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=. Prerequisite:

7

vLLM B RIESEBIA—FPZEA, T LURFHEERIMERE. v EE @It 14
BH Paged Attention BAIRFHEEMERE.

XEBOEE S REI LN EBRES IR (NLP)AIHE: seq-to-seq(BARFRIE
encoder-decoder)t&HY, attention, transformer, KV-Cache. 1SRIEAN B2 fH X HE

&, AILAR— BRI

e Seg-to-seq FRAYFN Attention #l—H#CiH:Stanford CS224N NLP with Deep

Learning | Winter 2021 | Lecture 7 - Translation, Seg2Seq, Attention

e Attention H1#l: Attention for Neural Networks, Clearly Explained!!!

[BEa8223 2021) HyEE I8k (Self-attention) (1)
[ BEa8223 2021) HyEE I8k (Self-attention) ()

[ Bé2s 23 2021]) Transformer ()
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KV Cache:The KV Cache: Memory Usage in Transformers

. vLLM AI'3:

XEE vLLM BRI BSN:Fast LLM Serving with vLLM and PagedAttention

vLLM B 5 Mid:

https://docs.vlim.ai/en/latest/



https://www.youtube.com/watch?v=wzfWHP6SXxY&list=PLoROMvodv4rMFqRtEuo6SGjY4XbRIVRd4&index=7
https://www.youtube.com/watch?v=wzfWHP6SXxY&list=PLoROMvodv4rMFqRtEuo6SGjY4XbRIVRd4&index=7
https://www.youtube.com/watch?v=PSs6nxngL6k&list=WL&index=10
https://www.youtube.com/watch?v=hYdO9CscNes&list=PLJV_el3uVTsMhtt7_Y6sgTHGHp1Vb2P2J&index=10
https://www.youtube.com/watch?v=gmsMY5kc-zw&list=PLJV_el3uVTsMhtt7_Y6sgTHGHp1Vb2P2J&index=11
https://www.youtube.com/watch?v=n9TlOhRjYoc&list=PLJV_el3uVTsMhtt7_Y6sgTHGHp1Vb2P2J&index=12
https://www.youtube.com/watch?v=N6aRv06iv2g&list=PLJV_el3uVTsMhtt7_Y6sgTHGHp1Vb2P2J&index=13
https://www.youtube.com/watch?v=80bIUggRJf4&list=WL&index=9
https://www.youtube.com/watch?v=5ZlavKF_98U&list=WL&index=8
https://docs.vllm.ai/en/latest/

AAI %% viim:
https://docs.vlim.ai/en/latest/getting started/installation.html

vLLM BYRCRSEIERFET 42

vLLM FEFRYSEEF, LLM # AsyncLLMEngine. IXFE ML AHREY (Hugging
Face A9 transformer #E)IINT vLLM RUIESE SAREA IR F AT LUCERT
VLLM HEZRRIARIREUESI— LLM Z5(8FE AsyncLLMEngine Z8)HISLAISEALIE.
XN EAVER AR EEFD HF AEERER R AT,

vLLM FEZRAYIZ/OZ vLLM IBERTEIRY LLM engine’ Z BIHERRIRIFINE ARYZE
(LLM F AsyncLLMEngine)&BE LLM engine B wrapper. ZEE {17 attention #],
HIS=ERT, SEFRE LLM engine EBMEIRY executor 7EH. [0 executor FYREERM
WE—M1MY workers. FEMAB 7T XA— 1N EFRE:

/ LLMEngine: 4t ¥ prompt

Executor: LAYz B iTE

Workers: executor]E B F T. SR TR T I{EHEIGPUS
ia], #E LKV Cache. —executorF T o] Y/ % /[ workers



https://docs.vllm.ai/en/latest/getting_started/installation.html

R, EIREICIE— LLM 2 AsyncLLMEngine BISLH, A 1SCRR £
FBAE T —" LLMEngine. X/ LLMEngine 181 call ERERY step()ERECKIH
1THETE.

