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1 Tengine @41

Tengine /2 OPEN Al LAB 5t il 8 fE B s TR KA T R, onilr & — M ER,
Bk, mvERER) AL HEWTTIEE, KR DLAL GPU. xPU fEAMEA i v 5 B8 8 S A ek

Al Applications

Caffe/TensorFlow/MXNet/ . API Python/JS/JNI API
et NGl 2 o

7 deployment for

% Al applications
. Graph Representation _ =
=
_|
g =3
@ Q3
= o S
g,_ @ T
Q
3 -
o
=

2. Performance
=]
footprint
: :lle:ubleto Device Driver
eterogeneous
Computing CPU GPU xPU/DLA DSP

Platform
Tengine HEZE

Tengine H 7~ KAEHRZH % core/operator/serializer/executor/driver/wrapper .

core: et RGHIFEAMAMI)EE.

operator: fEMALE S T HEA ] operators HESE, Lkl convolution, relu, pooling %%

serializer: FR SN CRTEHIRRL . % serializer HELE T3 & LL ST AN A (OME QA 7Y, i 5
E R . Tengine AT LA E 425 A Caffe/lONNX/Tensorflow/MXNet 1 %! /& 5; % Tengine [ &
AL

executor: iz 4T graph 1 operators HIACHS .

driver: SEPREELFIERCAY, B HAL AP A & AT B3R LIRSS« 884 driver AT LG
EZNTE- R

wrapper: JNAFEIFIHESLER (L API 35725 . caffe API wrapper 1 tensorflow API wrapper Hi7E #5A]
LTAET »

SCRRRAR: 1.2 OPEN Al LAB Non-Confidential
5/90


https://github.com/OAID/Tengine/blob/master/core
https://github.com/OAID/Tengine/blob/master/operator
https://github.com/OAID/Tengine/blob/master/serializer
https://github.com/OAID/Tengine/blob/master/executor
https://github.com/OAID/Tengine/blob/master/driver
https://github.com/OAID/Tengine/blob/master/driver
https://github.com/OAID/Tengine/blob/master/wrapper

Tengine User Manual

2 #mi%E Tengine

2.1 FREVIRANHS

WA C 2% git:
git

miu@tengine:~$ git

bash: fusr/bin/git: No such file or directory
miu@tengine:~$

WA 2% git, URATLUEIT 8 4 2228 git:
sudo apt-get install git

miu@tengine:~$ sudo apt install git
Reading package lists... Done
Building dependency tree
Reading state information... Done
Suggested packages:
git-daemon-run | git-daemon-sysvinit git-doc git-el git-email git-gui gitk gitweb git-cvs git-mediawiki git-svn
The following NEW packages will be installed:
git
0 upgraded, 1 newly installed, © to remove and 197 not upgraded.
Need to get © B/3,907 kB of archives.
After this operation, 32.2 MB of additional disk space will be used.
Selecting previously unselected package git.
(Reading database ... 124936 files and directories currently installed.)
Preparing to unpack .../git_1%3a2.17.1-1ubuntu0.4_amd64.deb ...
Unpacking git (1:2.17.1-1ubuntue.4) ...
Setting up git (1:2.17.1-1ubuntu6.4) ...
miu@tengine:~$

SRR git Z 5, i git 3REX tengine YEARAY, GitHub HEEREIN T -

https://github.com/OAID/Tengine.qit

PRATRAE H Dk g A T, I 484, M GitHub T 2] tengine.
git clone https://github.com/OAID/tengine/

miu@tengine:~$ git clone https://github.com/OAID/tengine
Cloning into 'tengine'...

remote: Enumerating objects: 5, done.

remote: Counting objects: 100% (5/5), done.

remote: Compressing objects: 100% (5/5), done.

remote: Total 2457 (delta 0), reused 1 (delta 0), pack-reused 2452
Receiving objects: 100% (2457/2457), 25.59 MiB | 770.00 KiB/s, done.
Resolving deltas: 100% (1439/1439), done.

miu@tengine:~$S

SCRYRRAS: 1.2 OPEN Al LAB Non-Confidential
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2.2 FE X86(ubuntu)ZAHhgm %

FEITIREZ AT, IRHEIIMROLE %3 T git, g++, make M—U83LAh T H . REA,
PRAT LB U0 N 45 2

sudo apt install make g++

PR CE 2R IR TH, Rmr Akt iz 8% .

2.2.1 IS B S A

sudo apt install libgoogle-glog-dev libopenblas-dev

2.2.2 ‘&% protobuf

sudo apt install libprotobuf-dev protobuf-compiler

REE: 1X 2223 protobuf B w7 7E, (HEVER, Tengine BL7E X 37 #F protobuf 3.0, Wi
RIS /& Ubuntul8.04, FR-4/RW] LLE B2 Zar & BT
EH 2 W RARPIEAE R 402 ubuntul6.04, YRAT LB IZAT Fid a2 k4G & protobuf i A .

sudo apt install protobuf-compiler
protoc --version

WERIRAANZ 3.0.0, R ZEF-5)2¢4% protobuf3.0. RA] AR EE 2.7 &5 ik P IR 2225 o

2.2.3 ¢ d% opencv

sudo apt install libopencv-dev

VER: tengine A& B 2 AKH T opency ESCHE, B AUISRARE A %% libopency, FRHLHEAHK,
libtengine.so 3%, (HJ2 4 PRI A2 5, IRATRESSAESR BE test SCAFIN P AR R IR . P, dk
AT AR S 223 opencv

2.2.4 %%%E configuration S 14

HE tengine Y/ H 5% (7E 55 2.1 &5 e, & makefile.config.example SO, SR J5# H:
iy 44 N makefile.config.
XF T makefile.config SCAF R A HE(E B, W LASH 55 2.8 & .
cd ~/tengine
cp makefile.config.example makefile.config

SCRYRRAS: 1.2 OPEN Al LAB Non-Confidential
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mivu@ubuntu:~5% cd tcnglncﬁ

miv@ubuntw:
miv@ubuntw:

15 FF 4 5 2347 JT makefile.config SCHE (LA vim A1)

vim makefile.config
PR T B4 CONFIG_ARCH_ARM64=y Jf H 5 H| CONFIG_ARCH_BLAS=y, 1T~ l:

L TO Lfferenti LT
toolchains just need

HHI|_fﬁfoﬁﬁi*jiif

» BLAS as the

CONFIG_ARCH_BLAS= y

ner seriaiLize

ERIALIZER y

SR 5 57 3B H makefile.config S5«
2.2.5 YmiE
N tengine H 3k, #RJ5 11 H make %1% tengine Wi H .

SCRYRRAS: 1.2 OPEN Al LAB Non-Confidential
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cd ~/tengine

make -j4

R AE S 1% 58 2 5 build H 3% R #E4E libtengine.so AT libhclepu.so S0, 1 BH 4 PRt £85I
FE R

internal libtengine.so »serializer tools

libhclcpu.so 'operator tests

2.2.6 M

PTG, MR EF AWM RHEIIET: SqueezeNet 5 MobileNet. fiA] LA
AR FiE A PATAE S
1) 81T SqueezeNet JliXFE
cd ~/tengine
Jbuild/tests/bin/bench_sqz
LT EPSE

REPEAT COUNT= 100
Repeat [100] time 38050.40 us per RUN. used 3805040 us
0.2763 "nB2123045 tabby, tabby cat”
0.2673 "nB2123159 tiger cat”
0.1766 "nB2119789 kit fox, Vulpes macrotis”
0.0827 "nB2124075 Egyptian cat”
"n02085620 Chihuahua”

ALL TEST DONE

2) 1247 MobileNet Ml fEH
cd ~/tengine
Jbuild/tests/bin/bench_mobilenet
B A5
REPEAT COUNT= 180
Repeat [100] time 71437.16 us per RUN. used 7143716 us

8.5976 - "nB2123159 tiger cat”
7.9550 - "nB2119022 red fox, Vulpes vulpes”

7.8679 "nB2119789 kit fox, Vulpes macrotis"”
7.4274 "nB2113023 Pembroke, Pembroke Welsh corgi”
6.3647 - "nB2123045 tabby, tabby cat”

ALL TEST DONE

SCRYRRAS: 1.2 OPEN Al LAB Non-Confidential
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2.3 £ ARM(Linux)5 4 RIS

H AT, tengine JFERA SZH: ARM-v8 , tengine iV i A S2 £ ARM-v7, ARM-v8 , B £(5 R
A L5 2% (Tengine specification) -

ZE TR FEMIARAE arm ARG PRI 1 AP IR
2.3.1 SREGEACHS

PRAT AR IS 2.0 25 B D BN SANAD .
2.3.2 %% protobuf

INRAR T EAE ARM SOC #1~_ 4w AUAS, R 752223 protobuf & SCIF

sudo apt install libprotobuf-dev protobuf-compiler

HER: HARE Protobuf A2 3.0.0, MHAE 3.0.0, R ETF 33 protobuf 3.0. 1%
REZE 2.7 w5 ik D IRIRAE .

2.3.3 % %E opencv

sudo apt install libopencv-dev

ER: tengine A & 2 KT opencv FESCAE, it AU RIE A %22%% libopencv, fRHLHEAE A%,
libtengine.so SCF, (H@4miFIR X )G, VRAIRESTESm 1 test SCAFI P A d iR de N . (R, &
AT AR5 22 4% opencv

2.3.4 %w%8 configuration L1

X makefile.config SCHF I TEMmE(E S, TTLASH 25 2.8 i
cd ~/tengine
cp makefile.config.example makefile.config

miu@ubuntu:~$ cd tengine/

miu@ubuntu:~/tengine$ cp makefile.config.example makefile.config
miu@ubuntu:~/tengine$

158 FH 4 6 2% 47 JT makefile.config 324 (LA vim A1)

vim makefile.config
o UNHIRIEEYIFAE arm6d i

SCRYRRAS: 1.2 OPEN Al LAB Non-Confidential
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iF ¥ & CONFIG_ARCH_ARM®64=y Jjf H.iF# CONFIG_ARCH_ARM32=y

7 e L Tthe tTar ']ﬁ T archn
CONFIG_ARCH_ARM64=y

CONFIG ARCH ARM32=y

nable Compiling
_ONFIG_FLOAT16=y

¢ Enable Compilincg
CONFIG_OPT_CFLAGS

o INHRAEEYRIFIE arm32 .
15 W E CONFIG_ARCH_ARM32=y J H %ii¥ CONFIG_ARCH_ARM64=y

Set the target :
# CONFIG _"..'. RC __-;" RMG64 Y

CONFIG_ARC H_ARI"13P-_=y.

sble ( omp1i -_ 1Nt

Enable Compiling

CONFIG_OPT_CFLAGS

s BLAS as the opera

G_ARCH_BLAS=y

2.3.5 wiF

HEN tengine B&ATSR J5 18 H make AT 9w P .
cd ~/tengine
make -j4
SSfF— B A, WURAEG PESE B I build H 5% M A#AE libtengine.so X, 1t B4 PR FE AL
e il

SCRYRRAS: 1.2 OPEN Al LAB Non-Confidential
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miu@ubuntu:~/tengine$
miu@ubuntu:~/tengine$ ls buila/
core executor _imternal libtengine.so /serializer tools

driver hclarm libhclcpu.so operator
miu@ubuntu:~/tengines

2.3.6 M

Tengine 7£ test #§48 N4t 7 —LepbGilfR T, B IS T REBIRR T S5 BIMEE R, ARa] LUA
YR I%) tengine 2 75 B ) 2

AP DU 451 >R S 73 R 451

e 21T SqueezeNet

cd ~/tengine./build/tests/bin/bench_sqz
iﬁ‘ﬁ ﬁ{%‘ 4%\ :

REPEAT COUNT= 100
Repeat [100] time 38050.40 us per RUN. used 3805040 us
0.2763 "nBG2123045 tabby, tabby cat”
0.2673 "nB2123159 tiger cat”
0.1766 "n@2119789 kit fox, Vulpes macrotis”
0.0827 "nB21246075 Egyptian cat”
"ne2085620 Chihuahua”

ALL TEST DONE

e i={T MobileNet

cd ~/tengine
Jbuild/tests/bin/bench_mobilenet
i E R

REPEAT COUNT= 100

Repeat [108] time 71437.16 us per RUN. used 7143716 us
B.5976 - "nB2123159 tiger cat"”

7.9550 "nB21192022 red fox, Vulpes wvulpes"

