caching ¥ PagedAttention 89 block #1HI3EER
Copy-on-Write 2 , S/MNERERRE—EYIE KV block , B token ZERFNiHE Y & A NEFEFIRK,

D RIE
o Hash Z35| : 3 prompt token FF%lit & hash , 7£ block pool FEHK R T BT L LA AL block
%O

« Copy-on-Write : [LAZAY block # 2 1 sequence #£ZE35|F , X3 sequence £ A[E) token B A4
S ECHR block,

o BEHBIZTE : vLLM Z3FBEEIZICAS ( Automatic Prefix Caching, APC ) , TEBRFPFIIR
1B,

« LRU j&;X : block pool B4 cached block % LRU $RE&EA , JoFrH prefix iEHZ=1E],

TEIRRS YK

vllm/core/block manager.py — BlockSpaceManager SEC enable caching 1RT |, L cached
block # hash Z3|,

vllm/core/block/block hash.py — XEX block 89 hash it&5tE5kiZ4E,

vllm/core/eviction policy.py — LRU SFEIARKIZEIZE cached block B4 & A HA,

vllm/config.py — CacheConfig.enable prefix caching XK.



EPS

« paged-attention — Block 3t =Z 2 prefix caching Y&,
 kv-cache — #R4E1F N8 FARIEUELEH
« chunked-prefill — FI4&&s F/EET BT XY A2 chunk BYiTE&

« kv-cache-offloading — Prefix cache 1 a] 12 CPU #REFE S



http://localhost:16762/glossary/paged-attention.html
http://localhost:16762/glossary/kv-cache.html
http://localhost:16762/glossary/chunked-prefill.html
http://localhost:16762/glossary/kv-cache-offloading.html

{ER/MERY (draft model ) HRIELERL&IE token , BHAIER! (target model ) 1758
iE , AR ERFIR T IEMEE,

A1+ L4LEZE Speculative Decoding

BO A E S REEEM — token , GPU RIFZERIE ( memory-bound ) , Speculative Decoding
A draft model —X4&RY K MEiE token , target model @3 —X forward IIEFFBEIEIE , BT

FCHY token FIERAMLER, FIVRZFRREH , FRXEBLEMS 4 token , EEFFRTIR,

D RIE
« Draft-then-Verify : Draft model BEI)34R) K 4 token , Target model ¥ K+1 M E#— X
forward , BRI MIEFHE S,

o B4R . WEMEE token , & Target model B % >= Draft model BIBE RN 1% ; BN kL
Bt RIELEF A Target model B9 REFEENX,

o EHURIE : 85 ETIERRE H 9 % S{X A Target model T2 —#,
o Z¥h Draft KR : /\BY LLM, Medusa head. EAGLE, n-gram J&NZARET{E A draft KR,

TEIRRS Ay SEIR

vilm/spec decode/ — Speculative Decoding B9#Z /03230 B &,

e vllm/spec decode/multi step worker.py — Multi-step worker J¥zf] draft #REZ S 4 RY,

e vllm/spec decode/spec decode worker.py — Target worker JEiF{®RiE token BYEI1ZLE,

e vllm/spec decode/batch expansion.py — & K AMZEiE token EBFF A batch #1THI1TIEIE,

e vllm/config.py — SpeculativeConfig T X draft model, num_speculative_tokens &%,



EPS

« continuous-batching — Speculative decoding 5 continuous batching £& &2 draft/verify &K

kv-cache — Draft #I Target ! & 4P KV Cache

cuda-graph — Draft #284f/)\ forward =] F§ CUDA Graph i

kv-cache-offloading — Draft model #J KV Cache SJEIEHUTEEF



http://localhost:16762/glossary/continuous-batching.html
http://localhost:16762/glossary/kv-cache.html
http://localhost:16762/glossary/cuda-graph.html
http://localhost:16762/glossary/kv-cache-offloading.html

YRR EIRPEIREE N B 24 GPU EHITIHE |, B intra-layer parallelism,

Rt LEZE Tensor Parallelism

RIRE (90 LLaMA-70B, DeepSeek-V3) MIEENEIZEBE/ GPU E1F, Tensor Parallelism
(TP) B EEMINEMEEZRITHIIINEIZ N GPU , 84 GPU (NIEFBEEHNEMAEEE , F5
GPU TEBMRIERF BT,

ZIDRIE

Column Parallel : tX&E#%7t]5 , §4 GPU it & partial output , i&T AllReduce B&, AT
MLP B up/gate ¥ 2% Attention i QKV #&%7,

Row Parallel : (X&E#&Z1TtN5 , BIALLID , 81 GPU iH&EE R LERE AllReduce XF, AF
MLP #J down & 85F0 Attention 9 output 3%,

BIEER . 82FE 2 )X AllReduce (Attention f[§ + MLP 5 ) , @{§£25 hidden_dim B{IEEE,

NVLink &% : TP W@ E® = e , IBEER GPU [8]F NVLink/NVSwitch &1 ( T SRAfE
B).

TEIRRS YK

vllm/distributed/tensor parallel/ — TP #{S/R1& (AllReduce, Send/Recv),

vllm/model executor/layers/linear.py — ColumnParallellLinear F1 RowParallellLinear Fi3
N5312%,
vllm/model executor/layers/parallel embedding.py — Embedding EfIFITIL,

vllm/config.py — ParallelConfig.tensor_parallel size ¥ZHl TP &,



EPS

« pipeline-parallelism — 5 —MEEMIREFHIT , BEUSD
moe — ERHITRES TP LEEH

cuda-graph — TP 15 CUDA Graph EAERHRBET =
flash-attention — ;¥ /] kernel &40 TP 9 QKV 1%



http://localhost:16762/glossary/pipeline-parallelism.html
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PyTorch B9 JIT 4Ri¥28 , @I EHIR. EFRISHEIRMILIT eager IRAIBHHIFEH

=5 kernel,

At LEE torch.compile

PyTorch eager #£= 8K op #%3d Python IBE GPU kernel launch , 5| AR ERIFH,
torch.compile ( EF TorchDynamo + Torchinductor ) B & EEIER HITERE , #HITKFE/EEET
RIS, REGEEMAIIBEREMN , £MRE kernel , ENMEMBERRIBHETIR T EZRANITHE,

DRI

« TorchDynamo : i&iT frame evaluation hook $#3% Python F1515 , 4% eager #1T74%# A FX
Graph,

« Torchinductor : [Fim4Ri¥2545 FX Graph lowering Jg Triton kernel ( GPU ) % C++ kernel
(CPU),

o« BFHE : BoEELR pointwise op (80 SiLU + multiply ) BEE A& kernel , B> HBM i
ia],

o TBSHLIR : Inductor ZIFENSFLRFFE(L (symbolic shapes ) |, &R LLM HIBHR T HFEG K
}EO

TEIRRS YK

vllm/compiler/ — VLLM BY4miZ28E&EAE , £13= torch.compile BB &,

vllm/config.py — CompilationConfig ¥Zl compile 5! ( Dynamo, Inductor) . backend i&

%

vllm/worker/model runner.py — {REUNIFLSIRIBECE B torch.compile() #mi%,

S

vllm/model executor/models/ — MEEMLIZAIEIT torch.compiler.disable HFRIHEZFIRICAIR
EHY op,
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« cuda-graph — torch.compile L {¢/gHI1REL B] # — 51813 CUDA Graph jEBR launch F5H

flash-attention — torch.compile B]RE & & JIRIERI pointwise op
lora — LoRA ZZSIRELNIRFE IR compile [GHIFRSEIR S

tensor-parallelism — TP Y& & 1815 op F# compile IEFAALIE
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EES — 2025-05-26

viim &R : ff712f644 — d5cf7b4a2 ( 247 commits )

1.

N

© 00 N O o

10.
11.
12.

Offline API #§% : LM ZEEMJ Mixin BE52M ( offlineInferenceMixin +

BeamSearchOfflineMixin + PoolingOfflineMixin )

. Rust Frontend ££f§ : RustFrontendProcessManager BIE vilm-rs _iFHlIEIR
. DP Supervisor : Six[OIEHITEEEE , AT DP rank &£HIT server

. MooncakeStore Z4A715 | XFHREIER RIS H KV £&1F (40 DeepSeek V4 B MLA +

SWA)

XERFEDE 8 FileSystemTierManager , £fi Python M RiR KV £&£1F
. Elastic EP : M4 ERHT , L&Y R/IGE R EP X/

. MoE Oracle %2 : i—[GimiE#F ( Triton, CUTLASS. Flashinfer B12x £ )
. Mamba N AERBREE A% : JEkR CPU-GPU BZHRN

. GDN F &4 : Gated DeltaNet ;B 1E (Kimi, OLMo, Qwen)

DeepSeek V4 1REFE : BHEECEEE] viim/models/deepseek v4/
NVFP4 BRSH¥EE : 3t WAA16_NVFP4 ELIER
Compressed Tensors &E4HBIR : 2:4 FHREZIFEFH

EHHEICET

topics/architecture/concepts — BiIFET, JRIDLE

topics/serving/concepts — Rust Frontend, DP Supervisor, Mixin 2244

S Al Aot

topics/serving/code-walkthrough — LLM 288 #), RilimEIE

topics/kv-cache/concepts — X R4 73 /E. MooncakeStore Z4H

topics/scheduling/concepts — R85 ZMiEF. KV connector IEIRFER

topics/model-layers/concepts — Elastic EP, MoE [5i#%Ef%. GDN, 1RERES

topics/distributed/concepts — Elastic EP £ #5EHA. NIXL EP &y

topics/speculative-decoding/concepts — Mamba B2 & W#%. EAGLE-3 Fil5E

topics/quantization/concepts — NVFP4, AWQ oracle %—. WEMERBIR

topics/executor-worker/concepts — CuMemAllocator f#5&

topics/multimodal/concepts — OpenVLA, 432§ CUDA Graph
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ANO=EE

CLI A0 — vlum/entrypoints/cli/main.py

viln BLITTEMAD, EFMTUTFHS .

# BRI IEM
subparsers = parser.add subparsers()

serve parser = subparsers.add parser("serve")
serve parser.set defaults(func=run_server)

openali parser = subparsers.add parser("openai)
openai parser.set defaults(func=run_openai server)

K12 . vilm serve — run server() — BI# AsyncLLM - J3&f] FastAPI,

OpenAl API Server — vllm/entrypoints/openai/api_server.py

FastAPI AAAQ , 1% :

1. ;¥ME&A : /vi/chat/completions. /vl/completions. /vl/embeddings. /v1/responses
2. ¥]381t AsyncLLMEngine ( 3EPRZ AsynclLiM HIBIR )
3. EEH(EF (CORS, [Rifi. BEKE)

# TELRIYIEAIL

engine = AsyncLLMEngine.from engine args(engine args)
app = FastAPI()

app.include router(chat router)

app.include router(completion router)

E4 LLM 3£ — vilm/entrypoints/lm.py
RHEEC M AIEHEIERED |, RA Mixin A5524 :



1lm = LLM(model="meta-1lama/Llama-3-8B")
outputs = 1lm.generate(["Hello, world!"])

# HENRRBES
1lm = LLM(model="...", spec_method="ngram", spec tokens=5)

REBEIE LLMEngine (V1 AR AsyncliM BHIEIZEER) , B AR step() BEIFIBBERKRT
o
LLM BRI 5E

LLM - BeamSearchOfflineMixin - PoolingOfflineMixin - OfflineInferenceMixin

ZIDEIEIZABTE OfflineInferenceMixin ( entrypoints/offline utils.py ) , beam search

£ entrypoints/generate/beam search/offline.py ,

SIZEYIRlLE LR

EngineCore BI3&7% 2



EngineArgs.parse_cli_args(

£l VIimConfig

AsyncLLMEngine.from_engine_args(

£l EngineCore #7E

EngineCore.__init__ (

N

Bl7 Scheduler

BlI# Executot

Worker.initialize(

-

Bﬂiﬁffﬁﬁgﬂ%

N

profile_run() EF0#

42 KV Cache




EngineCore ?téﬁ

REXFREIF

e vllm/engine/arg utils.py — CLI S##ET) EngineArgs
e vllm/vl/engine/core.py — EngineCore YRI5 EER

e vllm/vl/executor/multiproc_executor.py — Z#TE Worker Bl7E

RERFEIL

VlimConfig ¥& — vlim/config/vilm.py
VilnConfig RAIBFEREEMNREES :

@dataclass

class VllmConfig:
model config: ModelConfig
cache config: CacheConfig
parallel config: ParallelConfig
scheduler config: SchedulerConfig
compilation config: CompilationConfig
# ... 30+ FERRE

FCEIIETE
BB ERNKEIXR, FU0:

1. ModelConfig REEILY head dim 0 num_layers
2. CacheConfig RFIXLLSHEIITE block size

3. SchedulerConfig fX# CacheConfig WHXE max_num segs

IRIRBAOFE R

iRED B REEM



vilm/

— entrypoints/ #
— cli/ #
— openai/ #

| — api _server.py #

— lm.py #
F— offline utils.py #

L— generate/
L— beam search/
models/
L— deepseek v4/
engine/
vl/
— engine/
F— core/

#
#
— executor/ #
#
#

H OB R H

— worker/
— attention/
— spec _decode/ #

— sample/ #
F— metrics/ #
L— kv offload/ #
model executor/
— models/

— layers/

L— quantization/
config/
distributed/

F— multimodal/

— loras

— platforms/

— tokenizers/

L— compilation/

rTr—f1T "~ ~~*7T1- 1 "

HOH OH OH OB OB R K W R

AOE

CLI F&% :serve, openai
OpenAI API Server
FastAPI NF

| L— dp supervisor.py # ZifO%IBHITEIREE

LLM B4 (Mixin &)
OfflineInferenceMixin

beam search IFxHiELR

HMNERARELEL (4T RREM- RS )

DeepSeek V4 (EZEX CUDA kernel)
5|22 : EngineClient f#i%. EngineArgs

V1 5|ZE3LIY : Core. AsyncLLM, CoreClient
BEE : Scheduler, KVCacheManager
#1TE : MultiProc. Ray. UniProc

Worker : GPU/CPU/XPU, ModelRunner
EESEIR : FlashAttn, FlashInfer &
H#EMAZRD © EAGLE, Medusa, N-gram

— structured output/ # ZE#{L3&H : xgrammar, outlines

XHE : top-k. top-p. temperature
18%8 : Prometheus, #it
KV ZFEHH (BXHRARE)

200+ PEEUSCIR

B8 NN Z (& fused moe, mamba/gdn)
EHEE

30+ EEE dataclass

2= : TP, PP, DP, EP (& Elastic EP)
SIS BfR. B9, TR

LoRA iEfZzs

B4 & : CUDA. ROCm, CPU, TPU

iA2E

torch.compile, CUDA Graph



EngineCore. init ()

EngineCore.run_loop()

AsyncLLM.generate()

LLM.generate()

EngineArgs.create engine config()

Scheduler.schedule()

Executor.execute model()

ModelRunner. forward()

X

vl/engine/core.py

vl/engine/core.py

vl/engine/async_lim.py

entrypoints/lim.py

engine/arg_utils.py

vl/core/sched/scheduler.py

vl/executor/abstract.py

v1/worker/gpu_model_runner.py

EAZR

VRftiRERE. M
1788, KV 7%

F@EF  EE -
MIT - A AtiE

FROHEAO
CibZi: 3PN

CLI &§ -

VIimConfig

ELEH AL IR R
=R

MITEMSRED

GPU t&E&gja®
1%



SRty — i

73RS

VLLM RABW SRR , SEZEETE X RFHEOEE :



AR

Rust Frontend

OpenAl API Servel

DP Supervisor

LLM B4

CLI

vlim serve / openai

EngineCoreClien
ZMQ IPC

EngineCore
b GRHERR

-

viim-rs FastAPI Zim O BIEHAT Mixin ¢H&2%244
AsyncLLM
ZMQ
B HiG

B

EngineCore

TR BER
Executor Scheduler
MultiProc/Ray ESHAIRAE
KVCacheManager
GPU Worke
FIFREIE
ModelRunne!
BiE &1
1ERE
ModelRegistry
200+ 324y

Attention Backend

Quantization

topics/engine-core/ & VLLM V1 ZEH800BE | BITEMIHFED
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« ModelRunner ( viim/vl/worker/gpu_model_runner.py) : HiTRiIEEIE , EIE CUDA Graph.,
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VLLM MEEERAET viimConfig , BE T 30+ FEE (dataclass) :

