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Kernel {Jt44

- BRI (Winograd / Strassen)
- RTEFB (NCIHWCO / NCHW4)
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6. Runtime {/t{%,
BUILDING A BETTER CONNECTED WORLD Ascend & MindSpore 2 v higscend.com

www.mindspore.cn

nn

oA WN



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

SHEETE
=
. EBFHT
. BFEE

Huawei Confidential. Ascend & MindSpore

APHE[] Python / GO / C++ / JS

L ickag

RENR R

Bt

BFEA RS BFER

oo

Runtime (Compute Engine)
o

Kernel (Hardware Level Optimize)
AIEMERTF

e [ own | wwe | om
T | e | e

‘f' ® N e ’
L,;\ l A |
s ‘57 ' 3

www.hiascend.com
www.mindspore.cn



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

Talk Overview

Conv Kernel {fift
 What is Convolution - EFRAIHES:
Im2Col Optimizer - Im2Col {LItEE
Spatial Pack Optimizer — T[BJABEL{L
Winograd Optimizer — Winograd {JL{t&%
Indirect Algorithm — QNNPACK [Bl#Z5EFR(Nt,
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BRNE

(Quantized Neural Networks PACKage) 72 Marat Dukhan (Facebook) F&BIEZ | JAHT
EHEZRMETTEIINERE  EERRMERERIN—EF RGN 71 FE3BE A RIINEE A

o
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Figure 4. Perfc of the Indirect C ion algorithm and GEMM-based Algorithm on
model. Opaque bars represent median performance across 25 runs. Error bars 20% and 80%
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Net 1.0 Figure 3. Performance of the Indirect Convolution algorithm and GEMM-based Algorithm on convolution operators of the ResNet-18
model. Opaque bars represent median performance across 25 runs. Error bars represent 20% and 80% quantiles.

| Device | non-1x1 | 1x1 stride-2 |
Samsung Galaxy S8 | +10.97% | +8.02%
Google Pixel 2 XL | +23.26% +0.84%
Google Pixel 3 +4.31% +0.51%

Table 3. Geomean performance of modified GEMM primitive rel-
ative to standard GEMM primtive on 1x1 and non-1x1 Convolu-
tions in ResNet-18 model.

| Device | non-1x1 | Ix1 stride 1 |
Samsung Galaxy S8 | +5.70% -1.84%
Google Pixel 2 XL | +11.29% -0.25%
Google Pixel 3 +2.67% -1.91%

Table 4. Geomean performance of modified GEMM primitive rel-
ative to standard GEMM primtive on 1x1 and non-1x1 Convolu-
tions in SqueezeNet 1.0 model.
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5EPER(EAY Im2col HiZ[OIER

© {EITH MRXNR /NRET , &5t GEMM B75iEERT K EE LIk, £—IRITE kernel &8
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5EPER(EAY Im2col HiZ[OIER

FEVHEL MRXNR INRES | (EBOTERTE K 472 EiFS , E—RITE Kernel {88 |, {23t
8 K 4EHOBER, BBATERRITE Kernel fORMER , #345 EI L HONNERFIIRHE,

Traditional Implementation

\/

B D + A
g + A
C A
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QNNPACK HixZEE

QNNPACK MEEIGEEN K HELZRIEITEE Kernel HAMES | SERR T HEIHEIRSOFMANATR. XEBRT
A BN K HELE8] HARIE K &N TS |, MEEiRkn BATIEMEREISHE , SEFRT
Hoh K LA 2" AEMFITIRS.

QNNPACK Indirect
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QNNPACK HixZEE

Im2col UILEEZFERNEA : | ) BHAKXEREIINAE ; 2 ) EENERANHI TS MIEUES
W, XL BERERE ?

[EEREREAAHINERZEZEPX (Indirect Buffer ) , IIRFEHTHL ( Repacking ) BTLL
BUABIREFMTER , MMIREERE.
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Indirect Convolution Algorithm T{EifiE

Indirect & EEEINE P XEM _ErREEIEZE PIX ( Indirect Buffer ) , MEEEPX E8iESH
Rz, ENZIEiTE , 8X1TE MxN BEd |, HEF M 9% OHxOW IUWE—4E/GHY(A]
SUATIE (—BR MxN J9 4x4 . 8xBEL4x8 ) .