7.8679 "n@2119789 kit fox, Vulpes macrotis”
7.4274 "n@2113023 Pembroke, Pembroke Welsh corgi”
6.3647 - "nB2123045 tabby, tabby cat”

ALL TEST DONE

SCRYRRAS: 1.2 OPEN Al LAB Non-Confidential
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2.4 fE X86(Ubuntu)Xf ARM Linux 3% X 4%

Tengine H i SZ £ 4} ARM64 5 ARM32 £ X86 Linux(Ubuntu)#E 1738 X gmik, RAT L% IR 4n
NIRRT R TE

2.4.1 FREUFEACHS
YRATHIB AR 2.1 25 [ 08 F SRR
2.4.2 ‘%% rootfs

HE tengine H 3% T systemroot.

cd ~/tengine/sysroot/
sudo apt install make
sudo apt install multistrap

Armo64:

make ubuntu

Arm32:

make ubuntu32

2.4.3 2 AR5 X Y G HE

Armo64:

sudo apt install g++-aarch64-linux-gnu

Arm32:

sudo apt install g++-arm-linux-gnueabihf

2.4.4 NIEAHEAE X 95 1% protobuf
2.4.4.1 YRk

TR 28 2.7 5 B IR AR IR .
2.4.4.2 ¥ so 5 header &% rootfs T

e Arm64:

SCRYRRAS: 1.2 OPEN Al LAB Non-Confidential
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cd ~/tengine/
cp PROTO_PATH/lib/libprotobuf.so sysroot/ubuntu_rootfs/usr/lib/
cp PROTO_PATH/include/google sysroot/ubuntu_rootfs/usr/include -r

e Arm32:
cd ~/tengine/
cp PROTO_PATH/lib/libprotobuf.so sysroot/ubuntu_rootfs32/usr/lib/
cp PROTO_PATHY/include/google sysroot/ubuntu_rootfs32/usr/include -r

Ebin: PROTO_PATH = opl/protobuf 3.0.0, RA] LLE I 6 2 i &K 6 -

Jconfigure --with-protoc=protoc --host=aarch64-linux-gnu --
prefix=ABSOLUTE__ PATH/tengine/opl/protobuf_3.0.0

£ ARMG64 ' demo 1 :

miuv@ubuntu:~ fendlnes cp opl/protobuf 3.8.8/lib/1libprotobuf.so sysroot/ubuntu_ rootfs/fusr/lib/

m1umubuntu ~ fenq1nes cp opl/protobuf_3.0.08/include/google/ sysrootfubuntu_rootfsfusr/include/ -

2.4.5 4w configuration 3.4

cd ~/tengine/
cp makefile.config.example makefile.config
vim makefile.config

e Arm64:
7B CONFIG_ARCH_ARMG64=y 3+ H 8 F| CROSS_COMPILE=aarch64-linux-gnu-
[E] i CONFIG_ARCH_ARMG64 T F
ﬁDT Kl s :

IG_ARCH_ARM64
CONFIG_ARCH_ARM32=y

# Enable Compiling Optimization
CONFIG_OPT_CFLAGS = -02

SCRYRRAS: 1.2 OPEN Al LAB Non-Confidential
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e Arm32.
7EF: CONFIG_ARCH_ARM32=y # Hf §& CROSS_COMPILE=arm-linux-gnueabihf-
5] i 48 CONFIG_ARCH_ARM32 T JF
N

Set the
# CONFIG
CONFIG_ARCH_ARM32=y

2.4.6 1% 94 PF Tengine

make
EfF B IE , WRAEm RSS2 5 build H 3 N A7TE libtengine.so SCF, 1 B 4 3 I FE A%
e i
miu@ubuntu:~/tengine$
miu@ubuntu:~/tengines$ 1ls build/
core executor -imternal libtengine.so /serializer tools

driver hclarm libhclcpu.so Doperator
miu@ubuntu:~/tengine$

2.4.7 M,

TR IR BE e e, IR 4T ezt
make install
K SO E B ARG FARE H AR 1P A4 B i T SO 2L B
scp -r ./install rk@192.168.88.52:~/test
scp -r ./models/ rk@192.168.88.52:~/test
scp -r ./tests/images/ rk@192.168.88.52:~/test
scp opl/protobuf_3.0.0/lib/libprotobuf.s0.10 rk@192.168.88.52:~/test

ok HAA G BEASE X B I H %

SCRYRRAS: 1.2 OPEN Al LAB Non-Confidential
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cd ~/test

export LD_LIBRARY_PATH=.
mv install/lib/lib*.so .
Jinstall/bin/bench_sqz

feon: AR PUUEIE N IR . T EATRAER —PHR .

UTRAYRIE R —MRIR N GLIBCXX A i) B A 1%, a0 F R
guest@firefly:~/test$ ./bench mobilenet
./bench_mobilenet: fusr/lib/aarch64-linux-gnu/libstdc++.s0.6: version “GLIBCXX 3.4.
not found (required by ./libtengine.so)

guest@firefly:~/test$ I

PRA] DB — N5 il i 17 -

sudo apt-get install libstdc++6

2.5 FE X86 Linux “F&N Android 32 X 4w i%
2.5.1 %k Tengine JEACHS

PRA] AR R 2.1 &5 [P IR AR .
2.5.2 T %% OpenCV protobuf OpenBLAS #1 Android ndk

MBERE T % LA 3044 http://ftp.openailab.net.cn/Tengine_android_build/
android-ndk-r16-linux-x86_64.zip

openblas020_android.tgz

opencv.tgz

protobuf_lib.tgz

ComputeLibrary.tgz

EE: SRR

Tengine Android build (8%4%: https://pan.baidu.com/s/IRPHK_jiOLIL3ztjUa893Yg#list/path=%2F) %
£]: kaba:

2.5.3 fieJ& protobuf android-ndk-ri16-linux-x86_64.zip A1 openblas

unzip android-ndk-r16-linux-x86_64.zip
tar -zxvf protobuf_lib.tgz

SRS RRAR: 1.2 OPEN Al LAB Non-Confidential
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tar -zxvf openblas020_android.tgz
tar -xzvf ComputeLibrary.tgz

PR R CATE X BLE i iy A A opencv.tgz MRS %)

tar -xzvf opencv.tgz

2.5.4 VW B WU SCIF EEAR

AT B KOO/ 4452 NDK PATH, PROTOBUF _DIR, BLAS PATH fiI
CONFIG_ARCH_TYPE.

vi ~/tengine/android_config.txt

o INFARAEEL P android for armv7:
set the CONFIG_ARCH_TYPE:ARMv7
o INFARAEEL P android for armvs:
set the CONFIG_ARCH_TYPE:ARMvS8
F HegZ5 4~ %42 ANDROID_NDK, PROTOBUF_DIR fil BLAS_DIR 2 §ii 7-fik {47 & ,
W FroR
ANDROID_NDK:/home/usr/android-ndk-r16b
PROTOBUF_DIR:/home/usr/protobuf_lib
BLAS_DIR:/home/usr/Openblas020-android
ACL_ROOT:/home/usr/ComputeLibrary
CONFIG_ARCH_TYPE:ARMvS
PR A2 —ANEES ARMVS [ HC B SO
ANDROID_NDK:/home/bhu/workshop/android/android-ndk-r16b
PROTOBUF_DIR:/home/bhu/workshop/android/protobuf _lib
BLAS DIR:/home/bhu/workshop/android/Openblas020-android
ACL_ROOT:/home/bhu/workshop/android/ComputeLibrary
CONFIG_ARCH_TYPE:ARMvS

2.5.5 9w i¥ tengine

cd ~/tengine
o MR ARAEESR P android for armv7:
vi android_build_armv7.sh
W EH* DCONFIG_ARCH_ARM32=0ON *
o UNFARAEE Y1 android for armv8:

SCRYRRAS: 1.2 OPEN Al LAB Non-Confidential
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vi android_build_armv8.sh

% E* DCONFIG_ARCH_ARM64=0ON *
o HNHYRAE ] openblas iz 47 tengine:
MICAE . Jandroid_build_armv7.sh %../android_build_armv8.sh # i DCONFIG_ARCH_ARM64

g% DCONFIG_ARCH_ARM32, % &** -DCONFIG_ARCH_BLAS=0ON *.You must set the correct®
BLAS_DIR** 7£ 3 {4 android_config.txt

mkdir build
cd build

o NSRRI FE 45 PE android for armv7:

.Jandroid_build_armv7.sh

o LR RAREE SR 1% android for armv8:

.Jandroid_build_armv8.sh

make -j4
make install

2.5.6 gm A
2.5.6.1 fi#t % opencv

1143 opencv-3.4.0-android-sdk H 3%, 4RJ5 AL,

unzip opencv-3.4.0-android-sdk.zip

2.5.6.2 % & TENGINE_DIR, OpenCV_DIR, PROTOBUF_DIR.

cd ~/tengine/examples

o IR RAE TSR3k android for armv7:

vi android_build_armv7.sh

15 1E example/android_build_armv7.sh HFSINIERA R blas #5458, W fR 2235 H s Ar
F TENGINE_DIR .
o UNFARAEEY 1% android for armv8:
vi android_build_armv8.sh

TE7E example/android_build_armv7.sh FH I IER 1) blas #5642, #0235 H 341
T TENGINE_DIR #1,

SCRYRRAS: 1.2 OPEN Al LAB Non-Confidential
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W AR, At Nz #ovSLPr H 3.
#1/bin/bash

export ANDROID_NDK=/home/usr/android-ndk-r16b

cmake -
DCMAKE_TOOLCHAIN_FILE=$ANDROID_NDK/build/cmake/android.toolchain.cmak e\

-DANDROID_ABI="arm64-v8a" \
-DANDROID_PLATFORM=android-21 \
-DANDROID_STL=c++_shared \
-DTENGINE_DIR=/home/usr/tengine \
-DOpenCV_DIR=/home/usr/opencv/sdk/native/jni \
-DPROTOBUF_DIR=/home/usr/protobuf _lib\

o UNHIRIEEAEH OpenBlas iz1T Tengien:
15 7E example/android_build_armv7.sh 5% example/android_build_armv8.sh.&%, A s in - 1Y
blas #$1%: -DBLAS_DIR=/home/usr/openbla020_android

2.5.6.3% 7k demo FEH

cd ~/tengine/examples
mkdir build
cd build

o R YRAEELRPE android for armv7:
.Jandroid_build_armv7.sh

o AR RAE E g3 android for armv8:

.Jandroid_build_armv8.sh

make -j4
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2.5.7 TEHN 223 adb, adb_driver
T R AR ) 22 BV £ IOAH O% R A
2.5.8 fE 225 I Tengine ] Demo

2.5.8.1 & A

cd ~/tengine
Jandroid_pack.sh
cp -rf ./models ./android_pack

FoAth oA
o KA Fr(cat.jpg,bike.jpg B HiAh)
cp -rf ./tests/images/ ./android_pack

e  examples/build/imagenet_classification/Classify
cp ./Jexamples/build/imagenet_classification/Classify ./android_pack

2.5.8. 2K B A i 2] Android W 4%

¥ LLR SO E 2l ~/tengine/android_pack
adb push ./android_pack /data/local/tmp

2.5.8.3181T

adb root
adb shell
cd /data/local/tmp/
chmod u+x Classify
export LD_LIBRARY PATH-=.
[Classify -i images/cat.jpg
I SE
0.2763 - "n02123045 tabby, tabby cat"
0.2673 - "n021231509 tiger cat"
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0.1766 - "n02119789 kit fox, Vulpes macrotis"
0.0827 - "n02124075 Egyptian cat"
0.0777 - "n02085620 Chihuahua™

2.6 9E ACL

HHT, Tengine ¥ ACL x4 /& 18.05,
git clone https://github.com/ARM-software/ComputeL.ibrary.qgit
git checkout v18.05

PRA] DL I B R R 1S 2 13620 IR
https://arm—software. github. io/ComputeLibrary/v18. 05/

2.7 3L Protobuf

2.7.1 4% protobuf-compiler 3 FLEAA 24 AT 4< A 3.0.0

sudo apt install protobuf-compiler
protoc --version

peter@ubuntu:~/tenginefsysroot$ protoc --version

libprotoc 3.0.0

2.7.2 “#&%& protobuf

VERE: T E protobuf AN 4215 host fiRASAHE] . CRR#E L 7= T %k 3.0.0 AiAS)
A R EINE B RRCA Dy 3.0.0,  RAT LA 2UEACHS A EA T $8 2

cd ~

wget https://github.com/protocolbuffers/protobuf/archive/v3.0.0.tar.gz

tar -xzvf v3.0.0.tar.gz

2.7.3 3% autoconf automake libtool

sudo apt-get install autoconf automake libtool curl
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2.7.4 %% protobuf

