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Rules for operator fusion

Injective(one-to-one map) : BREY Example Application

Fuse Rule
BRZY , WOAdd , Pointwise l *2d l
lex- . —® conv
Reduction : Q'j«k?*& NG L) oi?—TuZagle complex- | v \f d-conv2d-
eduction : 2V[a]EELX , 38I/\E!U481 \ E> out-fusable | o E> : useb corlw
. 1 =™ n-relu
lemwise i
42 DfE . © o . ¥
N o o
Complex-out-fusable : an fuse ele injective | v v
. v E> injective T aczd E> — fused-add-
ment-wise map to output , TT& injective | p— sqrt
SRl fcom2d t ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o — + ........
injective : ! exp
Opaque(cannot be fused) : Foi& v E> reduction v 5 - filsed exp-
reduction sum

WRASHIEF | tbillsort
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€© Basic Graph Optimizations EilE ik

These are semantics-preserving graph rewrites which remove redundant nodes and redundant

computation. They run before graph partitioning and thus apply to all the execution providers. Eif

UIEER TR REIENANEN , INEERE. TRTRERIEREENT RS,

Constant folding 2=

Redundant eliminations JT3R T2 RIBFR
Operation fusion EFRES

Operation Replace HF&&#
Operation Forward &EFRIF%
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@ O1: Constant Folding E&IFE

Constant folding , HEITE , MFFMUALZ— | BENRENEENEERIANH TR
SKiE A,

Statically computes parts of the graph that rely only on constant initializers. This eliminates the need

to compute them during runtime. B E2iT& &G TTEE A LTS Tl LABER HER T mE Rk
, FXSiTt BB TSI E AR E.
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@ O1: Constant Folding #&IFE

BEITE , R Op FTERAEREE Const , AJLUTIHTRIFES
SR Const (&% Op , MAREXEEHEEMNEREITHE B

Constant Folding Const &

ExpandDims Op fEE4EERIMINEFE Const , NHEXNMEELISEL
B2 3rEZ] ExpandDims HFH

Fold Const To ExpandDims ExpandDims &

Binary Op S8 —PMHINZEIRE Const , IBXMrELSEHHIFIFE
%l Binary Op RYEMHH

Fuse Const To Binary Binary #T&
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@ O1: Constant Folding E&IFE

Constant Folding BEH& : WI5R— Op FTBHWIAEERE Const , AJLASEITEIFEER Const
&% Op , MARESXEEHEM REITE—IR.

%Const 1 %Const 2

\ / %Const 3
Op1 l

l Op2
Op2 l
l Output
Output
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@ O1: Constant Folding E&IFE

ExpandDims & : ExpandDims Op 15E4EEREMARFEER Const , NIEXNMEELISERIF
T #TEZE! ExpandDims HF,

Input %Const 2 Input
ExpandDims ExpandDims

l l

Output Output
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@ O1: Constant Folding E&IFE

Binary $1Z : Binary Op B MHIAZIRE Const , IBIXMRELUSEHRIF/ZITEE] Binary

Op RIEMEF,
Input %Const 2 Input
N\ [/ l
Binary Binary
l l
Output Output
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@ O2: Redundant node eliminations TR Stk

Remove all redundant nodes without changing the graph structure. fTEAKZEF S8V E R F IR
FIETUARTI M. The following such optimizations are currently supported:

|dentity Elimination

Slice Elimination

Unsqueeze Elimination

Dropout Elimination
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€@ O2: Redundant node eliminations TR SiEES |
OpABEEN : Bt Op AEBASEITH , HHEIEMER LA EREFIEXTE =20,

Z35 Seq20ut, Identity, NoOp, Print, Assert, StopGradient, Split ZF T

FET
Remove Unuseful Op TLREFMIER « Cast &#p EHIEXEEF

Concat RE— i Tensor

Remove Dropout Dropout Rz o TR AT A B 75 35 S | A B Dropout 55
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€@ O2: Redundant node eliminations TR SiEES |

OpABEXEN : BY Op XEAS5IHE |
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OP2
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€@ O2: Redundant node eliminations TR =;EES I

Op SHTLEN : BL Op AFERERN , (BERREMFLS LM T FTTEX TH Op,

Tensor Cast

Cast jHFR

Tensor FREUEHMISTURIT S22 Src FT Dst iY |, 1% Op TTEXH]
il

Slice Elimination

Slice A58k

Slice Op AY index_start ZFEF08 & index_end T c-| BT , 1ZOpFca
N aTfflRR

Expand Elimination

Expand ;HFR

Expand Op #itH shape ETF 4 shape At , 1Z Op TR X ATHER

pooling x| Elimination

pooling jHF&

Pooling Op XHEE Ix| Tt IR(E
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Input

l

Cast

OP

Output

Input

l

OoP

l

Output

Src = Dst
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Expand Elimination