SEAIBIE T Engine AISLHI, 1IXALBIE THY executor, LUK executor 3
THY workers ZBE#EEIEE. 25 worker #BIFERY, worker STTREIZIZR (FAIRY
BRHZE epu)BIRIRAT A gpu ZiE]. PAFSHE gpu FIRZS[AIBRLA block size(FE M,
ZHI viim SNBSS, EBIRESHIFEN block BE)BRIR LS ECHISE block £7
E. SASHRIEAT F block #1E#IIAHL KV cache. FRLUXBEIAE viim SI2RITA
XFHAIIRY gou TERADIEICE CHITEZR(ELAIFITF KV cache), BISEIXEE4KTRER
= EFHRBEWER. BUABR T, vim SEIEIE 90%H gpu ZEFRERLES
EFE. FAITLLEIE GPU_MEMORY_UTILIZATION TS vilm (5 FEZSIERIEL.

VLLM LA block J9ER{S/#FHi# token. Z—™ block(ELRNNLAH block A)#AF AT,
VLLM B9 scheduler(ZE{— M THEB BRI ER) SR EFMERISUREELAN KV
cache HFRY key) 5|SEIT—NEZRItBJ5RY block(block B)fEFTHIMES ZE. A
[EHA NEEEIRAIRTIRREFD scheduler $24HY— table(Ltt table FZf& T block
A F block B RtELiE, IR block 7 1 2 /DZRPE)#E! block A # block B AY
i, SAFSHEEHEIREN LS. EEMARIRBFIRTLASI vilm BB

18I paged attention HHTAEIEIE, viim AJLAAEA I B FEEIRIER,
FHESEREANZITHER. I 7T RIE vim (ISR T, vim MEAFERTES
BY attention IZEAY implementation:
https://docs.vlim.ai/en/latest/dev/kernel/paged attention.html#concepts



https://docs.vllm.ai/en/latest/dev/kernel/paged_attention.html#concepts

FEH idea FRZIEEC paged attention, BAERHVIAIA) matrix 34558/ \YTFHE
Eaf3(block), MIARESth S FIESRIFESE, LU mEa=siE. SRR
BNNEURERN S BT attention FUIEBEATFEHEER. i LSBRI51E
& attention =& (ELAN pytorch HY implementation)FeE—HERYZER. (B E2FESC
B, At ENASENEUEFERE ] /iZ = EMHY loss of precision, FfiJATEE
S1SEIFNIERRY attention implementation AF—1FRIEELER. tBAlaESHUE
A vilm FOANER viim B9EIHEZER.

Remark:

R VLM B ERAZER Y. SRR RIBIE AT HIMR AN L.



vLLM Engine e ReqUIreme nts
B v latest »
e OS: Linux
Versions

e Python:3.8-3.12
latest stable v0.54 v0.5.3.post] .

* GPU: compute capability 7
v0.53 v0.5.2 v0.5.1 v0.5.0.postl

v0.5.0 w043 w042 w041

v04.0.post1  v04.0 w033 v032 InSta” With pip

v03.1 v030 v0.27 _ , ,
You can install vLLM using pip:

Downloads
PDF
$ # (Recommended) Create a

On Read the Docs |
$ conda create -n myenv py

Project Home  Builds Downloads $ conda activate myenv
On GitHub .
$ # Install vLLM with CUDA
View  Edit $ pip install vllm
Search

Search docs

©® Note

Hosted by Read the Docs - Privacy As of now, vLLM's binaries

vl default. We also provide v

— B RENRAEARMABEZES!. EbaiM 2023 ZFAY 0.3 F 2024 B9 0.5, K
RZERZ—FEINNT executor BIHES. BARETI viim Y github JEACHS

vlim/vlim/engine/llm engine.py FEN. GPUExecutor BYERSF0

vlim/vllm/worker/worker.py .



https://github.com/vllm-project/vllm/tree/main
https://github.com/vllm-project/vllm/tree/main/vllm
https://github.com/vllm-project/vllm/tree/main/vllm/engine
https://github.com/vllm-project/vllm/tree/main
https://github.com/vllm-project/vllm/tree/main/vllm
https://github.com/vllm-project/vllm/tree/main/vllm/worker