& X Bz

V1lmConfig config/ivlim.py FREERES

ModelConfig config/model.py REVZFR, dtype, mAKE
ParallelConfig config/parallel.py TP/PP/DP/EP H{TECE
SchedulerConfig config/scheduler.py B K token 1. R/
CacheConfig config/cache.py KV EFFIRKN, swap ==[d]

CompilationConfig  config/compilation.py  torch.compile, CUDA Graph iX&
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POST /vl/chat/completions
generate(request)
EngineCoreRequest (via ZMQ)
schedule()
B SchedulerOutput
execute_model(scheduler_output)
forward_pass(inputs)
.. ModelOutput (logits) __ |
EngineCoreOutput
RequestOutput (via ZMQ)
B StreamingOutput
9 SSE chunk

‘ AR ‘ ‘ API Server ‘ ‘ AsyncLLM ‘ ‘ EngineCore ‘ ‘ Scheduler ‘ ‘ Executor ‘ GPU Worker

V1 2Nt

V1 ZRBRTIBREEESE !
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. EngineCore 7 #7Z :
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topics/engine-core/ — 5| ZEFzLIELHSEEL
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CUDA Graph — CUDA El##3% S E WL
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Paged Attention — 4301 KV EFE18
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http://localhost:16762/topics/engine-core/.html
http://localhost:16762/glossary/continuous-batching.html
http://localhost:16762/glossary/cuda-graph.html
http://localhost:16762/glossary/flash-attention.html
http://localhost:16762/glossary/paged-attention.html

[ R4 i 5%
ZIHE /topics/engine-core/

ftopics/scheduling/


http://localhost:16762/journal.html
http://localhost:16762/topics/engine-core/.html
http://localhost:16762/topics/scheduling/.html

SRt — 455

%3] 1. LHIERREE

IRIBRISRARVIERE | AH]— MEKM viin serve BENEIREIFE— token RISTEERIZE,

W
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KEDE:

1. FastAPI =W HTTP 353K, fE#179 ChatCompletionRequest

2. AsynclLLM.generate() 3|—11EJ;R Ul InputProcessor tokenize

3. @3 EngineCoreClient (ZMQ) %&3%X EngineCoreRequest % EngineCore
4. Scheduler.schedule() REREGIETT prefil

5. Executor.execute model() %3%&Z%| GPU Worker

6. ModelRunner HITIRBEIFIMIERE

7. OutputProcessor F logits #1779 token

8. @1 ZMQ IR[E]48 AsyncLLM , #@id SSE ARIREIA R F iR

#3) 2 . BERARDIT
[@iE vilm/config/vilm.py , BIZLATORR :

1. VilmConfig BIRMELFREE ? Ef1ZEMNKBIXARRTA?
2. ModelConfig YN{Al;R7EfEFEM/MEEISCIL ?

3. ParallelConfig WN{EJSZ0M Worker BIBIE ?
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1. vllmConfig =REiE, 88 model config . parallel config . scheduler config .
cache config « compilation config F 30+ FELE. KHIXA: cache config 158
model config (block_size FItRBYSKERTE), scheduler config #K# cache config
(max_num_seqs ZEFA/ RS-

2. ModelConfig 1BiZ architectures FEXILEZ ModelRegistry AFMRUIREIZS, &1
HuggingFace BRI ECEFERT architectures , VLLM UL A REIR ISR SEI,

3. ParallelConfig EXT tensor _parallel size . pipeline parallel size =%

MultiProcExecutor 1BULBIEEXTNEN=ZAY Worker i#F2 , &1 Worker 482 ER
GPU,

453) 3 ; HIZREL DI
T VLLM Ry S #FZAREY .

1. EngineCore AT ABITHEMIIFIEFR ?
2. EngineCoreClient YNMAISCIN#HFZ(EIEBIE ?
3. Worker #f230fi1 5 EngineCore X & ?

W

SEER

1. MI#HFZR] LOEESE Python GIL SHEAEFMEIEAI TS, API ARSSRIENL /0 A2
EngineCore VIAE BN, BN ZFZHilH (24 API server) E#ZZIFE— EngineCore,

2. EngineCoreClient {$F ZMQ ##17 IPC, ZHRiMMIEI: sync (EFEA) F ASYNC
(B4 IEPEZE), @it ZMQ A DEALER/ROUTER #ET(SCINiEK-MaRz ITAL,

3. Worker R7E#%5 EngineCore X5, EngineCore j&@id Executor &3X SchedulerOutput %§
Worker , Worker $11T/Z3&R[E] ModelOutput . Executor faSui#iZia)i@S (pipe B¢ Ray),
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o [ vllm/vl/engine/core.py B9 run loop F3i% , I2fE EngineCore FEEINE 4R
o YfEt VO #1 V1 BY AsyncLLMEngine SEIR , 53 AR ZRH9cdt & RAVIERER T+

o R vllm/entrypoints/openai/api server.py BYFR[EM4EE , IBREFRIR. IAUESVLH
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VLLM RAREREMWIRT , BEM o R :

AOE (Entrypoints) : CLI, OpenAlAPI, B% LLM EEHFEQ

5|22 (Engine ) : topics/engine-core/ 1E R JmHESE , EIRAEFMIT
BAEE (Scheduler) : /RESIENPWLEIEKFHIT prefill, decode Zx preemption
MITE (Executor/Worker ) : GPU/CPU/XPU Worker , i8R N F171 0518
RAZ (Models) : 200+ 2B, EENEIR. ELHE

A& F11R

« Python & 4mtz &M
« GPU ITEEAMZ (CUDA, EFEIER)
« Transformer ZEHEARFRIE
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Parallel State — viin/distributed/parallel_state.py

class ParallelState:
"B A T AR

def init (self):
self.tp _group = None # Tensor Parallel group
self.pp_group = None # Pipeline Parallel group

self.dp _group = None # Data Parallel group

self.ep_group None # Expert Parallel group

def initialize(self, parallel config):

world size = parallel config.world size

tp size = parallel config.tensor parallel size

pp_size = parallel config.pipeline parallel size
# G TP #tiE4H
for i in range(world size // tp_size):
ranks = list(range(i * tp size, (i + 1) * tp_size))
group = dist.new_group(ranks)
for rank in ranks:
self.tp_group[rank] = group

BISIRF

Tensor Parallel i#{5



def tensor model parallel all reduce(input ):
“"UTP ZHAHFY All-Reduce"""
group = get tp group()
dist.all reduce(input , group=group)
return input

def tensor _model parallel all gather(input , dim=-1):
"UUTP HARY All-Gather"™"
group = get _tp group()
world size = get tp world size()

tensor list = [torch.empty like(input ) for _ in range(world size)]

dist.all gather(tensor list, input , group=group)
return torch.cat(tensor list, dim=dim)

KV Transfer — vium/distributed/kv_transfer/

class KVTransferAgent:
nn ||E§ GPU E"J KV égﬁ{giﬁu nn

def send kv cache(self, kv_cache, request id):
"R KV EEEIER GPUTT
data = self. serialize kv_cache(kv_cache)
self.transport.send(data, request id)

def recv_kv cache(self, request id):
"R KV TR
data = self.transport.recv(request id)
return self. deserialize kv _cache(data)

RIBEREZRS|
EREUZE X
ParallelState.initialize() distributed/parallel_state.py

tensor model parallel all reduce() distributed/parallel_state.py
tensor model parallel all gather() distributed/parallel_state.py
get tp group() distributed/parallel_state.py

KVTransferAgent distributed/kv_transfer/

HRZ

MLtz
TP All-Reduce
TP All-Gather
SREX TP #724H

KV &7






)

FITERRES

[m]

165

~
B—Li,

T E — &

Expert Parallelism

GPU 0
Expert 0-3

FH1T

Pipeline Parallelism
GPUO
Data Parallelism Layer 0-15
HT
GPU 1 GPUO GPU 1
Expert 4-7 SEEEIRE SEEEIER
GPU 1
Layer 16-31

Tensor Parallelism (TP )

Tensor Parallelism

GPU 0
ELH

FH1T
GPU 1

nEL¥

FRBURIINEFEFEIZ I T2 Z A GPU

TP &R

I X

GPU 0: X x Wj

N

GPU 1: X x W;

All-Reduc
BHLE




ColumnParallelLinear

Y = XW, W EIENSH [Wa, W2l
GPU ©: Y1 = XWi

GPU 1: Yz = XW:

Y = [Y1, Y2] (EFTBRE)

RowParallelLinear

Y = XW, W TR [Wi; W2]
GPU 0: Y1 = XiW1 (X #%37tN%)
GPU 1: Y2 = X2W2

Y =Y+ Y2 (FZE All-Reduce)

TP FBE

A Transformer FEZE 2 )X All-Reduce :

« Attention [589 output projection
« MLP 589 output

BfSE5 hidden_size A{IELL , 5 sequence length X,

Pipeline Parallelism (PP )

BREMWARESEEIARE GPU :

GPUO GPU 1
(Layer 0-15) (Layer 16-31)

hidden states (batch 1)

Fa 208 batch 2

R[E)5IH (batch 1)

GPUO GPU 1
(Layer 0-15) (Layer 16-31)




PP BYBkAK

« S8 (bubble) : GPU Z[a17Z7E %Rt (8]
o IR (micro-batching ) : 4FER DAL/ NHER ARV KB
o KV 77 : EE¥ GPU {£3% KV £7F

Data Parallelism ( DP )

SHIBMREZZ 4 GPU , 81 GPU REARRERIIEXK :

EEBNEBE
BERTE GPU [a)19& 9 ES
IMERISHEI=
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Expert Parallelism ( EP )

MoE &M | FERDHEIRE GPU :

token to expert 0

.

token to expert

GPU O
~__—»  Expert 0-63

Input Toke > Router— token to expert 1
GPU 1

Expert 64-127

Q:t

All-to-All

;RIZI

7

o FEZ All-to-All B35 : token &KiXZ3TR E KA GPU
o TAEIDER R
o RIFEUERHT (HISREBERSE)

Elastic EP ( #M4ERH1T)
Elastic EP 8 1FELY R/48E EP KNI AFBIARS :
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EP=2 EP=4
4 GPU 8 GPU

e B MoE M#%

_stage_standby_moe_quant_methods()

¥ rank 3E1E{E masked (REGE)

_commit_staged_state()

unmask ¥ rank , BCET B
|

EP=2 EP=4
4 GPU 8 GPU

KBYLE

» Staged £t : 7E scale-up BIFIRIEE & MoE R#Z
« NIXL EP All2All : ¥f rank 5cLA masked IRZSIONEARIES , commit Bt unmask
o BIRE5 : # rank sJBASZIBEIANA EP S£AE(E

NIXL EP All2All 43

NixlEPA112AllManager SIAT 9 MERZEAEHA

1. stage ep size() :EE&HA rank , R#F masked ( NiEEK )
2. commit staged state() :unmask #rank , B FFIHZE
3. NixlEPBufferState : BfCIHHY (buffer, ep size) oA , BIRBHPXIKE

4. TR MoE 289 workspace 181



FITRIBAS

HE SRS BIEE
TP=2 B E 2GPU hE
TP=4 B Y55 4/8 GPU BS
TP=8 + PP=2 1= 16 GPU &

TP=8 + EP=8 MoE &% 64 GPU H5

DP=4 S &/EE T
P KV E1F 5

VLLM 3z23F KV 8737 GPU [8){&4 :

« Disaggregated Prefill : prefill #1 decode ZEAR[E GPU 1T
« KV Transfer : i@id NCCL B E XEMHEBD KV £7F
« KV Events : @I EH@EHLHIE KV EFNE~FMIEZ

UEER P He

Tensor Parallelism — 3k EFH1Ti¥#2

Pipeline Parallelism — ;7K & FH1T1E/R
MoE — ERBERBEERHT
KV Cache — %= KV &7 &4

= E 65

FIAE
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23] 1 FHTRIGER
9 A T AR BL AR RC B e R AR T SRR

1. LLaMA-70B , 4x A100-80GB , 7E 4R

2. LLaMA-405B , 2 T3/ x 8x H100 , 7E4AR S
3. DeepSeek-V3 (671B MoE) , 8 152 x 8x H100
4.LLaMA-7B , 8x A100-40GB , B &t B R

W
ait
il I
b

1. TP=4: 70B FP16 £ 140GB , 4x80GB = 320GB , %, TP=4 fEE T W NVLink IB{5

2. TP=8 + PP=2: 405B FP16 £ 810GB, TP=8 ZE TN , PP=2 BT &, ST oEEFHEY
405GB (—¥1&E#Y), 8x80GB=640GB 1%/,

3. TP=8 + EP=64 (T EHf4AE): DeepSeek-V3 & MoE & , 256 MEHER, EP BEXK
SEIFRE GPU, TP=8 MBEHZBE,

4. DP=8. 7B 8RB £1]i517, DP=8 AJLIFEIATAME 8 fZMiEK, mAKEL,

%3] 2 BIEEST
P TP=4 HIBEE :

&% hidden_size = 8192
¢ 32 & Transformer

« FP16



1. §EM All-Reduce BIEER SV ?
2. BOHIBNEBEE?

3. tNSR{EA NVLink (600 GB/s) , B{SHERES

>
N

W
aft
%
b

1. 1 All-Reduce: hidden_size x 2 bytes (FP16) = 16384 bytes, Ring All-Reduce FZ 2 x
(N-1)/N x data_size = 2 x 3/4 x 16384 = 24576 bytes = 24 KB, #/Z 2 /X All-Reduce = 48
KB,

2. 32 |= x 48 KB = 1536 KB = 1.5 MB per stepo

3.1.5MB /600 GB/s = 2.5 us, SEFRIERIFEFE kernel launch FEIZ FEH, £9 10-50 pso

HhREPkAX

e [Fi% vlilm/distributed/parallel state.py , IRfRIHFIELHEIE
o ST kv transfer/ HFEM KV EF(EHSCIN
« W% Elastic EP (3#MERHFIT) ISR FI9E
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RN VLLM B9 fa UHEIESZ 5 - skEFF 1T, RKEHI1T. BUEHITHMERFF1T,

I@mwg
=Rt] Ml E
B TP, PP, DP, EP [RIE53I}
%3] FITRIGERE., BED
KIGEIE parallel_state, BISEIRX B
ZIDEEE

VLLM 32332 FhFH ToRIESRALIE KRR HETE

Tensor Parallelism (TP) : $ERENE)HEIZ 1 GPU

Pipeline Parallelism (PP ) : $§#EEZIHE| S/ GPU
Data Parallelism (DP) : S fI{&8 B AREEK
Expert Parallelism (EP) : ¥ MoE ER%#HEIR[E GPU

A1 E F11R

« H1TEESWorker
« GPU [i&{5 (NCCL ) Ei



http://localhost:16762/glossary/tensor-parallelism.html
http://localhost:16762/glossary/pipeline-parallelism.html
http://localhost:16762/topics/distributed/concepts.html
http://localhost:16762/topics/distributed/exercise.html
http://localhost:16762/topics/distributed/code-walkthrough.html
http://localhost:16762/glossary/tensor-parallelism.html
http://localhost:16762/glossary/pipeline-parallelism.html
http://localhost:16762/topics/executor-worker/.html

EEAEEIE , (FISER

o EMFITRBNFERENEAZR

e VLLM Ky parallel_state #1{a/ &R F24H

o NCCLIB{EES (all-reduce, all-gather ) TEHEIEHI{ER
o N KV BEER
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EngineCore #J481¥, — viim/v1/engine/core.py

# ECRIYIRLIRIE
class EngineCore:
def init (self, vllm_config: V1lmConfig):
# 1. BIEIAERS
self.scheduler = Scheduler(
scheduler config=vllm_config.scheduler config,
model config=vllm_config.model config,
cache config=vllm _config.cache config,

# 2. BIEMITE
self.executor = Executor.create(
vllm config=vllm_config,
# 1R#E parallel config #%&## MultiProc/Ray/UniProc

ES/32

def run_loop(self):
while True:
# 1. EWEEMEKF abort 55
new requests = self. recv_from client()

# 2. AINFEERENEERT
for req in new requests:
self.scheduler.add request(req)

# 3. IAERRK
scheduler output = self.scheduler.schedule()

# 4. PUTIEEIER
engine core outputs = self.executor.execute model(scheduler output)

# 5. RiXHHARTR
self. send to client(engine core outputs)



AsyncLLM — viun/vi/engine/async_llim.py

BEXRERATE

class AsyncLLM:
async def generate(self, prompt, sampling params, ...):
# 1. MAEEWA
processed inputs = self.input processor.preprocess(prompt)

# 2. GIEEKXK

request = EngineCoreRequest(
request id=request id,
prompt token ids=processed inputs.token_ids,
sampling params=sampling params,

