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Deepseek-r1E KRR NIBIREE A HZE BRI IEKR HREK, HAPSRIT
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- &5 £, BAIREBIERE (QPS) KEERMHE, IRFEEVEBLEZ/MER.

« KIZBEIE— 1 EEEir—8/Token#{ (tokens/s) , BRMT RFEEELIER
B Token#&E.

e Mz B[]

« REEIEE MERFIERETE,

o KIERIH—NMERR B NTokenZixATia] (TTFT: Time To First Token) , BEIMNFF
e AR E i tH 55— TokenfRrEE AYRTIE],
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fiZiRPython GILiHs SRAYIEER

CPUSGPUSBIER
1. EEFHRIPythonZ&EIREH, CPUFERT
F5GPURESSETGIL, SHGPUFIREZEA
HTTPIER CPU#IE GPU#?2 =i RInR MERLEEE,

CPUIBSER, I | Tmms) —>| GPUIBXIEH, 1B 2. CPUSGPURD EfER T Pythonth £ SiEREES

HTTPIEE] Py e (GIL) RAI4RERRINID)E,
3. B9 ECPUSGPU, R TGILES:, MmiR

7 GPUIESSRIHRI TR R S 14 BE.
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CPU5SGPUR BRI

TEgeRH
CPU5SGPU% BIEZE \ _
IR SRR K EY QPS  FERY GPUER&
BHBRITGPUSGPUES 45 1.05s 20
. . DRBNELIE)
HTTPiER CPU#%Z GPU#72 _
cputBXiBiE, b |& wEpE —>| GPUIEXEE, 1A T /A S
‘ T, AR, FICUDAS BRI CPUSGPUZ RN BIRIT 2743  437Tms  12%
HTTPIZ[S] 43 & FResize, GPUEE,
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Performance Enhancements

EaERA

To make sure we can keep GPUs busy, we made several enhancements:

Separating API server and inference engine into different processes (PR #6883) VLLM V060 27X Th roughput
| Improvement and 5x Latency Reduction
Single Python Process
Sep 5, 2024 « vLLM Team
HTTP Request . API Server
Before - TL;DR: vLLM achieves 2.7x higher throughput and 5x faster TPOT (time per output token) on Llama
VLLM Engine 8B model, and 1.8x higher throughput and 2x less TPOT on Llama 70B model.

150

o
=]

0 2.7X -79% 1.8X -58%

Thoughput (req/s)
TPOT (ms)
IS
o
Thoughput (reg/s)
S
-
1)
=]

i
20 =

Server Process Engine Process 10 20 5 E 50

0 0 0 0

HTTP Re est vLLM 0.5.3 vLLM 0.6.0 vLLM 0.5.3 vLLM 0.6.0 vLLM 0.5.3 vLLM0.6.0 vLLM 0.5.3 vLLM 0.6.0
After au | ZMo| Performance comparison between vLLM v0.5.3 and v0.6.0 for Llama 8B on 1xH100 and 70B on
API Server B % VLLM Engine
{ 4xH100 on ShareGPT dataset (500 prompts). TPOT measured at 32 QPS.

lllustration of the serving process architecture before and after. We separated the http serving
component from the vLLM engine, and connected them with a ZMQ socket. This architecture ensures
both CPU heavy components are isolated from each other.
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5 e SrEE
Resp
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i R IEEPRY%24E-sglang
sglangi#iZ EHE R

Files I sglan thon / sglang / srt / managers I
ol glang / python / sglang / srt | managers / —Pp HIEEENZIEEE
¥ main - + Q a merrymercy Support page size > 1 (#4356) X
Q Gotofile t
oy Name Last commit message
> ora
I ~ [ managers ...
> [ image_processors B image_processors model: Support Janus-pro (#3203)
[3 cache_controller.py ) ) ) B )
[3 cache_controller.py Hierarchical Caching Refactoring and Fixing TP issue (i
[ configure_logging.py
[} configure_logging.py Support penalty in overlap mode; return logprob with ¢
[ detokenizer_manager.py [} data_parallel_controller.py Improve code styles (#4021)
1. [ image_processor.py [ detokenizer_manager.py [Minor] more code cleanup (#4077)
[ io_struct.py
0 [ image_processor.py refactor: move image processors to separate files (#42
multi_modality_padding.py
[3 schedule_batch.py [ io_struct.py Add Support for Qwen2-VL Multi-modal Embedding M¢
[ schedule_policy.py il moda\lt addin refactor: move image processors to separate files (#42
2 A i
. b
[ scheduler.py J“"‘ E= EE}J 2 )
schedule_batch.py upport page size >
[ schedule_batch S 1 (#4356)
[ scheduler_output_processor...
" D schedule_policy.py Support page size > 1 (#4356)
[ session_controller.py

5 = ak=g:
1. I [ tokenizer_manager.py ] W 1$ﬁ)\ timm;@a’j = E Support page size > 1 (#4356)

[ tp_worker.py [ schgduler. cutput ocessor mlxin.%ym Support page size > 1 (#43586)
3. [ tp_worker_overlap_thread.py 4 ?& E.’:EE‘ E{E

(] sessmnfcontmller.py Support penalty in overlap mode; return logprob with ¢

Y / /(I

[ utils.py
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KV-Cachetz R EFEH )R

#EIE5|ZERIKV Cache

...........................................................................

I ABHBETRESRIEENIMNE

AT TR A BRIV, —)[ Eé§]9 Mz 9[@% o 1Tk (Attention)
HiEfEE , 2. B R EHEERBEHFEH—IEAN
[ Layerl |->| Layer2 [—>| Layer3 ]—) ] kvcache EI\J%@°
: ; 3. BEEERAIAMTIEI, kvcache HIA/NS
Requst [—! :[ —> Resp e A S L o A SIS

' § HESZL LT, MBESHEREHEH

-0.1 0.3 0.5 1%5*D$:2Fb_&o

KV Cache | g, 02 |04 |.. E
o1 los los I 4. ANRAXT kvcache EEFERY GPU EFH{T
]’ ENER, BERABAERRR, ST
GPU N
RS A RILRE N EE R IR,

...........................................................................