ABA, vLLM BEFEFENEE LLM FD AsyncLLMEngine BT AXBIVE? {+ARH®IZ A
AsyncLLMEngine Ifg? LLM, IEAIEAR, €32 T — N0 HF 15E8Y(Hugging Face f&FR
HF )4 ERIRZEARISLAI. 70 HF FRBLRYSCHI—FF, S 1TIBRIATIEA LLm 2E5C
BIET, LLm ELHISIRE. XEREA LM 2750 HF REB—FE, iREHEHIH KB
KAFERLLIE. FrLAANER XN EERE vLLM KRS, REEfEiRSEsimxIH A
HIERHIT AL, EEBERAE—IRMERLS LM 285041,

XE, vLLM ERE LLM R~EIHCEBAYR
{51:https://docs.vlim.ai/en/latest/getting_started/examples/offline_inference.ht

ml

52Z3IRIRY, AsyncLLMEngine SRAVSLHIEBANEH LIFKAIEEN. HEMEK
[EIRYA&%S AsyncLLMEngine SERIRY, SERISSTHBIERIDAN—1 BT, AEHE—7E
IFAEIEKLE viLM B95 (2240, RTLATE(ER AsyncLLMEngine SEIRYIZRT,
BIAFEE SEFH RIEKIITTRGIE.

IXEER AysncLLMEngine BIE 75 APl RSS2~/

https://github.com/vlim-
project/vlim/blob/9587b050fba00c3c35da05d3512bf7e351914a50/vlim/entrypoints/api server.py#lL14

AsyncLLMEngine B8 E{AHY{EF

B AsyncLLMEngine SLEIRYFTERNRBIFRR. —ReE
AsyncLLMEngine.from_engine_args(). {EIXEE, from_engine_args()& vLLM /3
AsyncLLMEngine ZRESERIRIWIRMHTTIE. EXAT:


https://github.com/vllm-project/vllm/blob/9587b050fba00c3c35da05d3512bf7e351914a50/vllm/entrypoints/api_server.py#L14
https://github.com/vllm-project/vllm/blob/9587b050fba00c3c35da05d3512bf7e351914a50/vllm/entrypoints/api_server.py#L14

@classmethod
def from_engine_args(
cls,
engine_args: AsyncEngineArgs,
start_engine_loop: bool = True,
usage context: UsageContext = UsageContext.ENGIMNE CONTEXT,
stat_loggers: Optional[Dict[str, StatloggerBase]] = None,
} -» "AsyncLLMEngine™:
"""Creates an async LLM engine from the engine arguments."""
# Create the engine configs.

engine_config = engine_args.create_engine_config()

if engine_args.engine_use_ray:
from vllm.executor import ray_utils
ray_utils.assert_ray_available()

executor_class = cls._get executor_cls({engine_config)

# Create the async LLM engine.

engine = cls{
executor_class.usses_ray,
engine args.engine use ray,
**angine_config.to_dict(),
executor_class=exscutor_class,
log_requests=not engine args.disable log requests,
log stats=not engine args.disable log stats,
start_engine_loop=start_engine_loop,
Lusage_ context=usage_context,

stat_loggers=stat_loggers,
)

return engine

XEH cls(A T RERILA google — T )ZFERY AsyncLLMEngine 1IX/ class 5. 1
TR self, (BRENEBEENEF. BXE, T LASEIBIEE A
”engine = cls(...) = AsyncLLMEngine(...)” tBELE15 from_engine_args()&

AsyncLLMEngine IEE#JIRCTIERI— wrapper.

4



from_engine_args BJLA$ESF AsyncEngineArgs BYEIN. IXEBSF AsyncEngineArgs
B LAEI AR /9 vLLM BRI JHBLIERERY engine argument SALMEE T —F. AfLA
AsyncEngineArgs BIBIAFUETA I engine %4, LLANLE engine ARE(EFT

ray”’engine_use_ray = False”.

