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CHAPTER 1

BRZR

Tengine i} OPEN AL LAB 5%, %50 H SCH 1R > M 28 W A E i A fr B P, il
FFKe NEIHEARZ ALoT W HIES-F- G558, ATl H 5T 547 Tengine I H (4] C il ST EM, 4%
AR TR IR R AT T IR EEESER S . (RIS R A T 58 424 BTl J5 ke i, A FIIF CPUL GPU,
NPU S5t B TR PO RS AR, (A IR AR PP A RIS A

1.1 SWHEZRH

Tengine 374522 PR {1 i i X 1 22 ) 5 AR A7 s 4P, {4 CPU (ARM, X86. MIPS, RISC-V). GPU
(Mail, NV, AMD. Adreno, PowerVR), NPU (VSI, NNIE, DLA),

1.2 &ithE

BRI R R (F a9 BTBER), SBUREEMEBEEM BT, BRI,

[l EEXEAN ] CPU 84, SRR F T304, SBT3 S SR B Y Kernel HEATIREULAL, 7873 K44
RE (S T -



http://www.openailab.com

Tengine

1.3 ZHYIE

N TSR SoC EZFTEHIT, Tengine EMEBIALS, PREBCY Al fE & REMFIERE, RG22 AT
B, SBR[ R SRRz A

1.4 BtZH

SCRERI AR LS (PR IE R . ARFRE L) SCBUE AR R A . PEREIEA H A, [F
IR JCAE X2 £ NPU i 5| %

FRPUR AR AR EEAMETT 5

1.5 BERE
T A BV, (R R B, & PR AR R R At

1.6 EEREPE

oY Tengine A DBURICHS R CIEFIT A, Joo =5 FEHORE, s/ Nl SATHFS R R/)N < 100KB,  £L 38 ]
TEFI MCU _EEA TR .
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(T ——— e ———— \
| ; ; -
1 : ol
| TensorFlow TF Lite PyTorch/ONNX i MXNet Caffe i Darknet |
I s |
| I
: MegEngine OneFlow PaddlePaddle Others :
| 1
| Convert Tool T T oooooooooooooooooooooooo TTTTTTTTTTToTTToooooooooooooooooooooooooo— |
: TensorFlow TF Lite ONNX MXNet Caffe Darknet :
| Serializer Serializer Serializer Serializer Serializer Serializer I
| |
: ncnn MegEngine OneFlow PaddlePaddle MLIR Others :
| Serializer Serializer Serializer Serializer Serializer Serializer |
| - DT e o |
1 Serializer |
| I
: tmfile Serializer :
Q - Q@
| Tengine i
: Graph Partition Device Allocator Exec Scheduler Low Bit Quantize :
| I
L o e e e e ]
| 1
I CcPU GPU NPU I
: Backend Backend Backend :
| Engine |
| R S I
; Mix Bit TIM-VX/OpenDLA
: Winograd Sgemm Calculation CuUDA/Vulkan/OpenCL Plugin :
1 |
! Auto Kernel TensorRT/ACL I
1 SIMD Assembly Plugin Plugin - 1
: Runtime Optimize Amlogic/RK/NXP/ILQ I
: NPU & NVDLA :
| ARM/X86/RISCV/MIPS nVIDIA/Mali/Adreno 0
| : ]
L D) T T o o o o
(w527 FE+h
Tengine
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CHAPTER 3

B ZCITAG

3.1 ARM CPU

Tengine £5¢ 8%} F 41 ARM Cortex-A Z 51 4k HiLa% 3

3.1.1 32bit

* Cortex-AS
* Cortex-A7
* Cortex-A8
* Cortex-A9
e Cortex-Al12
e Cortex-Al5
* Cortex-Al7

e Cortex-A32




Tengine

3.1.2 64bit

* Cortex-A53
* Cortex-AS5
* Cortex-A57
* Cortex-A72
* Cortex-A73
e Cortex-A75

¢ Cortex-A76

3.2 iz GPU

Wit ACL L 3F ARM Mali-GPU DA R 2741 :
+ T860
« G31

* G52

i CUDA/TensorRT EL5IE NVIDIA PA R &5 :

* Jetson NANO
e Jetson TX1
e Jetson TX2
e Jetson XAVIER NX
* Jetson XAVIER AGX
i1 OpenCL L5 UEPA R AL
o M
it Vulkan £V 56k PA R LS
o M