# 3. %iX%| EngineCore
await self.engine core client.submit request(request)

# 4. RUREHEH
async for output in self. output stream(request id):
yield output

(S 2

class OutputProcessor:
def process outputs(self, engine core outputs):
for output in engine core outputs:
# 1. Detokenize: token IDs - text

text = self.detokenizer.decode(output.new token ids)

# 2. MERBTTMN
if output.finish reason is not None:
# BREHEH
yield RequestOutput(
outputs=[CompletionQutput(text=text, ...)],
finished=True,
)
else:
# RVl
yield RequestOutput(
outputs=[CompletionOQutput(text=text, ...)I],
finished=False,



EngineCoreClient — viim/vi/engine/core_client.py

FLRANAML

class EngineCoreClient:
@staticmethod
def make async(vllm config):
# 1. Bl ZMQ context
ctx = zmqg.asyncio.Context()

# 2. tl# ROUTER socket (ZFif bind, BRI connect)
socket = ctx.socket(zmqg.ROUTER)
socket.bind(f"ipc://{socket path}")

# 3. 3z EngineCore #i2

proc = multiprocessing.Process(
target=EngineCore.run _engine core,
args=(vllm_config,),

)
proc.start()

return AsyncEngineCoreClient(socket)

BEREREE

async def submit request(self, request):
# msgspec —#HFIFRTIE
data = msgspec.msgpack.encode(request)
await self.socket.send(data)

Detokenizer — viim/vl/engine/detokenizer.py

Detokenizer 1345 token IDs 353 [O 3 :



class Detokenizer:
def decode(self, new_token ids, request state):

# IBEMEL . RAIEIMEN token

new_text = self.tokenizer.decode(
request state.all token ids + new token ids,
skip special tokens=True,

)

# REBENA (FECHBEIRIS)

incremental text = new text[len(request state.decoded text):]

return incremental text

KBRS
BIEES X
EngineCore. init () vl/engine/core.py
EngineCore.run_loop() vl/engine/core.py
AsyncLLM. generate() vl/engine/async_llm.py
AsyncLLM. run output handler() vl/engine/async_llm.py
EngineCoreClient.make async() vl/engine/core_client.py
InputProcessor.preprocess() vl/engine/input_processor.py

OutputProcessor.process outputs() vl/engine/output_processor.py

Detokenizer.decode () vl/engine/detokenizer.py
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tokenize FNFALIE
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EngineCore &R

EngineCore BJ#ZID @ —NEREW , BEIENMIT=/FER

2. {17

1 iEE Executor.execute_model() 3. KNS

Scheduler.schedule() OutputProcessor

FrEg1: AE
RERS S HRIAEHFLERRK , RE !

o MRLEHTIS KL prefill
o MRLEiEKL#4E decode
o BREBFEE preemption (I84)

o KV EFRNDESHER

FHER 2 : #1T
Executor U Scheduleroutput , 9% % Worker H{THEELFI[E(£1E, MultiProc R Fi&id pipe i@
{5 , Ray ##3{ @it Ray actor i,

FER 3 : W ALIE
QutputProcessor BRIARER iR DB P el Y%

o logits — token IDs (i@iT R )
 token IDs - XA (181 Detokenizer)
o Kb finish reason ( STOP, LENGTH., ABORT)

« 1% logprobs #1 prompt logprobs
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EngineCoreClient i&{S 1!
EngineCoreClient {2 B EIE !
BEZ#R (SYNC)

BT LLMEngine ( BL&IEIE)

o HIEXEHAA , EngineCore ERE#IEFRIBIT
.« EEIEHIETR

SR (ASYNC)

BT AsyncLiM (TELRS)

« 1®iT ZMQ DEALER/ROUTER socket #1{5
« EngineCore 1IZ{TTEIRILH#TE
o XHRZHIIRERIER

TBERALIERIK L
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(text/multimodal)

InputProcessor
tokenize + FAALIE

EngineCoreReques
(msgspec Z511k)

Scheduler
HEBA + FEE

Executor
93 % % Worker

ModelRunne

REUFI RS

Sampler

SK#¥ logits

EngineCoreOutput

(tAalzan INe L laAnnvAa he)
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OutputProcessor
detokenize + &1L

RequestOutput
(XA + TLER)

RBEHELEN

EngineCoreRequest

£ msgspec E XIS Z#HEIF L&A :

e prompt token ids : tokenized #iA
e sampling params : RIFSEL (temperature, top-k )
e lora request : LORAERZZE ( 7JiE )

o arrival time : BEXENARE (ABFIHETIFT)

EngineCoreOutput
BriArEL

e new token ids : ¥TAERLAY token IDs
e finish reason : STOP/LENGTH/ABORT/ERROR
* logprobs : token Hf=

e events IEE‘B}%,H‘HEFF

FinishReason %



8 aX

STOP 1B % EOS token ¥ stop token
LENGTH iAZE max_tokens PRl
ABORT R P EEGH

ERROR IR IE R

REPETITION SEgEhf%

EES

8 SRR SRS
» Paged Attention — KV EFHRNEFEEIE

« Continuous Batching

+ CUDA Graph — decode FHERRIEIAAL

« Flash Attention — EXUEFENIHTEAZ

o BERE — BERFHESHT

+ APIBR% — Rust Frontend 1 DP Supervisor RETIHIE

it
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/topics/serving/
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#>] 1 : EngineCore F{EIN B
[FJi% vilm/vl/engine/core.py BY run loop J5i% , EIZ :

1. EEAEFLFHETRE ?
2. BRIEN A FEIARYIEK ?
3. MFRB/EEKBK , EEAMNASE?

W
at
D
b

1. EEAEUWEI shutdown ESEHRH, &I ZMQ B poll A2,

2. BEIAFTIARTY , A ZMQ socket IREXFRETFAMEHE , B4EFTIBENR. abort {55# utility

callso

3. f£F zmq_poller.poll(timeout) FFMHER. MRLAFRIEKRELKEFREIER, B
K =AESFHEEFNEREIA,

23] 2 : AsyncLLM #im 9
S %F AsyncLLM.generate() Q0{aSCIR;ZEZNiGH :

1. generate() Fi&ZIRMEIHAZEE?
2. ANEISEEL A EngineCore RYHtE =55 H 2l B ME R T4 L AVBRET 2
3. abort &K & &% EngineCore ?



W
at
D
b

1.3R[E] AsyncIterator[RequestOutput] , &KX yield —MFTEVEEIE chunk,

2. EngineCore 14 NREIFTBERIVHI L, OutputProcessor 215K ID 73 & BN [ AY
stream, HMERBEBECH AsyncQueue , generate() MHEEER,

3. R async engine.abort(request id) , 1iJ EngineCoreClient &% abort ;& S E|
EngineCore, EngineCore 7£ T —4 5K IART&IE abort 55, MIAERATIHEERERK,

#.=] 3 : IPC MEREDHT
ST ZMQ IPC BYTERESEHE ¢

1. EngineCoreClient { R BfH ZMQ socket &I ?
2. RO R 4 ? A2 EEXFIER ?
3. KittEMHH AN R AFE I ?

W%
at
il I
M

1. 85 zmQ DEALER (¥ Fum) #1 zmo ROUTER (ARSBSiH) R, ZIFLZX—@EE.

2. {8 msgspec #HTZ#EIFTIL, Ltk ISON EEESM. msgspec [ Message 4ri3z 15
FENREFEY.

3. ZMQ ZHZFEN AIX (send(copy=False) ) , REATJUEEZEBAFIEHMATE
#ll, ¥FF token IDs $v4H, fEF numpy array 5% bytes buffer EiE(%i%,

ARk

o EVLLMEBARIMBEX BE | BE—MERKMAORR O 72220 (8] 4%
o HF InputProcessor Y{AJRGIBSIRASMMA (EfR. &)



——

o AR Parallelsampling ( F{TRHE ) GN{AI7E EngineCore AL Z 4™ completion



5120

R VLLM V1 Z2#Jf9 EngineCore, AsyncLLM #1 EngineCoreClient , ¥2##5|Z 4017
wHERAE ST,

HENE
=] Zi0)E 20
= EngineCore E1EIF, ZMQ IPC, &ERAIERKL
%3] S5|ZiThoM. HEEIRMKE

KEEIE  core.py. async_lim.py, core_client.py X5

IO

topics/engine-core/ & VLLM R REgHEEE , BITEMILHER ¢

o i@ ZMQ 5rlimE(E

T35 1B Scheduler #HTIHEIRE
- i@id Executor 53 &M 1TZI Worker

B

BRI TR E A

AIE AR

o RN
o ZMQ #tFZ(EIB{EEA
« Python multiprocessing £}



http://localhost:16762/topics/engine-core/concepts.html
http://localhost:16762/topics/engine-core/exercise.html
http://localhost:16762/topics/engine-core/code-walkthrough.html
http://localhost:16762/topics/engine-core/.html
http://localhost:16762/topics/architecture/.html

EEAEEIE , (FISER

« EngineCore RIEBIAMAT IR EEANEIRRTIE

o AsyncLLM Wf#FEF 2 APl 5 EngineCore

« EngineCoreClient HIEZ/F L BERT

o HIAKIE (tokenize) FiHHALIE ( detokenize ) BIRKE

- FT—%:BER%

[ EIHE
SRAtE T — B
SRAME BT
SRz
1738 5 Worker

RER%


http://localhost:16762/topics/architecture/concepts.html
http://localhost:16762/topics/architecture/index.html
http://localhost:16762/topics/engine-core/index.html
http://localhost:16762/topics/executor-worker/index.html
http://localhost:16762/topics/scheduling/index.html
http://localhost:16762/topics/scheduling/index.html

HiT88 5Worker — (X3 E 1%

Executor ?EE% — vllm/v1l/executor/abstract.py

class Executor(ABC):
@abstractmethod
def determine available memory(self) -> int:
"tRER]AE KV EFEEt

@abstractmethod
def initialize(self):
" rea{t executor # workers"""

@abstractmethod
def execute model(self, scheduler output) -> list[EngineCoreQOutput]:

AT R

@staticmethod
def create(vllm config):
"I RE  IRIBECERE executor AN
parallel config = vllm _config.parallel config
if parallel config.use ray:
return RayExecutor(vllm config)
elif parallel config.world size > 1:
return MultiProcExecutor(vllm config)
else:
return UniProcExecutor(vllm config)



MultiProcExecutor — viim/vl/executor/multiproc_executor.py

class MultiProcExecutor:
def init (self, vllm config):
self.workers = []
for rank in range(vllm config.parallel config.world size):
# Bl Worker #iZ
worker = WorkerProc(
rank=rank,
vllm config=vllm_config,
)
self.workers.append(worker)

def execute model(self, scheduler_output):
# THEREEMEBEIFFE Worker
for worker in self.workers:
worker.send(scheduler output)

# E15FA Worker 5ERK

outputs = []

for worker in self.workers:
output = worker.recv()
outputs.append(output)

return outputs[0] # rank 0 RY%EE



GPU Worker — vllm/vl/worker/gpu_worker.py

class GPUWorker:
def init device(self):
torch.cuda.set device(self.device)
torch.cuda.empty cache()

def load model(self):
self.model runner = ModelRunner(self.vllm config)
self.model runner.load model()

def profile run(self):
# BITRIMEE , NESFER
self.model runner.profile_run()

def allocate kv cache(self, num blocks):

self.model runner.allocate kv cache(num blocks)

def execute model(self, scheduler output):
return self.model runner.execute model(scheduler output)

GPU ModelRunner — viim/vl/worker/gpu_model_runner.py
X2 VLLM | RBVEAX MG (324K) |, #ZLFE -

class ModelRunner:
def execute model(self, scheduler output):
# 1. MEBBA
input batch = self. prepare inputs(scheduler output)

# 2. MERBFILAER CUDA Graph

if self. can_use cudagraph(input batch):
return self. execute with cudagraph(input batch)

# 3. HERIT
return self. execute model native(input_batch)

CUDA Graph #117



def execute with cudagraph(self, input batch):

batch size = input batch.num seqgs

# FREWGR. batch size HIEIHFKE

graph = self.cudagraphs[batch size]

# EIEREMALZRX

graph.input buffer.copy (input batch.to tensor())

# ENE
graph.replay()

# EEVEIH
return graph.output buffer

Executor.create()

MultiProcExecutor.execute model()

GPUWorker.init device()

GPUWorker.load model()

ModelRunner.execute model()

ModelRunner. prepare inputs()

ModelRunner. execute with cudagraph()

X

vl/executor/abstract.py

vl/executor/multiproc_executor.py

v1/worker/gpu_worker.py

v1/worker/gpu_worker.py

v1/worker/gpu_model_runner.py

v1l/worker/gpu_model_runner.py

v1/worker/gpu_model_runner.py

ERZR

I mikik
BT

SHFEIRAY
miT
CUDA i%%&
Ielte

HREUINELA
A

GPU gij[a)fg

&
A AL

CUDA
Graph E)



HiT28 5Worker — ¥

Executor & /E

Executor E X THREFITHMRIED , I =FaEREEI

Executor S=ER

UniProcExecutor

BHEMITER | TEIRMEER—#EZPTM !
. EEFRAEL

e 8B IPC

o RN GIL M09 CUDA EIEIAT] LAFIT

MultiProcExecutor

ZHEMITEE , 81 GPU W — Worker #72

e JEIT multiprocessing.Process Bl# Worker
« {£M pipe #H1TiHIZ[E]E(F
o RHKEHIT

RayExecutor

ETF Ray MR HIUMITER :

RayExecuto UniProcExecuto MultiProcExecuto
DR BHEFALER SHBEER
Worker S5
GPUWorker CPUWorke XPUWorke
NVIDIA CUDA X86/ARM Intel GPU



http://localhost:16762/glossary/tensor-parallelism.html

o ZHFETREAE
o BEBERNMRERHHEIE
o F FKEHT


http://localhost:16762/glossary/pipeline-parallelism.html

Worker 475 /B HA



Worker QU%

init_device()
CUDA & & ¥ta1t

load_model()

INEFREINE

profile_run(

BEDHH

allocate_kv_cache(
SER KV E7F

warmup()
CUDA Graph Fii#%

ERFITIES

)

execute_model(

PITRIRE




RKETR

1. init_device() : i%& CUDA i&& , #1341t NCCL iB{54H

2. load_model() : )\ HuggingFace checkpoint JIZNEZF GPU
3. profile_run() : TIT—REMEIEERE , IESREFFERE
4. allocate_kv_cache() : {RIERIREFHE KV EFR

5. warmup() : #%X CUDA Graph , #ii#% CUDA kernel

CuMemAllocator
CuMemAllocator IRTEYEJ9IMIZINGEE ( enable cumem allocator ) , NS enable sleep mode

B, EEIE CUDA Wit , RIFTE sleep/pause B TRMFNEH i EF.

ModelRunner

ModelRunner & Worker B9#Z/04R4 ( viim/vl/worker/gpu_model_runner.py , £J 7400 17 /
324KB) , fass:

RIEEEMIT

SchedulerOutpu % InputBatcl A LoR *ﬁﬁ!ﬁﬁrﬁj{ﬂ%—' Sampling ModelOutpu

CUDA Graph 1%
CUDA Graph £ decode PHER 2 fit B ZRIMEREIRR T ¢

1. BN ER - B/t EM AT IRBIEEE
2. ¥3KE : iERFTE CUDA ZRERE
3. BEM : BmAERE , #5% kernel launch 7

— RS ) ST .
BRI > %% CUDA Grapt > o SFE Decode filiH
(warmup) (graph replay)



http://localhost:16762/glossary/cuda-graph.html
http://localhost:16762/glossary/cuda-graph.html

WARALIE
ModelRunner 518 E 281945 H4% k)0 GPU ATHMITRISEA !

