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Outline

* Background and Motivation
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Preliminary results
* Future works
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optimize this code on P——

the HPC system.
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LLM inferencing H

cached

__________________ — -

prefill decode decode
KV vectors ﬂ ¢I

The quick brown fox - jumps 3 over g
prompt output
Qpre = Xpre * Wy Qaec = Xagec * Wy
Kpre = Xpre * Wy (?’l * d) Kcat — [Kcache:Xdec* Wk] (1 * d)

Vore = Xpre * Wy Veat = [Veacher Xaec* Wy ]

KT

softmax (Q—

\/E)VW-I_X

https://huggingface.co/blog/tngtech/lim-performance-prefill-decode-concurrent-requests




LLM inferencing

cached
T T T
prefill decode decode
KV vectors
The quick brown fox —) jumps 3 over
prompt output
TO Inter Tok | T1
nter loken
| Latency(ITL)
Time to first Token (TTFT) ‘ Time per output token ‘

TPOT

https://huggingface.co/blog/tngtech/lim-performance-prefill-decode-concurrent-requests




LLM Models H L R

Dense Model Sparse models

TETT =
( )
v v v v

Mixture of Experts Knowledge distillation

Layer Norm

Masked Self-Attention

Position Embedding

Sparse layer [ITT]

Layef Norm

[ Decoder Block ]

ONONGO
Masked Self-attention ONONONONO)

L OO0

Layer Norm

[ Decoder Block ]

[ Decoder Block ]

R S T S T -
| HEEETEY O} BN : Laygr Norm
/ | o

| - ) c———n |
! “ [FFNN2 | FFNN3 | |
oo 1T O e (s
OQO]W\M _______________________

T
000000000000 =04

OOO] 512 values

Vi
[T1]

https://huggingface.co/blog/tngtech/lim-performance-prefill-decode-concurrent-requests



Roofline Model H L

Turning point

102 5
1 DP vectchid peak
T ’f_____________:? ________
Compte bound region
107 5 ////////
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-
U]
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Memory bound region ] smples
| samples
\_ samples
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Test environment H L RI|S

PCle 4 PCle 4 H

xGM
255 cores CPUs

H

DRAM 256GB DRAM 256GB DRAM 196GB

o -



Reproducibility

Request #

Static Batching

batch 1

prefill decode

I batch 2

wait for next batch

Elapsed Time

Continuous Batching with prefill-first

Request #

decode interrupted
by new prefills

new requests are |

processed immediately

Elapsed Time

https://huggingface.co/blog/tngtech/lim-performance-prefill-decode-concurrent-requests

0.3 0.3
0.2
0.15
0.1
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Reproducibility H

* Scheduling: Still using the asynchronized configure to ensure the production environment
* Dataset: shareGPT dataset, with seed and no shuffling

* Model parameters:

For production: 0.1 to avoid generate some gibberish

For profiling: O to ensure reproducibility




Preliminary Results H L R|S

Synthetic pytorch workload:
BF 16 Matrix Matrix multiplication and Matrix Vector multiplication

Tensor Core Operations Roofline

10
HW Arithmeti. Intensity [OP/byte]

VM: 399.9 + 1.26 VM: 1817 + 0.96 VM: 157.45TFLOPS £ 0.362
BM: 404.6 £+ 0.629 BM: 1818 + 0.87 BM: 158.02TFLOP % 0.309



Preliminary Results

One GPU with different workflows

Qwen 3.5-27B
Performance penalty on TTFT:
5.4% and 1.9% for N=10 and 20

Qwen 3.5-30B A3B(MoE model):
Performance penalty on TTFT:
14.1%, 18.2% and 16.2%

DeepSeek R1 distilled:
Performance penalty on TTFT:
14.1%, 5.8% and 13.3%

tok/s
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300 A
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4 . VM

Throughput
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Throughput
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1000 1

800 4
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400

200 A

Mean TTFT
12464 12707

ms

w
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Mean TTFT
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20 A

15 1

10 -

Mean TPOT
32.2

321

n=10 n=20

Mean TPOT

29 554
18.3 18.2
129 12.8
n=5 n=10 n=20
Mean TPOT
—— 103 104 10.7 10.6

n=5 n=10 n=20




Preliminary R

CPU process

GPU Process

esu
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000 000 000

S.