Chapter 3. ZFiE 4
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3.3 fR%2E GPU

iy CUDA/TensorRT 2,451 NVIDIA PR &7
* QUADRO RTX 8000
e GeForce RTX 3090

¢ GeForce GTX 1080Ti

3.4 NPU

@3t TIM-VX EEHE PN E VeriSilicon VIPS000/VIP9000 NPU (A Tt A
« A311D
* S905D3
* iMX.8MP

. JLQ

3.3. IR%3%8 GPU 9
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CHAPTER B

RE F¢

Tengine £ 5¢ 800 E M TH RN B RL R EA T3, 484038 Al 0. 4r). CBEA(. OCR %£IiE.
« SCHHY CPU ZEH4: ARM. X86. MIPS, RISC-V ;
* %45 GPU %244 : NVIDIA valta TensorCore, Adreno, Mali ;
* SCRRRY NPU 2044 NPU ;
PR
* BIREEREK H Tengine Model Zoo, FATTRF22 B8
o ZFRRPFEYIERTR NPU i B BAUR 1 i SE3), /I CPU+NPU.,
B
o TN (B2 TkeS)

* Google Drive

13


https://pan.baidu.com/s/1JsitkY6FVV87Kao6h5yAmg
https://drive.google.com/drive/folders/1hunePCa0x_R-Txv7kWqgx02uTCH3QWdS?usp=sharing

Tengine
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CHAPTER O

Mk %

Benchmark 2 174 H AR (-1 I 2R 2 A TR BE I fR B, UK T I 28 4544 (xxx_benchmark.tmfile) Hf!
I

6.1 i AR ER
AR T DA B0 52 #2409 tmfile 1217 benchmark 7<), {H2FRATTHICR ] benchmark % ] tmfile #5Y, =545 3¢
AL T ]

o (H MR T B G R, B DA FIREAR &, KE AT S50 tmfile S0, %171 T benchmark {Jl]
K.

$ export TM_FOR_BENCHMARK=1

o B IAHE BRI 4E4 4 tmfile benchmark % J#%!, DA Caffe #EZE[ mobilenet_v1 2415 :

$ ./convert_tm_tool —-f caffe -p mobilenet_vl.prototxt -m mobilenet_vl.caffemodel -o.

—mobilenet_vl_benchmark.tmfile

A1 IR T —/ NP PR ALYE benchmark/models H7,

15




Tengine

6.2 3REN

BRIA5E Y, Tengine 4415, HnF& /) benchmark 7] $hATFE P FEIAE build/install /bin/tm_benchmark

6.3 AKX

$ ./tm_benchmark -h
[Usage] : [-h] [-r repeat_count] [-t thread_count] [-p cpu affinity, 0O:auto, 1:big,.
—2:middle, 3:1little] [-s net]

khadas@Khadas:~/tengine-lite/benchmark$ ../build/benchmark/tm_benchmark -r 5 -t 1 -p 1

start to run register cpu allocator

loop_counts = 5
num_threads = 1
power =1

tengine-lite library version: 1.0-dev

squeezenet_vl.1 min = 55.66 ms max = 56.19 ms avg = 56.04 ms
mobilenetvl min = 103.18 ms max = 105.37 ms avg = 104.26 ms
mobilenetv2 min = 91.46 ms max = 93.07 ms avg = 91.92 ms
mobilenetv3 min = 56.30 ms max = 57.17 ms avg = 56.64 ms
shufflenetv2 min = 29.92 ms max = 30.62 ms avg = 30.29 ms
resnetl8 min = 162.31 ms max = 162.74 ms avg = 162.48 ms
resnet50 min = 495.61 ms max = 498.00 ms avg = 496.99 ms
googlenet min = 199.16 ms max = 200.32 ms avg = 199.72 ms
inceptionv3d min = 801.93 ms max = 813.71 ms avg = 807.08 ms
vgglé min = 866.41 ms max = 877.53 ms avg = 871.45 ms

mssd min = 204.10 ms max = 208.92 ms avg = 206.05 ms
retinaface min = 28.57 ms max = 29.06 ms avg = 28.86 ms
yolov3_tiny min = 233.68 ms max = 235.12 ms avg = 234.19 ms
mobilefacenets min = 44 .32 ms max = 44 .82 ms avg = 44 .60 ms

ALL TEST DONE

16 Chapter 6. i 7%




CHAPTER /

Tengine #EIZiTE

WK BRI 75 Fl Tengine 40> APT 4T :

7.1 1. init_tengine

¥14fifk Tengine, 2% bR AERR > H H ZEUR H— U BRI T

7.2 2. create_graph

A7t Tengine 144 .