# BLTRE

class InputBatch:

token ids: torch.Tensor # [num_seqs, max_ len]
position_ids: torch.Tensor # [num_seqs, max_len]
block tables: torch.Tensor # [num seqs, max_blocks]
seq_lens: torch.Tensor # [num seqs]

sampling params: list[SamplingParams]

BT a2

VLLM BT Platform 3mSR Sz 35 S g4 .

e X4 Worker

NVIDIA CUDA platforms/cuda.py = GPUWorker
AMD ROCm platforms/rocm.py =~ GPUWorker
x86/ARM CPU platforms/cpu.py CPUWorker
Intel XPU/Gaudi = platforms/xpu.py XPUWorker

Google TPU platforms/tpu.py TPUWorker

EPS

« CUDA Graph — CUDA Eli#ifi 5 &

Tensor Parallelism — 3k & 317

Pipeline Parallelism — ;K& 1T

Flash Attention — S¥GEE SINZ
BEESEFE — EENTHEASI

[ EI6E i it 5%


http://localhost:16762/glossary/cuda-graph.html
http://localhost:16762/glossary/tensor-parallelism.html
http://localhost:16762/glossary/pipeline-parallelism.html
http://localhost:16762/glossary/flash-attention.html
http://localhost:16762/topics/model-layers/.html

ZIHE ftopics/model-layers/


http://localhost:16762/journal.html
http://localhost:16762/topics/model-layers/.html

1788 5Worker — 45=]

45.3] 1 : Worker #8415

£% GPU 17=H (4 x A100) , 5% MultiProcExecutor BI#)I81LTTE -

1. BIEZT 24 Worker #1718 ?
2. §ANFHIZWEEEFE AW GPU ?
3. NCCL BRI #ET ?

W
at
)
b

1. Bl 4 4~ Worker ##2 , 1 GPU MR —1
2. 81T CUDA VISIBLE DEVICES 3BT =T torch.cuda.set device(local rank) 1&E.

3. &/ Worker JA torch.distributed.init process group(backend='nccl') , 1&Bid
rendezvous (NXXH R A TCP) hill. TP=4 BIFRE 4 1> Worker 7EE—#F24H,

#4=] 2 : CUDA Graph {321

534t CUDA Graph 3k R4 FIERS!

1. J9f+ 4 CUDA Graph R7E decode PHER{FEFR ?
2. iR AR U R RE 2
3. WIR batch size #BITHHIXKETRIFZ RS BFE ?



W
at
D
b

1. Prefill BYERRVIGATZIRZENZSH ( RE prompt KE) , T:2BETEE#EIR, Decode MERE
FTH4ER 1 1 token , BMAFIRERE, E&E#ER,

2. VLLM £/% batch size 9 5I3EFXE (80 1, 2, 4, 8, ..., max_num_seqs). a{Thi%ERER
EILRE 3K batch size FIE,

3. YIR batch size BT R AHKAE , KERREZ BT (EEER ) . IR A4 vLLM
FEE warmup PERRZ A batch size 1#IXE.

%> 3. EFESRERH
7£— 80GB A100 tizfT 7B %8 (FP16) , " tFE=FHE :

1. RBSHEAZLER?
2. profiling FRIR B VL KV &7 ?

3. AN block_size=16 , BEHEEZ /L block ?

W
aft
%
b

1. 7B &% x 2 bytes (FP16) = 14 GB, M EMABIRENHE (HEFAFTE), LY 14
GB.

2. FI545 80 - 14 = 66 GB (JFiE CUDA context F1E Mt FFEH, S2PReY 60-65 GB),

3. 81 block B9 KV £E87FK/)\ = block_size x head_dim x num_kv_heads x 2 (K+V) x 2
(FP16) bytes, {Ri& LLaMA-7B (32 heads, head_dim=128, 32 layers): 16 x 128 x 32 x 2 x
2 x 32 layers = 8.4 MB/block, £J 60 GB /8.4 MB = 7142 blocks,

HhREPkAX

o [{i% gpu model runner.py B prepare inputs F5i% , IRRRI A IRADIELIZLE



o M7 cudagraph utils.py AF CUDA Graph #HIXBIKESLIR

« W3R RayExecutor dNA]7E S T = _EiEE Worker



1788 5Worker

R VLLM B9#1TZE : Executor d{el1EE Worker , GPU Worker ¥ ModelRunner [l
AIEEEEINE,. FiE{E1EF] CUDA Graph,

HERNE
=] Zi0)E 20
] Executor 23, Worker £#5EHE. ModelRunner, CUDA Graph
%3] Worker #]351tiRF2. CUDA Graph 5347
XREIE  executor, worker, model_runner X5
WY 7

RITER vLLM REESEHRENERX :

o Executor : iR 1TH&O , 2#F MultiProc, Ray. UniProc =##&Ez{
o Worker : EIZBEMEEZMYIAL. WEINE, HWERIT
« ModelRunner : H{TIEEFi[E1%1% , EIE CUDA Graph, LoRA. HEMIf#RS

+ CUDA ZmizE =


http://localhost:16762/glossary/cuda-graph.html
http://localhost:16762/topics/executor-worker/concepts.html
http://localhost:16762/topics/executor-worker/exercise.html
http://localhost:16762/topics/executor-worker/code-walkthrough.html
http://localhost:16762/glossary/cuda-graph.html
http://localhost:16762/topics/engine-core/.html
http://localhost:16762/topics/scheduling/.html

EEAEEIE , (FISER

« Executor JNfAIEFEFIBIESER Worker

» GPU Worker BI¥)4a L TR INELITTE

» ModelRunner $NEHITHIEEEFH E IR ALIE
« CUDA Graph 3{a]ill3&E decode FHER

- F% BRAESHTE

[ EIHE
AHNITE
REESETE


http://localhost:16762/topics/distributed/index.html
http://localhost:16762/topics/model-layers/index.html
http://localhost:16762/topics/model-layers/index.html

KVZETZ5PagedAttention — {XIBEIE

KVCacheManager — vllm/v1/core/kv_cache_manager.py

it

class KVCacheManager:
def init (self, block size, num_blocks, ...):
self.block size = block size
self.block pool = BlockPool(num_blocks)
self.block hashes: dict[BlockHash, KVCacheBlock] = {}
self.req to blocks: dict[RequestID, list[KVCacheBlock]] = {}



def allocate(self, request, num tokens):
# 1. TEFEZRRE
total blocks needed = cdiv(
request.num_computed tokens + num_tokens,
self.block size,
)
current _blocks = self.req to blocks[request.request id]
total blocks needed - len(current_blocks)

num_new_blocks

# 2. BIREERE
new blocks = []
for i in range(num_new blocks):
block idx = len(current blocks) + i
# TERABTHIES
block hash = self. compute block hash(request, block idx)

# KMERBHBR & AR

if block hash in self.block hashes:
cached block = self.block hashes[block hash]
cached block.ref count += 1
new_blocks.append(cached block)

else:
# WZ=Rith i
block = self.block pool.allocate()
block.hash = block hash
self.block hashes[block hash] = block
new blocks.append(block)

current_blocks.extend(new_blocks)
return new blocks

REERR

def free(self, request):
blocks = self.req _to blocks.pop(request.request id)
for block in blocks:
block.ref count -=1
if block.ref count ==
# 5|APAE , PR Wit
del self.block hashes[block.hash]
self.block pool.free(block)



BlockPool — viim/vi/core/block_pool.py

class BlockPool:
ISR, EIRATE R AR

def init (self, num blocks):
self.blocks = [KVCacheBlock(id=1i) for i in range(num_blocks)]
self.free block indices = set(range(num blocks))

@property
def num_ free blocks(self):
return len(self.free block indices)

def allocate(self):
if not self.free block indices:
return None
block id = self.free block indices.pop()
return self.blocks[block id]

def free(self, block):
block.reset()
self.free block indices.add(block.id)

KV Cache Utils — viim/v1/core/kv_cache_utils.py

RIEF/TE

class BlockHash:
CUREISEE , AT AIREELE
# EERABTIRREFIHE G
pass

def compute block hash(content hash, parent hash, block idx):
return hash((content hash, parent hash, block idx))

KV Cache E2 & 4R}



def generate kv cache config(
model config, cache _config, parallel config
) -> KVCacheConfig:
# TEEEN KV EFXN
head dim = model config.get head dim()
num_layers = model config.get num layers()
dtype size = get dtype size(cache config.cache dtype)

# 81 block WIFET#
block size bytes = (

block size * head dim * num_kv heads * dtype size * 2 # K + V

# SEAER
available memory = get available gpu memory()

# TTERRRE
num blocks = available memory // block size bytes

return KVCacheConfig(
block size=block_size,
num_blocks=num_blocks,

KV Cache Coordinator — viim/vl/core/kv_cache_coordinator.py
hilZ N ETZLE (1F140 sliding window + full attention ) :

class KVCacheCoordinator:
def init (self, managers: list[KVCacheManager]):
self.managers = managers

def allocate(self, request, num tokens):
for manager in self.managers:
blocks = manager.allocate(request, num tokens)
if blocks is None:
# E—BIEBEHD IR L EBEE
self. rollback allocations()
return None
return True



RIBERLERSI

BIESES
KVCacheManager.allocate()
KVCacheManager. free()
BlockPool.allocate()

generate kv cache config()
compute block hash()

KVCacheCoordinator.allocate()

X
vl/core/kv_cache_manager.py
vl/core/kv_cache _manager.py
vl/core/block_pool.py

vl/core/kv_cache_utils.py

vl/core/kv_cache_utils.py

vl/core/kv_cache_coordinator.py
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S KV E7FR
BRIEKAIETFIR
MZE iRt 53 EC YRR
HTEEFRESH
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MRS EEFHE



KV4175PagedAttention — &

{£4% KV Cache 119)2]81

EFRE Transformer #IER |, EMEKM KV EEEENMSREAKENELSSE

Ry

BRER
ER A ER B ER C XFRRAT
5 S 4096 slots 45 S 4096 slots 45 EC 4096 slots 1024+512+2048
a);
- BRRE  MHERAKE , LMRMEMAZ/TFLLE
o R AEEKRBMEFFERNELENT X5
o« EiEHZE  HERENBEKRZBREFMIIEIX
PagedAttention [FIE
PagedAttention f&£IR1E R R EIAATFRI S TINLH
ERER
Block 0 Block 1 Block 2 Block 3
tokens 0-15 tokens 16-31 tokens 32-47 tokens 48-63
v ] MR I
YPIRIR 5 YPFRIR 12 YIERIR 3 IRk 8




= 1t BA

Block (3R) BEE X/ KV 277850 , XA 16 tokens
Block Table ( 2% ) ERE IR ARG R
Block Pool ( i&itt) FrEr] AYIBIRIES

Reference Counting (5|t ) RESNMIERIS|IAY  HHEE

REVAE an A HA
3R + R SlETH -1
_— (prefix cache) — *—__ x\
. allocat PECLATEN ™
2SR5 T— e, 51RIEFE?
= koo -

=
=

HIR£ETF ( Prefix Caching )
Prefix Caching 8 1TEBHEEIRIZKRIIERLE KV EfFIR .

HEME

7N\

System Promp

(Block 0-3)
ER B BEX A
User Query B User Query A
(Block 6-7) (Block 4-5)

SKMA

1. 81 block TEABMMREE
2. &R block FZE S5 E A block ILEZ


http://localhost:16762/glossary/prefix-caching.html

3. EEEAINNEREEMIER (5B +1)
4. RNILEN M= R)ith 53 BECHTIR

BHEITE
block hash = hash(block content, parent block hash)

XRHENEE | 8 MRNBARBEATHRRMIES , BAREBEFIUE LHNBEERE=EME
FEra%,

KV £&7ZiE0%; ( KV Cache Offloading )

Y GPU BEAER , VLLM 325 KV EFEHEI HMFMERER

GPU HBM CPU RAM SSD/Disk
« swa . - swa
(R'R) (FE) (&18)
DERRE
E% IR FE EHA%=

GPUHBM -~ns &R EKERKY EF
CPURAM ~us X #WiE4H89BEXK
SSD/Disk  ~ms  RBX KEHRNEKHEKXR

XHRG%7E (FileSystem Tiering )
FIBEYLE Python MR R IR _REFE :



FileSystemTierManage

e

FileMapper 10
DualQueueThreadPoo
hash - X4&1Z O_DIRECT [RFEA
ES) RS stz

RIS

DualQueueThreadPool : D EiZEPAT , iZIRIEM IR
RFEAN : EEIRRIXME , B renane MR

O_DIRECT IO : £ 714877 , B AFEN

BHEFER 8 KV BRIRIEAEMGEFER SRR ERNHITS

MooncakeStore Z4H7 15

MooncakeStore E1ZEFMEIFES TR NREFS A KV £F .

MooncakeStoreCoordinator : itE &4 KV &1%£ARY load/store mask

% TokenDatabase : f4H KV cache #3PJHI7AY ChunkedTokenDatabase
LCM R¥45F : BBRM KV EFAHEHMRNTF (EFRARNAEE)
BV F R4 . MooncakeStoreConnectorStats EREREIRIRIERIEIR, FHE. po0 EIRFIHIRE

Block X/\i& F

block_size FOEFEZMIMHERE

block_size = fim R

N (8) ERENEFERE , RBEL FESHNTREAE
H(16) FENERE (FN) —

X (32) BRI TR H EZRFRE



EPS

Paged Attention — 73 BUER IRIZILEIE
KV Cache — KV E7FHEAES
Continuous Batching — {AE 25 KV BEFEERH

Prefix Caching — BI4R4ETFRVIFHRIE
KV Cache Offloading — KV E1FE155 2| CPU/MEE

[ R4

FIHE


http://localhost:16762/journal.html
http://localhost:16762/glossary/paged-attention.html
http://localhost:16762/glossary/kv-cache.html
http://localhost:16762/glossary/continuous-batching.html
http://localhost:16762/glossary/prefix-caching.html
http://localhost:16762/glossary/kv-cache-offloading.html

KV4&1z5PagedAttention — 4:=]

%3] 1. RECARS

BCE : block_size=16 , 23t 8 MPIEIR,
BEXFY :

1. &K A : prompt 40 tokens

2. 1B3K B : prompt 24 tokens ( B 16 tokens 5 A fH[E] )
3. 3K A decode 10 MH token

4. 153K C : prompt 48 tokens ( Bl 16 tokens 5 A tH[E] )

BRUESSHRAEIRE (MERERERL. ZHRE. 5IATHH).



W
ot
i
A

& 8 N=WIR [0-7]

1. 153K A (40 tokens) : FEE 3 MR (ceil(40/16)=3) , HEHR [0,1,2], =R : 5
» Block 0: hash(A[0:16]), ref=1
e Block 1: hash(A[16:32]), ref=1
« Block 2: hash(A[32:40]), ref=1 (ZB431E38)
2.1BK B (24tokens , 116 5 AHEE) | BE 2 PR,
* Block 0: hash Itfig, B, ref=2
« Block 3: #ioEE (B[16:24]) , ref=1
. TH: 4
3. 153K A decode 10 tokens : I1F 40+10=50 tokens , F£E ceil(50/16)=4 MR,
 Block 2 B3R H1EZ 40, INTEIEZI 48 (8 NI token )
« TE Block 4 (55 49-50 token) , #i93ER, ref=1
o« TN 3
4.7BK C (48tokens , Bi16 5 AHE) | TE 3 MR,
* Block 0: hash Itfig, EF, ref=3
 Block 5, 6: #i93fc (C[16:48]) , ref=1

o TH: 1

453) 2 : BISBETFNERE DM
{E21%& system prompt Jg 512 tokens , & 10 ML BERLZ I system prompt,
TTEELHIEREFRAY KV £77R%0 (block_size=16) :

1. TRIGEF

2. BRIRETF



W
at
D
b

System prompt 3R%EK: ceil(512/16) = 32 3R

1. TRIRERE: B MEKRMILEME system prompt,
« 10 x 32 = 320 RFF system prompt
o R ZFE/V 320 + 10 x (user query blocks)

2. BRIRETE . FIBIEKREZ—14 system prompt,
o 32 AT system prompt (ref=10)
o A3t 32+ 10 x (user query blocks)

o T 320-32=2881R (90% T54)

#3>] 3 . KV E1FEIE R 2T
ST UA T 152 R R 1% 18 FR MR FREN 25 55 RS

1. 10 MEXRF%K , GPU BFRIFFBA , B3 11 MEKREX
2. 100 MRIFIFER , HEH 80% EFEAZHFFTIRE
3. BEMEHIRRR , HRIZINFLIE

%

EE

A

1. Re-computation : REHENMNEEE, H&—MERERRME. EH prefill BIFH
INF swap 89 110 FFEHo

2. CPU Swapping : KERNEEKIEK, EBEEENN KV EFRHE| CPU RfF. SRAP4L:
SPIERTE RN,

3. AHIH . BEZRPERZINFAIE , AFEZRECTMIER KV E1F, EERERENE,



FhREkEL

o i vllm/v1l/core/kv_cache utils.py PERIEHRITTEIZIE
o 2 KvCacheCoordinator YNEIEIESMNEFL (sliding window + full attention )

o R simple kv offload/manager.py HIEDEESSIR



KV4E 17 5PagedAttention

SRNIERR VLLM BIRZ0BIET : PagedAttention 901 KV E7FEIE |, UIRBXM KV
cache IRHES. BIREF KV EIFENE,