P Mae .
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Paged AttentionT{E[RE

4. Generated 3rd token. Allocate new block.

LinuxREE IR

Physical KV cache blocks

Prompt: “Alan Turing is a computer scientist” Block 0
Completion: “and mathematician renowned” o
Block 1 |computer| scientist | and ma._ e
~~*ician
; Allocated on demand
Logical KV cache blocks Block table Block2|  TEEOEIEEET
I
: Block 0 | Alan Turing is a \ Physical | # Filled Block 3 '[renowned
- o 1 : - block no. | slots —_—
EZH%*E% %iﬁ WT? . : Block 1 |computer| scientist and rnmaatitgi:n \ 7 4 Block 4
FEPAnE =S (8] DR/ DIREIR : 1 4
aLe / Block 2 |renowned ~73 1 Block 5
Block 3 - — Block 6
Block 7 | Alan Turing is a

Example generation process for a request with PagedAttention.
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5 HuggingFace Transformers 18tt, FIIEAHEHZE 24 &; 5 HuggingFace TGl #8LL, ##HANX 3.5 /Z,

- LLaMA-13B, A100-40GB - LLaMA-7B, A10G
= =

% 150 -ermermre e %

e g

= 100 -

2 2

S 50 S

= =

o 6.4 o

= — = 0

= HF TGI vLLM = HF TGI vLLM

Serving throughput when each request asks for one output completion. vLLM achieves 14x - 24x
higher throughput than HF and 2.2x - 2.5x higher throughput than TGI.

= LLaMA-13B, A100-40GB . LLaMA-7B, A10G

= =

I s = 60—
g S

50 £ 40

5 5

o Q.

5 25 192 520 150

3 3

3 4.5 3 6.2

= HF TGl vLLM = HF TGI vLLM

Serving throughput when each request asks for three parallel output completions. vLLM achieves 8.5x
- 15x higher throughput than HF and 3.3x - 3.5x higher throughput than TGI.

B/ >kH VvLLM: Easy, Fast, and Cheap LLM Serving with PagedAttention

WM . &
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Show Code

[ Files

¥ main -
Q Gotofile

> [ entrypoints

> W layers

> @ lora

> BB managers

Files

¥ main - +

Q Gotofile

7

e IHEUICS

& model_executor

[ cuda_graph_runner.py
[ forward_batch_info.py
[ model_runner.py

B model_loader

B8 models

8 openai_api

I sampling

I8 speculative

[3 _custom_ops.py

[ aio_rwlock.py

[3 code_completion_parser.py

Q

KVCache=CIj

[sglang |/ python / sglang / srt / mem_cache / memory_pool.py ]

[ code | Blame 693 lines (576 loc) - 22.1 K» KVCache& B
43 LD = 1UZ4 ¥ 1044 ¥ 104
44
45

l 46 > class ReqToTokenPool: &m
91 self.free_slots = list(range(self.size))
92
93 KVCachefJ#OEX .
Z; class KvCache(abc.ABC): : ﬁg?gug\ﬁ%m%&
96 @abc.abstractmethod iE]Fg%%Schedulertpo
av B P T A T T TONT T iE | T TR SR g e

sglang / python / sglang / srt | model_executor / forward_batch_info.py

[ Code | Blame 512 lines (432 loc) - 18.6 k8 - @

132 classj ForwardBatch:

195

196 # Attention backend 4 .

197 req_to_token_pool: ReqToTokenPool = None et HR->TokensfiL H

198 token_to_kv_pool: KVCache = None —= Tokensfi &->KVCache
199 attn_backend: AttentionBackend = None

200

201 # For DP attention

202 global_num_tokens_cpu: Optional[List[int]] = None

203 global_num_tokens_gpu: Optional[torch.Tensor] = None

204 # Has to be None when cuda graph is captured.

205 global_num_tokens_for_logprob_cpu: Optional[List[int]] = None

206 global_num_tokens_for_logprob_gpu: Optional[torch.Tensor] = None

207 # for extend, local start pos and num tokens is different in logits processor
208 # this will be computed in get_dp_local_info

209 # this will be recomputed in LogitsMetadata.from_forward_batch

210 dp_local_start_pos: Optionall[torch.Tensor] = None # cached info at runtime
211 dp_local_num_tokens: Optionall[torch.Tensor] = None # cached info at runtime
212 gathered_buffer: Optional[torch.Tensor] = None

213 can_run_dp_cuda_graph: bool = False

214

215 # Speculative decoding

216 spec_info: Optionall[Union[EagleVerifyInput, EagleDraftInput]] = None

217 rnar alanrithme Caarnlativallancithm — Mana

2025 AH-TRAEEFESR | HBA EBH A
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Files
main - 4+ |Q
Go to file t

~ [ attention

> [ triton_ops
[ base_attn_backend.py
[ double_sparsity_backend.py
[ flashinfer_backend.py
[ flashinfer_mla_backend.py
[ torch_native_backend.py
[ triton_backend.py
[ utils.py
[ vision.py

> B moe

> B quantization
[ activation.py

[9 dp_attention.py

AR, KIEEHEMH—Paged Attention

NDD 6™

S NiHEERKVCache

[ sglang / python / sglang [ srt [ layers | attention [ flashinfer_backend.py ]

—
Code

454
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489

def forward_decode(

c) - 44.9kB - @

flashinferE MR HiTE

1259 lines

]
cache_loc = (
forward_batch.out_cache_loc
if not layer.is_cross_attention
else forward_batch.encoder_out_cache_loc

AR ERERKVCache

if k is not None:
assert v g

if save_kv_cache:

[fcrward batch

en_to_kv_pool.set_kv_buffer( l
e_loc, k, v, layer.k_scale, layer.v_scale

o = decode_wr;
q.contiguous().view(-1, layer.tp_g_head_num, layer.head_dim),
|forward_batch.token_to_kv_pool.get_kv_buffer(layer.layer_id),}
sm_scale=layer.scaling,
logits_soft_cap=layer, logit_cap,
k_scale=layer.k_scale,

v_scale=layer.v_scale,

return o.view(-1, layer.tp_q_head_num * layer.head_dim)
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XEAA RIRRT LA

2= s8R
Prompt1 |  Few-shot examples ]—-[ Question 1 ]—[ Answer 1 ]
Prompt 2 [ Few-shot examples ]—[ Question 2 }—[ Answer 2 I

Prompt 3 [ Few-shot examples ]——[ Question 3 }—[ Answer 3 I

(a) Few-shot learning

Branch 1 ][ Branch 1 ]

search History | Branch 1.1 ][ Branch 1.1 |
Generation 1 Search History | Branch 1.1.1 || Branch 1.1.1 |

prompt [ Question } @ Generation 2 Search History J ([ Branch 1.2 ] Branch 12 |
Generaton’ e ) (o2 (ponen 122

b) Self-consistenc
l: :' Y Branch 2 I[ Branch 2 ]

(Tum (@) (Tum1 ) Search History J ( Branch 21 ][ ranch 2.1 |

[ chathisoy ][ mm2@ ] [ um2a) Search History ) ((Branch 2.1.1 ][ Branch 2.1.1 )

( Chat History ) (3@ ) [ um3 @ | Search History [ Branch 2.2 |( Branch2.2 |

( Chat History ) [(rurna@ | [ Tumaa) | Search History J ((Branch 2.2.1 ][ Branch 2.2.1 |
(c) Multi-turn chat (d) Tree-of-thought

B /38 Fast and Expressive LLM Inference with RadixAttention and SGLang

FEFRIEEROSEECERIFS. BR—EETIRE, SHXNETEHIRDE, LR BN RAHRRAE. EXERRT,
BRERESESITHIXEPrompt A HZRTEED, XEQIERABINTERIRRE.

BRANMERXEESHEOINTBER(KV Cache)Efriek, TRIBERIEEERE?

T e N
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TAERIR/—1HIF

n @ 3) (4)
O , . " s
You are a helpful assistant. You are a helpful assistant. You are a helpful assistant. 1 . %}J ta)lk%i : Eé&*}‘j‘%?}] jg g‘é o
User: Hello! User: Hello!
S ——— serielol | User: Whatcanyoudo? | ser: el | ser: Wit can youdo 2.E—IpWIRFIR: BRAX "rer! , BIFEE R ", REHES.
istant: Hil | Assistant: I can ... ssistant: Hi sistant: | can ...

RAFEEMBFRERESHAEEMNPI—FAE, EHEEFTR.
3.5 IpHIRGE:: FA—ETREFNER, RSH[EEINPHEISERR
HEAEKVER, FBREFT =_MINEIM L.

User: Solve this problem ...

Assistant; Surel..; User: Solve this question...

Assistant: Sure! ...

(6) (7)
You are a helpful assistant. = -1 You are a helpful assistant. 4-%:iijﬂgl]%ﬁyé]\ : %_/I\%Fﬂ:yﬁ%ﬁﬂgﬂgu%%iﬁ 1 Hﬁ%%éj\%ufmﬁ_ﬁ}ﬁ 1 {%
= _ A SELS A HFIRHKVER,
User: Hello! User: What can you do? uestion 3: .. User: What can you do? J— N \ —_ . —_ A
Assistant: Hi! | Assistant: | can ... 2 nnnnn 3. Assistant: Hi! | Assistant: | can ... 5.%_1%ng%gligi#ﬂ?j’;’ﬁj;x : %_iﬁﬂgu%gliggb' , m ﬁBE%U , %_iﬁﬂgl]%q:

RDIAEIERNT SEGEARNEE, S ERETRENIZEN L.

6AMEDEARZIEN: RE[UEASWET REZRIBRIDERFEIBEXK,
E 2 RT RO BILSPEIFY, BEREARIRD STENH,

User: Write a story ...
Assistant: Sure! ...

User: Write a story ...
Assistant: Sure! ...

Question 1: ... Question 1: ... kY ISy N, —_ kY —_— s, = Y
AUV | AR 7R DRSS IE— SRRSO, HEIEN
—++ \ e ., S— s —_ ot — “
e | i PP RUEXEERRASHKVEFRE, BEANERFRDTTRITE.

Assistant: Hi! Assistant: Hil

‘ L sEMRMBRHTEA: U, ETRESOEM (RU)

Jo 5, BAE IR RS RN,

Gl b b b g e e RS SREERE A EROER, e
19, $ZRLRUSR B AR R BB AL ST A RO T,

User: Solve this question...
Assistant: Sure! ...

B/ 3kB[5] Fast and Expressive LLM Inference with RadixAttention and SGLang
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SGlang#5iHiAYRadix AttentiontEBENILENR, SERIRSHALL, SGLangB/M AT SELLLE.