Input

1

oP

~\

% Shape

d

Expand

Output

Input

OoP

Output

€@ O2: Redundant node eliminations TR =;EES I

Tensor Cast

Input

l

Slice/Pooling

OP

Output

Input

OP

Output

Slice/pooling x| Elimination

Slice: start =0 or end = c-1

Pooling: windows 1x1
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€@ O2: Redundant node eliminations TTRT5 =iEES 1)

Op (UBEXEX : —L& Op HITEEITRIMMIERZEEZRELEN ;

Remove Qutput Cast Mt R HR . SRR B TR
° N2z AN = Y AY \\7 /= :ﬁ'
Unsqueeze Elimination Unsqueeze ;EF& = Unsqij_eeze Op HINZE Const BF , ATLARE Const $14T Unsqueeze ¢
{YEFIEEEMIBR Unsqueeze
. g =l — LBk e Ay =y =) 132 S
Orphaned Eliminate L5 A5 BRI EE—SHIET = |, 2B HEE Op 15i% Const Op {EA

EINBTEAAE I L orphaned T safflf&

Reshape before binary

Eliminate Reshape jHFR * 7% Binary Op BUEA Reshape HF , NIEEMIER

Reshape/Flatten after global Reshape sucpa * Reshape 79 flatten B ( BPHAZEE Reshape f& Tensor w=I,h=1,c=c) , MM
. . . Vi 3RS

pooling Eliminate global pooling #itH Tensor w=1,h=1,c=c , MAFEMIFF
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€@ O2: Redundant node eliminations TTRT5 =iEES 1)

Op (UBEXEX : —L& Op HITEEITRIMMIERZEEZRELEN ;

Flatten after linear Eliminate  Flatten ;HBR * linear £1EZEHIH tensor I w=1,h=1,c=cfT , [G%E Flatten Op TJflfR
Duplicate Reshape Eliminate &= Ej8[% »  JELE Reshape AEE(REEH/S— Reshape
Duplicated Cast Eliminate T8 4% . SRR , REERBRE—
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€@ O2: Redundant node eliminations TTRT5 =iEES 1)

Remove Output Cast

Hu:

Input

l

OoP

Cast

Output

Input

OoP

Output

scend & MindSpore

Unsqueeze Elimination

Const

\

UnSqueeze

l

Output

Const

Output

Orphaned Eliminate

Input

e

OP1

OP2

Output

Input

OoP2

Output

Reshape after global pooling

Input

l

Global Pooling

\ 4

Reshape/Flatten

l

Output

Input

l

Global Pooling

l

Output
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€@ O2: Redundant node eliminations TTRT5 =iEES 1)

Flatten after linear Eliminate Duplicate Reshape Eliminate Duplicated Cast Eliminate
Input '"IIUt Input
Linear Reshape Cast
4 y \d
Reshape/Flatten Reshape Cast
Output Output Output
Input "Tﬂ Input
Urers Reshape Cast
28  Huawei Confi l 1dSpore l l
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€@ O2: Redundant node eliminations TR =iEES IV

Op RIIERX : BIfSF MBI Op H1TIRERT , 1B MHERAYFEA™ Op AT LM ;

Squeeze ExpandDims *  SqueezefExpandDimsIX B PMOp2 R X HI,— N EMHEE, — 2R
Hliminate HERE, RSN B/ Opii R MaxishEZEA B AT IR X A Op

HELENRN RN EFHMEEROpMSHAEIFE R X, HlsrclFTdst2, 7] [E]

Inverse Cast Eliminate

T & X A Op
Quant Dequant Eliminate . ESHTENMEEL, TEERXEN Op
Concat Slice Elimination ¢ AREETERMNRS, TERMRXFED Op
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€@ O2: Redundant node eliminations TR =iEES IV

Squeeze ExpandDims Eliminate

Input Input
Axis l Dims l
ExpandDims Squeeze
Dims v Axis v
Squeeze ExpandDims
Output Output
Input Input
Identity Identity
30} Output Output

Inverse Cast/ Quant Dequant Eliminate

%Input1 %Input2 %Input3
Concat
/ \4 \
Slice Slice Slice
]
Slice Slice Slice
Out1 Out2 Out3

