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1 Introduction

AN TG BAE = TR A P IR, 24 > Wl 347 AR ) I 5 5 4
i1 profiling, 7115 Model FLOPs Utilization(MFU), HEARAE{FF] 3.
A3 Nsight system SEPERE AT TH, ARRAEALAVEEEK.

2 Preliminaries

CUDA CUDA J& Nvidia ffi it 479158 G Mg A b 2, T AL BE
GPU LRyl TR, ARARL, FATaI AR CUDA 2y Js ATy, Sikas
PAK T HA.

o BATHF A TTIEARE B NAFE B A 2 53l Kernel, HHj pip install torch
28R\ 273 cuda runtime DA M, cublas 2531 .

o A 5T CUDA C/ptx fUR 41N kernel, F524¢ ¢ CUDA

B¢ pip install nvidia-cuda-nvece

e Tools, Ul nsys, ncu %% profiling T.H. Nsys T &S profil-
ing, ENIPEREMIA. ncu T B kernel Y profiling FIEL. cuda-
gdb/compute-sanitizer 7] DA F-JEA N A2

TR, ARMA cuda B HERARR GRS AN EK, il nvidia-smi
A PAKE AR IR Bl A DA S de 1 S2HER CUDA JiA, R 2R i) CUDA A
SeRRfE Y CUDA B 4.
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Kernel CUDA Kernel j27F GPU LifriyitEfEF. A 14 Host
(CPU) )53 Kernel, 7] DAk E Kernel {19 JE %, Hopper Z HiA] PA
A PR

o grid size, J53Z£ /) threadblock (or Cta), —f& 0] PAIA K243 B 3]
GPU 1§ SM . R &FE L%, —1 SM 1] PAizf7£ 1 threadblock.
WER KA SM_ERY threadblock T15.58 5L, W EEASRIFITY threadblock
PLEIETT.

o block size, #/> threadblock NG L/ DL, —14 SM J15LPrf 4
A~ warp scheduler, £ warp 32 AR, — ML LGETZ A
WA

« shared memory, &3> threadblock 5 35 i S AR ERGE T 0 A7 Ak, INf4E
MET global memory (E47) /MEZ. SM A EE ) shared memory

24 EL
E"\E-

Kernel A]PAF|FH CUDA Core SZH—fgizE., Tensor Core E[TXITHTE
BORMERYE S, R H O R 2R S T O AR ARk, AT
Tensor Core F| R R A GEE.

Pytorch HIRZ A PES S 5115 Tensor 1) Device i AR
B, T cuda tensor, HEEA/EE 4 cuda kernel 223,

import torch
a = torch.randn((16, 16))
a = a.cuda()
b

a *x a # pointwise kernel

FLOP — 7 SEEIE. Bl a=b+c, a=>b * c. —RIFMESE
(d =axb+c) K 2FLOP. X}F M x N x K WHRyE C = AB(H]
A€ RM*K B € REXN ¢ ¢ RM*N ) 445 2M x N x K FLOPs.
4l Float point operations per second fajFRh FLOPS. 0] PAf &5, 50
A100 1) BF16 ¥ig TensorCore 54 312TFLOPS(T = 10'2).

MFU MFU £5YE PaLM i Token it 5E Y. FE Megatron Paper 3
H1, Model FLOPs ¢ SCHBBIERIE | — R F] [ Al—ik S a1 3 FLOP %k


https://arxiv.org/pdf/2204.02311
https://arxiv.org/pdf/2205.05198
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. Model FLOPs Utilization (MFU) 8§37 A RO T HE R ERCEM, —TE
Yk sefi i, HAGHEREWS A Tensor Core [T F ] %.

Model FLOPs
Hardware Peak FLOPS x Iteration Time

FIEAAE n 5k GPU _EiI|Z5—4> Batch, Hi} ¢ 7, BUETEEE « FLOPs.
4~ GPU HRHIBIEE N y FLOPS. M4/ Device B % #nth £
FLOPS. MFU -} niyt .

MTLMZR Y = XWT. #—/> batch 5 N tokens, input size 2} H;,
output size "N H,. ¥ Hjm] FLOPs & 2NH;H,. Jxa] VX = VYW, VW =
VYTX, FLOPS N 2NH, H; + 2H,NH; = 4ANH,;H,, 2w wfE. Bt
TEMEZ, FATTAR AR FLOPs, 3f¢ 2 153 7] FLOPs.