ERE=H

[

H

< 0.8

|-}

3

=06

l—

©

8 0.4

®©

g 0.2 I

=

., Wl — ull — i
MMLU HellaSwag ReAct Agent Tree-of-Thought JSON Decode  Chat (Short) Chat (Long) DSPy RAG LLaVA Bench
W Guidance mVLLM SGlang HF TGI/Transformers = SGLang

Figure 1: Throughput of Different Systems on LLM Tasks (LIlama-7B on A10G, FP16, Tensor Parallelism=1)
1
0.8

0.6

0.4
0.2 I I
, BN _

MMLU HellaSwag ReAct Agent Tree-of-Thought JSON Decode  Chat (Short) Chat (Long)

Normalized Throughput

m VvLLM SGlang

& F>kBA[5] Fast and Expressive LLM Inference with RadixAttention and SGLang
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Show Code

RadixCacheEENX TreeNodeT REN

[ sglang / python / sglang / srt / mem_cache / radix_cache.py I

I Files
. sglan thon / sglang { srt / mem_cache / radix_cache. . Code ‘ Blame 464 lines (375 loc) - 14.6 KB - @
[ Files (_sglang J python / sglang / srt / mem_ | radix_ py ) B main (e L )
38
) Code Blame 464 lines (375 loc) - 14.6 KB - () \ 2 Go to file t 39
# main - + Q L - 40 counter = @
92 [ class RadixCache(BasePrefixCache): ] IEH¥IE‘TZEmem_C3Cheq:I LJ nusi_tdche.py 4
Q. Gotofile t 127 D hiradix_cache.py 42 v def __init (self, id: Optionallint] = None):
o | 128 > def match_prefix(self, key: List[int], sxkwargs) -> Tuple[torch.Tensor, int]: - 43 self.children = defaultdict(TreeNode)
LJ nusn_cacie.py 158 return value, last_node D memory_pool.py 44 self.parent = None
iradi 45 self.key = None
[ hiradix_cache.py 159 [ paged_allocator.py 46 TF. value =N
| 160 > def insert(self, key: List, value=None): em self.value = None
[ memory_pool.py 166 return self._insert_helper(self.root_node, key, value) [3 radix_cache.py TreeNode self.lock_ref = 0
167 4 L self.last_access_time = time.time()
[ paged_allocator.py > [ metrics — LMY
| 168 > def cache_finished_req(self, req: Req): - )
[ radix_cache.py 201 self.dec_lock_ref(req.last_node) > @ model_executor 28 self:Nit count =0
i 202 . - - ar - - 51 # indicating the node is loading KV cache from ho§t
> B metrics o > @ model_loader 52 self.loading = False
| 203 > def cache_unfinished_req(self, req: Req): &m 53 # store the host indices of Ky cachie
> B model_executor 244 req. last_node = new_last_node e > [ models 54 self.host_value = None
24 i — o
> [ model_loader > ) RadGCacheEl‘i] - > [ openai_api 55
- 246 def pretty_print{self): ;:.-_Drl—.s{ 56 self.id = TreeNode.counter if id is None else id
> Bm models 247 self._print_helper(self.root_ncde, @) =ZHEX, > [ sampling 57 TreeNode.counter += 1
248 print(f"#tokens: {self.total_size()}") iz@}guﬂgﬁﬁﬁﬁ*i s B spectilative 58
> [ openai_api 249 = 59 @property
> 8 samplin 250 def total_size(self): EEﬂE%&SChEdUIerEP [ _custom_ops.py 60 def evicted(self):
ping 251 return self._total_size_helper() [ aio_rwlock 61 return self.value is None
> [ speculative 252 _| .py &2
| 253 > def evict(self, num_tokens: int): em [ conversation.py 63 @property
D —custom_ops.py 274 heapq.heappush(leaves, x.parent) 64 def backuped(self):
) 275 D custom_op.py 65 return self.host_value is not None
[9 aio_rwlock.py | _ ) i
276 > def inc_lock_ref(self, node: TreeNode): =m D function_call_parser.py
[ conversation.py 288 return delta 67 def __1t__(self, other: "TreeNode"):
. D hf_transformers_utils.py 68 return self.last_access_time < other.last_access_time
69

2025 AH-TRAEEFESR | HBA EBH A
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FMERFERTK

LY

B ARE N T
FhETIRAYINSR :

FOISKREUNIAAETE] (RT) FEK, EEHIRT,
MARSHII N AT MR ER. XEITARE
SEWe? NAMalERE?
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Prefill 5D

HIES|E

e e e

ATERE—TULELROVEA, ]—> B2£ 9[E5(£]9 1E%Hﬁili

PrefillPfi E% DecodeffiE&

Requst |—>i |stAPromptitiFiEitsE [—| sEEE M EmmnAsaEms| —>|  Resp

...........................................................................

BRISERAIVHAT— M 1000 4 token B9 prompt, FHFEEHEEIARL 100 4 token BIIRERL,
1.Prefill FYER

ARFF X 1000 4 token #HITHITHE, X—FEAILIZEHoF A GPU BOHITIHEREN.
2.Decode FER

BB, RRASFNEMBLERT 100 4 token, HFENFER token EHXERF 2 RIAVEE, EIX—MERATURIRFFZE N EK.

N Mae . NS

2025 AlH-FREEFIER | BIBAl E2H A




»iERD IR, EBE/MEKFRII—Chunked Prefill NDD 6™

HEIES |5

S

ATEEE—TLERBHREA, ]

chunked prefill
§ HiE e §
e 1 [

AT ] BT ] EERIBAR,

.

Continuous Batching
Prefill can interrupt decode

1] (] |

Chunked Prefill

Prefill is chunked and scheduled with Decode

= OGN0 ~ §00000000088
| R = 0000000808

Re R sssngaal

. o 200080
Request ? ? t Time »>
Arrival R2 R3 R4 Request t ? ) Time
rriva
' Prefill . Decode . Indicates delay in decode

R2 R3 R4
. Prefill . Decode

B /B Taming Throughput-Latency Tradeoff in LLM Inference with Sarathi-Serve vLLM @ Fourth Meetup (Public)
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EgeRH
FFigchunked prefilllF, FEEFH&QPST, JIRTREA T2(E.