HENAE 2.7.1 75 T 2 protobuf H 3%,
7t tengine HX ', #Hg—

SRJE AT BA T i
ANB A=, A5 4408 opl,

i{% protobuf comile {4

cd ~/tengine/
mkdir opl

SRIEBEN protobuf Bk, ZH M 2.7.1.2 T

miu@ubuntu:~% cd protobuf-3.0.0/

85 1s
generate_descriptor_proto.sh
gmock .BUILD

miu@ubuntu:~/protobuf-3.0
appveyor.bat
appveyor.yml
autogen.sh
benchmarks

protobuf-lite.pc.in
protobuf.pc.in
Protobuf.podspec
protoc-artifacts

BUILD python
CHAMNGES . txXt js README . md
cmake LICENSE ruby
configure.ac m4 six.BUILD
conformance Makeflle am Src
co TRIBUTDR*-txt tests.sh
csha update_file_lists.sh
util
post_process_dist.sh WORKSPACE
mples protobuf.bzl
miu@ubuntu:~/protobuf-:
miuvu@ubuntu:~/protobuf-:
BTN IR 2
Jautogen.sh
PRAT B 218 B X AL I B R AR R

miu@ubuntu:~fprmtmhuf-3.E 3% . fautogen.sh
Google Mock not present.
% Total % Received

% Xferd Average

Dload

Speed
Upload

] e ] e e e e

sed
miu@ubuntu:~/protobuf-3.0.05 |j

BT AL [Rl, autogen JCikiE
autogen.sh H B B B #dERE

B -=:-==2:= ©:00:21 =-2:=:--

rL: (7) Failed to connect to googlemock.googlecode.com port 443:

Fetching gmock-1.7.8 from the web.

Time
Left

Time
Total

Tlme
Spent

Current

Speed
Gcu

Connection refu

o curl NEASEANEACND, KT E R T EEEE, WTLE

curl $curlopts -L -0 gmock-1.7.0.zip https://github. com/peter—

wangxu/gmock/archive/1.7.0. zip

T.Ef/\/ %E/j;_%j‘l‘o
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miuv@ubuntu:~/protobuf-3.0.085% git diff autogen.sh original autogen.sh
diff --git afautogen.sh_original bfautogen.sh
index 5b4c29f..621028f 100755
--- afautogen.sh_original
+++ bjautogen.sh
fi

# directory is set up as an SVN external.
if test ! -e gmock; then

echo "Google Mock not present. Fetching gmock-1.7.8 from the web..."

unzip -q gmock-1.7.0.zip

rm gmock-1.7.0.zip

mv gmock-1.7.8 gmock
miu@ubuntu:~/protobuf-3.0.05 ||

i1t autogen.sh B ) N EBERE C J5, KB IT 2464, BLT 2is 484 B
Jautogen.sh

Jconfigure --with-protoc=protoc --host=aarch64-linux-gnu --
prefix=ABSOLUTE__ PATH/tengine/opl/protobuf_3.0.0

make
sudo make install
21 () ABSOLUTE__PATH 7R Tengine f4axt Hk, FEA KB home/miu/tengine/.
FT LI 4
Jconfigure --with-protoc=protoc --host=aarch64-linux-gnu --
prefix=/home/miu/tengine/opl/protobuf_3.0.0

2.8 makefile.config

Tengine H % T makefile.config 3/ (J5 454 #7A makefile.config.example) , 51215 LK
8% 44 A makefile.config EIA . XN EITTE
# cross compile for ARM64
# CROSS_COMPILE=aarch64-linux-gnu-
X X LHECE, WRIRAE X Pk ARMG4A, N 7 ZAH AR 1Z 51T
# cross compile for ARM32
# CROSS_COMPILE=arm-linux-gnueabihf-
XA M gw e THEHE, RAIRAE X ARM32, I 75 Z AL REiZ 2% A .
ARMG64 5 ARM32 — ik RAE It —A, s A Hd—A>.
# JJEN 15 SysRoot [XJ3),  PAfE Ay ir AT HL g
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# R T B s A/ — S i i (1) e
#
# EMBEDDED_CROSS_ROOT=/opt/install/

# & HFx arch
CONFIG_ARCH_ARM64=y
# CONFIG_ARCH_ARM32=y

FEA 2w PEARRS IS, W] BLRS bR 2% F

# o g e AL
CONFIG_OPT_CFLAGS = -02

Gmikiitl, TATEVURAEENRE.,

# 1§ F BLAS 1 NIz AT
# CONFIG_ARCH_BLAS=y

WS EAE x86 Linux - ASHLSm 3 Tengine, 7528 FHZ 5444

# Ja Hl GPU 32 #F ARM 115 JE
# CONFIG_ACL_GPU=y

# W E ACL 1%
# ACL_ROOT=/home/firefly/ComputeLibrary

# J5 AR SR PP 8 A ST A
CONFIG_CAFFE_SERIALIZER=y

# CONFIG_MXNET_SERIALIZER=y
# CONFIG_ONNX_SERIALIZER=y
# CONFIG_TF_SERIALIZER=y

# CONFIG_TFLITE_SERIALIZER=y
CONFIG_TENGINE_SERIALIZER=y

TR, IR E R A R B IR s 2 A

# J5 Fl Wrappers
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# CONFIG_FRAMEWORK_WRAPPER=y

I SR 5 Ad Y tensorflow 1§, caffe 1) wrapper, W7 %8 %% 1F

# version postfix
CONFIG_VERSION_POSTFIX=github

# support legacy API
CONFIG_LEGACY_API=y

This is the condition for support legacy API, we recommend you enable it.

# kernel configuration
CONFIG_KERNEL_FP32=y
CONFIG_KERNEL_FP16=y
CONFIG_KERNEL_INT8=y
CONFIG_KERNEL_UINT8=y

Er R T ECE kernel B0, ATV BURE T A IX L2 2% 1
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3 Tengine C APl 1148

31 ZEEXS5EHIE

t#tdefine

MAX_SHAPE_DIM_NUM

/* tensor MEHEIET */

#tdefine
t#tdefine
#tdefine
ttdefine
#tdefine
ttdefine

TENGINE_DT_FP32
TENGINE_DT_FP16
TENGINE_DT_INTS
TENGINE_DT_UINT8
TENGINE_DT_INT32
TENGINE_DT_INT16

/* layout % */

t#tdefine
t#tdefine

/* tensor type: the content changed or not during inference */

#tdefine
ttdefine
#tdefine
ttdefine
#tdefine

TENGINE_LAYOUT_NCHW
TENGINE_LAYOUT_NHWC

TENSOR_TYPE_UNKNOWN
TENSOR_TYPE_VAR
TENSOR_TYPE_CONST
TENSOR_TYPE_INPUT
TENSOR_TYPE_DEP

/* node BERFIRIERE L2 7 %/

#tdefine
ttdefine
#tdefine
ttdefine
#tdefine

NODE_DUMP_ACTION_DISABLE
NODE_DUMP_ACTION_ENABLE
NODE_DUMP_ACTION_START
NODE_DUMP_ACTION_STOP
NODE_DUMP_ACTION_GET

/* graph YERESNTEE XL */

#tdefine
ttdefine
#idefine
ttdefine
#idefine
ttdefine

GRAPH_PERF_STAT_DISABLE
GRAPH_PERF_STAT_ENABLE
GRAPH_PERF_STAT_STOP
GRAPH_PERF_STAT_START
GRAPH_PERF_STAT_RESET
GRAPH_PERF_STAT_GET

/* GBEIERRUEN Unix HEHE X */
enum log_level

{
SCRAARA: 1.2

[y U dh WN RO

AP W N RO AP W N RO

ui p W N RO
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LOG_EMERG,
LOG_ALERT,
LOG _CRIT,
LOG_ERR,
LOG_WARNING,
LOG_NOTICE,
LOG_INFO,
LOG_DEBUG

3

/* J¥E: Android nn € X—EFEAE? 2 %/
enum graph_exec_event

{
GRAPH_EXEC_START,
GRAPH_EXEC_SUSPEND,
GRAPH_EXEC_RESUME,
GRAPH_EXEC_ABORT,
GRAPH_EXEC_DONE

s

enum graph_exec_stat

{
GRAPH_STAT_CREATED,
GRAPH_STAT_READY,
GRAPH_STAT_RUNNING,
GRAPH_STAT_DONE,
GRAPH_STAT_ERROR

}s

enum device_policy

{
DEFAULT_POLICY,
LATENCY_POLICY,
LOW_POWER_POLICY

}s

typedef void * context_t;

typedef void * graph_t;

typedef void * tensor_t;

typedef void * node_t;

typedef int (*event_handler_t)(graph_t, int, void* arg);

typedef void (*log_print_t)(const char*);

/* PERER ML */
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struct perf_info

{
const char* name;
const char* dev_name;
uint32_t
uint32_t
uint32_t
uinted_t
uint32_t

count;

min;

max;
total_time;
base;

1

struct custom_kernel_tensor

{
int dim[MAX_SHAPE_DIM_NUM];
dim_num;

element_num;

int
int
int
int

element_size;
data_type;
int dev_type;
int layout_type;
/* quant info */
int quant_type;
float* scale;

int* zero_point;
int* quant_number;

void* data;
void* dev_mem;
void* mapped_mem;
s
//
/* BER P I E CH) Kernel */
struct custom_kernel_ops

{

const char* kernel_name;
const char* op;
int force;

void* kernel_param;
int kernel param_size;

/%1

SCRRRAR: 1.2

/*
/*

/*
/*

/*
/*

/*

/*

/*

/*

/*
/*
/*

/*
/*
/*

/*

* @brief MRAEHATZIRAE Bk R

node #Fx */
wEB */

us 8¢ cycle, R T &4 */
1ms second time number */

FEARMIEAL */

valid entry number */
¥ HE257 (data_type) RiE */
FonikEJET CPU/GPU ... */

NCHW RAEl# NHWC KA */

int8, intl6 or int32 */

pointer to host memory (virtual address) */
refers to device memory block */
the mapped dress for device memory block */

kernel Z#x */
FESLULRT op HIAHRR */

if not set, when bind() failed,
try to use other kernel implementations*/

T WAZSE B R B */

OPEN Al LAB Non-Confidential
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& WA, LB E N NULL.

* @param [in] ops: HT X kernel H4g%t.
* @param [in] inputs[]: #RIAHIATKEIRIFEE .

* JEIR N MAX_SHAPE_DIM_NUM JCZ,
* EH e MR RERINEE.

* @param [in] input_num: HIAFKEREH .

* @param [out] outputs[]: 7&IA CL4HC A7 HIH H Tk E IR A FR 4 5 .

* @param [in] output_num: %t akE % H

* @param [in] layout: KEIJEAi)E N NHWC BX NCHW

*

* @return @: success, -1: fail.

*/

int (*infer_shape)(struct custom_kernel ops* ops, const int* inputs[],
int input_num, int* outputs[],int output_num, int layout);

7=k

* @brief Get the inplace input tensor index for an output tensor.

*k

* @param [in] ops: H&EXARHIEE .

* @param [in] output_idx: Hi&E XWZHHKZEG.

*k

* @return the inplace input tensor index for an output tensor.

e if the output tensor is not an inplace one, return -1.

*/

int (*inplace_info)(struct custom kernel ops* ops, int output_idx); // RJEl

/*1
@brief AT AT LA H A A A4 TR .

*

* @param [in] ops: K& X kernel ffji84t.

* @param [in] inputs[]: FHTHIAM HE X kernel [ tensor
* @param [in] input_num: input tensors 1% H

* @param [in] outputs[]: Hi&E X kernel [¥] output tensor

*

@param [in] output_num: output tensors [H%(H

@return @ if the input and output are supported
otherwise, return -1.

EE R R

notes: If not implemented, set it NULL, which means always return 0.

*/

int (*bind)( struct custom_kernel_ops* ops,

const struct custom_kernel_tensor* inputs[], int input_num,
const struct custom_kernel tensor* outputs[], int output_num);
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/*!
* @brief Filiz1T graph.
* dynamic_shape ®MM#E input_num NEN AR FEEH.

*

* @param [in] ops: HJE X kernel f5%l.