7.3 3. prerun_graph

Wlsfy, WA R IR BEEI M, AR ORI . B BRI X B

struct options

{
int num_thread; //# /> # % & ,
int cluster;//K/N#% % &, ¥ % TENGINE_CLUSTER_[ALL,BIG, MEDIUM, LITTLE]
int precision;//# E % % , TENGINE_MODE_[FP32,FP16,HYBRID_INT8,UINTS8, INT8]
uint64_t affinity;/ /B E kB m , 4% LK #,

bi

17
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7.4 4. run_graph

&3l Tengine 1142 R .

7.5 5. postrun_graph

{51357 graph, FRERLC graph (54 FE T .

7.6 6. destroy_graph

5% graph,

postrun_graph F/ destroy_graph ¥E AT EAR ARG, — 2% . f#H markdown i F2 & mermaid
FIRMT

graph TD
A(init_tengine)
il (image) -—>A
12 (model) ——>A
i3 (paramaters)-—->A

A —--> B[create_graph]

B ——> Cl[prerun_graph]
C ——> DJ[run_graph]

D —-—> E[postrun_graph]
E —-—> F (destory_graph)
Fo——> o(T il & %)

18 Chapter 7. Tengine #3852




CHAPTER 8

TR

AT R ) T s 7 Frexamples o

8.1 E&TIE

8.1.1 INFER

PR TR IR, IR B
1. — & PAGRI%E C/CH++ ) Linux FREH RN (x86 5 Arm LA™ )
2. 2§, Tengine JEfiY, T Tengine [14) 3¢ tengine-lite | :

git clone -b tengine-lite https://github.com/OAID/Tengine.git Tengine

8.1.2 4{iF

build.sh Zi 4= BRIABC & O SC B H 8014413 examples H111) demo 27 .
U x86 22Ky, el demo fEj{E./build/install/bin/ H 5% F :

bugl1989@DESKTOP-SGNOH2A: /mnt/d/ubuntu/gitlab/build-1inux$ tree install
install

F— bin

(N IUERED)

19



https://github.com/OAID/Tengine/tree/tengine-lite/examples

(£ 50

tm_alphapose
tm_classification
tm_classification_int8
tm_classification_uints8
tm_crnn
tm_efficientdet
tm_efficientdet_uints8
tm_hrnet

tm_landmark
tm_landmark_uint8
tm_mobilefacenet
tm_mobilefacenet_uint8
tm_mobilenet_ssd
tm_mobilenet_ssd_uint8
tm_nanodet_m
tm_openpose
tm_retinaface
tm_ultraface

tm_unet

tm_yolact
tm_yolact_uint8
tm_yolofastest
tm_yolov3
tm_yolov3_tiny
tm_yolov3_tiny_uint8
tm_yolov3_uint8
tm_yolov4d
tm_yolov4_tiny
tm_yolov4_tiny_uint8
tm_yolov4_uint8

tm_yolovb

(TTTTTTrrTrT T T T T T T I T T T T I T ITTITT T

tm_yolovb5s
include
L— tengine
L c_api.h
1lib
— libtengine-lite-static.a
L— libtengine-lite.so

CHIM E K X

BATNE

20
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Tengine

8.1.3 ERIGE

PO AL TI81T examples FTaf iR, P RFISCRS .
o TEMEE (FREUD: TkeS)

* Google Drive

8.2 4% - tm_classification.c

Tengine Lite 3#%F Tengine [ A4 1) C API L P, X BFATE T C AP J@/R W14 tm_classification {32
iz1T MobileNet v1 732 28458, SCERHE & B o r 5. 1k AR T Tengine Lite C APL, X HL, 8]
i AEXA BT AT AL MO E K Z 1 tiger cat /IR o

eI AR SR Tengine-Lite R ESRT, 1247

$ export LD LIBRARY PATH=./build/install/lib
$ ./build/install/bin/tm_classification -m models/mobilenet.tmfile —-i images/cat.jpg -
—~g 224,224 -s 0.017,0.017,0.017 -w 104.007,116.669,122.679

8.2. 933 {EH - tm_classification.c 21



https://pan.baidu.com/s/1JsitkY6FVV87Kao6h5yAmg
https://drive.google.com/drive/folders/1hunePCa0x_R-Txv7kWqgx02uTCH3QWdS?usp=sharing