Concat Slice Elimination

Input Input
l l Fp32
CastAtoB Quant
Int8
v Int8 y
CastBto A Dequant
l Fp32 1
Output Output
Input Input
l l Fp32
Identity Identity
l l Fp32
Output Output

%Input1 %Input2 %Input3
Slice Slice Slice

oo

Out1 Out2 Out3
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@ O2: Redundant node eliminations TTRT5 £ikkg V

NHFAE . FRREAFEIRREEMNE , EXEXE—ERE , BPMEESE— 1T RE
£/ E |, BRI FE2EE,

I MBI T AR TE | f— MRS DR
Himination PN | MIFTEHTHIRER—Op, ( FRIE—MEda
LeetcodeEFFiERRE , SHAHFN , BEATEITHER)

31 Huawei Confidential. Ascend & MindSpore


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

€@ O2: Redundant node eliminations TR =ikbk& V

%Input1

/

OP1 —‘
N

Y%Input2 Y%Input3

OP1

OoP2

l

OP3

o~

Output

32 Huawei Confidential. Ascend & MindSpore

\

OoP2

l

OP3

%Input1 Y%lnput2 %Input3

N/

} OP2

l

OP3

Output
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€@ O3: Operation fusions EFFIS

Fuse/fold multiple nodes into a single node. For example, Conv Add fusion folds the Add operator as

the bias of the Conv operator. The following such optimizations are currently supported:
Conv Add Fusion
Conv Mul Fusion
Conv BatchNorm Fusion
Relu Clip Fusion

Reshape Fusion

34 Huawei Confidential. Ascend & MindSpore
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€@ O3: Operation fusions EFFIS

OpZLHRES : 18P Op FAEEF LEIERIRIGHIREA |

Conv + BN + Act «  Conv Op [GIRERY Batch Normal FYEFAILUE BN FUSEELSEIConvEEMH
Conv + Bias + Add  Conv Op [FIREM Add TTLARESZE! Conv EERY Bias S22 M

Conv + Scale + Act « Conv Op FIREH Scale ATIAFEEZ] Conv B A Weight B

Conv + MatMul + Act »  Conv Op [FEREHRY MatMul AJAFEEE] Conv B HY Weight 2H

35  Huawei Confidential. Ascend & MindSpore
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O os. Operation fusions HFFiS |

Conv + BN + Act Conv + Bias + Add Conv + Scale + Act/ Conv + MatMul + Act
In;l)ut Iniut Input
-Weight ;
Conv Conv :_ ) g Conv o Welght
Bias1 “ -Bias
y ' w y v
w = *x [
BN e Add <~ Const scale  |T S
b=y B
} ' :
Act Output Act
Output Output
In;l)ut Ini)ut Input
Conv Conv <-Bias1+Const T < --Weight* S
T - N
Bias * B

% Hu Output Output Output
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O o3 Operation fusions HFFiS I

OpZLHRES : 18P Op FAEEF LEIERIRIGHIREA |

Matmul + Add - f%F3 GEMM EXEES Matmul + Add

Matmul + Scale *  Matmul BIEE f5#5 Scale / Div AJLARESE! Matmul BYHESRE 2L alpha BB
Mean + Add  {#H Mean [FEIIEE Add , {5 Layer Norm &

Batch Norm + Scale » scale B9 s ¥ b SJLAEZRISEI BN Op &

Matmul + Batch Norm + 5 Conv + BN 1E2{1l

Matmul + Add « DIEREEE Add FTLIBISRISERER bias

37 Huawei Confidential. Ascend & MindSpore


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

O os. Operation fusions HFFiS I

Matmul + Add Matmul + Scale Mean + Add Batch Norm + Scale
Input1 Input2 Input1 Input2 Input Input
Matmul Input3 Scale/Div Input3 Mean BN
\ / \ / v v
Add Matmul Add Scale
Output Output Output Output
Inputi Input2 Input3 Input Input Input
GEMM Fused Matmul Layer Norm Fused BN
Output Output Output Output
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O o3 Operation fusions HFFiS 11l

Opialifls : B SIS ERS |

Conv + RelLU

Act EEERERD Conv IM{EREARIEL(ERITEEERMAY , THENMMRRSITE

Conv £ : 1[0 Conv #iH{A/E , BBitHE ReLU 2 ( BIEXRIRE ) . ELGER TR
Conv + RelLU6 i Houtput , IEIN T IHTFATBIPE(E 7 HEEERCR.