* @param [in] inputs[]: Hi& X kernel [f] input tensor

* @param [in] input_num: H3E X kernel ffJ input tensor HI%H

* @param [in] outputs[]: HE X kernel ff] output tensor

* @param [in] output_num: [ & X kernel [¥] output tensor fI%(H

* @param [in] dynamic_shape: It is not an abnormal case when input_num is
zero.? ?

*

* @return @: success, -1: fail.

*/

int (*prerun)(struct custom_kernel ops* ops,
struct custom_kernel_tensor* inputs[], int input_num,
struct custom_kernel_tensor* outputs[], int output_num,
int dynamic_shape);

7=k

* @brief Reshape the graph.

*

* @param [in] ops: HJE X kernel fyfg%l.

* @param [in] inputs[]: HE X kernel [f] input tensor

* @param [in] input_num: H3E X kernel [f] input tensor [E(H

* @param [in] outputs[]: HJE X kernel [f] output tensor

* @param [in] output_num: HE X kernel [ output tensor HI%(H

* @return @: success, -1: fail.

* notes: MHMATEARE SN, KRAE.

* WH prerun() 5, 752 ECGHEHT 2 BCi2 1T
* BRIR R T4 A TR
Sy

int (*reshape)(struct custom_kernel ops* ops,
struct custom_kernel tensor* inputs[], int input_num,
struct custom_kernel_tensor* outputs[], int output_num);

/*!

* @brief 11T graph.

*

* @param [in] ops: HE X kernel [fJ35%tf.

* @param [in] inputs[]: HJE X kernel [f] input tensor

* @param [in] input_num: H3E X kernel [f] input tensor 1% H
* @param [in] outputs[]: Hi&E X kernel ] output tensor
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* @param [in] output_num: Hi& X kernel [¥] output tensor fI%(H

*

* @return @: success, -1: fail.

*/

int (*run)(struct custom_kernel ops* ops,
struct custom_kernel_tensor* inputs[], int input_num,
struct custom_kernel_tensor* outputs[], int output_num);

/*!

* @brief ¥ graph R graph @47 I8 B U

k

* @param [in] ops: HiE X kernel fIE4l.

* @param [in] inputs[]: HE X kernel [f] input tensor

* @param [in] input_num: HJE X kernel [ input tensor % H

* @param [in] outputs[]: HE X kernel i output tensor

* @param [in] output_num: F & X kernel [¥] output tensor f%H

*

* @return @: success, -1: fail.

*/

int (*postrun)(struct custom_kernel ops* ops,
struct custom_kernel_tensor* inputs[], int input_num,
struct custom_kernel tensor* outputs[], int output_num);

/*!
* @brief B HECL L ops SEILHIFIE .

*

* @param [in] ops: HiE X kernel [fiE4f.

*

* @return None.
*/
void (*release)(struct custom_kernel ops* ops);

b

3.2 APl

Tengine SCRFH) 32 APIs 2
e init_tengine: #J4H{k tengine.
e release_tengine: FEJK tengine T
e get_tengine version: 3KHY tengine x4 5
e request_tengine_version: ¥ tengine MUAS 5 A& 15 S HF
e create_graph: fJ% graph
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e save_graph: {17 graph 2|3

e set_graph_layout: ¥ & graph [ 5257 (layout)

e set_graph_input_node: i&%# graph [ A7 &i(node)

e set_graph_output_node: BZE graph % H 17 5 (node)

e merge_graph: #Z > graph & 94— graph

e destroy graph: 445 graph

e get_graph_input_node_number: 3RHL graph %A 75 s (node) it %
e get_graph_input_node: #id ID $EHX gragh % A5 55 (node)

e get_graph_output_node_number: 3RHX graph [¥1% 75 £ (node) %k
e get_graph_output_node: Hit ID 3KHX gragh Hfi 75 i (node)

e get_graph_output_tensor: J#id ID FREL graph (1% H =1 25K & (tensor)
e get_graph_input_tensor: @it ID KL graph H AT £ 17K & (tensor)
e create_graph_node: 1% graph #7715 55 (node)

e get_graph_node: FEHLTY £ (node) ) HK

e get node_name: ZKHUF £ (node) ) 4 FR

e get_node_op: ZRHUTT i (node) 1 #5F (operation)

e release_graph_node: i graph #1715 s (node)

e get_node_input_tensor: #id ID FRHL £ (node) % A 5K & (tensor)
e get_node_output_tensor: i ID FRELFT A (node) )4 H 5K & (tensor)
e set_node_input_tensor: ¥ & 7 s (node) 1% N\ 7K & (tensor)

e set_node_output_tensor: ¥ & i £i(node) K% H 5K & (tensor)

e get_node_output_number: FRELTT i (node) 140 Hi 5k & (tensor) N4k

e get_node_input_number: FEELHS £ (node) i % A\ 5K & (tensor) 4k

e add_node_attr: ¥s N7 £ (node) = % (attribute)

e get_node attr_int: FKHL & (node) K3 R S %)

e get_node_attr_float: KXY s (node) 1% i 8 244

e get node_attr_pointer: FRHY £i(node) KB B S5

e get_node_attr_generic: ZKHUT £ (node) 18 F B 244

e set_node_attr_int: ¥ E 77 A (node) LR S 4L

e set_node_attr float: ¥ & 7 /i (node) H1iF s A 24K

e set_node_attr_pointer: & 77 55 (node)FIFE4EN T S5

e set_node_attr_generic: ¥ E 17 s (node) i1 iE H B S5

o set_custom_kernel: % & i%E H /M (kernel)

e remove_custom_kernel: #5794 (kernel)

e create_graph_tensor: {!%E graph [k & (tensor)
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e get_graph_tensor: i#id 4 Fr3KEL graph 5K & (tensor)
e get tensor_name: 3KHLIK & (tensor) 44 Fx

e release_graph_tensor: Fjf graph )5k & (tensor)

e get_tensor_shape: FRHXGK & (tensor) I T IR (shape)
e set_tensor_shape: & k& (tensor)HJE IR (shape)
e get_tensor_buffer_size: FRHUFK & (tensor) F1Ze47 K/
e get_tensor_buffer: FRHUTK & (tensor)14% 17 (buffer)
e set_tensor_buffer: i 5K & (tensor) ¥ 42 1% (buffer)
e get_tensor_data: FRHUFK & (tensor) )£ i (data)

e set_tensor_data: X E 7K & (tensor) %4k (data)

e et tensor_data_type: 3KHU7K & (tensor)H 4 LAY
e set _tensor_data_type: B 7K = (tensor) &I
e set_tensor_quant_param: W' tensor FI =S4

e et tensor_quant_param: 3RHX tensor =S

e set graph_attr: % & graph 1S4

e get graph_attr: 3KHX graph [1Z%

o set_graph_gd_method: ¥ graph [fIB6EE T F% 5%
e prerun_graph: graph [ iig4T

e run_graph: iz47 graph

e wait_graph: £ graph

e postrun_graph: {51EiZ4T graph HB graph /5 4 ) B R
e get_graph_exec_status: 3KHX graph FIHATIRES

e set_graph_event_hook: ¥ & graph 54 B4+
o set default_device: & & IR\

e set_graph_device: ¥ZE graph FIHATH %

e set_node_device: ## node AT &%

e get_node device: FRHL node AT 1 %%

e do_node_dump: fSFEETT AL dump ZhiE

e get_node_dump_buffer: SR £ H dump 2

e do_graph_perf stat: 3 HEZERHMRES LT

e get_graph_perf stat: SKEUPERESHE B

e get_device_number: 3REUX %45

e et device name: % index SRE 54 44 FK

e get_default_device: FREUERIAG %

e create device: fIJEHEK
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o destroy device: £45%i%+#%

e set_device policy: ¥ & ¥4 ME

e get_device policy: #RHU £ SFng

o get device attr: FRHUK %S

o set_device attr: BHEKESH

e create_context: % context

e destroy context: %45% context

e et _context_device_number: 3KH context B4 =
e get_context_device_name: 3KHX context ¥ %% 4% K

e add_context_device: K% NE] context

e remove_context_device: K ik R context

e set_context_attr: ¥ E context J&PE

e get context_attr: #KHY context J& I

e et tengine_errno: FREVEREE

e set log_level: & log 253l

e set_log output: BE HESTENThAEE

e dump_graph: dump 45

e load_tengine plugin: Jn#% Tengine {4

e unload_tengine plugin: # % Tengine &4

e get_tengine_plugin_number: 3KHX Tengine ff{F% &
e get_tengine plugin_name: #LZ 5| 3REUE: ) 42 FR

3.2.1 Tengine G175 B UAHE API

3.2.1.1 init_tengine

R init_tengine
B 13 [ tengine FERT, 14567 EHAT init_tengine(), X tengine FEHEAT WAL
¥ /5
R EME int 0 : R
-1 FoREM
JRA int init_tengine(void);
SRk 1.2 OPEN Al LAB Non-Confidential
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3.2.1.2 release_tengine

AR release_tengine

44 4T release_tengine(), X tengine 47 B3 YRR iERAE
ZH p

IR [E{E T

JREY void release_tengine(void);

3.2.1.3 get_tengine_version

R get_tengine_version

A FRHL Tengine FERIIRAAS B

23 p5

REME const char * A R 775 H 4R
JR A const char * get_tengine_version(void);

3.2.1.4 request_tengine_version

R request_tengine_version
A W41k Tengine 5, 183 %4 HIESRIBUS A e 15 Ol
B8 const char * version (1) WA 5 55 R B4R
B [EE int 1: FRIF
0: FRASH
JRA int request_tengine_version(const char * version);
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3.2.2 graph FHoHAE
3.2.2.1 create_graph
2R create_graph
4R 1% graph
2 context_t context (1) context HJ A4
const char * model_format () RABARRA, hi“tengine”,
“mxnet” , “caffe” , “onnx” , “tensorflow” %&
const char * file_name (N A 44 FR
(1) HAt =%
IR [E{E graph_t Graph AJ#, @5 NULL R R
¥t graph_t create_graph(context_t context, const char * model_format, const char *
file_name,...);

3.2.2.2 save_graph

LR save_graph
NA {747 graph
B8 graph_t graph (1) graph FIAJ#%
const char * model_format () RABRFRA, hin“tengine”,
“mxnet” , “caffe” , “onnx” , “tensorflow” 45
const char * file_name (N A 44 FR
(1) KAt =4
R [E{E int 0 : FKIRALID
-1 RRKRW
JRA int save_graph(graph_t graph, const char * model_format, const char *
SCHERRCA: 1.2 OPEN Al LAB Non-Confidential
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file_name, ...)

3.2.2.3 set_graph_layout

2R set_graph_layout

AR Bt graph 1] layout

28 graph_t graph (1) graph rH] 4K

int layout_type (1) Graph i layout 2574, Hbén:

TENGINE_LAYOUT_NCHW
TENGINE_LAYOUT_NHWC

R [EE int 0 : FIREI

-1 RORRI
JR A int set_graph_layout(graph_t graph, int layout_type);

3.2.2.4 set_graph_input_node

2R set_graph_input_node
4 & graph [¥J input node
B8 graph_t graph (1) graph FIAJ#%
const char * input_nodes[] (1) SN AL OFG%E, char 2%
int input_number () AT SR EE
IR [EME int 0 : LRI
-1 FREKMW
JE A int set_graph_input_node(graph_t graph, const char * input_nodes[], int
input_number);
SRR AR 1.2 OPEN Al LAB Non-Confidential
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3.2.2.5 set_graph_output_node

2R set_graph_output_node
N4 ¥ & graph 1) output node
¥ graph_t graph (1) graph FIAJ %

const char * output_nodes[]

(1) S B R ET, char 287

int output_number (1) % 5 S E
K [EE int 0 : RN
-1 FORKM
5Fit] int set_graph_output_node(graph_t graph, const char * output_nodes|[], int
output_number);
3.2.2.6 merge_graph
2R merge_graph
N4 ¥ 2 A~ graph 38— graph
2% int graph_num (1) graph A A%
graph_t graph0 (1) graph &]4% 0
graph_t graphl (1) graph AJ4H 1
(1) HAh =%
IR [E{E graph_t graph AJ#%, 1R NULL R 2EMK
JRA graph_t merge_graph(int graph_num , graph_t graphO, graph_t graphl, ...);

3.2.2.7 destroy_graph

2R destroy_graph
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e 5455 graph

28 graph_t graph (1) graph 1]

yREI N int 0 : RN
-1 FoRRIK

JR A int destroy_graph(graph_t graph);

