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R

LI E Z WA AFE FHENALR, ATRBAEZE—MENTE, MHITHEEER T ERE,
4 K PR A4 T SIMD(Single Instruction Multiple Data) BY4 A, B L&F54AHAHE £ W HIFEWIEE,

' void simd_add(floatx a, floatkx b, floatx result, int n) {
SIMD Instruction Pool b Dl 4 =0 3 % ms 6ol &
__m128 vec_a = _mm_loadu_ps(&alil);
__m128 vec_b = _mm_loadu_ps(&b[il);
__m128 vec_result = _mm_add_ps(vec_a, vec_b);
> -— _mm_storeu_ps(&result[i], vec_result);
PU :
¥
—
g > PU -— void simple_add(floatx a, floatx b, floatkx result, int n) {
alh for(int 1 = 0; i < n; i++) {
- result[i] = ali] + bl[i];
4; }
a *|PU |+ }
t, 22 10w~5000wK & 1] & fnik,
SIMD 2% B, 3 38 A vk $e18% ~24%
| PU |+
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LM E S WA AFE TR A, ATRBEAEE—MENTE, T8I IRAITERE,
3# I GPUTT & (GPGPU) B AR R, 153 2K &, 5 Compute Shader, OpenCL, LA & CUDA

#version 420 // {imopenGL 4,2 #version 420 // {#F0penGL 4.2
in vec2 TexCoord; // MVertex ShaderiZHSIE 4 R
in vec2 position; // BWANLUE
in vec2 texCoord; // WADIR4AER uniform sampler2D texA; // SUEA
uniform sampler2D texB; // L32B
. & =
out vec2 TexCoord; // HidLIEA4RLaFragment Shader out vecd color: // BUERE
v void main() { void main() {

float a = texture(texA, TexCoord).r; // MZIEAAIEEY
_ . float b = texture(texB, TexCoord).r; // MZFEBHIEEY

y TexCoord = texCoord; 13 color = vecd(a + b, 0.0, 0.0, 1.0); // HATIE, HRBARNGHEEOIEEE
11 }

KHRE RO FTHELS (FlnmEmE) , HEAA—NEBELES (FlwEFEK)
AW T % =& (Constant Buffersk & #iUniform Buffer) = k& (Texture) 153
F— i TENEELE

gl_Position = vec4(position, 0.0, 1.0);

s 2 R
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2. CUDA (Compute Unified Device Architecture)

. . GPU Computing Applications
. PV 1 B AR A i

Libraries and Middleware

. f,?\ i i%—%c . C++, Fortranéﬁ 7,1‘5 i% CUDNN ccuu;L’:rs CULA Thrust Vg’\};" ';hgtf)’(( MATLAB
% , & _|J: E] _%JIJ, ;]E,’[‘X ,%‘Eﬁ )115( CUD A )_L %2 ;{ % %: 7’:"—6 TensorRT cﬁ;%::;z MAGMA NPP OPERCOTent iRay Mathematica

BEC+H+20M3E, RIHCHHARHEE . Programming Languages

Fort Jal\:a DirectCo " Directives
ran WF:.\;tp ::,»5 ire mpute (e.g. OpenACC)
A = N
. Python. JavaZr 4wt2 &= # DA 3T
V& JH CUDA % 13 25 B A JF 1T B W 2 % 4 -/ | CUDA-Enabled NVIDIA GPUs
N e—/ N
j‘ % %Xﬂ—CUDA é@ ‘I/)—:é:] Jﬂ O e Ampere — ---
(compute capabilities 8.x)
\\ — E H
LT 8. 1 pyventide -
. (compute capabilities 7.x)
Hy (LibTorch), A% 7 python#y & B kX i
(compute capabilities 6.x)

—*—-—-— -

Embedded < PH.')fessmna] /ﬁa Center
esl&op/Laptop Workstatlon
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2. CUDA (Compute Unified Device Architecture)

. . GPU Computing Applications
. PV Al B AR A i

I ihrariae and Middlawara

aten > src > ATen > native > cuda > € AbsKernel.cu > ... _ o
#define TORCH_ASSERT_NO_OPERATORS ?,{’:3( Mathematica