Tengine

ZERINT

tengine-lite library version: 1.4-dev

model file : models/mobilenet.tmfile

image file : images/cat.jpg

img_h, img_w, scale[3], mean[3] : 224 224 , 0.017 0.017 0.017, 104.0 116.7 122.7
Repeat 1 times, thread 1, avg time 33.74 ms, max_time 33.74 ms, min_time 33.74 ms
8.574144, 282
7.880117, 277
7.812573, 278
7.286458, 263
6.357486, 281

8.3 ABEXEBRIENMIES - tm_landmark.cpp

I

$ export LD LIBRARY PATH=./build/install/lib
$ ./build/install/bin/tm_landmark -m models/landmark.tmfile -i images/mobileface02.
—Jjpg -r 1 -t 1

ZERINR

tengine-lite library version: 1.4-dev

Repeat [1] min 8.784 ms, max 8.784 ms, avg 8.784 ms

22 Chapter 8. REIRR
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8.4 retinaface AR21EM{ESS - tm_retinaface.cpp

IR A

$ export LD_LIBRARY PATH=./build/install/lib
$ ./build/install/bin/tm_retinaface -m models/retinaface.tmfile -i images/mtcnn_faced.

—~Jjpg -r 1 -t 1

gERNR

tengine-lite library version: 1.4-dev

img_h, img_w : 316, 474

8.4. retinaface AREtEMI{ES - tm_retinaface.cpp 23



Tengine

(£ 50

Repeat 1 times, thread 1, avg time 28.78 ms, max_time 28.78 ms, min_time 28.78 ms
detected face num: 4

BOX 1.00:( 38.4053 , 86.142 ), ( 46.3009 , 64.0174 )

BOX 0.99:( 384.076 , 56.9844 ), ( 76.968 , 83.9609 )

BOX 0.99:( 169.196 , 87.1324 ), ( 38.4133 , 46.8504 )

BOX 0.98:( 290.004 , 104.453 ), ( 37.6346 , 46.7777 )

8.5 yolact 3£ 93 E4E 3% - tm_yolact.cpp

B

24 Chapter 8. REIRR




Tengine

THINGS Eﬂmuns
WHEN oy snv*vfsw

$ export LD_LIBRARY_ PATH=./build/install/lib

$ ./build/install/bin/tm_yolact -m models/yolact.tmfile -i images/ssd_car.jpg -r 1 -t.
1

GERANTR

tengine-lite library version: 1.4-dev

Repeat 1 times, thread 1, avg time 2064.44 ms, max_time 2064.44 ms, min_time 2064.44.
—IS

oy
Il

0.99966 at 130.82 57.77 340.78 x 237.36
0.99675 at 323.39 194.97 175.57 x 132.96
= 0.33431 at 191.24 195.78 103.06 x 179.22

=W
Il

8.5. yolact £l 4 FH4E S - tm_yolact.cpp 25




;.:.E'li. sy JP fmy 4

A __Ij
bus 100.07 KN - <l

™= L l'ili-i.t'ih ‘k :

8.6 unet E{%X 9 F{ESS - tm_unet.cpp

B

26 Chapter 8. RHIRR



Tengine

$ export LD_LIBRARY_ PATH=./build/install/lib
$ ./build/install/bin/tm_unet -m models/unet_sim3.tmfile -i images/carvanall.jpg -r 1.

—-t 1

GERANTR

Image height not specified, use default 512
Image width not specified, use default 512
Scale value not specified, use default 0.00392, 0.00392, 0.00392

tengine-lite library version: 1.4-dev

model file : models/unet_sim3.tmfile

image file : images/carvanaOl.jpg

img_h, img_w, scale[3], mean([3] : 512 512 , 0.004 0.004 0.004, 0.0 0.0 0.0

Repeat 1 times, thread 1, avg time 4861.93 ms, max_time 4861.93 ms, min_time 4861.93_

—IS

segmentatation result is save as unet_out.png

8.6. unet B % EI{ES - tm_unet.cpp 27



Tengine

8.7 yolov5s HEr{EMIES - tm_yolov5s.cpp

(Pl

28 Chapter 8. RHIRR



Tengine

$ export LD_LIBRARY_PATH=./build/install/lib
$ ./build/install/bin/tm_yolov5s -m models/yolov5s.tmfile -i images/ssd_dog.jpg -r 1 -
-t 1

gERNT

tengine-lite library version: 1.4-dev
Repeat 1 times, thread 1, avg time 462.94 ms, max_time 462.94 ms, min_time 462.94 ms
detection num: 3
16: 89%, [ 135, 218, 313, 558], dog
7: 86%, [ 472, 78, 689, 169], truck
1: 75%, [ 123, 107, 578, 449], bicycle