— kit Model FLOPs 5152 —> batch (BJ—52#fifbd) we
& FLOPs, TEscBrilgrdr, FATSF—A batch )73 424> microbatch,
AREAEAH T FLOPs 928 batch, ZB&H6E R

MFU =

XTHERLRSE, HAT—BEFE TTET 1 TPS f547.

TTFT Time to First Token(TTFT) F T —ANif Rk L% 84 —4 To-
ken 31 [ ¥ i B

TPS Tokens Per Second(TPS) i f—Etia] N, #EHE |24 H token
PR E

Parallelism  SCFrill ZRiERL T 2AE 2 HLAS 2 RAERE EIEAT. 3 BRI
HATHRME A SR, @ 5 R ARRAEAY & 2 RA RIS

3 Setup
APAEFFE SM80 KA B4 fE ) GPU. @il fii /i RTX4090.

3.1 H&x

kAT 500 TEASEET %


https://easycompute.cs.tsinghua.edu.cn/

3 SETUP A

QIEA 1 5k 4090 f758%, ¥4 Pytorch 2.7.0 5518 (NHIRIREEA B
RIRENY torch). BIESENGE S W H AT LAB ] ssh Huhk. S ORI RD.

kcs-eohsfphm 2

S
ID: ackes-00gjfakd C
itEE KRR s ECR ®aFER
#2LERTIE):  2025-09-25 15:19:58 EEE
SRAEMAET - . *
HiRSEEL: RTX4090 GPU: 1k *24 Gt T
CPU: 10vCPU W7F: 60GB
FEEHESE: PyTorch2.7.0-Ubuntu 24.04 FrhfRE
hvi: 17205

JupyterLab TensorBoard WebSSH

fifi Fi} vscode EHE A K it B 2 % https: / /code.visualstudio.com /docs /remote /ssh.
i1t nvidia-smi FREGEA GPU 55

00000000:41:00.0 OFf |
iB / 24564MiB |

on |
15w / usew |

ATUAREREEIRANN A 550.54.14, Bk 25F CUDA JRAY 12.4.
ZE B ERIN L% conda, ffiff] conda init ®Jfifk .bashrc. FHE3)
terminal fESE S| conda IFIEHTZ.

conda & conda ¥£}% conda create -n torch python=3.12 -y. I
i1t conda activate torch #fA. fi which pip MBS A EH

(base) root@p-e7dbcbdl5cdf-ackcs-00gjfakd:~# conda activate torch

(torch) root@p-e7dbcbdl5cdf-ackes-00gjfakd:~# which pip
/root/.conda/envs/torch/bin/pip

torch Ff1A]PAZEEE cudal2.8 R4S torch, X2 KA CUDA M 11.x F

BRPRUE/MIRAS N BB , Al i m A feature T .

pip install torch -i https://pypi.tuna.tsinghua.edu.cn/simple.

pip install numpy -i https://pypi.tuna.tsinghua.edu.cn/simple
TRESEWUG, WA A cuda 25 SCHF


https://code.visualstudio.com/docs/remote/ssh
https://docs.nvidia.com/deploy/cuda-compatibility/minor-version-compatibility.html
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import torch
print(torch.cuda.is_available())

# True
print(torch._C._GLIBCXX_USE_CXX11_ABI)
# True = &1Ff CXX11 ABI
print(torch.__config _.show())

# i B

Flash attention ZZE7lifY) Flash Attention2 B Z&#EE T pytorch. At
page attention ZFREYAFE T L. AT PASEA github (1) release T
T EFEAE Y whl 223
40 H ai¥f4% A python 3.12, torch 2.8.0, cuda 12.x. CXX11ABI True.
Pl
flash_attn-2.8.3+cul2torch2.8cxx11abiTRUE-cp312-cp312-1linux_x86_64.whl
Nk ATDAAHL T AL B Ay SOT R E R N R

export https_proxy=\
"http://u-UE25Z3:tXGJgV92010.255.128.102:3128"

export http_proxy=\
"http://u-UE25Z3:tXGJgV92010.255.128.102:3128"

pip install https://github.com/.../flash_attn_xxx.whl

L2 el DA — R

import torch

from flash_attn import flash_attn_func

B=1

S = 4096

H = 32

D = 128

q, k, v=1[

torch.randn(
(B’ S’ H’ D)’



https://docs.pytorch.org/docs/stable/generated/torch.nn.functional.scaled_dot_product_attention.html
https://github.com/Dao-AILab/flash-attention/releases/tag/v2.8.3
https://github.com/Dao-AILab/flash-attention/releases/tag/v2.8.3
https://ai.paratera.com/document/container/faq/env/network_turbo
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device='cuda',
dtype=torch.bfloatl6