HERNE

=] Zi0)E 20

S PagedAttention [RIE, REIE, FIHEF. KV HEH

%3] ROEAELL, BIRETFD

KREIE  KVCacheManager, BlockPool, kv_cache utils X5
WY 7

Paged Attention 2 VLLM BIZILEIHT , BERMERAERMAEFN S TTEBRERE KV Cache :

o 15 KV ETFXI5 IEER/NEIER (block )

s BENER , BEMOEESARETF

o ZHAFR  SNBEKRFTUHZHERRIR KV &7
o THEHRLEIMR  FAERAVRIREE] CPU ATF

AIE AR

 IAERAR
o Transformer jF 2 IV HIFIEA[RIE
« GPU EFEIEEM
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http://localhost:16762/glossary/paged-attention.html
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http://localhost:16762/topics/scheduling/.html

EEATEE , RFIER

« PagedAttention dNEISCILSEY KV EFEIE
o RIDE. BERALZNH

« Prefix Caching eI € AR ZRIGAT KV &7
o KV EFHFHZ| CPUMENS ERES

- F—% : L1788 5 Worker



http://localhost:16762/glossary/prefix-caching.html
http://localhost:16762/topics/executor-worker/index.html

REESEFE — NHEIE

LLaMA fZ8ISCI] — vllm/model_executor/models/1lama.py

KRB EER

@ModelRegistry.register("LlamaForCausallLM")
class LlamaForCausalLM(nn.Module):
def init (self, config, *, model config, cache config, quant config):

self.model = LlamaModel(config, ...)
self.lm head = ParallellLMHead(config.vocab size, ...)
def forward(self, input_ids, positions, kv _caches, ...):

hidden = self.model(input ids, positions, kv _caches)
return self.lm _head(hidden)

def load weights(self, weights):
# WNEMEHZE

LlamaModel

class LlamaModel (nn.Module):
def init (self, config, ...):
self.embed tokens = VocabParallelEmbedding(...)
self.layers = nn.ModuleList([
LlamaDecoderLayer(config, ...) for _ in range(config.num hidden laye
rs)
1)
self.norm = RMSNorm(config.hidden size, ...)

def forward(self, input ids, positions, kv caches):
hidden = self.embed tokens(input ids)
for i, layer in enumerate(self.layers):
hidden = layer(
hidden, positions,
kv_caches[i], # BEBMIMN KV £&F
)

return self.norm(hidden)



LlamaDecoderLayer

class LlamaDecoderLayer(nn.Module):

def init (self, config, ...):
self.self attn = Attention(...) # Z—FBNE
self.mlp = LlamaMLP(...) # FFN

self.input layernorm = RMSNorm(...)
self.post attention layernorm = RMSNorm(...)

def forward(self, hidden, positions, kv_cache):
# Pre-norm Z2#%
residual = hidden
hidden = self.input layernorm(hidden)
hidden = self.self attn(hidden, positions, kv_cache)
hidden = residual + hidden

residual = hidden

hidden = self.post attention layernorm(hidden)
hidden = self.mlp(hidden)

hidden = residual + hidden

return hidden

Attention [ — model_executor/layers/attention/

#—iEENEO



class Attention(nn.Module):
def init (self, num_heads, head dim, ...):

self.q _proj
self.k proj = ColumnParallelLinear(...)

ColumnParallelLinear(...)

self.v _proj = ColumnParallelLinear(...)
self.o proj = RowParallellLinear(...)

def forward(self, hidden, positions, kv _cache):

q = self.q_proj(hidden)
k = self.k proj(hidden)
v = self.v _proj(hidden)
# NF RoPE

g, k = self.rotary emb(positions, q, k)

# PagedAttention : E#f KV 477
k, v = self. update kv cache(k, v, kv_cache)

# AREENER

output = self.attn backend.forward(
q, k, v, kv_cache.block table,

)

return self.o proj(output)

Linear 2 — model_executor/layers/linear.py

FITLME



class ColumnParallelLinear(nn.Module):
"UBIESY AR TP rank 105"
def init (self, input size, output size, ...):
self.weight = Parameter(output size // tp size, input_size)

def forward(self, x):
output = F.linear(x, self.weight)
# All-reduce 7E/34: RowParallelLinear AR}
return output

class RowParallelLinear(nn.Module):
TS WALEDR TP rank 15"
def init (self, input size, output size, ...):
self.weight = Parameter(output size, input size // tp_size)

def forward(self, x):
output = F.linear(x, self.weight)
tensor model parallel all reduce(output)

output
return output

Fused MOE — model_executor/layers/fused_moe/

MoE Z3£I

class FusedMoE(nn.Module):
def init (self, num_experts, top k, ...):
self.wl3 = Parameter(num experts, 2 * intermediate size, hidden size)
self.w2 = Parameter(num experts, hidden size, intermediate size)
self.router = nn.Linear(hidden size, num_experts)

def forward(self, hidden):
# 1. Router it&
router logits = self.router(hidden)
top k weights, top k indices = torch.topk(router logits, self.top k)

# 2. Fused MoE kernel

output = fused moe kernel(
hidden, self.wl3, self.w2,
top k weights, top k indices,

)

return output



RIBERLERSI

BIESES
ModelRegistry.register()
LlamaForCausalLM. forward()
Attention.forward()
ColumnParallelLinear
FusedMoE. forward ()

RMSNorm

RotaryEmbedding

X
models/registry.py
models/llama.py
layers/attention/
layers/linear.py
layers/fused_moe/
layers/layernorm.py

layers/rotary_embedding/

ht

BRZS
TEMRRIZEH
LLaMA Ri[a{&1&
GZ—EBNUE
St n &=
MoE HifE1{& 1%
RMS JI3—1t

ROPE i & 4whY



REESEFE — &

Model Registry — model_executor/models/registry.py

VLLM fEREMRIERIF HuggingFace 52442 BR G EIFEEI ST

llama.py
LlamaForCausalLM—>|
LlamaForCausalLM
en2.
Qwen2ForCausalLM—>| aw Py
Qwen2ForCausalLM
HuggingFace . .
architecture ModelRegistry—— DeepseekV3ForCausalkivt—> deepseek_v3.py
config.json
models/deepseek_v4
DeepseekV4ForCausaltiv N P =
(GhERIELR)
openvla.
OpenVLAForActionPrediction—® N
(VLA t23Y)
ERRALSY

# TEMCRYEM
@ModelRegistry.register("LlamaForCausallLM")
class LlamaForCausalLM(nn.Module):

WREBRIRE
R FERIE S TR MBS ( BHE X CUDA kernel, ROCm 45{t;EZ71 ) M model executor/models/

BRI E



=R VA= R E

DeepSeek V4 vllm/models/deepseek v4/ B X CUDA/DSL kernel

E kR R vllm/model executor/models/ ThF

TRARH

nvidia/ops

Registry 1T resolve module name() X¥FTEPREEIRIZIZ , BNEMINEBIRELE,

FEAYIE ] Mixin
vLLM BT Mixin 30 = RREEAYRE

Mixin 1588
SupportsLoRA 15 LoRA ERCEE

SupportsMultiModal SHEHZESEA

SupportsMRoPE SECESS: I AN L
SupportsPP SEIRIKEFHT
HasInnerState BRSPS (W Mamba)

Attention B

(model_executor/layers/attention/)

Attention Backend

/ (v1/attention/backends/)

—

FlashAttention Flashinfe Triton Attention

ROCm Attention

CPU Attention

BT R ImIER

AttentionBackendSelector EHELATZEEFRGIF :

o IEFFE (CUDA, ROCm, CPU)



o HWHFEEE (head_dim, sliding window )
« =7 /2F CUDA Graph

ERNEFTERIMMMIERE

4

1. Prefill : 2IE5EEE prompt RER S

2. Decode : B token B E;FE S

SR

VLLM & MRS F S MAFTHELED

Linear Base

-

ColumnParallelLineatr

L1171bs)

™

RowParallelLinea
Tt059

ELRE

FPS/GPTQ/AWQ/...

WEMEH
VLLM ZHZHINERT !


http://localhost:16762/glossary/cuda-graph.html

JIE A ZFFEIV

default loader HuggingFace safetensors/bin
gguf loader GGUF #&={

bitsandbytes loader BitsAndBytes 2{{iXE

tensorizer loader Tensorizer R34t

Fused MoE — model_executor/layers/fused_moe/

Mixture of Experts #8EIFRZIOMELL -

top- Expert 1
Router
Input Toker > —  top- Expert > MRS
TEE
top- Expert N

REMAL

 Fused Kernel : 45 router + expert i+ R & &4 CUDA kernel

 Expert Parallelism : EXaJUARHES A GPU L

o MEYE  IBPBERDEUFEHTERE

« Elastic EP (M4 EXRH1T)  IIBENST RIG R EP X/, TRFERS

+ X% LORA : MoE #Y base GEMM #0 LoRA delta R [E CUDA iRHITHIT

MoE J5im#EFF


http://localhost:16762/glossary/moe.html

=y BE B iR

Triton MoE FP16/BF16 NVIDIA AR , ZFEXUR LoRA
CUTLASS MoE =~ WA4A8 (FP8 act)  NVIDIA 83T oracle #E3RE&H
Flashinfer B12x =~ NVFP4 SM12x (Blackwell) @& dispatch+GEMM+SwiGLU
Marlin MoE AWQ/W4A16 NVIDIA INT4 EER

ROCm MoE FP16/BF16 AMD ROCm #5{t.3CH]

Oracle HE2Z2

MoE [EimERFIEEIT oracle BN ZE—S1E .

FusedMoEConfig

Oracle

EHR + ERE

!

=l

TritonMoE / CUTLASS
/ Flashinfer / ...

HFRimEE is supported config() . supports quant scheme() FF;AFBAEES] , oracle 1§

RIREEC B B R RN N,

Gated DeltaNet (GDN) — model_executor/layers/mamba/gdn/

¥iEEY GDN FAAZIFES IR NREAMLAMLEIENE :



—

(base)

GatedDeltaNetAttention

i

Kimi GDN

OLMo GDN

kimi_gdn_linear_attn.py olmo_gdn_linear_attn.py

Qwen GDN

gwen_gdn_linear_attn.py

M OLMo Hybrid 2B FR{ZEXHIRITHY GDN & (iR ~650 17)

o ¥ CPU [Bi% (ma

mba/ops/cpu/gdn_attention.py )

o BIREBIHE GatedDeltaNetAttention EZE , XMB L EIENTIK

hEdE I E YRS ( ROPE)

VLLM ST 2 RoPE LK :

Default RoPE
LongRoPE
MRoPE

Phi3 Long RoPE

PR

= B

IERRE
LLaMA, Mistral
RFERETX
SIRSHER

Phi-3

Flash Attention — S¥GEE 1iTE
MoE — TR IRAL
Tensor Parallelism — sk EHF TR E &

LoRA — {#%iEHC 28


http://localhost:16762/glossary/flash-attention.html
http://localhost:16762/glossary/moe.html
http://localhost:16762/glossary/tensor-parallelism.html
http://localhost:16762/glossary/lora.html

FIBE
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REESEFE — 4>

gﬁ:\ﬂ 1: //J\\)JD¥F[*E§:

BIREZARIN— N FRVIRELZEH) "SimpleModelForCausalLM" , {5HiAE

=
1. BUEBMRLE ST 4 2
2. SCIRMBLE TS % ?

3. YNl EAE] ModelRegistry ?

W

2EX

A

1. 81 vllm/model executor/models/simple model.py , SEIRFREUZE,
2. WASEIR
o _init : #J¥A1LIREYE (embed. transformer layers. Im_head)
« forward : FifA{%#%, IR[E logprobs 3% hidden states
o load weights : M HuggingFace checkpoint INEitXE
o T3 SZIN SupportsLoRA . SupportsMultiModal ZE Mixin

3. fEFEE M AR

@ModelRegistry.register("SimpleModelForCausalLM")
class SimpleModelForCausallLM(nn.Module):

23] 2 FE IR EE

LA R IEE N EiRAIMERESHE -



& Prefil Decode CUDA Graph

FlashAttention = ? ? ?
Flashinfer ? ? ?
Triton ? ? ?

W
at
D
b

=P Prefill Decode CUDA Graph
FlashAttention = A% (10-aware &%) = ZEEFIMALK HF
Flashinfer mFE (ZHHEEMK) B (decode kernel) = R{EZHF
Triton RYF RyF E251

Flashinfer & VvLLM V1 BIEKiAGiR , T RIEIBIZRMIL , decode MHBERITF-

#5>]) 3 : MoE &894
24 DeepSeek-V3 ) MoE LI :

1. BEBSIUANER?
2. Router J{EFEESR ?
3. Fused MoE kernel 30{a/ gliEit& ?



W
at
D
b

1. DeepSeek-V3 A 256 MEHER + 1 MHEELZR, &1 token BUE top-8 BREHER + &
ZEX,

2. Router @—MNEME, Wit 256 N EXRBISDEL, %8 top-8, FHA sigmoid MMIE softmax ,
[Ry=pak=aslt it
3. Fused MoE kernel LA T &1ERIE 79— kernel:
« Router it®
 Token E| Expert 99 %
« Expert B 1EiHE

o ZERERE BHRT %R global memory 5, BER/IVIER,

FhRERkAX

o [FiE vllm/model executor/models/1lama.py , IEf# LLaMA HREUIAYSEEESCIR
o ST fused moe/ BFRTHY kernel SEIR
o R quantization/ BRTFHIENHZMASLEIEEERR



REESEFE

AR VLLM FRRBUSCILRR © 200+ AR MZH5. ATEAETRE. EENVGISEIA
ERESRIL,

HEAE
=] Zi0)E 20
B2 Model Registry, #E&EO, FENE. MoE
%3] WINFREL, BEXEFHR
RFBEIE  llama.py. attention [Z. linear x5
WY 7

VLLM BRI E B SR ALAM

o MRBUEE ( model executor/models/ ) : 200+ HREYZEMISCIR | NSNS N —Fhay =
HuggingFace %244

o BEFE ( model executor/layers/ ) : ]S FHMMEMLEZE , BEEIEN. &=, 2. MoE

s~

=

AIE AR

o 1728 5Worker
o Transformer Z2f[HIE
« PyTorch 1#&EI4RFE
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http://localhost:16762/topics/model-layers/code-walkthrough.html
http://localhost:16762/topics/executor-worker/.html

EEAEEIE , (FISER

« ModelRegistry 3017l B &) & I FE AT

o RAEEAY Mixin &1+ ( SupportsLoRA, SupportsMultiModal £ )
o FBENEWNERARRERIR ( Flash Attention, Flashinfer £ )

+ MoE #&#8!Y Fused MoE X3}

- F—%: BLRE

[ EIHE
1788 5 Worker — =
SRR

ERESR

HEM ARG


http://localhost:16762/topics/executor-worker/concepts.html
http://localhost:16762/topics/multimodal/index.html
http://localhost:16762/topics/quantization/index.html
http://localhost:16762/topics/speculative-decoding/index.html
http://localhost:16762/glossary/flash-attention.html
http://localhost:16762/glossary/moe.html
http://localhost:16762/topics/quantization/index.html

SIRSRIE — BEE X

MultiModal Registry — vllm/multimodal/registry.py

class MultiModalRegistry:
def init (self):
self. processors: dict[str, MultiModalProcessor] = {}

def register model(self, model cls, processor cls):
self. processors[model cls. name ] = processor_cls()

def get processor(self, model cls):
return self. processors.get(model cls. name )



MultiModalProcessor — viin/multimodal/processing/processor.py

class MultiModalProcessor:
def process(self, inputs: MultiModalInputs):
# 1. WRITSIEEHE
image data = inputs.get("image")
audio data = inputs.get("audio")
video data = inputs.get("video")

# 2. TRIEBIES
image features = []
if image data:
for img in image data:
pixel values = self.image processor(img)
features = self.vision encoder(pixel values)
image features.append(features)

# 3. RFEIESIEET(E

projected = self.multi modal projector(image features)

# 4. ¥ inputs embeds
inputs embeds = self. merge text and features(
text embeds, projected, inputs["prompt"]

return inputs embeds

Encoder Cache Manager — vllm/vl/core/encoder_cache_manager.py

class EncoderCacheManager:
def init (self, cache size, cache dtype):
self.cache = LRUCache(cache size)
self.cache dtype = cache dtype

def get(self, cache key):

return self.cache.get(cache key)

def put(self, cache key, features):
self.cache.put(cache key, features.to(self.cache dtype))



*E 9&5@)\;‘5@ — vllm/multimodal/inputs.py

class MultiModalKwargs(TypedDict):

image: Optional[list[ImageInput]]

audio: Optional[list[AudioInput]]
video: Optional[list[VideoInput]]

class MultiModalInputs:
prompt: str
token _ids: list[int]

multi modal data: MultiModalKwargs

MultiModalRegistry.register model()