FTLASURZAY © 80 BRI EA:
engine = AsyncLLMEngine.from_engine_args(
AsyncEngineArgs(

model="{RAYAIHARTLERIZ",
max_model_len=1000,
engine_use_ray = False, #5845 |24 ray

worker_use_ray=False, #1284 worker(BUSZIREIBIBE worker)A~FH ray

trust_remote_code=True ) )

HAth vLLM BY7RFIN BT UAZBIX B https://github.com/vIim-

project/vlim/tree/main/examples

£. IRS53HF Rim:

BAIRH R E S ELRENINE. KR E— NI LN S ZEHENRS SR, it8
MNEEEARIRENZRE 5 TEARANGEEENREE BEI&LEE
B app B. —1 app NEEERFHNIEITAKIERARRE LR app)BRIE
HEMEE app NERF/MMEEAIERIEN. XME U socket. Python
BHEXH socket FERLASCEIXFHERERNETT. (BRSERR L socket T FIEE, LA
ETEHNEBMERZHAET . XS TTENNEEREIER, BEREX


https://github.com/vllm-project/vllm/tree/main/examples
https://github.com/vllm-project/vllm/tree/main/examples

BOTAER. FrLAFAI I asgi/wsgi BUHEZR. Asgi 2 python BT EKERIFA
python 5fY app FISMMEEITIRAVEZEVE. B NAYERXMNERIIESES

LFRIEEEZFE. vLM BJTRY api server FBF2{EF FastAPI. RAY FEZR(KIRELRY
B—FEZR)tEER] FastAPI BFREA.

BAISAEEMAHEFERR Flask E3F. [F3RE vim RIBA7RGIFERY

FastAPl, F-EXIFAHY FastAPI.

IXLERILRHELEHIEREE feature FEF routing. fEERAGIH— route TLUENIZAR
FesAY— 1 INREFHEXANIIRE LT — url. EPURETA AKX NI RAY url
HIRIFHERZ route FRXSRIAYXNIHEE.
@app.get("/server_info")
def server_info():
return "server FastAPI _no_vLLM"

ECUMXEBEAIEN. T — MU server_info”BY route. 1IXA" route & %%
£ www. FuhAIRJLE/server_info”BY url FITAER. iF[EIXAS url IR [EIIRSSEEHY
B="server_FastAPl_no_vLLM”.

. Q&A:



1. vLLM ARIBSIEEHEI S XIEE 6 = 200,
EISIXLSEL

sampling_params = SamplingParams(use_beam_search = False,
temperature=0.01, top_p =1, top_k =1, max_tokens = 1000, min_tokens =0,
repetition_penalty = 1, length_penalty = 1, seed = 42),

engine = AsyncLLMEngine.from_engine_args(
AsyncEngineArgs(
model="/root/gwen2_ins",
max_model_len=1000,
engine_use_ray = False,
worker_use_ray=False,
trust_remote_code=True

XSIAEREAE M. ATLATERIAHRERI B HERER viim FIAGER vilm

HORHEAE.
e EE TR R R R R AR AR A . BN B E T NI AT . .t R RN R, AR R R A
Vs
—vLm
e EUE R R R R AR AR A W ] TRGR B R B e R AT R A . . D R RN R R, PR R LA

FATTLAER, 1IXE sampling_params B8 TE J temperature=0.01, top_p =
1, top_k = 1, HFEE TEIERY seed. FA I th B~ H 2R8I (B —MNE]
B RFENEZ).

2 A—ERO R A/ HRE ?
B LASE XA github [A)ER:
https://github.com/QwenLM/Qwen?2/issues/695#issuecomment-2292675351



https://github.com/QwenLM/Qwen2/issues/695#issuecomment-2292675351

ZRIEHE, viLM BEECH attention IZEHE. XSS E] attention EH AT
FREETN.

5551 vLLM F1 HF fRELXIF] sampling BYTTUHA—H+. viLm iBd 45
SamplingParams & seed. HF fRBISCTE model.generate IXE—
*"do_sample=False”FYZEL. ATLABER, —N2IFERIE (seed), —NRiIRBIE
PEAY”do_sample=False”. fTLAXPIRERSEWIEHIASE ZE5, NTSEAE
HZER. SRX—REALKBEHITEARCIE, (NEBNLAHESE.