3.2.2.8 get_graph_input_node_number

AR get_graph_input_node_number

A FREX graph B% A\ & (node) % H

S graph_t graph (1) graph #J4H

% [E{E int >0 : node MK
-1 : failure

JR & int get_graph_input_node_number(graph_t graph):

3.2.2.9 get_graph_input_node

AR get_graph_input_node
A Tt 1D $RHL gragh FI%I 4 £ (node)
S8 graph_t graph (1) graph ]
int idx (1) Node T #5(>=0)
REME node_t node FJ#7, A1y NULL 7R 2RI
JR A node_t get_graph_input_node(graph_t graph, int idx);

3.2.2.10 get_graph_output_node number

22y

get_graph_output_node_number
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4R FRHL graph Fr1% H 5 £ (node) ™4k

28 graph_t graph (1) graph 1]

iR [E{E int >0 : node 9w 5
-1 R

JR A int get_graph_output_node_number(graph_t graph);

3.2.2.11 get_graph_output_node

AR get_graph_output_node
4 i3 1D $REL gragh % H 5 £ (node)
S8 graph_t graph (1) graph ]
int idx (1) Node T #5(>=0)
R EE node_t node A, WIH A NULL RoR KK
JR A node_t get_graph_output_node(graph_t graph, int idx);

3.2.2.12 get_graph_output_tensor

R get_graph_output_tensor
4 % 1D 3RHX graph % H 7K & (tensor)
S graph_t graph (1) graph AJ#
int output_node_idx (1) Node T#5(>=0)
int tensor_idx (1) tensor T#x (>=0)
R [E{E tensor_t tensor AJAA, G5 A NULL F£Rn R
JE R tensor_t get_graph_output_tensor(graph_t graph, int output_node_idx, int
tensor_idx);
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3.2.2.13 get_graph_input_tensor

2R get_graph_input_tensor
A 2 1D $RHK graph %6 A\ 5k & (tensor)
BH graph_t graph (1) graph 4%
int input_node_idx (1) Node T #5(>=0)
int tensor_idx (1) tensor Ffx (>=0)
AR tensor_t tensor A4, IR A NULL 7R KM
5¥it] tensor_t get_graph_input_tensor(graph_t graph, int input_node_idx, int
tensor_idx);

3.2.2.14 get_graph_node_number

AR get_graph_node_number

N4A SR graph 1) node %1 B

S8 graph_t graph (1) graph ]

B [EME int >=0: RN
-1 BRI

R int get_graph_node_number(graph_t graph);

3.2.2.15 get_graph_node by idx

2R get_graph_node_by _idx
NE JEIL R FRFEEL graph f node
S graph_t graph (1) graph AJ 4
int node_idx (1) node ) T Ax
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R [EME node_t node AR, U1 NULL F£oR K
node_t get_graph_node_by idx(graph_t graph, int node_idx);
3.2.3 node #H K EEAE
3.2.3.1 create_graph_node
2R create_graph_node
A %k graph ) node
BH graph_t graph (1) graph )47
const char * node_name (1) node F1J 44
const char * op_name () #A1EZFR
1B E{E node_t node FJAK, WIHAN NULL RoR KK
¥t node_t create_graph_node(graph_t graph, const char * node_name, const char *
op_name);

3.2.3.2 get_graph_node

2R get_graph_node
4 3R graph f#) node (6] #%
2 graph_t graph (1) graph “J#
const char * node_name (1) node ) F5
iR BB node_t node )N, WISy NULL 5
RE node_t get_graph_node(graph_t graph, const char * node_name);
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3.2.3.3 get_node_name

2R get_node_name

4R FREL node 144 FK

¥ node_t node (1) node FJ 4

R [EME const char * node AJRR A4 FRIEEE, WIAROY NULL KoR
KK

JRA const char * get_node_name(node_t node);

3.2.3.4 get_node op

R get_node_op

A RN node 1 HI (1 #21F (op)

S node_t node (1) node )4

1R E{E const char * node (1) op Z#FxFEEr, W NULL &R
PRI

JR A const char * get_node_op(node_t node);

3.2.3.5 release graph node

2R release_graph_node
N8 FEJ graph ] node
S8 node_t node (1) node )4/
R [EME P
JRA void release_graph_node(node_t node);
SCRERRCA: 1.2 OPEN Al LAB Non-Confidential

43790




Tengine User Manual

3.2.3.6 get_node_input_tensor

2R get_node_input_tensor
44 FREX node F % A\ 7K & (tensor)
2 node_t node (1) node fJ#4#
int input_idx (1) Input [ N5 (>=0)
R BI{E tensor_t tensor 1A, WIAA NULL R 2RIK
JR A tensor_t get_node_input_tensor(node_t node, int input_idx);

3.2.3.7 get_node_output_tensor

AR get_node_output_tensor
s FREL node )% H 7K & (tensor)
B node_t node (1) node )4/
int output_idx (1) Output ) ~Hx (>=0)
R EE tensor_t tensor FRIAJAR, WA NULL xR
R tensor_t get_node_output_tensor(node_t node, int output_idx);

3.2.3.8 set_node_input_tensor

R set_node_input_tensor
N4 W E node FI% A\ 7k & (tensor)
S node_t node (1) node )4
int input_idx (1) Input i1 F A5 (>=0)
tensor_t tensor (1) tensor 154
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R [EME int 0 : KB
-1 FORBE RN
RE int set_node_input_tensor(node_t node, int input_idx, tensor_t tensor);

3.2.3.9 set_node_output_tensor

R set_node_output_tensor
A+ W& node )% i 7K & (tensor)
S node_t node (1) node fJ##

int output_idx (1) Input i\ R A5 (>=0)

tensor_t tensor (1) tensor (1) FJ4E

int tensor_type (1) tensor 257!
38 [EE int 0 : RN

-1 FRKR
JR int set_node_output_tensor(node_t node, int output_idx, tensor_t tensor, int
tensor_type);

3.2.3.10 get_node_output_number

AR get_node_output_number
i) FKHL node F % H 5K 5 (tensor) 4N %
¥ node_t node (1) node )4
18 [E{E int >0 ;i H 5K & (tensor) 2K
-1 FoRRI
JRA int get_node_output_number(node_t node);
SCRERRCA: 1.2 OPEN Al LAB Non-Confidential

45790




Tengine User Manual

3.2.3.11 get_node_input_number

2R get_node_input_number

N4 FREL node H i A\ 5K & (tensor) 4N 41

¥ node_t node (1) node FJ 4

R EME int >0 : FoHi A 7K & (tensor) >4k
JRAY int get_node_input_number(node_t node);

3.2.3.12 add_node_attr

2R add_node_attr
4 78N node JE
BH node_t node (1) node ] 4%
const char* attr_name ORREEZ
const char* type_name (1) &ML FR
int size () JE RN
R EME int
JE R int add_node_attr(node_t node, const char *attr_name, const char* type_name,
int size);

3.2.3.13 get_node attr_int

K get_node_attr_int
44 $KEL node [ int 5 S %
¥ node_t node (1) node )4
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const char * attr_name

(1) ZHA4HK

int * attr_val (O) int ZHuk [MME FEET
R [EME int 0 : FAIRHUKI)
-1 FORKRM
JR A

int get_node_attr_int(node_t node, const char * attr_name, int * attr_val);

3.2.3.14 get_node_attr_float

R get_node_attr_float
44 FREY node [ float 257 24
S node_t node (1) node )4

const char * attr_name (I) ZEAFR

float * attr_val (O) float Z: %tk [FIE 1) T £t
B EME int 0 : FRoRFRHUKTY

-1 RIRKRM

RE int get_node_attr_float(node_t node, const char * attr_name, float * attr_val);

3.2.3.15 get _node_attr_pointer

R get_node_attr_pointer
4R SR node FIFREF KA S5
¥ node_t node (1) node )47
const char * attr_name (1) ZH L Hx
void * attr_val (O) pointer Z4U {154l
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R E{E int 0 : FRIREUEID
-1 RIRIREUR IR

AR

int get_node_attr_pointer(node_t node, const char * attr_name, void * attr_val);

3.2.3.16 get_node_attr_generic

R get_node_attr_generic
4R SR node 38 Fl 244
S node_t node (1) node fJ##

const char * attr_name (1) ZH & H5

const char * type_name (I) SHEETZFR

void * buf (O) £ (1) buffer

int size (1) %5 1 buffer )R ~F
AN int 0 : FRonsRHUKT)

-1 FRoRIRAUR I
JR int get_node_attr_generic(node_t node, const char * attr_name, const char*
type_name, void * buf, int size);

3.2.3.17 set_node_attr _int

R set_node_attr_int
4R B H node 1] int 57 S %
¥ node_t node (1) node )47
const char * attr_name (1) ZH L Hx
const int * attr_val (1) int ZH0R [FME 4R
SRR AR 1.2 OPEN Al LAB Non-Confidential
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yREI N int 0 : FR/RZRHUKT)
-1 RORIREUR M
RE int set_node_attr_int(node_t node, const char * attr_name, const int *attr_val);

3.2.3.18 set_node_attr float

R set_node_attr_float
4R W E node 1) float 57 244
S node_t node (1) node fJ##

const char * attr_name (1) ZH & H5

const float * attr_val (1) float 23R [BI{E (1) a1
R [EME int 0 : FIRIREUKT)

-1 FORIRAURI
JE R int set_node_attr_float(node_t node, const char * attr_name, const float
*attr_val);

3.2.3.19 set_node_attr_pointer

R set_node_attr_pointer
A e E node IR S S8
S8 node_t node (1) node )4/

const char * attr_name (1) ZH L HR

const void * attr_val () feEH RS H R FaE
R [E{E int 0 : RIREUKT)

-1 RORIRBURIN
RE int set_node_attr_pointer(node_t node, const char * attr_name, const void
SCRERRCA: 1.2 OPEN Al LAB Non-Confidential
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*attr_val);

3.2.3.20 set_node_attr_generic

AR set_node_attr_generic
4R % E node 118 FH 241
¥ node_t node (1) node )4

const char * attr_name (1) ZH A FK

const char* type_name (1) KA PR

const void * buf (1) Bl buffer

int size () B i1 buffer 1R ~f
AN int 0 : RoIRHUKT)

-1 FORIRAURI
5Fit] int set_node_attr_generic(node_t node, const char * attr_name, const char *
type_name, const void * buf, int size);

3.2.4 kernel FHC#1E

3.2.4.1 set_custom_kernel

AR set_custom_Kkernel
MR WE A X kernel
S8 node_t node (1) node )4/
const char * dev_name () B2 HK
struct custom_kernel_ops * () PIZERAE S PR Ya £t
kernel_ops
SRR AR 1.2 OPEN Al LAB Non-Confidential
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iR FlE int 0 : FNBEMI)
-1 RN E RN
=¥t int set_custom_kernel(node_t node, const char * dev_name, struct
custom_kernel_ops * kernel_ops);

3.2.4.2 remove_custom_Kkernel

LK remove_custom_kernel
A BB E 5E X kernel
BH node_t node (1) node ] 4%
const char * dev_name (1) &2 FK
B EME int 0 : FRWERI
-1 FRORBCE R
RE int remove_custom_kernel(node_t node, const char * dev_name);

3.2.5 The tensor operation

3.2.5.1 create_graph_tensor

AR create_graph_tensor
N8 1%k graph ] tensor
S graph_t graph (1) graph FE) 4
const char * tensor_name (1) tensor H) 44 5
int data_type (1) ¥4 K70
R EE tensor_t tensor AFJA, WIHA NULL FR KK
JE R tensor_t create_graph_tensor(graph_t graph, const char * tensor_name, int
data_type);
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3.2.5.2 get_graph_tensor

LR get_graph_tensor
A 3XHX graph ] tensor
BH graph_t graph () graph HA]HA
const char * tensor_name (1) tensor H) 44 Fx
R BI{E tensor_t tensor f{IAJAR, WIS NULL R
RE tensor_t get_graph_tensor(graph_t graph, const char * tensor_name);

3.2.5.3 get_tensor_name

AR get_tensor_name

4 FRHY tensor )4 i

¥ tensor_t tensor (1) tensor ()4

R BB const char * tensor 478, 1R NULL R R IW
JR A const char * get_tensor_name(tensor_t tensor);