Average Request Latency
Lower is better (Llama2-13b, A100)

M viLM B vLLM w/ Chunked Prefill
15

12.3

Avg. Request Latency (s)

qgps

B /38 Taming Throughput-Latency Tradeoff in LLM Inference with Sarathi-Serve vLLM @ Fourth Meetup (Public)
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» (ERZRIEE, HEERERE NiDD G

EREXILL

= RT QPS
BRAERMEE  3s 1.2
WRAIEBEIR  1.7s 2.4

BB -R TR A LA R E R AREEIERE SQPS,
BB AZ R LR A KRB AUHEIR IR E R ?
FTEHRRASZSREENLAEET skEFH1T(tensor parallelism)sCHIAY,
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NDD 6"

Ri{R1E tensor parallel ig&4 2, SHREEAM
5K GPU SEANEHEER, £ KSRV NERA ?EEE?,I*’QA"
AIREIR] attention SEHIEES AWE, HBIINE
255K GPU £, AR, TEERIRES, WA GPU
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» (ERS-RIEE, HEEERE

kB3 1F-show code

l sglang / python [ sglang / srt / models [ qwen2.py I

[1 Files
. | Code | Blame 438 lines (404 loc) - 15.6 KB -
¥ main - + | Q . ) . . s
91 class Qwen2Attention(nn.Module): ﬁﬁﬁﬁi?&}g{tﬁgf’]&l—- | Ei—[:
Q Gotofile t 92 def __init__(
102 prefix: str = "",
[ mllama.py 103 ) -> None:
104 super().__init_ ()
0 olmo.py 165 self.hidden size = hidden size
D olmo2.py 106 [tp_s.i.ze = get_tensor_model_paralLeL_wurld_sue()]
107 self.total_num_heads = num_heads
[ olmoe.py 108 assert self.total_num_heads % tp_size ==
D phi3_small.py 109 [self.numfheads = self.total_num_heads // tp_size ]
118 self.total_num_kv_heads = num_kv_heads
[ awen.py 111 if self.total_num_kv_heads >= tp_size:
I . # Number of KV heads is greater than TP size, so we partition
0 awen2.py ‘[{E?EGPU-EﬂEp_sme) # the KV heads across multiple tensor parallel GPUs.
[ qwen2_5_vl.py 1 Attentionf9ead#1T assert self.total_num_kv_heads % tp_size ==
1 else:
[ awen2_eagle.py #'IE{U\' @‘;ﬁKY@aChem% # Number of KV heads is less than TP size, so we replicate
(3 qwen2_moe.py i&?i’?ﬁﬁu 117 # the KV heads across multiple tensor parallel GPUs.
118 assert tp_size % self.total_num_kv_heads ==
D qwen2_rm.py 119 \ [self.numfkvfheads = max(1, self.total_num_kv_heads // tp_size) ]
120 self.head_dim = hidden_size // self.total_num_heads
D qwen2_vl.py 121 self.q_size = self.num_heads * self.head_dim
O registry.py 122 [self.kv_size = self,num_kv_heads * self.head_din |
123 self.scaling = self.head_dimx-8.5
[ stablelm.py 124 self.rope_theta = rope_theta
D torch_native_llama.py 125 self.max_position_embeddings = max_position_embeddings
126
(Y xverse.py 127 self.qkv_proj = QKVParallelLinear(
128 hidden_size,
(9 xverse_moe.py 129 self.head_dim,
0 yivl.py 130 self.total_num_heads,
131 self.total_num_kv_heads,
> [ openai_api 132 bias=True,
s Bm camnlina 133 quant_config=quant_config,

2025 AH-TRAEEFESR | HBA EBH A

y

NDD 6!

1. XM Eqwen2 KIRELRIINEGZEE,

2. WFEZLFENNHEI, =
XTheads#H{7475,

KIEGPUEZX

3. WMNAIKVCacheth &£EFGPURHIHTT
?ﬁﬁj\o




> (EELERE + KASRISIT — TRMARES NDD G

TAEIRIE

FRMIRERBRIINIERA TR XRIE, CREBERFEFRM NESRFTAENEE (WN72BXREE) HHEERRE.
X TR T e FR:

1. Draft Model: —"&/\, EEMAERZRMEHAT.
2. Target Model Verification: 3R ARMIREEE N HIREEPIIEXLENRIC,. ERIAERNSEHELE

ERIRERNSHE,
3. —RfEEZ Token: ZHEABEBIREZER— Token, MERISLIEZ Token, MMENE
iEO

Pr‘ompt:l What | is | your |hobby| ? |

Draft model (e.g., LLaMA-169M):| I l like lcookingl and ltravelingl
Target model (e.g., LLaMA-7B): l I | like |eeeking| and Itraveling|
playing
W EEFRR, BEERRHETAMRS: ["1", “lke”, "cooking”, "and”, “traveling”], AEIFXLEER

B RE BMERIATHITIIE, X MIFH, E=THRIC “cooking” (NiZzE "playing”) #EEIRH
B, Bk, HSBRRERFBI=HRC [, “like", “playing"],

2025 AlH-FREEFIER | BIBAl E2H A

N Mae . NS




> (JMEBIEER + HSBIIST — FRUARED NDD 6"

SEIRMIR

a

k. —1N7BRY
IMREY

N

.

a

FmfRRS: 70BK
1ERY + 7B/ \E R

N

y
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> VEEHETE + AKSRIINTE — FOUREES NDD 6"
show code
{F R AR + /MERIRY 75

from vllm import LLM ) .
( sglang Tl RS HE RS
1lm = LLM
model:lmeta—llama/Meta—Llama—3.1—7GB—Instruct'], RRE

tensor_parallel_size=4,
speculat ive_model:'" ibm-fms/1lama3-7@b-accelerator", JMER