Input
= Indirect Buffers GEMM:-like Loop

| H| |
KH

OH

IW

- Input Buffer Weights
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Indirect Convolution Algorithm T{EifiE

Indirect & EEEINE P XEM _ErREEIEZE PIX ( Indirect Buffer ) , MEEEPX E8iESH
EERIZL. Y:I_:i‘l'ﬁ MxN FAEA/ NGBS |, £ RS P XENH I N A S P X EE | FFEX

HINE | ITEHER | BINTREEREF N TR MxK F KxN FBFTE,
nput =\ Indirect Buffers GEMM-like Loop
| L |
KH
KVZV OH
- ——
wl |
N ic
w
- Input Buffer Weights
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Indirect Convolution Algorithm T{EifiE

£ |, BREAIMITERED EERS
EEMNER | INERE |, EEWMAEYTX ; EHE , FHAFRREERTEEITTE ;
EITMER - T NMANIIT (OH = OW /M) = (OC/N) IXiE¥ , BIXfEER GEMM 1
B MxN X/Ngi.
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BRSNS

- [BiEES XA LB A—HETR
N KHXKW ( BMNEHRXENEANEHEFEA

BXNNERX , T OHXOW 4>, BPEHRRK/M

RUBAMELE ) . BE—MTEERE | (£

—MNERETX ; FEVEHERMBEREEmEEREREREDX , FPXPNE NS
ATESBWAF IC T,

Local Indirect Buffer (M x KH x KW)

Input
-
- P
P 3T5TaT4
— ‘0'17278?
v 3 2
" 1
N
IC
~ W
Input Buffer
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Local Indirect Buffer (KH x KW x M) KH x KW x IC
ABCD ABCD
LN &N
\\ ‘\\ ‘\‘ \\ \\\\\\\\\\\\\\\\
| 4 \\ \\ \‘ ‘\\ \\\\\\\\\\\\\\\\\
e Nt st oy
() 1P ) oRAi2:314
ABCD ABCD
AR SR
NI R IR L)
ABCD ABCOD. ABCD.
v 200711213} 201121314  2i2131415;
KW -
ABCDABCDABCD
0 0.1:2/83/1:2:3/4:2:3:4.5.
1 1011:21311121314121314.5!
2 [01112131112131412131415]
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BRSNS

B X e LAIERE S FZAINNEHRX |, 5 oHxow 4, 8NEHRX AN

/3 KHXKW ( BRI E M HE2ERRYEIALEIL ) . Eﬁ%ﬁaﬂ fEERENERSINE
HBAEFERD |, IERARRYEEEPX |, BIel{SRIENAYALELL, TFEERIERH BREVALTRLT
BHEFERAYVEAAIRELL | XERTFFRocITEM I,

Input Local Indirect Buffer (M x KH x KW) Local Indirect Buffer (KH x KW x M) KH x KW x IC
B ABCD ABCD ABCD A
RITRCTRC RTTRTTRTTRTT RIRITITIN B
SN R N R IC c
-------- » h N \‘ ‘\ \‘ \\ '\:\:\:\:\\ \\‘ \‘ \\ \\ ‘\:\‘ EEEE TR 3 D
RN NN b SRR S T N WY
0%0i112/138!  0i1i2/3/4] 0.2{3145!
ABCD ABCD
KH D RSN
- i 10l112[al  1Nij23l4l ™ 2131475)
S ABCD ABCD. ABCD,_
H '4.0.0.4 | &, NN, i, NN N N N,
7 L e T T T N N N NN NN
VA NN NI [N N N T P S NN
H v 2.:0:1:12:3: 2\1234 2~2345
N KW R
ABCDABCDABCD
IC 0 10:1:2:8,1:2:8:4:2:3:4.5;
~ W 110:1:2:3:1:2:3:4:2:8:4:5;
2 10:112131112131412131415;
Input Buffer
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[EEERX SR

KHx KW x IC

Local Indirect Buffer (KH x KW x M)

Local Indirect Buffer (M x KH x KW)

Input

<mon

o N
A |yl | 1
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w
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Input Buffer
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(EREERERXITR

B FTLARTLAER Im2col UEEE | ARRRETHIFERZERFEERRNTREIRESFM
THERES. MiEEEPXEE T LABTEFHEIA LML E.

EHESIRMUCEZFER T HRTERN=110> |, | ) ETEREAER | 2) i8S e
, 3) REFEE LA,

BT EESREEL , NP XFNEIEEFRTHEZ ( Repacking ) M ANFIEAAZRYHFE,
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AR L AT

ASTEHHA T ZEBRBRBIMNTDIE | BBEHEMEEIERS (2R NPU,
) WRRE , INREMBRITELIEES GPGPU BIHRE ( N=FRIEXAYES
) REFINICES LA

FTARACFOTZE,
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l. https://zhenhuaw.me/blog/20 | 9/reveal-gnnpack-implementation.html

2. https://github.com/pytorch/ QNNPACK
3. https://arxiv.org/abs/1907.02129
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