2. RFMR! FRIVERHES vLv IE1THY GPU =F(E] G X 90%!

vilm #J351E worker FIRHMESRSFEITEFLATLAERRY gpu_block. REEATE R
X ECHY gpu_block 73BCZS worker. THE gpu_blocker FEE(EF
gpu_memory_utilization. tBELEWL viim IEXAZHIT|EHERITAEELS T worker
A. XEKRE viim EFZENSAAREE. FlilRee@Es
gpu_memory_utilization t{ZEE (SFEAYETF. gpu_memory_utilization 2RIA 5
R 90%HIZS(E), ATLARIIRURTRNERIRBIX R, Fl1&8 0%HNEBF SR




3. 89 viLm S|EESEHIREF 1 4 worker 18? 1R FKHAT engine B
Z workers, B BePREI worker 212 1?
— executor B carry out LLMengine IZE YR\, TM—" executor BJLA
B— worker BiEZ ) workers, XEURTF executor BYFPZE, GPU_executor

HEEB—™ worker(B] driver_worker). [ ray_gpu_executor BT LAFZ

ray_worker. EEHA7E driver node BB NEZEREY, driver node BY resource holder.

(GEACHES I :viim/vlim/executor/ray_gpu_executor.py).

ZETBREI worker 21879 1 BISEIE, FEEIZEERY Async LLM engine BYRTIR, BR{R(E
AR EEE gpu, FFHE T AsyncLLMEngine.from_engine_args(
AsyncEngineArgs()) BIS IS E I engine_use_ray = False. #[ItE, Engine
1YY executor FIEE— GPUExecutor. [T GPUExecutor @13 6liE—
N worker”SSCHIAY. vLLM BY worker & 5 FREESK gpu. FNILE ERRER TR

SB— worker.

4. vium QIBSLEE Ay & I AR ERIIER.

X LSEL

sampling_params = SamplingParams(use_beam_search = False,
temperature=0.01, top_p =1, top_k =1, max_tokens = 1000, min_tokens =0,
repetition_penalty = 1, length_penalty = 1, seed = 42),

engine = AsyncLLMEngine.from_engine_args(
AsyncEngineArgs(



model="/root/qwen2_ins
max_model_len=1000,
engine_use_ray = False,
worker_use_ray=False,
trust_remote_code=True

~

IXLESEY thread = 1 BB FETLAMRIE vLLM RIS R — M a)etia H R AT
[E&. (B2, 358 TXLESHR viLM KIREIARSSER/IHAT thread 79 3 RIEHT
ihla], 23RN\ BRERYIEIRE. " ANl BRERFIR AR T R RYF R ANFORTARE? 4l
ARRIGATRBEIRZ SRR > KIEEIRHIH:

[

B SR M prompt 2 :

SRR FRERR AT AL PR AR ? A fTRRAE I s SR

FRERkkkkXRXERRRRkRRRR kR Rk Rk Rk Rk kR kX kX Rk Rkk

skl okkokoooooook oo oooooook ook

B AE R N prompt 2 :

SRR IR BT PR B AR AR ? SRR AR STHER?

B S ]

B e e el

RIS R Npronpti2 :

T REAIR R I P AR TR S

[

200

{*response': "\nfEAAIENF, HATHEUEREHIAA T AIME BN, R Re AR ERETE, BRI

ERSEFIRNSEL, BEEmRS, ST SN2 0] A AT B GO AL, . 3 -%"E' mlm mﬁ!}jﬁmm “O]72H @HE

TBREE. =8 TRERTVESMES, eSS ’%ﬁE‘J}}EEﬁ \n\n3. BRIl TEEPISE, X S AR 3 E By ST )
\n\nd. REEIE: STANTEHIRTREEE, THRTUSFEIES, XOLSmeRmM R 2 E : . g Lk, RitiRE

REMRILS IR R RERE AN AL, SHEREEA, SRR B R E R ot ime*: 1.4023220530093018, *start time': 51464’ 5872966, end_tim

23794694.9895287, "output_speed’: 168.29229729511465, *length of output': 416, *speed result': '[1.46s/it, est. start time: at 1723794693.59 , output: 168.29 toks/s]’, id':

qFiis’, Vidx': 10}

200

200

{*response’: "\r{E) F EE Jg VR ESUEE, (BRI H SRR B R R SR AR AORTRRAE: \n\n1. (5%