00:00:00

00:00,00 00:00,00
020080000 040 000 000 060000000

viim/v1/engine/co
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threading.py(323): wait
<builtn method acquire of _{hread.lock object at 0x78aB82fc5cB0>

55_input_queue

00:00:00
080000900

Profile for short promp

=

00:00:00
100000000

Jutils. py(149): i
multiprocessing/process.py(121): start
muttiprocessing/context.py(282): _Popen
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Im/v1/executor/uniproc_executor.py(102): execute_model
vllm/v1 /executor/uniproc_executor.py(67): collective_mc

vilm;v1/worker/worker_base.py{327): execute_model
torchy/uils/_contexlib.py(120): decorate_context
vilmjv1 fworker/gpu_workerpy(742): execute_model
forch/utils/_contextlib.py(120): decorate_context
viim/v1 worker/gpu_model_runner.py(3769): execute_model
vilm/v1/worker/gpu_model_ru_.. | |IIif /Worker/gpuLmoneL Y
aten::add vim/compilation/cuda_graph...
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1 ule.py(—
vlim/model_executor/models/...
wiimj compilation/decorator
torch/_dynamo/aot_compile.
¥iim/model_executor/models/.—.
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| toren/rx/graph_module py(
toreh/fx/graph_module py(4.
nn.Module: GraphModule_0
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" |
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<builtin meth_.
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Prefill
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torch/utils/_contextli.py(120): decorate_context
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viimjv/worker/gpu_model_runnerpy(3319): _sample:
nn.Module: Sampler_0
nn/modules/module.py(1780) |
vlimyv1 fsample/sampler.py(67): forward
vilm/v1/sample/sampler.py(147): sample
nn Module: TopKTopPSampler_0
ie.py(1780): _call imp|
vlmﬂsamnhfmsllnnunw sampler.py(34): forward_native

n_k.
<h|lIHl| method masked_fill_ of Tensor uh}eﬂ at 0x78a4049879d0>
dfill_

Sampling

H
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vim/.. vilm/v1/
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Preliminary Results: Profile for short prompt H L R

CPU process

45.3ms BM 69.8ms BM 9.6ms BM

51.3ms VM 93.8ms VM 9.6ms VM

42.8ms BM 13.8ms BM
GPU Process 47.8ms VM 14.1ms VM

Sampling Decoding




Preliminary Results: Profile for long prompt

CPU process

GPU Process

torch/utils/_contexilib.py(120): decorate_context

vilm/w1/worker/gpu_model_runner.py(3769): execute_model
vlim/v1/worker/gpu_model_r_ viim/v1/worker/gpu_model_runn_
aten::add vilm/compilationfcuda_graph.p—
triton/run... | 1orc 0 .y -
friton/run_ viim/model_executor/models/gw...
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viim/model_executor/models/q..
vilm/compilation/caching.py(-
torch/fx/graph_module.py(935...

<eval_with_key=-28(4)

Tor...
nn.—
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vilm/v1/worker/gpu_model_runner.py(4122): sample_tokens
vilm/v1/worker/gpu_model_runner.py(3319): _sample

90ms 223ys 7651 s torch/nn/modules/module.py(1780): _call_impl
Category: python function npl

<huilt-in method sort of Tensor object at Dx7p7 - <built-in ...

cudaLaunchKermel

vilm/v1/sample/sampler.py(67): forward
vilm/v1/samplefsampler.py(147): sample
nn.Module: TopKTopPSampler_0
torch/nn/mo /module. 8 all_impl
¥ Im/v1/sample/ops//topk_topp_sampler.py(94): forward_native

Eamplefo |
<built-in methed masked_fill_ of Tensor object at 0x’

aten::gath... aten:masked_fill_

cudalaunchkernel

execute_context_1({396)_generation_0{0) | ||

Prefill
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Preliminary Results: Test with Two GPUs H L R

Output Throughput TTFT (mean + P99) TPOT (mean + P99)

Model Used: Qwen 30B A3B(MoE) = s = e s
Prompt size: 10,20,40,80

100
500 A

400 4

ESUU'

tok/s

200 A

100 A

n=10 n=20 n=40 n=80 n=10 n=20 n=40 n=80 n=10 n=20 n=40 n=80



Preliminary Results

The culprit: P2P communication is missing in VM

NCCL test shows a comparable latency but extreme low bandwidth:

BM 14GB/s vs VM 1.2GB/s for All_reduce

14 BM
== VM
12 A
@ 101
Eﬁ‘m
e
g ®]
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g 61
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o
=
o 44
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el % ] & % <) el B B B & &
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-~ % A L - i S &8 LT 8 {‘gb o

Message size

Latency (us)
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4 —— BM
=m= VM
8B 168 32B 64B 128B 2568 512B 1KB 2KB



Summary and Furture works H

* Take aways:

For small size inferencing fit to 1 GPU, Small performance penalty on Prefill stage
Barely see performance penalty on decoding stage

For Large scale model, memory copy and communication can be a headache

*  Working on memory copy and NCCL issue, network issue

* DP schemes needs to be added

* Tests on other frameworks such as DeepSpeed

* More in depth profiling and Kernel analysing with roofline model
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