MultiModalProcessor.process()

EncoderCacheManager.get/put()

MultiModalInputs

ImageProcessor

AudioProcessor

XfF

multimodal/registry.py

multimodal/processing/processor.py

vl/core/encoder_cache_manager.py

multimodal/inputs.py

multimodal/image.py

multimodal/audio.py

ht
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JRIQFIN

(text + image/audio/video)

MultiModalProcessoi

PN

Feature Extraction

fmhg 2R ALIE

-

‘mig2E

Vision Encoder
(CLIP/SigLIP)

Audio Encodel Feature Integration
(Whisper) FHIERL S

Video Encoder

(MHEEX + 4mbD)

Language Mode

BEl)3ERK




AR

BRI

# ERBEARBI

{
"prompt": "HHAXGKEIR",
"multi modal data": {
"image": PILImage or URL or base64,
}
}
REIEAIE

1. EM&RRERDFOFALLIE (resize, normalize )
2. Vision Encoder 12 BU4HIE

3. REEMRGIFIESRELAY embedding =8
4, BIXAR <image> AT

B

REIETAE

1. SINAEEFILFIEIREX ( mel spectrogram )
2. Audio Encoder (B = Whisper 4gi328 ) 1REUFE
3. 1’ EMETR] embedding (8]

PSRRI
REIRAIR

1. STRERD |, $92) KA
2. §M3@1T Vision Encoder

3. BRtFERE ( pooling 3% temporal attention )

ImhD SR

SEARBENHEAERA, VLM U T HBSEES
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ERIREVHE
EE—' ﬁ)\éﬁﬁj

« EncoderCacheManager : EIE4wi5254 HIVEF
- R MAANBTHREEE
o Z£7F/K : LRU 45| B3RS

EfxiE ItE hash— ZEfFamT

SIESIEMR
FMREFIASZ M S ESEE

# BLRE
@YodelRegistry.register("LlavaForConditionalGeneration")
@SupportsMultiModal
class LlavaForConditionalGeneration:

supported modalities = ["image"]

def get multimodal processor(self):
return LlavaProcessor()

#riEAL : OpenVLA
Vision-Language-Action 122! , TV AREES .

o {EFARLE DINOV2 + SigLIP M &F (& tinm )
e PrismaticProjector H{TSIESIE

o TNE token FIUMIE

4wt 28§ CUDA Graph

SEARILESIMIESZ$5 CUDA Graph i :

e SupportsEncoderCudaGraph NE R get encoder cudagraph item specs() 1R[]
EncoderItemSpec R

o 235 Step3VL FIREFYRIZEE CUDA Graph 13k

o ¥TE postprocess encoder output() F5i% , BRINfTHA A scatter output slices



HIERE S RER

ZHEAIBES XA embedding RIS AR
R R 15 SR
Token &k  BEl& token Bk <image> H{IF LLaVA
Prefix ## EREEHERIXAFE Qwen-VL

RYEET BEBBIEFARIEENM KN Flamingo

REME N AFIEE token 3ZEEHETI InternVL

SIESIREEREME

HEAMIE PG
SEESHASH token HEEZREBKX :

o HISZARIER : ~100 tokens
o ZEER : ~2000+ tokens ( BEHKEICTRESLEH A token )

RALIRES

o TNZSHLALIE : IRIEE token 3 ( XA + B4E75 ) 1A batch size
o YRIDBETNEE  REIBERTENHLE
o REYRIY : WIDEETE S decode FH1T

EER FHe

o KV Cache — 187 token B KV E1FEIE

« Continuous Batching — SEZAIEKMIEE

« Prefix Caching — 4mi3 835 AV EF S F
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#>] 1 . ElR token 1T
B21% LLaVA #ERI{EF CLIP-VIiT-L/14 {E ¥ vision encoder :

« HKERHEHEIR 14x14 1Y patch
WA R 336%336
F3kEHE 1 4 CLS token

&

=

. BERKEMRFEZ D/ visual token ?

N

. R batch E 4 MEK , #51B 0. 1. 2. 45kE, 2 token RS ({RIZFFiIBEK 100 XA
token) ?

W
ot
%
b

1. Patch £ = (336/14) x (336/14) = 24 x 24 = 576 /" patch token + 1 /> CLS token = 577 >
visual token,

2. 2 token %% :
+ 75K A (0E): 100 tokens
« 3EXKR B (1E): 100 + 577 = 677 tokens
« iBEXR C (2E): 100 + 577x2 = 1254 tokens
« iEXR D (4E): 100 + 577x4 = 2408 tokens

o =it: 4439 tokens
AR XS54 AHE AR (4%x100=400 tokens) E7 10 &, MEAEMEEFEBEEAR
18



%3] 2 : YmhLESLRTEIRAR
ST TR PR RETIR -

1. ZAF LEE—KE R EEARE )
2. PSTHEIR AR [E) — ST A 2 M
3. BB KEERRNENE R

W

EE
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1. k& FREBERAZR—HMERE. ZFaHX 100% (FFE—MEK).

2. BHREX: FA—MNARMEED N RmIB, BIRFER prefix caching , TEEHIFLSAMIE]
UE R KV &1%.

3. T : BMERME/ARE , EfFasFEEL 0, EFRMEN T AFHHE.

ARk

e |Hi% vllm/multimodal/processing/processor.py , IBfE SN AN TEALIE R
o M encoder cache manager.py MI4ETZEATREZ
o MR AFIEERNSIESI



9*Elu\ﬁfi

AN VLLM S ESSZHE - Bli&.
(VLM) RIHEIRMAL,

B0, i ARIRLIEIRIKE |

EEANEN

=] Zi0)E 20

= SIESMALE, I RKE, wIGERETF
%3] SIESMALES . HEEMKE
KBEIE  multimodal B RXBARE
IO

VLLM 2B IRSHmMA LR .

o BfR : IESEWMA. SISO HE

o BN BEIRG). SHINIBRE

o AN : FLSAMUZEN. BYF4mAD

« BB I X& + Bl + BIMAS
FIEF0iR

- REESEFE

« Vision Transformer EAXRRIE

o ZIESHRA (LLaVA, Qwen-VL £ ) EARZ24

L)\&y *EILJ‘*EEE
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EEATEE , RFIER

o SETWARNBTAFAIER KL

o Ywh52E ( Vision Encoder, Audio Encoder ) BI4E7FRIE
o ZREFHEWNFSESRER embedding 15

o BIRSHEIERIMEBRAILIRID
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SMLR% — BER

%fb%% — vllm/config/quantization.py

@dataclass
class QuantizationConfig:
quant_method: str # "gptq", "awq", "fp8", etc.
@staticmethod
def from config(model config):
""" HuggingFace config Hf@EiTEEE"""

quant _cfg = model config.quantization config

method = quant cfg.get("quant method", "")
if method == "gptq":
return GPTQConfig(**quant cfg)
elif method == "awq":
return AWQConfig(**quant cfg)
elif method == "fp8":

return FP8Config(**quant cfg)

%ﬂﬁé&'ﬁ% — model_executor/layers/quantization/

GPTQ SZi



class GPTQMarlinLinearMethod(QuantizeMethodBase):
def create quantized linear(self, linear):
# BNEREMNMER
linear.weight = Parameter(
self. pack gweight(linear.weight),
requires grad=False,
)
linear.scales = Parameter(self. compute scales())
return linear

def apply(self, linear, x):
# 1A Marlin kernel
return gptg marlin_gemm(
x, linear.weight, linear.scales,

linear.workspace, linear.w_qzeros,

FP8 STHL

class Fp8LinearMethod(QuantizeMethodBase):
def process weights after loading(self, model):
for layer in model.modules():
if isinstance(layer, Linear):
# 1% FPle MEFirk FP8
layer.weight = Parameter(
torch. scaled mm(
layer.weight, scale=1.0,
output dtype=torch.float8 e4m3fn,
),

requires _grad=False,

def apply(self, linear, x):
# FP8 EPETRIE
return torch. scaled mm(
x, linear.weight,
scale a=linear.input scale,
scale b=linear.weight scale,
output dtype=torch.floatl6,



WEMHNBENENL

# TEARZUINERY
class DefaultModellLoader:
def load module(self, module, weights):
for name, param in module.named parameters():
if hasattr(module, 'quant method'):
# BAHELIENRE

module.quant _method.create quantized linear(module)

else:
# IERINE
module.load weights(weights)

RIBRLERSI

BRI EIZE X

QuantizationConfig.from config() config/quantization.py

GPTQMarlinLinearMethod.apply() layers/quantization/gptq/
Fp8LinearMethod.apply() layers/quantization/fp8/
AwQMarlinLinearMethod.apply() layers/quantization/awq/

process weights after loading() =3 L\ abr

HRZR
fRtTE(EE
GPTQ #EPE3E%
FP8 5% 3%
AWQ %EPESEI%

MERLE
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H—R2HER SHESZMAR

NVIDIA THgE

bitsandbytes

QLORA llI&RZ#F

NF4 &Y

BUERA
RIFEENEBE
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CPU HIERIF

{RER SEUE

llama.cpp &z E2id (25l
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Kernel
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class QuantizeMethodBase(ABC):
@abstractmethod

def create quantized linear(self, linear):

"G ELMEE R A ERE "

@abstractmethod
def process weights after loading(self, model):
" REMEUEAIE (ERE HR)

ERENTTEFRE

FP8 £t
FP8 ( EAM3/E5M2 ) & NVIDIA Hopper (H100) R4 #5098 ¢

« E4AM3 : FTRIGEEE (INEFE)

« E5M2 : BT REEE (H%E)

o JLFEEERK (HELE FP16)

« FZE H100/RTX 4090+ FgF 3745 ( compute capability >= 8.9 )

+ TorchAO EIRBITETEVIIAILETIRIE GPU BE/T , R IFHIIR B A L BWRIPE R RN

NVFP4 £1t,
NVFP4 BERHEERFBERI

WA4A4 NVFP4 : IREFZEEER 4-bit =R

WA4A16 NVFP4 : X E 4-bit , & 16-bit (FMERSEERR )
%5 MoE 1REIIRE S E1t + dispatch

HERTXANIZEMRT padding FF#H

GPTQ
ETF Hessian iIE{BEIIZ4E1L :

1. ZEE1 . SEMMIIAIE
2. (FARELRIEITE Hessian



3. BB MERMEN RENNENFIT
4. 75 2/3/4/8 bit , IBEEFR 4 bit

AWQ
AERANEEN

1. MEMEENH , IRNEENZEE

2. WEBBBERESNSRENETF

3. RIPXREESRAINE

4. 18% 4 bit , FFERA FP16

5. AWQ-Marlin MoE II{E@1L oracle E—IBNELE R , ZIR T EEBEAKE kernel FI{XHS

SRR

F1i& EFNE | HEEIE BEMK
FP8 ~50% 1.5-2x R0y
NVFP4 (W4A4) ~87% 1.5-2.5x I\
NVFP4 (W4A16) ~75% 1.3-2x 1\
GPTQ-4bit ~75% 1.2-1.5x 1\
AWQ-4bit ~75% 1.3-1.8x )\
GGUF-Q4 ~75% BURTFHEH HFE
BILIERGE

Compressed Tensors &% (2:4) BiR
Compressed Tensors ¥EZRIR T 2:4 HEM ., NEIRREERFL D

DeprecationWarning , fE<fIER :

e CompressedTensors24 scheme Z£
e supports cutlass 24() Fi%

e sparsity scheme map ¥l sparsity ignore list AZEFE%



AWQ-Marlin 4—2%! Oracle

AWQ-Marlin MoE FIRNE R IBIMERITLA oracle JERY convert to wnal6 moe kernel format() , &
RTEEBEA ops.awq marlin moe repack . marlin moe permute scales ERBERBPIRE, FiB
WNA16 1820 (AWQ. GPTQ) HIIREFRIREEETE] oracle/int wnalb.py .

WENHRIZ
HuggingFac
safetensors
IRFIEWAET
GPTQ AWQ FP8\ FP16/BF16
v v v v
GPTQ Loade AWQ Loade FP8 Loade Default Loade
\ / A y
RE/EH FP8 NNE & E(EH NEEREH
EPR A

« MOE — MoE 1R th ] LAEFI 1L

« Tensor Parallelism — E{t 5KEFHITHES

« torch compile — ZRiFALIL S ELRIEE

= E 65

FIBE


http://localhost:16762/journal.html
http://localhost:16762/glossary/moe.html
http://localhost:16762/glossary/tensor-parallelism.html
http://localhost:16762/glossary/torch-compile.html
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%3] 1. EFHEES
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AN T HRERRSENEMNTGE

1. H100 &8 , FER/IEERK

2. JBH#&%K GPU (RTX 3090) , EEI&{T 70B 123U
3. CPU-only #18 , EERALESE

4. LRSS  BERMEENRE

W
it
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b

1. FP8: H100 REXH, JLFEERBERK, 2x K.

2. GPTQ 3% AWQ ( 4-bit) : 70B #ZE! FP16 FZ ~140GB, RTX 3090 RA 24GB, 4-bit £
{LF549 35GB, Et& offload ¥ CPU RERILUET. AWQ BEIEEET.

3. GGUF: llama.cpp %=, £/ CPU B , IIHSMEMNLRF (Q2_K F Q8_0).,

4. AWQ (4-bit) : ARIFRSFENEIEHERIFNEIEZER, WNREHZE FP8, FP8 Z
BIFRYER

%3] 2 . BILRBED
ST B ITHEL 08 -

1. {4 FP8 BIKBERKLE INT4 NS ?
2. GPTQ 1 AWQ ZEFEM R LMIEAXFIRH 4 ?
3. A AEMLTT MoE B E BHkaRIE ?
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1. FP8 ( E4AM3) 15927 3 bit BIELFN 4 bit B935S , TURRIVENSTEELZ KT INT4 (REE
T 16 N EEIE) -

2. GPTQ EFNNEMEEM (BT Hessian #BE) RREEMHLERE, E—MERIMEH
RINE, AWQ EFHEEXRIREENEZEE, BIEREAFRIFEREE,

3. MoE REBESNER , BNERIINENHAUTENE, BUFEESILEENER, B
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AR Pk
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http://localhost:16762/topics/speculative-decoding/index.html

HERG — CBEIR

Scheduler £ — viim/v1/core/sched/scheduler . py

XZ VLLM AR AN Hz— (£92300 17) , B TATBEIEEZE.

IDEHELEM

class Scheduler:
def init (self, ...):
# =/MEKREAT
self.waiting: deque[Request] = deque()
[]
self.swapped: list[Request] = []

self.running: list[Request]

# KV EEFEIEES
self.kv_cache manager = KVCacheManager(...)

# HEME
self.max _num seqs = scheduler config.max num_ seqs
self.max_num_batched tokens = scheduler config.max num batched tokens

schedule() 7%

def schedule(self) -> SchedulerQutput:
# MER 1: &I swapped BAZY
scheduler output = self. schedule swapped()

# MER 2 : %32 running PA%I (decode)
scheduler output = self. schedule running(scheduler output)

# FYER 3 : AL3E waiting BAFI (prefill)
scheduler output = self. schedule prefills(scheduler output)

return scheduler output

_schedule_prefills 3£I}



def schedule prefills(self, scheduler output):

# TERRME

remaining tokens = self.max num batched tokens - scheduler output.num batche
d tokens

remaining seqs = self.max _num seqs - len(self.running)

while self.waiting and remaining seqs > 0 and remaining tokens > 0:
request = self.waiting[0]

# Chunked prefill : R&EERS tokens

num_tokens = min(
len(request.remaining token ids),
remaining tokens,

# 2P KV EFR

new blocks = self.kv_cache manager.allocate(request, num_tokens)

if new blocks is None:
# BHEAR , 2id preemption
if self. preempt(request):
continue
break

# JEiEKM waiting #3 running
self.waiting.popleft()
self.running.append(request)

scheduler output.add prefill(request, num_ tokens, new blocks)
remaining_tokens -= num_tokens
remaining seqs -= 1

return scheduler output

KVCacheManager — vllm/v1l/core/kv_cache_manager.py

R EC



class KVCacheManager:
def allocate(self, request, num tokens):
# TEFEM block #HE
num_new blocks = cdiv(
request.num_computed tokens + num tokens,
self.block size,

) - request.num blocks

if num_new blocks > self.block pool.num free blocks:
return None # EBEARRE

# W=t E block
new_blocks = self.block pool.allocate(num new blocks)

# BIRET  MERABFUERESR block
if self.enable prefix caching:
shared blocks = self. find shared prefix(request)
new blocks = self. deduplicate(new blocks, shared blocks)

return new blocks

BlockPool — vllm/vl/core/block pool.py

class BlockPool:
def init (self, num_blocks):
self.free blocks: list[KVCacheBlock] = [
KVCacheBlock(id=1i) for i in range(num_blocks)
]
self.num free blocks = len(self.free blocks)

def allocate(self, num blocks):
if num_blocks > self.num free blocks:
return None
blocks = self.free blocks[:num blocks]
self.free blocks = self.free blocks[num blocks:]
self.num free blocks -= num blocks
return blocks

def free(self, blocks):
self.free blocks.extend(blocks)
self.num free blocks += len(blocks)



RequestQueue — vllm/v1/core/sched/request_queue.py

XS MIAE R

class RequestQueue:

def init (self, policy="fcfs"):

self.policy = policy

self.queue: list[Request] = []

def push(self, request):

if self.policy == "fcfs":

self.queue.append(request)

elif self.policy == "priority":

# R RIBNHERT

bisect.insort(self.queue, request, key=lambda r:

def pop(self):

return self.queue.pop(0)

RIBEREIERS]

ERIEIZE

Scheduler.schedule()

Scheduler. schedule prefills()

Scheduler. schedule running()

Scheduler. schedule swapped()
Scheduler. preempt()
KVCacheManager.allocate()
BlockPool.allocate()

RequestQueue.push()

X5

vl/core/sched/scheduler.py

vl/core/sched/scheduler.py

vl/core/sched/scheduler.py

vl/core/sched/scheduler.py
vl/core/sched/scheduler.py
vl/core/kv_cache_manager.py
v1/core/block_pool.py

vl/core/sched/request_queue.py

-r.priority)
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L ALTE ( Continuous Batching )

BRERSHEIER , —/ batch RFTEIBERWMINE BT A BEFFIAFT batch, Continuous Batching

FTRR T X APRE

LA IE

Iter 2: [A_decode,

Iter 1: [A_prefill, B_prefill
B_decode, C_prefill]

Iter 3: [B_decode,
C_decode, D_prefill]

EaSH b E

Batch 1: [A, B, C £1F C k..