) for _ in range(3)

o = flash_attn_func(q, k, v)

# JEE pytorch H API [

qt, kt, vt = map(lambda x: x.transpose(l, 2), [q, k, v])

torch_o = torch.nn.functional.scaled_dot_product_attention(
qt, kt, vt

) .transpose(1l, 2)

print(torch.allclose(o, torch_o, atol=le-4, rtol=0.01))

Nsight System(Extra) 228 = B8 2N Ze%% cuda 12.8 T /usr/local/cuda/.
AT PAE M nsys.

3.2 LhE
MMA ssh A8 Sadikty, v Uit —SSH A4 < MAHECH
N

GIIFRBL RS IEAIERI . e A — BIEIT AL «
) “HRPEREIR © Pedk RTX4090 H-R.

[INFINIGENCE
[

56 ubunt2204.


https://cloud.infini-ai.com/console
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«««««

ﬁﬁﬁﬁﬁﬁﬁ

nEBERe x [

uuuuu

AIEE A PAF 2] ssh {5 5L

miniconda FERZEEHAS. bash Miniconda3-latest...sh ZE3E. 7N
WhEAL shell. BHPEFGHEA conda 1355, 0] #3155 conda create -n torch python=3.12.

torch & flash attention ZZ3ELIR G AMIE. &3 torch & Q7%
4 cuda runtime. FA]ILFELSE CUDA.

Nsight System(Extra) 7F5%5%4%% CUDA.

3.3 NanoGPT

NanoGPT YIZR KT torch. H1% git clone FAHY,
NanoGPT ERIAfEH] openwebtext Fiflide. ARAEMA KON ZR%
AT ME R A i ] mock data 1% .

# train.py
def get_batch(_):
x = torch.randint(
0, 50000,
(batch_size, block_size),
device='cuda',

dtype=torch.int64

y = torch.empty_like(x)



https://mirror.tuna.tsinghua.edu.cn/anaconda/miniconda/Miniconda3-latest-Linux-x86_64.sh
https://developer.nvidia.com/cuda-12-8-1-download-archive?target_os=Linux&target_arch=x86_64&Distribution=Ubuntu&target_version=22.04&target_type=runfile_local
https://github.com/karpathy/nanoGPT
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yl:, :=1].copy_(x[:, 1:1)
yl:, -11 = -1 # ignore index -1

return x, y

python train.py iMliiz4T.

3.4 NanoVLLM

NanoVLLM f&#fi T Flash Attention F{I transformers. git clone )5,
pip install -e . #gfEfRzt 2ot

NanoVLLM F#; Qwen3 Z7%1 dense BLAUET , wDAHEH hfd.sh F#;
i (5% apt update && apt install -y aria2), #iYZ% hf-mirror.
./hfd.sh Qwen/Qwen3-0.6B.
I DAZSHE T A% 2254

FEIFIERIE Qwen3-0.6B B E1E)5. python bench.py MiXZETH
IEHIBAT.

3.5 Nsight system GUI(Extra)

nsight system [ profile 452 7] DAFEARY]L LT GUI &F.
FEhttps: / /developer.nvidia.com/nsight-systems/get-started |~ 5 2723

4 Profiling

4.1 Timing

CUDA Kernel #{%}F CPU 1A F 44 T. —IK cuda kernel ¥ 1AL
Rz kernel FLAJS BN BAF), AL FTFER. FATA] VAR torch. cuda. synchronize ()
SRR GPU LA kernel THEESEM. UL REAS AT SE BT I

import time

import torch

st = time.time()

. # torch cuda ops



https://github.com/GeeeekExplorer/nano-vllm
https://hf-mirror.com/
https://developer.nvidia.com/nsight-systems/get-started
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torch.cuda.synchronize ()
ed = time.time()

print(f"Time: {ed - st}s")