=

2 #include <ATen/native/UnaryOps.h>

3 #include <ATen/native/cuda/Loops.cuh>

4 #include <ATen/native/cuda/JitLoops.cuh>
5 #include <ATen/Dispatch.h>

6 #include <ATen/native/DispatchStub.h>

7 #include <ATen/native/TensorIterator.h> -
8

9 namespace at { namespace native { E
10

11 template<typename scalar_t>
12 struct AbsFunctor {

13 __device__ __forceinline__ scalar_t operator() (const scalar_t a) const { '
14 return std::abs(a);

- b orol i
16 K N




CUDAZR A2 12 Al

Core Con Core

L1 Cache : - L1 Cache

Core Core

L1 Cache L1 Cache

L2 Cache L2 Cache

L3 Cache
L2 Cache
DRAM

DRAM

CPU GPU

GPUAH E, TCPU: #7H E £ 410 (CUDA Core/Execution Unit) , T 4% 4| B o0 A0 o 8 /b
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_global__ void vector_add_kernel(const floatx a, const floatx b, floatx c, int ndata){
int idx = threadIdx.x + blockIdx.x * blockDim.Xx;
if(idx >= ndata) return;
c[idx] = alidx] + b[idx];

U W N

i

CL0]=AL0]+B[0] \ o
Cl11=A11+B[1]
C115)=A[15]+B[15]

Cle]l=Al2]+Bl[2]
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A2 AN A T By CUDA SM: Stream Multiprocessor

l‘ Multithreaded

‘ -

Thread Block Thread Block
|

Grid with Clusters

Thread Block Thread Block Thread Block Thread Block
 shared Memory




CUDAFY, M

1. #ﬁéﬁm/\%ﬁiéﬁwﬁﬁﬁ’IMA%éﬁ
2. FAAR32NN AR R 86 SATH — &34

3. ERAM2, ka3 R AR R AR

Threads

B coherent code
if clause

[ then clause

B stall execution

time

G=F @;TEgar

4, GPUé\FJ NFH AR EAEEEF ey, EEAILE MEL R,

5. GPUZAZ I A ARAKIT 2 By, *l AR T m%%&%} W IEIR

6. Hf Z| 2 JECPUFRGPUZ 1 N1 [ By 12 &, GPUZE T & B B CPUTT DAk 4 TAE, CPURKZK 3R sk 1+ &
HERREFIGPUL, BT it &, A& FIN 0 E T



CUDATF fif % 21t

S\ SRAM: 19TB/s (20 MB)
" SRAM Y

B\ HEM: 1.5 TB/s (40 GB)
HBM

WETLE TG T DRAM: 12.8 GB/s
(CPU DRAM) (>1TB)

Memory Hierarchy with
Bandwidth & Memory Size

CPUEFEARB AR, EFRHAEARER T (ZENF)
2t (BF BSRAMM A ) REMEREHF T, EEEAN

TR WiNvidia GPUE, GPUA B &2 3L Y Fn 4L _E £ 8%
EWL NN WL e dy 22 AL, FFAEFE AN S A
FER) o BWAFINFE ZFT

1 BEEEE ENBENS ik, ENNFEHEFETHICPUE
e, FAIDMRIFHAART, EHEE 0N EE LEEIFHL A
AEREHR — At ER—FF R T, Nvidia GPUF DA T
R W (Page Fault) R B E FALAN G S B FZ X HEE,

2. B N HHB R HHELEE,

Dao Tri, et.al. Flash Attention: Fast and Memory—Efficient Exact Attention with I0—Awareness. NIPS 2022
Dao Tri. Flash Attention—2: Faster Attention with Better Parallelism and Work Partitioning. ArXiv 2307. 08691
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TE A M| & CUDAIZ AT B[]

PyTorch CUDA_L W32 %, HIGPUEAT, CPUMLI FTH It HAES-R R 4G6PU, AR 4 7248 2 52 ik J5 CPUTT DAL -

L FHGPUR RN A A B

2. NFCPUR XM EES, HEEMEME AT

/N SE85 + torch.cuda.synchronize() B DA FH 2ECPUZE 4GPU_E Y B
HES TR T AT

A = torch.randn(size=(args.m, args.n), device='cuda')

B = torch.randn(size=(args.n, args.p), device='cuda')
torch.cuda.synchronize() # XEREREL—T

S

perf_counter()

k&

torch.matmul(A, B)

if args.sync:
torch.cuda.synchronize() # CUDAIRE[EY, itCPUZGPU LM ZESRBE T
# torch.cuda.current_stream().synchronize() # XA, REFHHEIRRE

t = perf_counter()
print(f"Used time = {t - s} sec.")

