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0 Basic: Et{LICIHE 7 TERETTEEEXIEL , 1 : OIEERSE. O2RT IR

MO3BIRYENF FRIT.

Extended: i BRI TI5ERI , 0 CPU, CUDA, NPU [SinH{TiRHEFATIE

A, EE IR HaTRAE S RAY Kernel BAGRESHITTIE.

e Layout & Memory: /0[G4S , EEEARE Al HER | TEARAIREEFum) 14 EAR
ERRRHRURAIT , EURREMERIRFRISTUAEL,
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€©) Extended Graph Optimizations EfthE (L

These optimizations include complex node fusions. They are run after graph partitioning and are only
applied to the nodes assigned to the CPU or CUDA or ROCm execution provider.
AL Op E—LEER EAJREIRB EZAISEI , mEEI— Op E’Jfﬁé , WN5RH
1%Z Op , BAJLUBIXLEHGHERIXA Op , BETE(EIG M 4SEEINiE A

ESC T
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© Extended Graph Optimizations EftiE ik

Fuse Layer Norm

‘HESCINAY Norm Op EIZEEIERL—1NOp

Fuse PRelLU

HESCINRY PReLU Op EFZEEHRRK—1Op

Fuse Matmul Transpose

BLEZRRVREESR ZMatmul EB B 2 AT R EIRIER | ZEER BRI AR
EEFIEII— Mtranspose R, U Onnx Y Matmul EEEEEHZENSE , FI
LSRR transpose BaL #5520 ENR]

Fuse Binary Eltwise

x3 = x| *b1+x2 *b2 , 8 BinaryOp Add ¥%&##k Eltwise Sum , [ Eltwise SUmEFZ
2 coeffs , AJLASSAR LIATRIERVRIER | LRSS BinaryOp Mul IR ERESE!
Eltwise Sum HYZ24 coeffs

Fuse Reduction with Global Pooling

XF— =4 tensor SoEFIR D B TWHEEERY reduction mean FIhEERY
reducetion mean , R RF FXMEE , MiFTHIT T —IKglobal_mean_pooling

Huawei Confidential. Ascend & MindSpore


http://www.hiascend.com/
http://www.mindspore.cn/

© Extended Graph Optimizations EftiElffifk

in;iut input A input B iant A iant B
ReLU Transpose Transpose Binary Mul b1 Binary Mul b2
y W / W /
RelLU Mul <— Const Matmul Binary Add
Eltwise Sum Output Output
o l Fuse Matmul Transpose Fuse Binary Eltwise
utput
Fuse PRelLU
. input A inputB input A inputB
input \ / \ /
l coeffs[0] = b1
PReLU Matmul Eltwise Sum
l l coeffs[1] = b2
Output Output Output
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FLASHATTENTION: Fast and Memory-Efficient Exact Attention
with I0-Awareness

Tri Dao', Daniel Y. Fu', Stefano Ermon’, Atri Rudra*, and Christopher Ré'
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Outer Loop

K:dxN .
Attention on GPT-2
Copy Block to SRAM
Q:Nxd Outerloop V:NXd ] Matmul

' > 154
=2r T - - - - - = 1
(c] V) . 1o
A SRAM: 19TB/s (20 MB) X :E | | Dropout
§ | (] rl ............ T —_ A
Sl )\ HBM: 1.5 TB/s (40 GB) 2 o v | copy ] | © | E10- -
HBM S > Compute Block | = Softmax
= Copy | ! on SRAM | § % § .
VETE A\ DRAM: 12.8 GB/s £ . 2 s|F s Fused
(CPU DRAM) (>1TB) Lo 15 Mask  Kernel
! g v ! I Matmul
: : Lo o _ atmu
Memory Hierarchy with Output to HBM 0 -

PyTorch FlashAttention

Bandwidth & Memory Size sm(QK")V: N xd

Inner Loop

FlashAttention

Figure 1: Left: FLASHATTENTION uses tiling to prevent materialization of the large N X N attention matrix
(dotted box) on (relatively) slow GPU HBM. In the outer loop (red arrows), FLASHATTENTION loops through
blocks of the K and V matrices and loads them to fast on-chip SRAM. In each block, FLASHATTENTION
loops over blocks of Q matrix (blue arrows), loading them to SRAM, and writing the output of the attention
computation back to HBM. Right: Speedup over the PyTorch implementation of attention on GPT-2.
FLASHATTENTION does not read and write the large N X N attention matrix to HBM, resulting in an 7.6Xx

speedup on the attention computation.
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Input (NHWC)

|

CASTDATA
NHWC to NCHW

|

Output (NCHW)
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Input (NCHW)

l

OP1 (NCHW)

Input (NCHW)

'

NCHW to NHWC

!

OP1 (NHWC)

Input (NCHW)

'

NCHW to NHWC

v

OP1 (NHWC)

OP2 (NCHW)

OP2 (NHWC)

NHWC to NCHW

v

l

Output (NCHW)
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REFEETEE
Inplace operation : IR—RRNEFABHFE | B T E(FRelement-wise , AJLURMBZARF
Memory sharing : M EURERREA/IMER , BE—EIESSITEEAERE | F— 1 8URLIES=

AI— 1 EE

A Possible Allocation Plan

Network Configuration Gradient Calculation Graph
input input input-grad input input-grad
, memo
|nplac§ sharinry
operation sharing
fullc-forward fullc-forward fullc-backward \. fullc-forward fullc-backward ;'
\\ ]
sigmoid-forward sigmoid-forward sigmoid-backward sigr;oid-forward sigmoid-backward |
fullc-forward fullc-forward fullc-backward fullc-forward fullc-backward
!
/
softmax-forward softmax-forward softmax-backward softmax-forward softmax_backward'
log-loss label log-loss label

[ ] Memory allocation for each output of op, same

——— data dependency
color indicates shared memory.
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