IR 25 2 2L kernel BABIIEZS, WA M2 IR AT BES B CPU
M, /I GPU #E251F CPU AikiE4-
5 —Fryks2iEit CUDA Event i1

import torch

st = torch.Event("cuda", enable_timing=True)
st.record() # or st.record(torch.cuda.current_stream())
. # code 1
edl = torch.Event("cuda", enable_timing=True)
edl.record()
. # code 2
ed2 = torch.Event("cuda", enable_timing=True)
ed2.record()

ed2.synchronize ()
print(f"Time: {st.elapsed_time(edl) / 1e3}s")
print(£f"Time: {edl.elapsed_time(ed2) / 1e3}s")

CUDA Event record A~ £x[f|2F CPU/GPU, Overhead #/)N, ifi T
YHRLEE A

4.2 Nsight System(Extra)

A nsight system (nsys) %HFEF (T system-level profile.
nsys 5§ 2 BN EHE 58 CUDA 2225 (e.g. /usr/local/cuda/bin/nsys).

A+B problem X}T* vector add )7

# vec_add.py

import torch
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a = torch.randn(4096, device='cuda', dtype=torch.float32)
b = torch.randn(4096, device='cuda', dtype=torch.float32)
c=a+b

torch.cuda.synchronize ()

FeATA LA T nsys profile -o result python vec_add.py $HL pro-
file SC{4-.

THEJGTEAYITH, ATLAFF] timeline. #kA CUDA(HW) BB F 3|5
br GPU LE4fTHY kernel. A4~ kernel #RFE—A> stream Fi54T, 4B h
default stream. XFT4EA4~ kernel, FATRENW B B & FR, BITHITTFG -5 S5
[], grid/block size Z5{5 H.

WEZ % randn i THE device: cuda 4T, torch Wi THEVLIES
154 kernel.

NVTX R4 nsight system 2Hr¥HE kernel name. {HAGSRMEPAHIWT caller
TE host FAGHYHARN B . BUEAT PAE AT nvex JEF74RE

# sgemm.py
import torch
import nvtx
a = torch.randn(
(4096, 4096), device='cuda', dtype=torch.float32

b = torch.randn(
(4096, 4096), device='cuda', dtype=torch.float32

for _ in range(3):

a @b

with nvtx.annotate("SGEMM"):
for _ in range(10):
alb
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for _ in range(3):

a @b

torch.cuda.synchronize ()

BEINJETT stream timeline, 3R] DA 2| p[A] 10 K gemm T I5ARiE T
SGEMM.

5 Task
Extra A~ FHEZ.

5.1 MFU

1 %} torch BF16 4[4 3k it1t, 118 FLOPS. #F# GPU Spec J{HHELE
IEEPERE, — & 2B AHR? RESR ™ profile kernel. BHUAE 30 47 python 52K,

YT N x N x N, ity FLOPS XF N fIr&lE, fevt e
FLOPS.

2 X}F GPT2 Layer. 14— Batch J|Z:H) Model FLOPs, H¥% &
Tensor Core V18 (Ji[FiE5), ZM Norm, Softmax ZE#4E. HE LB
Layer. JAb, AAE i ZR T HATER ) (Causal Attention) fJ FLOPs.
AP AL B E LN

B Batch size

S Sequence length per sample

H Hidden size

n Heads count

d Head size

I Intermediate size (FFN)

3 X}F Llama Layer. 15 H—4> Batch {)l|Z:/ Model FLOPs.

RoPE 27753 Tensor Core?


https://arxiv.org/abs/2005.14165
https://arxiv.org/abs/2302.13971
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4 %T Qwen3-8B Layer. i1 t}—> Batch |41 Model FLOPs. 2§
MR R B AFR? WA RETR ZImMAA AT
] PAFE modeling qwen3.py F3| qwend [ transformers SZFj.

5 X}T Qwen3-8B Layer.
(1) 714 Batch size 24 1 B, prefilling #) Model FLOPs.
(2) 115 Batch size 4 1 B}, HKE R C ) kv cache [ decoding FLOPs.

AN
L. prefilling 547 kv cache (1) [B, S Hi ARYRT 1115
2. decoding ¥§A kv cache, A S =1 BIHIMTTE.

Extra Deepseek-V3 MOE Layer Training [ Model FLOPs #iifij 11447

5.2 Training
Config:
e GPT-medium
e batch size 128
e sequence length 1024

e micro batch size 8.

VA batch size $§—> iteration T W H %R R, 5 nanoGPT 1
batch size AN[H).