3.2.5.4 release_graph_tensor

2R release_graph_tensor
4 F&7#% graph ] tensor
¥ tensor_t tensor (1) tensor FIFJHA
R EE pi
JRA void release_graph_tensor(tensor_t tensor);
SRR AR 1.2 OPEN Al LAB Non-Confidential
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3.2.5.5 get_tensor_shape

LR get_tensor_shape
N4 FRHY tensor 1) shape
S¥ tensor_t tensor (1) tensor I F)AR

int dims[] (O) shape 1% 4H

int dim_number (1) B R~F
AN int 0 : RN

-1 FRRIN

RE int get_tensor_shape(tensor_t tensor, int dims[], int dim_number);

3.2.5.6 set_tensor_shape

2R set_tensor_shape
4 & tensor [ shape
¥ tensor_t tensor (1) tensor (1) FJ4R

const int dims[] (1) shape FI%2

int dim_number () BRI RS
B [EE int 0 : FRWEMI

-1 FORBERIN

RE int set_tensor_shape(tensor_t tensor, const int dims[], int dim_number);

3.2.5.7 get _tensor_buffer_size

R get_tensor_buffer_size
B $REY tensor 1) buffer [t K/
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S tensor_t tensor (1) tensor FJFJHA
R E{E Int >0 : buffer size

-1 : failure
JRA int get_tensor_buffer_size(tensor_t tensor);

3.2.5.8 get_tensor_buffer

AR get_tensor_buffer

NaA R HX tensor ] buffer

¥ tensor_t tensor (1) tensor (1) FJ4

1 5B void * Buffer (fifa%t, WA A NULL %R RIK
JR & void * get_tensor_buffer(tensor_t tensor);

3.2.5.9 set _tensor_buffer

R set_tensor_buffer
4R ¥ tensor () buffer
¥ tensor_t tensor (1) tensor (A4

void * buffer (1) Buffer f1484%t

int buffer_size (1) %3k buffer f) R~
IR [E{E int 0 : KR

-1 FRKR

R int set_tensor_buffer(tensor _t tensor, void * buffer, int buffer_size);

3.2.5.10 get_tensor_data

B

get_tensor_data

SCRRRAS: 1.2

OPEN Al LAB Non-Confidential
54 /90




Tengine User Manual

N4 FRHY tensor [ data
S tensor_t tensor (1) tensor FFJHA
void * output_data (O) %t buffer a4t
int data_size (1) % H B buffer K/
8 EE int 0 : KIRHIN
-1 RIRRIK
R int get_tensor_data(tensor_t tensor, void * output_data, int data_size);

3.2.5.11 set_tensor_data

R set_tensor_data
NaA W H tensor [{I4E
¥ tensor_t tensor (1) tensor () FJ4

const void * input_data (1) input 24 buffer FIFE4E!

int data_size (1) Input e ) R~}
IR [E{E int 0 : KR

-1 FRKR

R int set_tensor_data(tensor_t tensor, const void * input_data, int data_size);

3.2.5.12 get_tensor_data_type

R get_tensor_data_type
NE FREX tensor [ % E 257
S tensor_t tensor (1) tensor FEJHA
SRR AR 1.2 OPEN Al LAB Non-Confidential
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R [EME int Tensor 28784, Lkl
TENGINE_DT_FP32.
TENGINE_DT_FP16.
TENGINE_DT_IN8, %%
-1: R

JRA int get_tensor_data_type(tensor_t tensor);

3.2.5.13 set_tensor_data_type

AR set_tensor_data_type

A P H tensor (HE A

S tensor_t tensor (1) tensor FEJHA

int data_type () s R, o .

TENGINE_DT_FP32,
TENGINE_DT_FP16.
TENGINE_DT_IN8, %54k

R E{E int 0: success
-1 failure

JR A int set_tensor_data_type(tensor_t tensor, int data_type);

3.2.5.14 set_tensor_quant_param

R set_tensor_quant_param
4 W E tensor RIS
S tensor_t tensor (1) tensor FJFJHA
const float *scale (1) scale fe4f
const int *zero_point () A TeEr
SRR AR 1.2 OPEN Al LAB Non-Confidential
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*zero_point, int number);

int number FE RN
iR [E{E int 0 : XLl
-1 FORKRM
=¥t int set_tensor_quant_param(tensor_t tensor, const float *scale, const int

3.2.5.15 get_tensor_quant_param

R get_tensor_quant_param
A SRE tensor (¥ &AL 241
¥ tensor_t tensor (1) 5K E A
float *scale (1) scale 5%t
int *zero_point (1) e tesEr
int number () RN
& EME int 0 : RN
-1 FRRIK
3.2.6 5 graph iz17H3% API
3.2.6.1 set_graph_attr
2R set_graph_attr
44 W graph K154
S graph_t graph (1) graph FE]HA
const char * attr_name () Z i & S
const void * buf () "B RS HRfaE
int size () ez R~
ORI 1.2 OPEN Al LAB Non-Confidential
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iR [E{E int 0 : FX/RID
1 FORKI
=¥t int set_graph_attr(graph_t graph, const char * attr_name, const void * buf, int
size);

3.2.6.2 get_graph_attr

AR get_graph_attr
Zle:] SREL graph 155k
BH graph_t graph (1) graph [ AJ 4%

const char * attr_name () ER A S BT

void * buf () ZSRENSH I FeEr

int size (1) Zdh 1R/
iR EIE int 0 : TRl

-1 FRRIK

R int get_graph_attr(graph_t graph, const char * attr_name, void * buf, int size);

3.2.6.3 set_graph gd method

AR set_graph_gd_method
NA TCE I BE T B 7
¥ graph_t graph (1) graph K14
int gd_method (1) 565 T B R L
(1) AT RS
& [EME int 0 : KR
-1 FoRRIK
SRR AR 1.2 OPEN Al LAB Non-Confidential
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AR

int set_graph_gd_method(graph_t graph, int gd_method, ...);

3.2.6.4 prerun_graph

2R prerun_graph

8 HEARIBAT graph, FEUER R

BH graph_t graph (1) graph FA]HA

BEE int 0 : XEKI
-1 FRRIK

5Fit] int prerun_graph(graph_t graph);

3.2.6.5 run_graph

2R run_graph

R 1547 graph, $UATHERR, "TRAREZRIEH

BH graph_t graph (1) graph [ AJ4A

int block 1: PHZE. 75 Zh. B GRAPH_DONE B%f
0: JEPHZE: 7FHEIHA wait_graph() LAZKEL
SR

IR & int 0 : LRI
-1 FRKMW

JR A int run_graph(graph_t graph, int block);

3.2.6.6 wait_graph

K wait_graph
N4 S5 graph 217945 R
S graph_t graph (1) graph [{1E)HA4
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int try_wait 1: RARES, RJER[E
0: SZHPIRFA
iR [E4E int 1: graph iz47T5¢ ik
0: RIBITTEM, THEFRZR
JR A int wait_graph(graph_t graph, int try_wait);

3.2.6.7 postrun_graph

R postrun_graph

i) {5 123247 graph FFREL graph 7 95 1 BRI

BH graph_t graph (1) graph [ AJ 4%

8 EE int 0 : RN
-1 FRRRIK

5Fit] int postrun_graph(graph_t graph);

3.2.6.8 get _graph_exec status

AR get_graph_exec_status

NA FREY graph HIHUTAHRAS

B8 graph_t graph (1) graph f¥1 =) 44

B [EE int graph Jiz47IRZ, W, graph_exec_stat
JR A int get_graph_exec_status(graph_t graph);

3.2.6.9 set_graph_event_hook

R set_graph_event_hook
4 W B graph HIEEF ] pR 3L
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S graph_t graph (1) graph ff1 5] 44
int event (1) FpEM
event_handler_t cb_func (1) S50 [ eR B 4t

void * cb_arg);

void * cb_arg ORENEES1
R [EE int 0 : FoRI)
-1 FoRKRIK
JE R int set_graph_event_hook(graph_t graph, int event, event_handler_t cb_func,

3.2.7 5ix&HRHERE

3.2.7.1 set_default_device

R set_default_device

NaA WEBINSITI&

B8 const char * device (1) BT & TR

IR [E{E int 0 : KR
-1 FRKR

JR A int set_default_device(const char * device);

3.2.7.2 set_graph_device

2R set_graph_device
4 WE graph iZ47 %%
S graph_t graph (1) graph HIH]HA

const char * dev_name

(1) B B4R
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R EME int 0 : KT
-1 RRKRW
JR A int set_graph_device(graph_t graph, const char * dev_name);
3.2.7.3 set_node_device
AR set_node_device
4R % H node iB4T %
B node_t node (1) node FI 4%
const char * dev_name (1) B HI AR
B EME int 0 : KT
-1 RRKRW
JR & int set_node_device(node_t node, const char * dev_name);
3.2.7.4 get node device
AR get_node_device
NA FREX node iE47 %
¥ node_t node (1) node ) )4
B [EE const char * W& M4 R NULL 70k 3 T F
IR
JR A const char * get_node_device(node_t node);

3.2.7.5 do_node_dump

LR do_node_dump
NE BEE T A dump Bhig
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S node_t node () 15 55 A) A
int action () 11HRE, O AfdiRe
AN int 0 : KNI
-1 FRIRKRIK
JREL int do_node_dump(node_t node, int action);

3.2.7.6 get_node_dump_buffer

R get_node_dump_buffer
s FEIUH 569 dump BORZEAEIX o dump B2 X 1 B X, B172E dump
A PE
S node_t node (1) 57 s A
void ** buf (0) ATk dump FidEEdB 4t T £t 5k
H
int buf_size () FEEFELA R/
1B E{E int REFEUA A AR AN B, R SE T
buf_size, WIAFLEAR Ea A IR Bl 1 AT RETE:
RE int get_node_dump_buffer(node_t node, void **buf, int buf_size);

3.2.7.7 do_graph_perf_stat

R do_graph_perf_stat
N4 Ja AR MRSt
2 graph_t graph (1) graph 547
int action () 0 f% 1k, 1 JF4R, 2 HoFrt4k
SCRRR A 1.2 OPEN Al LAB Non-Confidential
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iR [E{E int 0 : FX/RID
-1 FoRKRW
JR A int do_graph_perf_stat(graph_t graph, int action);

3.2.7.8 get_graph_perf stat

LR get_graph_perf_stat
Zle:] R RESETHE B
S8 graph_t graph (1) graph )4
perf_info ** buf (O) &Il (fay th PEREAS B TR EN) RIFEE
int buf_size (1) FH R0
8 EE int >=0: FKoRHHE IR
1 BRI
JR A int get_graph_perf_stat(graph_t graph, struct perf_info ** buf, int buf_size);

3.2.7.9 get_device _number

AR get_device_number

A RIS

¥ /3

R EE int WS
JR A int get_device_number(void);

3.2.7.10 get_device_name

K get_device_name
48 ¢ index FREUIE 4 4 Fx
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S int idx (1) B &9 5 (>=0)
1R BB const char * BT NULL &k R
JR A const char * get_device_name(int idx);
3.2.7.11 get_default_device
AR get_default_device
N4 SRHCER AT 15 £ 2B 7R
SH G
AN const char * BT NULL &k Kk
JR A const char * get_default_device(void);

3.2.7.12 create_device

2R create_device
A eSS &
28 const char * driver_name X zh 44 FR
const char * dev_name () B2 FR
IR [E{E int 0 : KRR
-1 FRKR
R int create_device(const char * driver_name, const char * dev_name);

3.2.7.13 destroy_device

R destroy_device
NE R
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28 const char * driver_name OEHIEZ S
const char * dev_name () &2 FR
1R BB int 0 : XM
1 BRI
JRRY

int destroy_device(const char * driver_name, const char * dev_name);

3.2.7.14 set_device_policy

2R set_device_policy
A B T R
e owil const char * driver_name (1) X3 A FR
device_policy policy () Bk
& EME int 0 : LRI
-1 FORRM
JR R

int set_device_policy(const char * device_name, device_policy policy);

3.2.7.15 get_device_policy

R get_device_policy
I IR A
¥ const char * driver_name (1) IS FR
& [EME int >=0: HHE{E
-1 RRKRW
JRAY int get_device_policy(const char * device_name);
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3.2.7.16 get_device_attr