WRITEE Conv EREVEHIT A TR |, BRAGEREY | WREZEREFEIR.

HEEART , BMAFERE DR SHERE,

Conv + Act
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@ O3: Operation Replace EF i

Replace node with another node. EF&# , ISR P ELE FERITEEE BB TEZ%
BEERFNESF. BFERNREEEISHEERN. ENAOENFRELE  BEFIIT
BATUIILAEN , FEEHEITTEARMNREIREREF L. EFERILUAEIFETEER.
PR B/ NYUER.
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O os. Operation Replace HF&i# |

One to One : 1§& Op LAF45 Op T,

MatMul -> Conv2D

Linear -> Conv2D

Batch Normal -> Scale

pReLU -> Leaky RelLU

Conv -> Linear After global pooling

Huawei Confidential. Ascend & MindSpore

- REMESRZACony , EA—RRIESRXI Conv2IM T ESHIAI

o BEIEREELTMIx] Conv , EAXIConvifl 7 EZRILIL

BNEFE1FScale OpRY , 5&#ipkScaleitTEEE /) |, EEER

18 pReLU 4535 hY Leaky RelLU , AEZNM4EREFNFEERRIIR T , BREGIREX

« 7 Global Pooling 2 f& Conv EF&&# AEEZE
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O os. Operation Replace HF&i# |

Inputi(a,b) Input2(b,a)

N/

Matmul

l

output

MatMul -> Conv2D

Inputi(a,b) Input2(b,a)

l l

Reshape

N/

Conv

Transpose

\/

Reshape

l

43 Hua output

ndSpore

Inputi(a,b)
. <_ -
Linear - —
output

Linear -> Conv2D

Inputi(a,b)

Reshape

\/

(nchw)

Conv 1x1

\/

(nchw)

Reshape

l

output(a,b)

B

Input Input
X—u +8
BN Y N pReLU
output output
b=p— YU
o’ +e€
s = 4
Vo2 +e€

pRelLU -> Leaky RelLU

Batch Normal -> Scale

Input Input
Scale s-x+b Leaky RelLU
output output
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O o3 Operation Replace HF&i# 1|

—i8Z | K& Op LIEM Op HEFZUE | 88D

FOp%

Shuffle Channel Op KEFHESRIAZ= SIS |, oJLUBIIZHE Reshape + PermuteSL
W

Shuffle Channel Replace

Pad Replace

& onnxAdpad-2fYpads N SETFZ T EE RN,

ShapeN Replace 5 ShapeN Op EITZHE " Shape B TUSCHL

Group Conv Replace

B Group HFEIIHE Slice, Conv SCIY
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O os. Operation Replace HF&i# 1|

Input Input1 Input2 Input3 Inputi
Shuffle channel Shape N Conv Group !=1

‘ Vool '

tput1
output outputl output2 output3 outpd
Shuffle Channel Replace Group Conv Replace
Input Input1
! ShapeN Replace {
Reshape Const Slice Q num
N Conv Conv Conv
Input3
Permute Inplu t Inplu 2 nplu group=0 group=0 group=0
Shape Shape Shape
Reshape P P P Concat Axis = 1

y I I l I

output outputi  output2  output3 Output

45
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€@ O3: Operation Forward EFgifE

Replace node with another node. EF&# , ISR P ELE FERITEEE BB TEZ%
HEERTFNIEF. EFERNREBEEEISHRERN. ENAENEFNEFmZE  BEFIT
BAIUINLAEY , FEECEINTE ARG EIERE T E. BFSRJLIAZFETEE
BER{FRARBY R/ NEIRIER.

*  Shuffle Channel Op KEBSHEZRERZ BRIHESCH] , ATLUEITZH S Reshape + PermuteSE
m

Slice and Mul

2l Slall 2 €0l [Reatigs S - AASEAERRIIRE |, Wit ENEFHITORRE D EYERME IR TEIREL
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€@ O3: Operation Forward EFgifE

BT BB
oslicetBE8m1E I TERE , D ReduceSum(BitShift(A)) — BitShift(ReduceSum(A))
mEitE ReduceProd(Exp(A)) = Exp(ReduceSum(A))
Input1 Input2 Input1 Input2 Input1 Input1

Mul Slice Slice BitShift ReduceSum
Slice Mul ReduceSum BitShift
output output output output
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O os. Operation Replace EF&#i |

Y + B
Vo2 + €
S = 4
Vo2 + €
b=p— YU
0%+ €
S‘x+b
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