1.2

1.0 A

Time/sec

e
[o)]
1

0.4 1

i BRIVERTE2, &M

Measuring Time for torch.matmul | 5000 * N * 5000

e
(o]
1

—— without sync
——— with sync

25000 50000 75000 100000 125000 150000 175000 200000
N
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IE 74 M & CUDASZ AT i 2] S CPUARGPU 7 AR B By 1% &

PyTorch CUDA_EByZ %, HGPUBEAT, CPUM S FT ¥ it BAE %38 4 GPU, AR 4 FE4R 2 5C ik 5 CPUT DA %
1. ZFFFGPURE B MT E A4 G B4k 4

2. RECPUERRXNMTEMASE, S miaT
BANSEES « torch.cuda.synchronize() ] DA FH 28 CPUZE £FGPU_E Y BT
AL T RAAET $AT -

e e U nae 1e 11e 12s 13s 14s 1.5s 1.6s
L *NewSession1 ©*NewSession2 %*NewSession3 = =

0.7"5 0.65 0.95 1‘5 1>1| s 1.25 1

. cudaDeviceSynchronize

g BONFERT RS, FFFRF

= Process "python measuretime.py -m 5000...

= Thread 869115264

- Driver API ‘ |I ‘I
- Profiling Overhead
=[0] Quadro RTX 8000

= Context 1 (CUDA) : :
-
= Compute .

~7100.0% _ZN2at6bnative54_GLOBAL_... .

= Streams

volta_sgemm_128x128_nn
- Default .

= Analysis ® = GPU Details (Summary) = CPU Details =0OpenACC Details =0penMP Details 2 Console = Settings

P | L

I+
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o 48 1= W N = 7 vk

VF B ERTLR T 5K 7 NMTAE AL forward i3 £ H CPU ] GPU$E X it & NPT VANMT B 3 2 B 513 s
G5B, A B WAL B[ B, T BOMNMT 8 3 B iR T 3 B T2
T1.start() T1.stop m) T A5 H B8R B 2530 KNNAR: 5% B (7] 3 ABNMTAR 2 3 5 B ]

0, sync() AT RAERLD, AL NMOETS LA SILRAF AR
T2.ptart() | DKNNA: R T4 B S
Trning e phomConted Represei:;:isot: = Target Distances Nearest k Temperature Normalization
(s, 67) by = F™, 00 vy =] |4 = d(ksq) dj = d;/T p(k;) o exp(—dj)
J'ai été a Paris. | have been [ 4 my |17 my |o01[— my |040
J'avais é_té a la maison. Ihgd been —* 3 been | 3 — been | 0.3 » been | 0.32
dappbce (ols: fenjoy @008® | been | 4 — been | 0.4 —* been | 0.28
J';ai ma propre chambre. H;;ve my - 1 1
Aggregation
Test Input Gf::;:t:d Representation | Target PN (Ys) = Z 1y,-:vjp(kj)
£ U1:4-1 q= f(z,91:-1) Vs j
J'ai été dans ma propre I bave 2 b’gg - gg
chambre. :

KNN-MT
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a5 [F 2 AL

BEARCPUFR 21T B AT 455 H & F FFGPUTT B 5
SR, A AR D Y

O

TEEATEE
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a5 [F 2 AL

BEARCPUFR 21T B AT 455 H & F FFGPUTT B 5
SR, A AR D Y

F (Strean) : WEMTF— I, BABR T, T2 EEEERFRTE. TR E T

Kernell Kernel2

Kernell Kernel2

Stream3 Kernell Kernel2

PyTorch#ycuda®k A 21 Fl — N BRI,
B PAE F torch.cuda.StreamFetorch.cuda.streamfl| £ 3 By 7% DA K AF F 31 B 7 .
CPUR] AR S —ANAE 26, 1R — T B B /NGPURE 27 . (Stream.synchronize 77 32 )
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AR R 22 ] 2 A FE 4]