2R get_device_attr
A RIS S
2 const char * driver_name OEEHIEZ S
const char * attr_name () ZH A FR
void * val (0) ¥k [nl 45 455t
int size (1) ZH0R [BHE KN
B EME int 0 : I
-1 RRKRW
5Fit] int get_device_attr(const char * device_name, const char * attr_name, void * val,
int size);
3.2.7.17 set_device_attr
R set_device attr
A WEWESH
28 const char * driver_name OEHIEZ S
const char * attr_name () ZH 2 F5
void * val () SR
int size () ZHRN
R E{E int 0 : FIRHY)
-1 FRKRIK
JE R int set_device_attr(const char * device_name, const char * attr_name, void * val,
int size);
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3.2.8 5 context &4

3.2.8.1 create_context

AR create_context
4R 7 context
S const char * context_name (1) context ] 44 FK
int empty_context m
1. A R o] FH s
0: B A B AR A5 I 21 context 1
AL context_t Context [ F)4H, IR [8] NULL 38755 il 2 25
RE context_t create_context(const char * context_name, int empty_context);

3.2.8.2 destroy_context

R destroy_context

4R 458 context

S context_t context (1) context A #
R E{E G

JR A void destroy_context(context_t context);

3.2.8.3 get _context_device number

2R get_context_device_number
4 FREL context 454w 5
S context_t context (1) context ) AJ#
AN int context 5 I 1 ¥ 45 4 5
SRR AR 1.2 OPEN Al LAB Non-Confidential
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AR

int get_context_device_number(context_t context);

3.2.8.4 get_context_device_name

LR get_context_device_name
A FHL context 4% 44 Fr
¥ context_t context (1) context [AJ#
int idx () &5l
iR [AIE const char * Y45 2R
RE const char * get_context_device _name(context_t context, int idx);

3.2.8.5 add_context_device

R add_context_device
NaA ¥ B &I INE] context
2 context_t context (1) context HJ
const char * dev_name () B2 FR
B [EE int 0 : RN
-1 RIRKRM
RE int add_context_device(context_t context, const char * dev_name);

3.2.8.6 remove_context_device

R remove_context_device
4 W& TR context
S context_t context (1) context fit)EJ4%
SRR AR 1.2 OPEN Al LAB Non-Confidential

69 /90




Tengine User Manual

const char * dev_name

(1) device 4k

IR [E{E int 0 : TR
-1 RIRRIK
JR A

int remove_context_device(context_t context, const char * dev_name);

3.2.8.7 set_context_attr

R set_context_attr

4 & context %

S context_t context (1) context ) #
const char * attr_name () ZH L Fx

const void * val

() EZHEREE

int val_size () ZHEFT SR

B [EE int 0 : TR
-1 FRKR
JR int set_context_attr(context t context, const char * attr_name, const void * val,
int val_size);
3.2.8.8 get_context attr

AR get_context_attr
NA #RHX context J& 7k
¥ context_t context (1) context [ FJ#R

const char * attr_name (1) ZH L Hx

void * val (O) ZHuR Mg i
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int val_size () ZEE T SR
iR [E{E int 0 : XLl
-1 FORKRM
=¥t int get_context_attr(context_t context, const char * attr_name, void * val, int
val_size);

3.2.9 HABK API

3.2.9.1 get_tengine_errno

R get_tengine_errno

A BRI R D

ZH 7

1B E{E int tengine $5 %1% . & SGEAE glic
JR A int get_tengine_errmo(void);

3.2.9.2 set_log_level

AR set_log_level

NA W H log 225l

S log_level level (1) B F ST A4
R E{E y/

JR A void set_log_level(enum log_level level);

3.2.9.3 set_log_output

R set_log_output
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A BE log f i R4k

S8 log_print_t func (1) s e Fa
1R BB x

JREL void set_log_output(log_print_t func);

3.2.9.4 dump_graph

AR dump_graph

48 dump &1 4544

S graph_t graph (1) graph [ E) 44

i EE int 0 : TR
-1 RRKRW

JE #Y void dump_graph(graph_t graph);

3.2.9.5 load_tengine_plugin

2R load_tengine_plugin
4 Jn#k Tengine #ifF
S8 const char * plugin_name (1) $E A FR
const char * fname (1) AR
const char * init_func_name () FIGaAk R E ) 4 FR
R EE int 0 : FIRALID
-1 FRRKRIK
JE R int load_tengine_plugin(const char * plugin_name, const char * fname, const
char * init_func_name);
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3.2.9.6 unload_tengine_plugin

2R unload_tengine_plugin
N4 B Tengine H1E
S8 const char * plugin_name (1) HfH 44 R
const char * rel_func_name (1) release &£ %l
8 EE int 0 : FKIRAIN
-1 RoRRM
¥t int unload_tengine_plugin(const char * plugin_name, const char *
rel_func_name);

3.2.9.7 get _tengine_plugin_number

2R get_tengine_plugin_number

7] $KHL Tengine $1E 1040 5

ZH P

R E{E int AR
JR A int get_tengine_plugin_number(void);

3.2.9.8 get _tengine_plugin_name

AR get_tengine_plugin_name
NA FREX Tengine 14 44 Fk
S int idx (1) 4 1§ %5 (>=0)
IR [E{E const char * ffE AR
JR A const char * get_tengine_plugin_name(int idx);
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izt BlEE

£ Tengine H g T A &FAF BIF1F . VR0 DAL O 2620 PR 9w B8 demo F2/7 .

4.1 2%k opencv

IR T, BRI, I G, SBAT UL AT 2%
sudo apt-get install libopencv-dev

4.2 HERBIRER

4.2.1 Linux

TEgm BN 20T, FREMIACE 3T cmake, WREA, "TLUEE L RS LHE.
sudo apt install cmake

HWK, FRTEAE makefile.config # 5 A Wrapper.
CONFIG_TENGINE_SERIALIZER=y

{#17 makefile.config (2N 7%, SRJG FHKIZAT make fn 4, #&MVTE 2.2.4, {RTEEALE tengine
H % N i217 install 674,
cd ~/tengine
make -j8
make install

m%ﬁﬁﬁ%mﬁm,WTl%ﬁ

bu11dfwrapperjcaffejcaffe pb.o
common.cpp:24:18: boost/thread.hpp: No such file or directory
epminal | de

compilation terminated.
Jhome fmiu/Documents /@424 /tengine/scripts/makefile.build:111: recipe for target '

YRAT LA IS 22255 boost SRIER B, 1ESHHER
https://blog. csdn. net/lixinneo/article/details/7679996
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HIER

cd ~/tengine/examples
vim linux_build.sh

WE IEMiM Tengine #5452, FRI Tengine 26545 5 # 21 (A1 3R]

#1/bin/bash

cmake -DTENGINE_DIR=/home/usr/tengine ..

B —4 0 build BT H X IFEEN build Hk, )5 I2 1T A BT 9 5

mkdir build

cd build
linux_build.sh
make -j4

4.2.2 Android

cd ~/tengine/examples

vim android_build_armv7.sh (OFVifm android build armvaish)

WE LM NDK #4%, Tengine #4%, Opencv #42F1 protobuf 442 . 1R /48 H openblas
iz47 Tengine, &7 android_build_armv7.sh 5% android_build_armv8.sh #1# B 1E A1) blas %
1A
T o

-DBLAS_DIR=/home/usr/openbla020_android
WE, BITEL T 464

mkdir build
cd build

.Jandroid_build_armv7.sh (ofandroidabuildiarmvaish)

make -j4

ke G, 1% 2.5.8 JLIRIGE demo FEIF

4.3 4rRMLEEER

PRA] LAMBERE Tengine model zoo Chttps://pan.baidu.com/s/1LXZ8vOdyOo0501XSO0CUPp8g)
(psw: 57vb).(#& 3 BE4E A « http://ftp.openailab.net.cn/Tengine_models/)FF T # AT E LI Rl Ho A5
A,

P IX SR A G FE${ Tengine_ROOT}/models/ X A4 3J&
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e squeezenet_v1.1(ZA/77ET Tengine_ROOT/models/)
e mobilenet_v1(Cf#7ET Tengine_ROOT/models/)
e mobilenet_v2
o mobilenet_v2_deploy.prototxt
o mobilenet_v2.caffemodel
e resnet50
o resnet50.prototxt
o resnet50.caffemodel
e googlenet
o googlenet.prototxt
o googlenet.caffemodel
e inception_v4
o inception_v4.prototxt
o inception_v4.caffemodel
e inception_v3
o deploy_inceptionV3.prototxt
o deploy_inceptionV3.caffemodel
e alexnet
o alex_deploy.prototxt
o alexnet.caffemodel
e VvQggl6
o Vvggl6.prototxt
o vggl6.caffemodel

43.1 ZmiFEHIFE

cd ${Tengine_ROOT}
make
make install

18 ${TENGINE_ROOT}examples/readme.md 12 5] ()5 1%,

PEHBLE
432 14T

o BEABIWIHATHATREF I H 3K

BEAT O, (EZD 4.2 mrp Ay

cd ${Tengine_ROOT}/examples/build/imagenet_classification

o IMEIE:
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[Usage]: ./Classify [-n model_name] [-p proto_file] [-m model_file] [-I label_file] [-i
image_file][-g img_h,img_w] [-s scale] [-w mean[0],mean[1],mean[2]] [-r repeat_count] [-d
device_name] [-h]

R\ model £ FK: squeezenet

ERIA label SCAF: Tengine_ROOT/models/synset_words. txt
NN O Tengine_ROOT /tests/images/cat.jpg
BN RGT 227,227

PRIAZE T A7) - 1Lf

NN SR 104.007,116.669,122.679
o fHHRHI:

./Classify -h /! BRERGE

./Classify -n squeezenet // EREIAEHE (cat.jpg)MiX squeezenet M4
./Classify -n mobilenet // ERBIAEE (cat.jpg)Mik mobilenet P4
./Classify -n mobilenet_v2 // {ERBIAEIFR (cat.jpg)Mik mobilenet_v2 4%
./Classify -n resnet50 // FERBINEF (cat. jpg) Mk resnet50 M4&
./Classify -n alexnet // EREAER (cat.jpg) Mk alexnet 4%
./Classify -n googlenet // ERBIAEE (cat.jpg) Mk googlenet M4

./Classify -n inception_v3 // {ERBIAEIFR (cat.jpg)Mik inception_v3 4%

./Classify -n inception_v4 // {£REKIAEF (cat.jpg)Mlik inception_v4 (4%

./Classify -n vgglé -i ~/tengine/tests/images/bike.jpg // EABEEXEH
(bike.jpg) MK vggle ML

// FERABEXHEHENMN squeezenet MLELEH
./Classify -n squeezenet -g 227,227 -s 1.f -w 104.007,116.669,122.679

/] ER¥EE S HEITIR
./Classify -p ~/tengine/models/sqz.prototxt -m
~/tengine/models/squeezenet_v1l.1.caffemodel
-1 ~/tengine/models/synset_words.txt -i
~/tengine/tests/images/bike.jpg

4.4 P 4%
PRIE ] LLEG UEAG I R 2% demo, I /&iafT caffe B 8% .
4.4.1 N % model

M Tengine model zoo Chttps://pan.baidu.com/s/1LXZ8vOdyOo501XS0CUPp8y) (% %4H: 57vh)
¥z T % caffe mode and prototxt. FKf HARTEE] models H % (tengine/models)
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4.4.2 GwiFREFE T
$IR 4.2 5 BRI TG demo.
443 a7

HEN example/build %1%, EFEVRAEE 1M demo, X HIRATTEAL mobilenet_ssd i .

cd ${Tengine_ROOT}
cd examples/build/mobilenet_ssd/
JMSSD

FRFIBATSE MG AR AR AE R R - H R ORAE 1SRG A I X 2% (1 1
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5 —LtT H5i%15

51 EHE<S

5.1.1 B H ) CPU % H

WEROHSHWMAE R IE, — MR SRR RN AR E, MRS R
APl T E R E
BRI CPU #2002 SOC D Re e s % . (filtn, 40k SOC A%, — AW
AT2, H— R A53, Tengine ERINKERRZ AT2 HIiEAT)
1) HEARE
export TENGINE_CPU_LIST=0,1,2,--*,N
Bian, i HAE—A CPU 0 Li21T demo, AU BRI EN (FAIAE U tengine
WHEE 0%, BHH5RRBITRBERETF) -
export TENGINE_CPU_LIST=3
W EAE X% 3217 demo, T LA BN EN:
export TENGINE_CPU_LIST=2,3
WAL PURZ 384T demo, B DL B IR AR N
export TENGINE_CPU_LIST=0,1,2,3
2) fERESHIE A API Tk
set_default_cpu(const int* cpu_list, int cpu_number)
TR XA AUE init_tengine():Z HTHL VA, I H.51 A0 T A Sk S0 A4
#include "cpu_device.h"