Batch 2: [D, E

REME

o BERMIR : FEKREFFEFEA batch Fepl
« EEMEML | GPU AL RISHE
o BEREMAE  BERTIWKIBERMEE

Chunked Prefill

K prompt B9 prefill FJEEIEEFER ( SAXKETHERRFMER ) . Chunked Prefill 5 prefill 72

chunk :

»


http://localhost:16762/glossary/continuous-batching.html
http://localhost:16762/glossary/chunked-prefill.html

Chunk 1
(2048 tokens)

Iter 1: prefill + decode ;B8

_

Chunk 2
(2048 tokens)

lter 2: prefill + decode JB&

1< prompt

(8192 tokens)

\+

Chunk 3
(2048 tokens)

lter 3: prefill + decode JB&

Chunk 4
(2048 tokens)

lter 4: prefill + decode JB&

4k -

o &K TTFT : REE—RMHLIETEA prompt

« BSIBE : prefill #] decode FJLAER —#IENFEESHIT

o BERY  RREDEESH prompt B KV £E7F

Preemption ZR#&

LHEBFERNEUBHATEEHKIERN KV EFE |, (AERAHE preemption :

1. Re-computation ( Eit &)

EEREFHRIEHERN KV EFR, HiEXRMRER , EFTE prefil, ERATESMEENTR.

2. Swapping ( 3X#:Z| CPU)

KV ETFRM GPU RZ%E| CPU A7, MERBRMRERK, EATELHERKIZR.
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discard latest async tokens (bool) - async tokens to discard (int counter)

AE2EIE async tokens to discard i%J9 num output placeholders , R 1EEEE MW RIT

B BRABEENRERAIZEAIREBTNK,

4. KV Connector ZEiRFE 1Y
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EYMEE self.requests RREILEFHFHF KV connector IERFEHER , BRIEERLASTRIA
F"TIER",
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running IE7E decode HI;EEKIER
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HEMRTE

1. %18 swapped BAZI (xS #IE SAVIEXK )
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M waiting BAZIZRDO prefil

AEEESH
28 ERINE
max_num_seqs 256
max_num batched tokens 8192
max_model len ik YN

chunked prefill enabled True

scheduling policy "fcfs"

EER FHe

 Paged Attention — KV ETFIRIEIES
+ KV Cache — KV EFHEARHS
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y
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http://localhost:16762/glossary/paged-attention.html
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BRAARBENT

® max_num seqs = 4
e max_num_batched tokens = 4096

o KV 2877+ 512 /" block , 4" block 16 tokens
BBl :

o TO : 5K A ( prompt 2048 tokens ) ZiX
o T1: 153K B (prompt 512 tokens ) FliX

e T2 : &K C (prompt 3072 tokens ) Flix

BIEIAT 4 2 HERRER (8% decode &AL 1 4 token)

W
at
il T
At

o Iter 1 : Aprefill (2048 tokens , d5F8 128 blocks ) , 4% 1 token, R 384 blocks.
Running: [A]

o lter 2 : Adecode (1token) , B prefill (512 tokens , ;5F 32 blocks ) , Fl& 352
blocks. Running: [A, B]

o Iter 3 : Adecode + B decode (& 1token), C prefill (3072 tokens , &5 192
blocks ) , & 160 blocks, Running: [A, B, C]

« Iter 4 : Adecode + B decode + C decode (% 1 token), WIRENERTEARNFERHRE
blocks , BZM4*4% decode,

AR EFRTREUVRET chunked prefill # chunk size F1EFEH 1557,



43

5] 2 : Preemption 1729 1f

FEUTIZRF , AESFSEEWF preemption KL ?

1. 10 MEKEAT active , KV L7125 90% , FiEKEA
2. KIEKRFMIBIBERES |, BiERETMIEKIBERIZE decode

3. BAT prefix caching , Z4MNMEXRHEZFHH[E system prompt

%

2EE

\
A

1. Re-computation : & 5—MERBEM KV &7, EEFEREIAMIER (FCFS FEETMRE
REK) . BF KV EEFENRK , MERNFEZEH prefill,

2. BIGRIEKRIY KV 4£77 . BIARIERM KV EFSRBAEK, MRMHARE | e5&H
FIABIEK,

3. (REAHZE prefix : prefix caching FFIEHEZRIERM KV BEREZS /1 51H, B4ERES|IH
THR LV HIRIEM , (REBHE prefix AR,

#4.=] 3 : Chunked Prefill 2£0EL

SIUTESHAS TTFT MSHEMFM :

BEE  max_num_batched_tokens = chunked_prefill

A

2048 off
2048 on
8192 on

32768 on
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BERE B VLM BRREBH |, BIEURE !

o WRLEFTIERFF A chunked prefill

o MRLEIEK4UELE decode

« REFE preemption (184 ) URBRETF
o KV EFRIDEESEIUL
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+ BIZEb
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« Continuous Batching — &£ AL O



http://localhost:16762/topics/scheduling/concepts.html
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http://localhost:16762/topics/architecture/concepts.html
http://localhost:16762/topics/engine-core/concepts.html
http://localhost:16762/topics/executor-worker/index.html
http://localhost:16762/topics/kv-cache/index.html
http://localhost:16762/topics/scheduling/index.html
http://localhost:16762/topics/kv-cache/index.html

APIR55 5E8E — X EIR

API Server — viim/entrypoints/openai/api_server.py

# FastAPI NA¥IAL
app = FastAPI()

# FRiEEEM
app.add middleware(CORSMiddleware, ...)

# BREEM

app.include router(chat completion router)
app.include router(completion router)
app.include router(embedding router)
app.include router(responses router)

# 5|ZH)AEL
@app.on_event("startup")
async def startup():
global engine
engine = AsyncLLMEngine.from engine args(engine args)

Chat Completion — viim/entrypoints/openai/chat_completion/

@router.post("/vl/chat/completions")

async def create chat completion(request: ChatCompletionRequest):
# 1. BBATEK
generator = await chat completion handler(request, engine)

# 2. AR IERRE
if request.stream:

return StreamingResponse(generator, media type="text/event-stream")
else:

return await generator. anext ()

BERAIERTE



async def chat completion handler(request, engine):
# 1. JBZ chat template

prompt = tokenizer.apply chat template(request.messages)

# 2. BIERHESH

sampling params = SamplingParams (
temperature=request.temperature,
top p=request.top p,
max_tokens=request.max_tokens,
stop=request.stop,

# 3. EXREI5|ZE
result generator = engine.generate(prompt, sampling params, request id)

# 4. RI0RE
async for result in result generator:
chunk = ChatCompletionStreamResponse(
choices=[{
"delta": {"content": result.outputs[O].text},
"finish reason": result.outputs[0].finish reason,
H,
)
yield f"data: {chunk.json()}\n\n"

LLM 425 — vlln/entrypoints/iin.py

# Mixin ¢HEZ2H
class LLM(BeamSearchOfflineMixin, PoolingOfflineMixin, OfflineInferenceMixin):
def init (self, model, **kwargs):
engine args = EngineArgs(model=model, **kwargs)
self.llm engine = LLMEngine.from engine args(engine _args)

# generate() kKB O0fflineInferenceMixin
# beam search() kKB BeamSearchOfflineMixin

OfflinelnferenceMixin — vllm/entrypoints/offline utils.py

M LLM EFRRERR B AR 0E 4R



class OfflineInferenceMixin:
def preprocess _cmpl(self, prompts, params):
Illl"%ﬁ%}E Completlon i%;_ﬁu nn

def preprocess chat(self, prompts, params):
IIIIII%E\%EE Chat i%?zu nn

def run engine(self, *, lora requests, prompt adapter requests):
" SBT3 EEEIRTEE R
while self.llm_engine.has unfinished requests():
step_outputs = self.llm_engine.step()

def generate(self, prompts, sampling params):
R
self. add completion requests(prompts, sampling params)
self. run engine()

return self. collect outputs()

Beam Search 5

Beam search th# x5 AIMITIEIR

e entrypoints/generate/beam search/offline.py — BeamSearchOfflineMixin ( LLM Z5{EFH)

e entrypoints/generate/beam search/online.py — BeamSearchOnlineMixin ( OpenAlServing {#

)

e entrypoints/generate/beam search/utils.py — HE#HIELEMFI T EHEE

CLI )\I:I — vllm/entrypoints/cli/main.py

def main():
parser = argparse.ArgumentParser()
subparsers = parser.add subparsers()

# serve F¥&md
serve parser = subparsers.add parser("serve")
serve _parser.set defaults(func=run_server)

args = parser.parse_args()
args.func(args)



_Ll_.\.u_]"_rq
B

P I — viun/vi/utits.py

RustFrontendProcessManager

class RustFrontendProcessManager:
"UnEIE Rust milmFRE"""
def init (self, ...):
# BE1 vlilm-rs i
self.proc = subprocess.Popen(
[rust frontend path, "frontend",
"--args-json", serialized args],
pass fds=[listening socket fdl,

BImIRTVERE — vim/ent rypoints/cli/serve.py

if VLLM RUST_FRONTEND PATH:
# Rust Hiif : X RustFrontendProcessManager ZHiZ
frontend = RustFrontendProcessManager(...)

elif data parallel multi port external lb:
# DP Supervisor : B84 DP rank &R server
run_dp supervisor(...)

else:
# ¥nfE Python API Server
run_api server(...)



DP Supervisor — viim/entrypoints/openai/dp_supervisor.py

class DPSupervisor:
" AR TR
def init (self, ...):
# 7984 DP rank RIEF#HIE
self.children = []
for rank in range(dp_size):
port = base port + rank
env = {"CUDA VISIBLE DEVICES": str(rank)}
proc = subprocess.Popen(
[python, "-m", "vllm.entrypoints.openai.api server",
"--port", str(port)],
env=env,
)
self.children.append(proc)

async def health check(self):
" REREFRRENERRES
for child url in self.child urls:
resp = await probe(child url + "/health")



create chat completion()

create completion()

LLM.generate()

0fflineInferenceMixin

BeamSearchOfflineMixin

RustFrontendProcessManager

DPSupervisor

LLMEngine.step()

EngineArgs

run_server()

[ R4

FIEE

X

openai/chat_completion/

openai/completion/

entrypoints/lim.py

entrypoints/offline_utils.py

entrypoints/generate/beam_search/offline.py

v1/utils.py

entrypoints/openai/dp_supervisor.py

vl/engine/llm_engine.py

engine/arg_utils.py

entrypoints/cli/main.py

ht
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AP S5 5EE — #I2

BRI

OpenAl SDK

curl /HTTR

EE)‘(EF“%

'

'

FastAPI DP Supervisor viim-rs
(Python Frontend) (BimOBURFHT) (Rust Frontend)
VLLN Server
gl
/ CORS / [Ri%t | RERIE \
Ivl/chat/completions Iv1/completions /vl/embeddings Iv1/responses ZMQ
P ——
AsyncLL|
EngineCore

FIimiR T,
VLLM BESZ =%

[EWAEEIT]

BU Y

R




I Sk fih & 4
Python s
y APIServerProcessManager ZKA
FastAPI
Rust VLLM RUST FRONTEND PATH RS
RustFrontendProcessManager -
Frontend L=
DP . --data-parallel-multi-port-
. dp _supervisor.py
Supervisor external-1b
OpenAl 3% API
Chat Completions

curl http://localhost:8000/v1/chat/completions \
-H "Content-Type: application/json" \
-d '{

"model": "meta-1llama/Llama-3-8B",

"messages": [
{"role": "system", "content": "You are a helpful assistant."},
{"role": "user", "content": "Hello!"}

]I

“"temperature": 0.7,
"max_tokens": 256,
"stream": true

Text Completions

curl http://localhost:8000/v1l/completions \
-d '{

} 1

"model": "meta-1llama/Llama-3-8B",
"prompt": "Once upon a time",
"max_tokens": 100

Embeddings

EAT=R

BRI

= EEER
fER

Z GPU
BIBFHIT



curl http://localhost:8000/v1/embeddings \

-d '{

"model": "BAAI/bge-large-en",
"input": "Hello world"

} 1

SR

W

=8
temperature
top p

top k
max_tokens
stop

stream

presence penalty
frequency penalty
logprobs
response_format

guided json

)

RIEFRE
R R
Top-k R#¥
RALERY token
{21k token Fl5&
EERVEN

& i RIEER
FEES

i&[@] logprobs
LY AL Tl R

JSON Schema £J3R

ZiNME
1.0

1.0

-1
HEIZ K
1

false

0.0
0.0
false
null

null



B4k LLM 3

from vllm import LLM, SamplingParams

1lm = LLM(model="meta-1lama/Llama-3-8B")
params = SamplingParams(temperature=0.7, max tokens=256)

# BAEIE
output = 1llm.generate("Hello, world!", params)

# HEHIE
outputs = llm.generate(["promptl", "prompt2", "prompt3"], params)

for output in outputs:
print(output.outputs[0].text)

Mixin 2244

LLM B —EREEMH Mixin LBEZEM :
LLM(BeamSearchOfflineMixin, PoolingOfflineMixin, OfflineInferenceMixin)

« OfflinelnferenceMixin ( entrypoints/offline utils.py ): #DHEIRZEE — FIALIE, S &,
5|EE1T
» BeamSearchOfflineMixin ( entrypoints/generate/beam search/offline.py ): B4k beam search

« PoolingOfflineMixin: jth{1%{F ( embeddings % )

NG IRIES

# Zal: EEEBTEN ISON iBE
1lm = LLM(model="...", speculative config='{"method":"ngram", "num speculative to
kens":5}"')

# I . EEEE CLI SHRE
1lm = LLM(model="...", spec_method="ngram", spec_ tokens=5)

LLM 2%



W

3 iBA

model RB BT ER1Z
tensor parallel size kE2H1T748

gpu memory utilization = GPU E&FFHEZX (0-1)

max_model len BRAFIKE
quantization EBitH*E
dtype BUEALE
trust remote code =AEEEERD
spec_method NS IE
spec_model N R ERIRE
spec_tokens HEMFERDIZE token £
Al
CORS

app.add middleware(
CORSMiddleware,
allow origins=["*"],
allow methods=["*"1,

allow headers=["*"],

PRI

# BiL --rate-limit-interval #1 --rate-limit-token &

BERRE

GET /health - 200 OK (3|ZHi%)
GET /ready - 200 OK (FRSF4)
GET /v1/models - iR[O|e]FAiERLIGIR