7. 1 i SRS RIS, . WISEl: foTi, Rrslree: §E‘J.,
%’ﬂfﬁ?&ﬁfﬁ“ ﬂiﬁﬂﬂﬂﬁﬁﬁﬂﬂ@ B, RISTRIOLE, B Tl)#ﬂl]“*"ﬁﬁ}ﬂ&@

© 1.516037940079084, *start time': 1723794693 5851898 end_tine': 1723746%5. . “output_speed”: 167.54198106412545, ©
t, est. start time: at 1723794693.50 , output: 167.54 toks/s]', "task_id': "A8Y3tT3Q', 'idx': 10}

{"response’: "\nfEAATHLF, LR A Tl R Y

FER I v EEi ] B "Pﬁ jEEQﬁi@Eq E S LET 3 1 E:E \n\n2 ﬁ'—}%ﬂl E&ﬂ%ﬂf ﬁ'—}%ﬂlﬁmﬁ# 39

BEHE TR P Smiass, R T 3 L A f . BRI, LA

Hﬂ \n\nd. RIS SRARIER, FENEPRET = oy b TR ANERE, \n\s. PSS R %‘ﬁmﬁTﬁ"
STERIRATLE, Bl FISREE, eptEE Tl»{?ﬁﬂ”@ﬁﬁﬂhmﬁi \n\n“—“ESJEF . 5 AR EREEAT ™, S, L

Dtalitlme' 1.5153048038482666, 'start_time': 172475146‘! 581927, 'end_time": 1723794695.8972319, 'output speed’: 167.62384148640652, 'length of output': 456, "speed result': [l 52s/1

t, est. start_time: at 1723794693.58 , output: 167.62 toks/s]", "task_i DK4FrUMp®, "idx': 10}




5. vLLM F1ARH vLLM 2B 2RISR TILL

Influence of Qutput Length on Output Speed

® Without vLLM
@ VvLLM »
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Output Length of the LLM

HeiERIRsteE ALt

IR RRRK KRR R KRR EREK

IBEA SR Nprompt 2 «

SRR R PRIV B R AR ERE? AR AR SR ?

B

200

{'response’ '\ FjﬂJ‘AI%’ﬁ" BIOCELRTEREREE, AT Bif W%ﬂﬁﬁ El-}(. {BE, FnjLUZHt—Lb)
: 5? W Ty o 3 2 T 'l %ﬁ?%ﬁﬂﬂéﬂﬁfﬂ

&R, - 3 e :
SR IIDTE, (RESSURtE, AUBtERl, [ 3 N : Eﬂﬁﬁ RAFIRRAR, ﬁ%ﬂmﬁt%ﬁ%ﬂﬁ Sl
. )L“EIE%‘?EGF SR \n\nEREH, mﬁmm%ﬁ#—mﬁmﬁm@ B TS, *, "total_time': 8.9495296478271484, 'start
i 1723794954 .19% end_time': 1723794955.149028, 'output_speed’: 258.82248572295196, 'lengthinfimu'tput': 435, 'speed result': '[@.95s/it, est. start time: at 1723794954.20 ,
output: 258.02 toks/s]", <« id": "2JzyRzPc", 'idx': 10}




6. VLLM FIAA vLLM AL Z Ei2 YRR AT LY
XY AHRE G HIK AN AR R i MR B RYR Rt T 7. SN FEIRf:

Influence of Output Length on Output Speed

@ Without vLLM
@ VLM

180 4

160 1

@
]
2120 4

B0 4

40

ERI 7w iKE I HERERNRR. B x 3HEEKE, y ks
E. BB EKEL, vLLM RYEREEBAERTAH vLLM. H BB
ERHKEREN vLLM FEEASLARESN 1 NEHESESMEK. 5
ZIIRIAY, AR VLLM AU KHBRIERS. XERH T, EEKBHAIER T,
VLLM RUEREIRFHASEINAE.

LA L2 2 ES, HENSAKRERE.