5.1.2 & & kernel mode

kernel mode ¥4 5 LA £ BAL 7. 45 3 71 kernel mode: FP32 #558. FP16 =1 INTS 4%
Ko BRUCN FP32 180, JFH, HMMECE 7%,
1) AR EHTIE
export KERNEL_MODE=0 //Float32 Fz,
export KERNEL_MODE=1 //Float16 £z,
export KERNEL_MODE=2 //Int8 #iz{
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2) FEAAG R AR SRS AP AT B
intval=1; // val /R AE B E M kernel 50, 0%/ FP32, 13%/K FP16, 23RN INTS
set_graph_attr(graph,"kernel_mode",&val,sizeof(val))

5. 1217 graph (¥ &

set_graph_device(graph, device_name)

5.2 fEHZLIEEIT Tengine

YRA] LUK SO tests/bin/mt_ssd.cpp 1E NZ%
FEh, A WAS demo K Wl 7F 2 A2 T i24T Tengine 127
1) ZFEih(pooling multi-thread)f# =X, :
int val=1;
set_graph_attr(graph,”pooling_mt",&val,sizeof(val))
2) FC mutli-thread #X:
int val=1;
set_graph_attr(graph,"fc_mt",&val,sizeof(val))

5.3 3 CPU Ml GPU KIRMHE

B R P 2 ST O R e, FEUREE 22 S A B B AN SRR & I mE skt H a3 im . H AR
IR N ZUHEEEHESE o, 5 57 FF ARM CPU sl HERE Y, A S2HF GPU kR, (HIX SR8 ol v 4
HHESE R, WA — MELLEENS 4T CPUIGPU M . 404, Tengine /8 ARM A L% g%
G HMAESE, 15 R AT SR CPUIGPU Rt i FiE

Tengine ] GPU/CPU J: 1)1 5 ) Ji B2 AR 57X i+ 55 K (Graph) #E47 V)41, V15311 K]

(SubGraph) Fii i i & 287> o 25 AH S f) device. H1T GPU IgmAEii 4%, AL 4
W 28 TR 1) B B (191 a0:CONV,POOL, FC 55), 16T+ E6 i 2 rh R R B~ (A5 o v 4 2%
SSD H1f#] PRIORBOX &) , FRATKIX L T Ficgs CPU #HAT1HE .
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Input_d

PERMUTE

FLATTEN  [omm—
e

PRIORBOX

Output_d

& 5.1 FHE
T A T R fn T ) Tengine #E4T GPU/CPU S44 i B #E 47461l X 4% MobilenetSSD K
HEHL NI
AT MAAFAEL 2 Linux, WG 2T KR Firefly-RK3399:

GPU: Mali-T860
CPU: dual-core Cortex-A72 + quad-core Cortex-A53

Tengine /Zi@iL 1 /| Arm Compute Library (ACL) #E4T GPU s, A 14E FH K ACL A Ky
18.05:

git clone https://github.com/ARM-software/ComputeL.ibrary.git

git checkout v18.05

scons Werror=1 -j4 debug=0 asserts=1 neon=0 opencl=1 embed_kernels=1 os=linux
arch=arm64-v8a

N TR GPU M ETERE, FRATTR Z R E GPU RIS B i m A
sudo su
echo "performance" >/sys/devices/platform/ff9a0000.gpu/devfreq/ff9a0000.gpu/governor
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cat /sys/devices/platform/ff9a0000.gpu/devfreq/ff9a0000.gpu/cur_freq
BN GPU MR M 1% /& 800000000
git clone Tengine i H :
git clonehttps://github.com/OAID/Tengine.qit
cp makefile.config.example makefile.config
FEWC B SO 3T HF 9% CONFIG_ACL_GPU=y, JfiE%E ACL ##1%:
CONFIG_ACL_GPU=y
ACL_ROOT=/home/firefly/ComputeLibrary
éﬁi%:
make -j4
make install
%% MobilenetSSD ##74, #J LM [Tengine model
zoo](https://pan.baidu.com/s/1LXZ8vOdyOo0501XS0CUPP8g) (psw: 57vb) K # %l ~/tengine/models/
FEAT T :
cd example/mobilenet_ssd
cmake -DTENGINE_DIR=/home/firefly/tengine .
make

BTN 75 B ST

export GPU_CONCAT=0 # 25 H GPU 1217 concat, &4 CPU Al GPU Z [Al4 % f4
et
export ACL_FP16=1 # Joi F GPU fp16 # =k

export REPEAT_COUNT=100  # &84T mssd, FKHCF-HJi(a]
taskset 0x1 ./MSSD -d acl_opencl # -d acl_opencl & /=~1# ] GPU

¥ B GPU_CONCAT=0, &~ T ## % GPU/CPU 7£ concat iX —/Z#F GPU/CPU il % 5k [l f£: 4
K1 e IR

WH ACL_FP16=1, j&3¥F GPU H] float16 i) t& Uk AT HERE 1154,

W H REPEAT_COUNT=100, & il&HEREEHAT 100 Kk, HCFIHEEE M Re LR,

taskset Ox1 FI-T-4F & CPUO (1A53) HATFER;

AT H I 75 320 -d acl_opencl SKFT 15 ] gpu HIHTF5%

MWTEFLLEE], GPU F-7F sk float16 FRIASI4S Ko IEH Y o
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5.4 ##H Tengine %Y

FRRSE —FEY, YwPF tengine SEKJE . 7E tengine fR B 3% N HUAT:
make install
A LAFE install/tool 7 2% 4 T. 2 convert_model_to_tm.
convert_model_to_tm T PLJ7 {4 Caffe. Onnx. Mxnet. Tensorflow 5 Tf-lite 4574 #% 4 B
Tengine 74,
Usage]: ./install/tool/convert_model_to_tm [-h] [-f file_format] [-p proto_file] [-m model_file] [-0
output_tmfile]
file_format ] PLf57€: caffe. caffe_single. onnx. mxnet. tensorflow. tflite 2%\ HAG—/>
BRI, ATREREE “-p” @, RIEE “-m” @HWRIA.  “-h” j& “help” T,
N /2 Caffe #5741 Tensorflow #E7 (squeezenet) #% i Tengine 7 i) 4 FH 7= 51 -
cd ~/tengine
Jinstall/tool/convert_model_to_tm -f caffe -p models/sqz.prototxt -m models/squeezenet_v1.1.caf
femodel -o models/squeezenet.tmfile
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Jinstall/tool/convert_model_to_tm -f tensorflow -m models/squeezenet.pb -0 models/squeezenet

_tf.tmfile

5.5 &=L

Tengine &AL 154

5.5.1 =4 T B 1M H

PRAT DM i 2 is T B T A

[Usage]: ./install/tool/quant_tm_model [-h] [-g quant_mode] [-i input_tmfile] [-o output_tmfile]
quant_mode: 0 -- fp16, 1 -- int8

input_tmfile : the tengine FP32 mode

output_tmfile: The tengine FP16 mode or INT8 mode

5.5.2 SCHF INT8 A FP32 (MR & it 54

5.5.3 M E AR A v =

&HInE e XET

ZER A B UNATZE Tengine 775 N operator
FLNIETHY operator, RSB
1) 7£H 3% Tengine/operator/ ™y EM#T ) operator.
Operator schema 4 operator [ ZhEEE L T — AN, %3 NMA7T operator f)5E3. operator

schema 75 %2 5 3
o 0p B S
o op AL
o op B
o infershape pRi%l: AT HUE1T (Prerun)i B I 5K S TR FHERT

2) ft H =% Tengine/executor/" SZH] operator.
X 52 operator f BARSZHL . X TFAREBZSE (B, convixl. conv3x3) mRZEF (#ilhn,

armv8/armv7) H] LI LA .
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5.6.1 LA Scale Operator /3|

TEXAE 73, FRATTLA Scale operator A5,  Wifal— 3520 SR Tengine ¥8 i H %€ X operator .
Step 1: Bl]#& Operator k34
operators 43 A Fii 2 7Y ;

o WA WNHZSE (parameters) ] Operator: template <typename T> OperatorNoParam

o HWEZSE (parameters) ] Operator: template <typename T, typename P>
OperatorWithParam

scale operator J& 7 A ZE iz FAF

o % scaleparam X4 operator/include/operator/scale param.hpp:

struct ScaleParam {
int axis;

int num_axes;

int bias_term;

DECLARE_PARSER_STRUCTURE (ScaleParam) {
DECLARE_PARSER_ENTRY (axis);
DECLARE_PARSER_ENTRY (num_axes);
DECLARE_PARSER_ENTRY (bias_term);

}s
s

o % scale X operator/include/operator/scale.hpp:

class Scale: public OperatorWithParam<Scale,ScaleParam> {
public:

Scale() { name_="Scale"; }
Scale(const Scale&)= default;
~Scale() {}

void SetSchema(void) override;
}s
Step 2: BlJ#& Operator Cpp (4

7E 44 operator/operator/scale.cpp Hi% & operator schemaz:

void Scale::SetSchema(void)

{
Input({"input:float32","gamma:float32","bias:float32"})
.Output({"output:float32"})
.SetAttr("axis",1)
.SetAttr("num_axes",1)
.SetAttr("bias_term",0)
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.SetDoc(R"DOC(Scale: only caffe flavor scale)DOC");
}
7£ 34 operator/operator/Makefile 1IN obj-y+=scale.o.

Step 3: 7E Operator Plugin H{EMt Operator
FE3AF operator/plugin/init.cop HH AR scale operator F3E A %5 -
RegisterOp<Scale>("Scale");
Step 4: 7E Executor 383 i SE B vk
TE LA executor/operator/common/scale.cpp HH¥s I scale operator [FSEEE,  FF7E BR%L
RegisterScaleNodeExec 4J%Eﬂﬂﬁ2§zﬂﬂz

namespace ScaleImpl

{
struct ScaleOps: public NodeOps
{
bool Run(Node * node)
{
// your implementation
}
¥
}

using namespace Scalelmpl;
void RegisterScaleNodeExec(void)

{
ScaleOps * ops=new ScaleOps();
NodeOpsRegistryManager: :RegisterOPImplementor ("common",
"Scale",ops);
}

TE W% executor/operator/common/Makefile 1IN obj-y+=scale.o,

Step 5: #E Executor Plugin HFyEM LI
TE A executor//operator/plugin/init.cpp I RegisterScale NodeExec:

extern void RegisterScale_NodeExec(void);

RegisterScale_NodeExec();

5.7 Caffe Wrapper 54

PRA] LA B A ¢ demo H-4% 8 examples/caffe_wrapper T ()5 B3 AT B AE -
1. ¥4 085 4.2 B4 7% demo
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EE: 1£ ${TENGINE_ROOT}/examples/CMakeLists.txt H1"add_subdirectory(caffe_wrapper)"
DI IT o

2. 12174125 demo
- HERIBATIERF H %

cd ${Tengine_ROOT }/examples/build/caffe_wrapper/cpp_classification
- M — Tk B

Jclassification <deploy.prototxt> <network.caffemodel> <mean.binaryproto> <labels.txt>
<img.jpg>

Jclassification_mobilenet <deploy.prototxt> <network.caffemodel> <mean.binaryproto>
<labels.txt> <img.jpg>

“classification™ FH >kl squeezenet /% .

“classification_mobilenet” F KM mobilenet, 3L 0.017 Jybph 2= % BUG AT TAL 3 .
3. 1T mtcnn demo

- BRI PATRE Y A 3%

cd ${Tengine_ ROOT}/examples/build/caffe_wrapper/mtcnn
DR — 5K

JCAFFE_MTCNN <test.jpg> <model_dir> [save_result.jpg]

“model_dir /R RH mtenn BIAL AR
5.8 Tensorflow Wrapper #§4

YR7] LLFR S| demo Ff-4% B lexamples/tensorflow wrapper N )25 BB AT 14,
1. %R 4.2 Z4i1% demo
2. BT
#it i8AT
- BB HATARE P H 3K
cd ${Tengine_ROOT}/examples/build/tensorflow_wrapper/label_image
- MK — 5K B e
Jlabel_image_inceptionv3
Jlabel_image_mobilenet
Jlabel_image_resnet50
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“label_image_inceptionv3™{ ] inception_v3 >kl

“label_image_mobilenet” 1§ ] mobilenet. > il i

“label_image_resnet50 1 F resnet50. >k Ml
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