@ Files Isglang | python [ sglang [ srt [ speculative | eagle_worker.py I

s TUBEIEEERTER

. [ Code | BI 504 lines (446 loc) - 20 kB - @
speculative_draft_tensor_parallel_size=1, 1) mam - |[+]=a (_Code ) Biame e o
) 162 def forward_batch_speculative generation(
Q Gotofile E 174 the batch id (used for overlap schedule), and number of accepeted tokens.
outputs = llm.generate("The future of AI is") 175
> [ openai_api 176 assert not batch.spec_algorithm.is_none()
> B sampling 177 if batch,forward mode.is_decode():
. . 178 spec_info, to_free_cache_loc = self.draft(batch)
for output in outputs: v Es speculative 179 logits_output, verify_output, model_worker_batch = self.verify(
g 0 0 80 batch, inf
print(f"Prompt: {output.prompt!r}, Generated text: {output.outputs[@].text!r}") [ build_eagle._tree.py - / | e speene
D eagle_draft_cuda_graph_run... 182 # Free cache loc (we put it here to avoid synchronization and hide kernel launch ov

lszJ‘ﬁﬂiﬁIg, self.token_to_kv_pool_allocator. free(to_free_cache_loc)

> D eagle_utils.py 18 SRR # if it is None, means all requests are finished
n = ra I I I N I 1s§($i¥5mfl:n if batch.spec_info.verified_id is not None:
[M eagle_worker.py

186 self.forward_draft_extend_after_decode(batch)
[ spec_info.py 187
. 188 return {
from vllm import LLM [ _custom_ops.py 189 Logits_output,
[ sio_rwlock.py 190 verify_output.verified_id,
- 191 model_worker_batch.bid,
1lm = LLM( [ conversation.py 192 sum{verify_output.accept_length_per_req_cpu),
103 )
model="facebook/opt-6.7b", [ custom_op.py 1os
: [ function_call_parser.py 195 else:
=1} n
SDECU1ath6_m0del— [ng ram] ’ D ht . " 196 logits_output, next_token_ids, bid = self.forward_target_extend(batch)
: _transformers_utils.py 197 self.forward_draft_extend(
nUm_SpeCUlathe_tOkens—S, ngram?ﬁﬁ&ﬁﬁg O mm_utils.py 198 batch, logits_output.hidden_states, next_token_ids
ngram_prompt_lookup_max=4, 199 !
[ model_parallel.py 200 return logits_output, next_token_ids, bid, 8
ngram_prompt_lookup_min=1, P i e 201
= = =

)
outputs = llm.generate("The future of AI is")

for output in outputs:
print(f"Prompt: {output.prompt!r}, Generated text: {output.outputs[@].text!r}")
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» DeepSeek: EFRH1T VS TensorHiT NDD G
T{FRIE

GPUO GPU1
(r— e — Y —— —— —— p— r—~ o l— — — —~ — (r— fr—
GPUO
E E E E E E E E E E E E E E E
0 2 3 5 6 7 0 2 3 5 6
GPU1
Tensor Parallel Expert Parallel

3B https://nvidia.github.io/TensorRT-LLM/advanced/expert-parallelism.html

TensorFHTRBNERIINEFIIDEEAERIGPU L, B1MGPUFAEMEERAIEIOINE;
ERATNELD ERITENESELLEABENIGPU, B1MGPUNEEIREERINTENE,

N Mae . NS
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DeepSeek: €17 VS TensorFiT NiDD 6!

T{EIRIE

-------------------------------------------------------------------------------------------------------------

TensorH{T E E ERHAT
GPUO GPU 1 GPUO GPU1
MLP MLP MLP MLP
-layer-part0 -layer-partl > D d -expert0 -expertl
- ecoder s
Attention Attention Attention Attention
---Head0 ---Head1l ---Head0 ---Headl

N

-------------------------------------------------------------------------------------------------------------

XITMOEEMRIREERIR, Tensorf{T, B token#FEELIEGPURIITE, &EERS
BREEFRHITRAFTEIHGPUITE, TTLIBRKERIGPURSESS.

"\

HIREHFIES BEA EBWHL




DeepSeek: EZRH1T VS TensorFH1T

NDD 6"

R
Prefill phase
A Layer Time(ms) | Attention | NCCLO MoE Other NCCL1
Base(TP) 7.14 0.85 3,78 12 0.83
ThisPR(TP+EP) 7.14 0.85 0.70~1.3 1.2 1.0(avg)
k8 https://github.com/sgl-project/sglang/pull/2203
Decode phase
A Layer Time(ms) | Attention | NCCLO MoE Other NCCL1
Base(TP) 25 0.24 0.98 0.4 0.24
ThisPR(TP+EP) 25 0.24 0.2~0.9 0.4 0.23~0.9

kB https://github.com/sgl-project/sglang/pull/2203
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» DeepSeek: EXRH1T VS TensorH1T NiDD 6
Show Code