1 &% nanoGPT 45

(1) fff mock data,

(2) B SH, 5 GPT-medium¥}5%. bias AYEERK, W AN bias.

(3) ##E GPU #i4% (peak BF16 FLOPS), &1 MFU A=, (04355 M ofe
FLOPs. [%:7 Layer NP, A4 WA 5 ER?


https://huggingface.co/Qwen/Qwen3-8B
https://github.com/huggingface/transformers/blob/main/src/transformers/models/qwen3/modeling_qwen3.py
https://huggingface.co/Qwen/Qwen3-8B
https://huggingface.co/openai-community/gpt2-medium
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2

(1) XFEFF S5 54F torch compile ) MFU.

(2) FEARAIE batch size RNAFRIIEDL R , #8E4 micro batch size 24 1-2-4-8. MFU
2% /0?7 micro batch size 275 A PABEK?

(3) Mfta2WEE (1)(2) ity MFU 2257 ¥R &M 30 AF/EH
e

4 ¥ model layer (attn+mlp) FJZEZESCH I RIS

def int8_quantization(x: torch.Tensor):
scale = x.abs() .max() / 127
gx = (x / scale).round().to(torch.int8)

return gx, scale

class INT8LinearFunc(torch.autograd.Function):
@staticmethod
def forward(ctx, x, w, bias):
x_shape = list(x.shape)
x = x.reshape(-1, x.size(-1))
gx, sx = int8_quantization(x)
qw, sw = int8_quantization(w)
ctx.save_for_backward(gqx, sx, w, bias)
ctx.x_shape = x_shape
y = torch._int_mm(qx, qw.T).to(x.dtype) * (sx * sw)
if bias is not None:
y += bias[..., :]
return y.reshape(x_shape[:-1] + [-1])

Ostaticmethod

def backward(ctx, dy: torch.Tensor):
dy = dy.reshape(-1, dy.size(-1))
x_shape = ctx.x_shape

gx, SX, W, bias = ctx.saved_tensors

if bias is not None:



5 TASK

db = dy.sum(dim=0)
else:
db = None
qwt, swt = int8_quantization(w.T)

qdy, sdy = int8_quantization(dy)

dx = torch._int_mm(
qdy, quwt.T
) .to(dy.dtype) .reshape(x_shape) * (swt * sdy)

del quwt, swt

gxt = gx.transpose(0, 1).contiguous()

dw = torch._int_mm(
qdy.T.contiguous(), gxt.T
) .to(w.dtype) * (sx * sdy)

return dx, dw, db

class INT8Linear(torch.nn.Linear):
def forward(self, input):
return INT8LinearFunc.apply(
input, self.weight, self.bias

BRIV, kernel (torch._int_mm) M T BF16 2HAME#? %2
54 End-to-end fI3E? 4T GPU Gaiixm A% /> TFLOPS?

Extral {53351 batchsize %8, #i/ 2 5 GPU, DDP l|%:. i MFU
/P BRIRE 2 5Nk

Extra2 fififf] nsys profile JJJ& /5[] torch compile, i /£ )I|4%, INT8Linear
or Not, #; 2 timeline. JIZHHFAER? Kernel Fusion BEWSFEMELL 5 THiHY >E
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Wzt ?

5.3 Inference

1 i nanoVLLM, 1217 H 1 bench. py A, 3L TPS. f force_eager
%A True, 3REL TPS.

2 1F bench.py BUEA FARJE, 1A A sample #EHA) Model FLOPs,
3T benchmark 1) MEFU. 6755111 1) MEU?

3 B4 bench.py, [EERE sample [ query/output length.

(1) M 1 ZHEK query length, 45 [E 2 1Y) output length. i I} MFU
*TF query length A2k A .

(2) M 1 ZHEHEK output length, f£F57[E E M query length. & H I E} MFU
FF output length [rh£k[&l.

BN 1024 AR input/output length. SEHGJE, 25187 MBI AT
Extra f#i/f] nsight system profile nanoVLLM. force eager or not. CUDA
Graph Xf THEFLA 24517

6 Submission

HHEAZ A PDF fii4h. XP T4 task, 25 A B UiH. B /A%
A PDF . XTI, w45 1 T2 8 s . X1 Se g, TRAZ AU B
H4n nanoGPT il GPT2-medium BIZUAIA%, HAKMBHC TR Z47

#ukHB 10 H 31 H.
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