MEEERL

RKELESH

W
&

--max-num-seqs
- -max-num-batched-tokens
--gpu-memory-utilization
--block-size

--enable-prefix-caching

--enable-chunked-prefill

=1 BiNE
RAFHRIERE 128-512
B & A token 1 8192-32768
GPU EFRIEZX  0.85-0.95
KV ETFIR K/ 16
BRREE BiVFE
BRSR prefill BiINFARE

EiL7m

F&AE prefill At g]

MEREFEIR
18R aX
TTFT H token FER
TPOT £ token 1R
Throughput HMt=E (tokens/s)

GPU Utilization

2REFTV

Docker

docker run

GPU R AZE

--gpus all \

L decode FFEH
EINHEAIEE

4 prefill/decode

-v ~/.cache/huggingface:/root/.cache/huggingface \
-p 8000:8000 \
vllm/vllm-openai:latest \

--model meta-1lama/Llama-3-8B

Z GPU



vllm serve meta-1lama/Llama-3-70B \
--tensor-parallel-size 4 \
--gpu-memory-utilization 0.9

Rust Frontend ( S1£4E )

# 1®E Rust FIlmE&F
export VLLM RUST FRONTEND PATH=/path/to/vllm-rs
vllm serve meta-1llama/Llama-3-8B

Rust giim5S Python API Server = 48[E#Y ZMQ EngineCore tHiX , #&id
RustFrontendProcessManager &IE, BUFHIEARNBE viln-rs THFISE , BEEEF ZMQ
HITIBE,

DP Supervisor ( ZimOEIEFH1T)

vllm serve meta-llama/Llama-3-8B \
--data-parallel-size 4 \
--data-parallel-multi-port-external-1lb

DP Supervisor @ — MNP R4t EEHIE ¢

RENEIBIHIT rank E£RIRIZAY VLLM API Server (EBRAREHO )
RHBRENRENEIRS ( /health. /health/liveness. /health/readiness )
B A FH#HFEIRE CUDA VISIBLE DEVICES

Sz F5 AT BC B AR B] PR A K M0 S

LEPS e

« Continuous Batching — &£t /b I8
BEEE

« Speculative Decoding — il #2473 h03E

» Paged Attention

« Tensor Parallelism — £ GPU #17
« topics/distributed/ — #EH1T. ERHIT

[ Bl 6% makit:


http://localhost:16762/glossary/continuous-batching.html
http://localhost:16762/glossary/paged-attention.html
http://localhost:16762/glossary/speculative-decoding.html
http://localhost:16762/glossary/tensor-parallelism.html
http://localhost:16762/topics/distributed/.html

Z3IB8E ftopics/distributed/


http://localhost:16762/journal.html
http://localhost:16762/topics/distributed/.html

APIfRSS 5E8E — 455

%4>]1: API fRSZEEECE
FATIZSEE vLLM RSB :

1. B GPU ( A100-80GB) , izfT 13B %8 , XG5 RAHIX
2.4 GPU ( A100-80GB) , i&fT 70B 1&%! , 550 API fRSS
3. B GPU (RTX 3090-24GB ) , i&{T 7B 1&8! , S{{ iR

W
at
)
b

1. B GPU X ERHIX:

vllm serve model-name \
--max-model-len 4096 \
--enable-prefix-caching \
--enable-chunked-prefill \

--gpu-memory-utilization 0.9

2.4GPU &ML

vllm serve model-name \
--tensor-parallel-size 4 \
- -max-num-seqs 256 \
- -max-num-batched-tokens 32768 \
--enable-prefix-caching \
--gpu-memory-utilization 0.95

3. B GPU £1k:

vllm serve model-name \
--quantization awq \
--max-model-len 2048 \
--gpu-memory-utilization 0.85



%3] 2 : MEEEIR
ST T HEBER TRORRARTTR -

1. TTFTEE (>2s)
. BEME1K (<100 tokens/s )
.OOM RiRMELE

. GPU FIFZEARK (<50% )

A WDN

%

EE

A

1. TTFT i¥5&: BHA chunked prefill (EZ0ER prefill BE]) . $EK max-num-batched-
tokens . /B prefix caching (£F system prompt) ,

2. EME1f: K max-num-seqs F max-num-batched-tokens . JZH speculative
decoding. B/ EIFREY max-tokens o
3. OOM: [#{E gpu-memory-utilization . J&{’J\ max-model-len . {EFRE{t. B\ max-num-

seqs o

4. GPU R A=K BAHLIEKRE. BX batch token FiH. MERSEBEMI (TP 7

=)o

HhREPkAX

o (M vLLM B9 benchmark T &N R EE B I EE
o WARLEMLHHE (IJSON Schema ) HWECEFIER
o 112 LoRA BR% ([EIETARSZ 2/ LoRA iEECEE ) AYSKIR



APIS5 5E8E

AA VLLM BIBRS5/Z : OpenAl 38 E APl, B4R, SEHELEMMELEEMNL,

I@mwg
=] b ERR
= OpenAl API, B4R, FREIMF. MHEEIRL
%3] AP| ., ZEBRE. EENR
REBEIE  entrypoints B RX BRI
WY e
VLLM Rt SMERSR -

o TELBRSS : OpenAl ’RERY API fRS388 ( vilm serve )
o BAWIE: L EMESHERD

« #RABRZ : Embedding/Classification FJ7ELEFNES £k
o Hfth#hiX : gRPC. Anthropic Messages API

A1 E F11R

o ZEAHELE

o HTTP API Effi40iR
o Docker B2t E M


http://localhost:16762/topics/serving/concepts.html
http://localhost:16762/topics/serving/exercise.html
http://localhost:16762/topics/serving/code-walkthrough.html
http://localhost:16762/topics/architecture/.html

EEAEEIE , (FISER

o OpenAl %A API ZEBIEOFMERAAR
o B4 LLM Bt A IE IR O

« API BR52ERIREEFMEEECE

o EFEEMNRELK

- REFTMFEEA ! [ : Z0iRHhE

[ EIHE

S1Zib — B


http://localhost:16762/topics/engine-core/concepts.html
http://localhost:16762/glossary/knowledge-map.html

HEMIRERY — fCRDEIR

Eiéﬁ 4) — vllm/v1/spec_decode/

spec_decode/
F— 1lm base proposer.py # LLM EfREEIEE (75K)

F— ngram proposer.py # N-gram 2iNzE
— ngram proposer gpu.py # GPU fliE N-gram (25K)
— eagle.py # EAGLE I
— medusa.py # Medusa SEIR
— dflash.py # DFlash SEIf
— suffix decoding.py # JSERAED
— extract hidden states.py # BREIAZSIEE
#

L— gemma4.py Gemmad 45{ESCEL

N-gram Proposer — ngram_proposer_gpu.py

class NGramProposerGPU:
nn "GPU BDEEI‘J N'gram ;Eimuu nn

def init (self, n=3, k=5):
self.n = n # n-gram FNEL
self.k = k # {®iE token
self.trie = GPUTrie() # GPU LHJ trie &

def propose(self, input _ids, num_speculative tokens):
# 1. £ trie H&EXFIAM n-gram Ui
matches = self.trie.lookup(input ids[:, -(self.n-1):1)

# 2. EFE top-k {RiE
candidates = matches.topk(self.k)

# 3. PERE token
speculative tokens = candidates[:, :num_speculative tokens]
return speculative tokens



EAGLE — eagle.py

class EAGLEProposer:
nun EAGLE }Eimuﬁgﬁgiilu nn

def init (self, target model config):
# gIERERHIEIL
self.draft model = self. create draft model(target model config)

def propose(self, hidden states, input ids):
# 1. MNBERRIREVSE
features = hidden states[-1] # ®E—EHNEEIKS

# 2. BEfSEEBEEFEMEIE token
draft_tokens = []
draft probs = []

current_input = features

for _ in range(self.num speculative tokens):
logits = self.draft model(current _input)
probs
token

softmax(logits)
argmax(probs) # FDERE

draft tokens.append(token)
draft probs.append(probs)
current input = self. embed and concat(current input, token)

return draft _tokens, draft probs



Rejection Sampler — vllm/v1l/sample/rejection_sampler.py

class RejectionSampler:
"UUIRIEERR token FREREZ /B

def forward(self, draft tokens, draft probs, target probs):
# 1. iTEEA token HIRESZHE
accept probs = torch.minimum(
torch.ones like(draft probs),
target probs / draft_probs,

# 2. RIFER/1E4
random values = torch.rand like(accept probs)
accepted = random_values < accept probs

# 3. KBS MEIEENUE
rejected mask = ~accepted
first reject = rejected mask.float().argmax(dim=-1)

# 4. BERBIE—MERUE
output tokens = draft tokens.clone()
for i in range(draft_tokens.shape[0]):
output tokens[i, first reject[il:] = 0 # ;EZ#IELAY token

# MBS MEMREE —MEIELD token
if first reject[i] < draft_tokens.shape[1l]:
adjusted = torch.clamp(
target probs[i] - draft probs[i], min=0
)
output tokens[i, first reject[i]] = sample(adjusted)

return output tokens

5 ModelRunner BYEERg

N RRRE1E ModelRunner A3E1T hooks EERY :



class ModelRunner:
def execute model(self, scheduler output):
# WERIEERE
output = self. forward(input batch)

# UNSRE FAHEN fRAE
if self.speculative config:
# 1. EIRMER . £RiEIE token
draft_tokens = self.spec_proposer.propose(...)

# 2. WAEMER : EEAEELRIGIE
verified = self.rejection sampler(
draft tokens, draft probs, output.logits,

output.speculative tokens = verified

return output

RIBERLIERS|

BIEES X4

NGramProposerGPU.propose() spec_decode/ngram_proposer_gpu.py
EAGLEProposer.propose() spec_decode/eagle.py
RejectionSampler.forward() sample/rejection_sampler.py
LLMBaseProposer spec_decode/llm_base_proposer.py

extract hidden states() spec_decode/extract_hidden_states.py

ht

R

N-gram f&1%& 4§

L

EAGLE Efg4hk
BAEFNEZ/IE4
LLM EfgiERE R

REVEARMERAHE



HEMRERY — HI=

BEARRE

BREIFERE S R ERM 1 4 token , GPU RIAZRRIK, HENHEDETE"ZS 4 token KIZSRAER !

HEM 2R

Draft: AB C D Verify: F4T3IE ABCD Accept: AB (B4t C YREEM B FFIH

RLRERD

Step 1: token A Step 2: token B Step 3: token G Step 4: token D

HF[RIE
WFFMEE token , T EIEZHER .

accept prob = min(1, p_target(token) / p draft(token))

o« YR p_target > p draft cBREES
o WIR p target < p draft : BAHEZ p target/p draft &%
. BHEMN token FEHTHE , RIIHH RS

T3
N-gram Proposer
RERNGE , AEEHIMEER

o EIPAE n-gram SMER

o tRIERT n-1 4 token FIUM T —~ token



« GPU ILERAEA trie FMSEK

= FEIMTEFE RR . ERRR , BXERER
EAGLE
BETRENFIER % :

_—

Target Model

hidden states

Draft Mode

BT hidden states

M

S

() \ﬁ ‘
FUM K 4 toke!

o R ABRERF A B EIHE
- ERIFBEHREN(BERELI2E)
o BIHERE (85-95% ) , BESXRE

Medusa

E S b

Target Model

Target qm%\
B4E—

Medusa Head Q
FIUm t+1

hidden states

Medusa Head 1

ERHE

o t+2

Medusa Head 2
Fom t+3

o FEBFMER LIRS ANFUMSL
o BAKIUNARRIARRAER token

s TEZRMHNEREE
o YIZRR AR

F3iEMLE

A

Top-k &3 >

Target I&ifF




73ik EMSMERL  ERRZR IDEEE ER=

N-gram I 1% 1.2-1.5x  EREZ=R
EAGLE INEEY = 2-3x BH

Medusa 23k TS 1.5-25x  AEAHETREE
DFlash IVEEY = 2-3x Flash attention
Suffix Decoding =~ & Hh 1.3-1.8x BEEMXXK

Rejection Sampling
WAEMERAIRZIDELE ¢

def rejection sample(draft tokens, draft probs, target probs):
accepted = []
for i, token in enumerate(draft tokens):
p draft = draft probs[i][token]
p _target = target probs[i][token]

# EIHE

accept prob = min(1.0, p_target / p_draft)

if random() < accept prob:
accepted.append(token)

else:
# MBAEEMD mPERE
adjusted = max(0, p target - p draft)
new token = sample(adjusted)
accepted.append(new_token)
break # /54 token £&EF

return accepted

HEMI RS 5 £t AL I8

HENEEBEZES Continuous Batching & T1E :

o BNMBEKAIEEBNERENIRIE token
o HERFENENMBEDINE BT EMNE


http://localhost:16762/glossary/continuous-batching.html

o HRIBLERY token BY KV EFFEMR

RS TRBLAHENRERD

Mamba + Attention ¥ f#A5
JREHEE! (91 Mamba + Attention ) RYH#ENI#ZRSE IR CPU-GPU B ZHR3M : Mamba ARZSTERIERK
BRRELOZR , FRAEFZ2RIRSM GPU #I13| CPU BIRE,

VLLM S|\ TREE Triton A#Z postprocess mamba fused kernel , TeE7E GPU LE#1T Mamba

WEEH

MEER MaR%

GPU inEiZE
7t CPU @&

[SWES

GPU - CPU B4
copy state to CPU

CPU - GPU

restore state

KA H

+ MambaSpecDecodeGPUContext : it EANFMEITHE (EHult, SiE. TEX/I. ERE
E)
« postprocess_mamba_align_gpu() : align 2 & FEIR



 postprocess_mamba_all() : mamba cache mode="all" FRIVEIR

« MambaBuffers : )\ MambaCopyBuffers EE4J , ¥&10 postprocess FIHH

EAGLE-3 [G#1585244
EAGLE-3 #MERIINAE L33 E 5T (post-norm ) 388 , 'R 7 e &R AEESERE,

UEES FHe

« Continuous Batching — J&E£&Ht b 18
» KV Cache — #EMIAZIEHY KV E7FEIR
« CUDA Graph — I #4533 i 5k RO 8200

2 R4

FIHE
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23] 1 ILEEES R

g :

1.
2.

3.

BirMER G CHIEEE 10ms
ERIRUSISEEFE 1Ims
ETRREFN 5 1 token

BiE 5 4 token HEEE 10ms (FH1T)
TR E 80%

&

ELRMRIBERY 10 4 token Ry E]
HEMERTD A RN 10 4 token BYETE] ( F1Y)
BOEEE

%
it
%
A

1. €4 %75 : 10 x 10ms = 100ms
2. HENARAS
o B%: EF5 5 x 1ms = 5ms + §&1iF 10ms = 15ms
o ETE 80%, BHTIYET 5x0.8=4 1 token (fEHLITH)
o B POIEZKD) = 0.8k x 0.2 (FBk+1MEIELS)
o B ERLY 4 1 token
o 4K 10 4 token L9 10/4 =251
e 25x%x15ms = 37.5ms

3. filE&ELE: 100/ 37.5=2.67x



%3] 2 FrRiERE
AU TSR RSB :

1 RERiEZ S , BiriEE 7B
2. {EWIBIG SR, SFEHME
3. WHHREZE (B GPU , BFEIK)

W

EE

A

1. EAGLE: HMMES, IEMREF., 7B #HENERREE/N (~100M S8) , ZIHNEEFH
B,

2. N-gram 3 Medusa: 217 PHENEBINRSEE (E A batch FFZIFRIVIZEZ IR
ES3 padding ;R#). N-gram LEIMTIEFHRSE. Medusa AJLLHE top-k HILIE, &
BitEHS,

3. N-gram: ZFMNBEFFHH. HE Medusa (RFRM/LDLMEL, EFHHERN.
EAGLE FEFIMIERRE, FIaeEFA,

ARk

e |8iE vlilm/vl/spec decode/rejection sampler.py , IEFENIFSHENAYISIIEB 45
« %7 EAGLE #9 hidden state £ F#15l
o WARHENEBINF LIRS LiHmE (IJSON grammar)
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HERNE
=] Zi0)E 20
B WM RERDRIE, N-gram. EAGLE. Medusa, Rejection Sampling

%3] IEEE DA, FiEdEE
KWEEIE spec_decode BRFEMRL
IOHEE

Speculative Decoding 2 — 0% B O3 #EEIERIFA -

o ERRMER  BRIEEE (BENFTIE) £ K MERIE token
o IRIERNER . BARMREIFHITIRIERTBIRIE token
o 1EZIEY : {FH Rejection Sampling ;R E 2 HWFLE token

A1 E AR

- BHESETE
- EEEESRRNESRE
- BERICER (REEE, Rit)
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Rejection Sampling BY£ == [RIEFOSCIR
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