MOE: ExRH1T MOE: TensorFH{T

| e Ll v wmJ Ml s 1] =l
V ayers
N yaltenlion # supported weight scales/zp can be found in
> configs 126 v M moe # FusedMoeWeightScaleSupported
constrained 127 self.tp_size = ( v ep_moe 531 # TODO @dsikka: once hardened, refactor to use vLLM Parameters
[ distributed 128 tp_size if tp_size is not None else get_tensor_model_parallel_world_size() @ _init__.py T * Spaciric: to gachicase
> device_communicators 129 ) « kernels.py 533 quant_method = getattr(param, "quant_method", None)
A __init__.py ) ave if quant_method == FusedMoeWeightScaleS$ ted.CHANNEL.value:
& SOt Y 130 self.tp_rank = get_tensor_model_parallel_rank() _moe_triton SV, 688 FOR ChGRRBL. e LghESSBR1EC
ik 131 > T configs id= i
~ parallel_state.py A __init_py shard_id=shard_id,
’ 132 self.num_experts = num_experts e shard_dim=shard_dim,
Bt i > Leadmoey loaded_weight=loaded_weight
> entrypoints 133 assert self.num _experts % self.tp_size == e _weight= _weight,
v I layers 134 2| seir. (NS TEIRTM T CINERST) = self.num_experts // self.tp_size l % fused_moe_native.py " _data,
> attention 135 self.start_expert_id = self.tp_rank * self,.num_experts_per_partition = topk.py W )
) F; AT > quantization
Vi 13 . = 5 5 = i A
s moe 136 self.end_expert_id self.start_expert_id elf.num_experts_per_partition 1 & activation;py elif gquant_method in [ ga:tp rank
ép_moe 137  dp_attention.py FusedMoeWeightScaleSupported.GROUP. ve, W
s N W
# —init__.py 138 self.top_k = top_k % layernorm.py 544 FusedMoeWeightScaleSupported.BLOC uehﬂﬁ%éﬁ
o kernels.py 139 self.intermediate_size = intermediate_size 8 linear.py 1:
i+ layer.py 140 self.renormalize = renormalize -i-l—%@&iﬂ% # logits_processor.py : self._load_model_weight_or_groyfPweight_scale(
v [ fused_moe_triton /X “ parameter.py shari. ddoshardodd
3 141 self.use_grouped_topk = use_grouped_topk % pooler.py = ST
> configs - = ALK i i shard_dim=shard_dim,
- if self.use_grouped_topk: \ ~ radix_attention.py 3 y
@ __init__.py rotary.embeddin loaded_weight=1loaded_yfight,
fused 143 assert num_expert_group is not None and topk_group is no one » v 9Py
=~ fused_moe.py R samplor sy
% layer.py 144 self.num_expert_group = num_expert_group 4 torchao_utils.py
= fused_moe_native.py 145 self.topk_group = topk_group ~ vocab_parallel_embedding.py )
= topk.py 146 self.correction_bias = correction_bias > lora elif quant_method == FusedMoeWeightScaleSupported.TENSOR.value:
A, " " . " > 554 i
> I3 quantization 147 self.custom_routing_function = custom_routing_function . '"anage'sh self._load_per_tensor_weight_scale(
AT i 5 3 s mem_cache shard_id=shard_id,
@ activation.py 148 self.activation = activation S Bl .
8 dp_attention.py 149 > model_executor param—parém, .
2 layernorm.py = loaded_weight=1loaded_weight,
. : 150 if quant_config is None: > Bmadel loader expert_id=expert_id,
% linear nv v B models .

= baichuan.py
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» DeepSeek: MTP5itENEEGS NiDD 6
TS

EITCRRRBINER, 15 1-tokendpiEEamulti-token&ERy, 7E)IIERRT—RARL S Mtoken,
EHEIERT—RFTN 2 Moken,  SEHUEIRNNEE.

o J5%1-token4ERk
2l R gmulti-

token&=fy,
—IXImZA
- Li=EdE token, SCHUEE
JI[IpES
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» DeepSeek: MTPSiENIRERS NDD 6"

MTP%#4

Target Tokens  t, ty ty ts ty ty ts te ty ts te t;
[ Cross-Entropy Loss J—' Lyain [ Cross-Entropy Loss ]—' Lyire [ Cross-Entropy Loss ]—» L
BT e e (R e e . S 745k i P o s ik ey e e e e A . P s e e e e e (e e e e e
1 Main Model I MTP Module 1 : MTP Module 2
| (Next Token Prediction) : (Next? Token Prediction) | (Next? Token Prediction)
1

: [ Output Head ] [ Output Head ]

[ Output Head ]
T

[ Embedding Layer ] [ Embedding Layer ] [ Embedding Layer ]

___________ A S s St S S

Input Tokens t1 ty t3 ts ty t3 Ly ts t3 ts ts te

% r :

| 1
I

I
I | 1
: | : i
I : 1
I \\ | Transformer Block I Transformer Block
I | 1
| ) : f :

1
: : [ Linear Projection ] : [ Linear Projection |
: Transformer Block X L 1 concatenation : concatenation

1
: . [ RMSNorm | [ RMSNorm | : ( RMSNorm | [ RMSNorm |
| I : ¥ ¥ : ¥ ¥
| | |
I ! 1

kB https://arxiv.org/pdf/2412.19437
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» DeepSeek: MTPSHENIRELS

Show Code

DeepSeek-NextN{=EE

constrained
distributed
entrypoints
layers

lora

managers
mem_cache
metrics
model_executor

@ |msys DeepSeek-R1-NextN T @like 1

Follow B Large Model Systems O.

£ Safetensors deepseek_v3 custom_code fp8

# Model card Files and versions Community

model_loader

models

= baichuan.py

= chatglm.py

= commandr.py

= dbrx.py

- deepseek.py

= deepseek_nextn.py
= deepseek_v2.py

# exaone.py

= gemma.py

& gemma2.py
README.md 444 Bytes | % gemma2_reward py
= gpt2.py

= gpt_bigcode.py

= granite.py

= grok.py

= internim2.py

£ v v vy v vy v v

P main~ DeepSeek-R1-NextN

€ ispobock Create README.md  972fa49  VERIFIED

.gitattributes - safe 1.59 kB

[«

config.json 3.1 kB | &

configuration_deepseek.py - sar 10.6 kB

[«

«~ internim2_reward.py
= llama.py

= llama_classification.py
= llama_eagle py

= llama_embedding.py
= llama_reward.py

= llava.py

= llavavid.py

“ minicpm.py

model.safetensors.index.json = 157 kB |

nextn_layer_parameters.safetensors 87 11 GB @ LFs

[«

tokenizer.json - saf 7.85 MB %

C

tokenizer_config.json 3.59 kB | X

2025 AH-TRAEEFESR | HBA EBH A
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DeepSeek-NextN Model Code

clas: nn.Module) :
.ﬁ,; == T DeepSeekNextNAZELLE#]

self,
config: PretrainedConfig,
quant_config: Optional[QuantizationConfig] = None,
prefix: str = "",
) -> Neone:
super().__init__(Q)
self.vocab_size = config.vocab_size

self.embed_tokens = VocabParallelEmbedding(
config.vocab_size,
config.hidden_size,
enable_tp=not global_server_args_dict["enable_dp_attention"],
prefix=add_prefix("embed_tokens", prefix),

self.enorm = RMSNorm(config.hidden_size, eps=config.rms_norm_eps)
self.hnorm = RMSNorm(config.hidden_size, eps=config.rms_norm_eps)

self.eh_proj = nn.Linear(2 * config.hidden_size, config.hidden_size, bias=False)

self.decoder = DeepseekV2DecoderLayer(
config,
a,
quant_config=quant_config,

—p HE—EDecode

is_nextn=True,
prefix=add_prefix("decoder", prefix),
)

rself.shared_head = nn.Module() 1

self.shared_head.norm = RMSNorm(config.hidden_size, eps=config.rms_norm_eps)