# One stream ARG U LA L O U LMD T U e S AU Y ST e U
B ® (ML) (base) » 20240328code python torch_multistream.py

s = perf_counter() Time one stream = 0.595285496674478
E = torch.matmul(A, B) Time multiple streams = 0.2989145922474563

® (ML) (base) » 20240328code python torch_multistream.py
F = torch.matmul(C, D) Time one stream = 0.5964349377900362
torch_cuda.synch ronize() Time multiple streams = 0.2984891929663718

® (ML) (base) » 20240328code python torch_multistream.py
t = perf_counter() Time one stream = 0.5920228101313114
print(f"Time one stream = {t-s}") Time multiple streams = @.29§232588917017

) E —é‘ } \\ 24
st = torch.cuda.Stream() Bl LABR E AR AR
s = perf_counter() N \ S v o
E = 't()rch.m;;]'tmu'l_(All B) TfUﬁECI_IP#%@, le»‘%@ﬁﬁ@f%%@ﬁﬁuﬁﬁ/l\
with torch.cuda.stream(st): ;f:lt‘jj éﬁ/ﬁ:_]:ﬁﬁ‘, %%Xﬁﬁn@{% éﬁ%ﬁ‘%ﬁ%, %%—T%
F = torch.matmul(C, D) GPUFY JH 2 .

torch.cuda.synchronize()

t = perf_counter()

print(f"Time multiple streams = {t-s}")
]
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M

H v 52 /) trick

X = torch.rand(50000, 50000, device='cuda')

torch.cuda.synchronize()

s = perf_counter()
torch.nn.functional.softmax(X, dim=0)
torch.cuda.synchronize()

t = perf_counter()

print(f"Softmax on dim @, time = {t-s}")

torch.cuda.synchronize()
s = perf_counter()

torch.nn.functional.softmax(X, dim=-1)

torch.cuda.synchronize()
t = perf_counter()

print(f"Softmax on dim -1, time = {t-s}")

# XTEHITDE

e — N WA R T

® (ML) (base) -
Softmax on dim
Softmax on dim
® (ML) (base) -
Softmax on dim
Softmax on dim
® (ML) (base) =~
Softmax on dim
Softmax on dim
® (ML) (base) =~
Softmax on dim
Softmax on dim
O (ML) (base) =~

20240328code python softmax_speed.py
0, time = 0.15947460662573576

-1, time = 0.08734449977055192
20240328code python softmax_speed.py
0, time = 0.15155984787270427

-1, time = 0.08632054412737489
20240328code python softmax_speed.py
@0, time = 0.14664118504151702

-1, time = 0.08748611900955439
20240328code python softmax_speed.py
@, time = 0.15154830878600478

-1, time = 0.08650919888168573
20240328code |}
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¥ % 4Fbatch & JH loss.item()

% 7 1 Fl synchronize, F- 4% 15 0,7 88 5 ZLCPUXTGPU Y [F] 25,

— N AE 37 B By 5L & Tensor.item 77 ik _
for batch in data_loader:

loss = model(*xxbatch)

for batch in data_loader:
loss.backward()

loss = model(*xbatch)

loss.backward()
‘ batch_loss += loss.detach()
print(loss.item())

Fuuas
7Lﬁf_t TEGPU_E ITF AF A T35 & By Tensor, % ECPUIX # Accumulate some batches
W EE Y ) E (pmntijpTengyfﬁ{E{E =% W GPU L print(batch_loss.mean().item())

BUREREE) , B HemeyF 2
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— AR R — oy I AL R

GRyE]
P1 D D D D
Prel T Pre2 T D1 Pre3 T D2 Pred4 T

; S

Batchl Batch2 Batch3 Batch4
GPU Compute Compute Compute Compute

Pre: TALEEL OT: BBEEMNEFE>EHF D BREFEHFMH TR SERIUHEEL B CPU & GPU

GPUFRCPUZ 8] By 4 75 15 Sy AnGPUAR B 0 AT & 7T LA FEAT AT WY

FIR AL TR TR, — B INE— L RBAEFTNNIE, JLTF AR R I RS
FTA SRR S et B A B, B A R K RS AT B 7 33 52 Y 200 i R A0 22 oY B
8]
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PyTorch%X 4& 2% HAT

GPUO
Data0 —
= e All-Reduce ENE
< 2 =] <
\ y %
—_— ﬁﬁ$ﬁi
GPU1
S [a{E 4% All-Reduce BEEINE
< 2 - -
Datat '

g
FRCPUF A7 ot MR
— B2 A5 2 & E T FIGPUE

LR PTAGPUR EH HlossBUF3, K5 2 R IATHATR 05 4%
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nn.DataParallel
Flikfa 8, SRR G KRR FELERE— EDataParallel, /il £ & A2 X
I, Hpython CILWHFE, EHRAEBA, ARALS AR,

nn.parallel.DistributedDataParallel
FIEME 2. (A 232 K, BOAGILAY AL, E AT pytorch® 77 1 % (£ A
X A0 7 A LA R AT

o
F—NPULFEA MR WAMNSHE, TERELHFZN
WAE AR A, AEHESGPUE T3E 5 R E D batch_size=1H i B W iR, st LEER T .
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class ModelParallelResNet50(ResNet):

def __init__(self, xargs, #xkwargs): i
super(ModelParallelResNet50, self)._ _init__(
Bottleneck, [3, 4, 6, 3], num_classes=num_classes, *args, *xkwargs)

3.5 1

]
g 30-
L}
self.seql = nn.Sequential( gzs
self.convl, |
o
self.bnl, 5 2.0
self.relu, 5
self.maxpool, 8 137
=
810
self.layer1,
self.layer2 037
).to('cuda:0"') g :
Model Parallel Single GPU
self.seq2 = nn.Sequential(
self.layex3,
self.layer4,
N H- ) —
self.avgpool, BAR R By 240 A0 B R [RIGPU-R _E

).to('cuda:1')
self.fc.to('cuda:1"')
def forward(self, x):

x = self.seq2(self.seql(x).to('cuda:1"))
return self.fc(x.view(x.size(0), -1))
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AT 3

def forward(self, x):

splits = iter(x.split(self.split_size, dim=0)) 4.0 ~
s_next = next(splits)
s_prev = self.seql(s_next).to('cuda:1") 635-
ret = [] gsn-
9u
[
for s_next in splits: E 25
# A. "'s_prev'' runs on '‘cuda:1'’ s
s_prev = self.seq2(s_prev) gzo-
ret.append(self.fc(s_prev.view(s_prev.size(0), =-1))) § 15 4
3
# B. '‘s_next’' runs on '‘cuda:0'', which can run concurrently with A é 1.0 1
s_prev = self.seql(s_next).to('cuda:1") os
s_prev = self.seq2(s_prev) 0.0

ret. append (self .fc (s__p:rev . view(s_prev .size (0) , _1) ) ) Model Parallel Single GPU Pipelining Model Parallel

return torch.cat(ret)
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AT 3

Flush

GPU 0 [ 2[5

GPU 1

GPU 2

GPU3

Warmup Stage Steady Stage Cooldown Stage
GPUD
GPU 1
GPU 2

GPU3




PyTorchE A 2% F+47

B R FAT NS

{7

L. AR IAT A LR B HRCPUE 77 AN, 7N AR AL fy ] A
2. MM FHATHRIT WAL W 77 NAATREE, #T DL LI B AT GPU-R B9 8 2 R ]
3. M TEBRI;AT, BAREZEH=EF AFHERE SR

i
L HELAMBE R, ARRIALIE TR
2. FETHMEHANLEY, THEEEFHS omardE o s KD
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BB AT EEARHATHE

W & 0penAl GPT-3 87| 4k 77 3%
TEHREREBNL D RERHERFHAT
N E IR 4525 = |8 F 238 B R AT







& A A By B ol Fn e N ], e (R A A A

GPUBR T e /7, *T AR HATHORE . ZogiiE
SR AT TR E A, R WE R E RS
Tie WA MRER S WS SCFE TR FiE. 3
Bl Rk Ay AR A B R B 3% R K = GPUBY I LT B A

vike ORI



Thank you for listening!