» DeepSeek: MTPSiENRELD NDD 6!
Show Code
SGLang il i3

> metrics . .
N model_executor . def forward_batch_speculative_generation( : I
3 model_loader self, batch: ScheduleBatch np é
N mudelg ) -> Tuple[LogitsProcessorOutput, List[int], int, int]:
> openai_api 165 """Run speculative decoding forward.
> sampling 166
hd speculative 1467 NOTE: Many stotes of batch is modified as you go through. It is not guaranteed
= build_eagle_tree.py the final output batch doesn't have the same state as the input.
el rooh it python3 -m sglang.launch_server
» eagle_utils.py . Args: d I d k . —S k 1
.aeagle_‘wforker.py batch: The batch to run forward. The state of the batch is modified as it runs. __I I lo e eepsee _aI/Deep ee _R
~ spec_info.py .
Returns:
& _custom_ops.py =-= I t - I EAG LE
% aio_rwlock.py A tuple of the final logit output of the target modelN:écfth%qm peted, Specu a Ive a O
N i the batch id (used for overlap schedule), and nggaer of uccepéted tokens. I t' d ft I
= conversation.py J— p - y p - -
speculative-draft Imsys/DeepSee e
= function_call_parser.py assert not batch.spec_algorithm.is_none() —- I t - m - t 2
 hf_transformers_utils.py if batch.forward_mode.is_decode(): ) / FARBIEEIIE Specu a !Ve nu S eps
= mm_utils.py 178 I spec_info, to_free_cache_loc = self.draft(batch) I t I t k 4
« model_parallel.py logits_output, verify_output, model_worker_batch =| self.verify( Specu a !Ve eag e Op
= reasoning_parser.py a batch, spec_info __ I t _ _d ft_t k 4
2 server.py 5 : Speculative-num-dra oKkens
= server_args.py . . . .
% torch_memory_saver_adapter, 22 # Free cache loc (we put it here to avoid synchronization and hide kernel launch overhead.) __tru S‘t_ remote
2 utils.py self.token_to_kv_pool_allocator.free(to_free_cache_loc)
2 warmup.py # if it is None, means all requests are finished ——tp 8
> test 5 if batch.spec_info.verified_id is not None:
A __init__.py self.forward_draft_extend_after_decode(batch)
= api.py 7
+ bench_offline_throughput.py 188 return (

= bench_one_batch.py
= bench_one_batch_server.py

logits_output,

verify_output.verified_id,
model_worker_batch.bid,
sum(verify_output.accept_length_per_req_cpu),

= bench_serving.py
» check_env.py

= global_config.py

« launch_server.py
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» DeepSeek: MTPSHENRERD NDD 6!

EeieH
Config HE HtokenZEiR (3 A 1k/2k) E1tYtokens/s
Triton-backend 1 354ms/412ms 23.85
MTP: NextN 1 298ms/393ms 47.14

FET7MTP+IlEERSE, EHKRIRNER T, FILER TEEL1E,

2025 AlH-FREEFIER | BIBAl E2H A
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» DeepSeek: EHIEBE SIS NDD G

=
BNEpE
W E 8+H20+96G
Bt & python3 -m sglang.launch_server
--tp 8 --enable-p2p-check --host 0.0.0.0 --port 5000 --trust-remote-code
--model-path /opt/deepseek/models/download/DeepSeek-V3
--max-running-requests 128
--context-length 32768
--mem-fraction-static 0.9
--enable-torch-compile
ETXKE 32K
& Ktokens 270 tokens/s
(103 %)

2025 AlH-FREEFIER | BIBAl E2H A
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» DeepSeek: EHIEBE SIS NDD G

WHERE
EHEE 2+8+A100%80G
EFXRE 128K  Master  —
B Ktokens 210 tokens/s
(163F %)
B Ktokens 280 tokens/s _
(16F %)
(IBMI£& )

IBR%%, TRIEN~mEan LUAZI12GB/s
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- LElgEdE, kR ErHIEESEDE, BRESTFIEE LIERIREREY A,

- BRBIIGSH, EEBERT, BREAEESE, Wlora, BIF], XLESEE BRI MK ERENIIGFHRERT.
- gk, REENEE, BIGIE. RERENFEKENE)IZMES, LESETET IS NRNFATERE.
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- BRI,
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KEELIEGES N\DD &
BT IGHEL

HiE [

[ INERES | —| IS | —| Al | —| —BHE

o | I I

[llamafactory,l ‘Lora,epoch,ba] ILoss,checkpoil

unsloth tch-size nt,log,eval

- AR HEBUESKIREL,

- FAFIEER)IZHESE, tkinllama-factoryskunsloth,
- EEIGSEL, BIRFFEllLs.

« FERRATEERSFARIIEGE AR,

P Mae .
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» KAEB)GES NiDD 6"
AP SR SRR

----------------------------------------------------------------------------------------------------------------------------------------------------

AHVBEAKREN SR
JiAPROMPT, :
=i J '
$£—% > PROMPTAUZ A\ K1EEY T @ B E A
___ | . RFL-pwm,
B=H () > RAGT RUEAKIRE {  PROMPTRALLESANR

e 7 > FINE-TUNING A TR AIREY

--------------------------------

....................................................................................................................................................

2025AIH-RESFER | HIBAl EBH A




» KiEEIISES NiDD 6t
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