8.7. yolov5s HiFi&MH{ES - tm_yolov5s.cpp 29



Tengine

8.8 hrnet AF&EFHIRFIES - tm_hrnet.cpp

I

30 Chapter 8. RHIRR



Tengine

$ export LD_LIBRARY PATH=./build/install/lib
$ ./build/install/bin/tm_hrnet -m models/hrnet.tmfile -i images/pose.jpg -r 1 -t 1

SRR :

tengine-lite library version: 1.4-dev
Repeat [1] min 416.223 ms, max 416.223 ms, avg 416.223 ms
x: 27, y: 58, score: 0.91551
x: 27, y: 45, score: 0.865156
x: 28, y: 30, score: 0.831916
0.839507

x: 34, y: 29, score:

@3

8.8. hrnet AFEFTIRFI{ES - tm_hrnet.cpp 31



Tengine

(22 30
x: 38, y: 44, score: 0.88559
x: 35, y: 55, score: 0.891349
x: 31, y: 30, score: 0.873104
x: 31, y: 14, score: 0.928233
x: 30, y: 10, score: 0.948434
x: 29, y: 1, score: 0.915752
x: 23, y: 31, score: 0.811694
x: 24, y: 24, score: 0.935574
x: 24, y: 14, score: 0.899991
x: 37, y: 13, score: 0.908696
x: 41, y: 22, score: 0.902927
x: 41, y: 29, score: 0.847032
32 Chapter 8. RHIRT
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8.9 ;X =iRFI{ESS - tm_crnn.cpp

FERI 4 crnn_lite_dense.tmfile MIIRE F: o02_resize.jpg FEXMH: keys.txt JHRKE F:

dnfaIsEtR E S RYER{E IR

$ export LD_TLIBRARY_ PATH=./build/install/lib
$ ./build/install/bin/tm_crnn -m models/crnn_lite_dense.tmfile -i images/o2_resize.

—Jjpg -1 files/keys.txt

8.9. X=iRFI4ES - tm_crnn.cpp 33




Tengine

SRR :

tengine-lite library version: 1.4-dev

Repeat 1 times, thread 1, avg time 23.30 ms, max_time 23.30 ms, min_time 23.30 ms

Horr ocr (IR BISER & BT B EN i, (RN SRTR ZEORATA et ST AT LA i IR il B 5 1 3 S0

RS T 4 AR demo . BRI~

34
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CHAPTER 9

REVEIRT A

Tengine Convert Tool 3¢ 4 4 Il HE L1 P, Tengine HE SR AL LA BEER 58 cnfile. FERPNIA S %
FEDAF A 4450

Caffe

MXNet
PyTorch(ONNX)
TensorFlow
TFLite

Darknet
MegEngine
OneFlow

PaddlePalle 2.0

[ i} Tengine Convert Tool 4 sz R At 0 75 1) ity I HE SRS e 6 1 Tengine 1 FRARE SE P AR A% 5 tmfile.
BB ARAR 2 SCHFPA N HE SR -

ncnn

35
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9.1 {&k¥iEEZ%

sudo apt install libprotobuf-dev protobuf-compiler

9.2 [RiSYmiE

mkdir build && cd build
cmake

make -j nproc’ && make install

GiRSE R, BRI AT M tm_convert_tool fEAE . /build/install/bin/ HHF R,

9.3 MITIRE KR

o T

$ ./tm_convert_tool -h

[Convert Tools Info]: optional arguments:
-h help show this help message and exit
-f input type path to input float32 tmfile
-p input structure path to the network structure of input model (*.prototxt,

— *.symbol, *.cfqg)
-m input params path to the network params of input model (*.caffemodel, .
—*.params, *.weight, *.pb, *.onnx, *.tflite)

-0 output model path to output fp32 tmfile

e Caffe

./tm_convert_tool -f caffe -p mobilenet.prototxt -m mobilenet.caffemodel -o mobilenet.

—~tmfile

* MXNet

./tm_convert_tool -f mxnet -p mobilenet.json -m mobilene.params -o mobileent.tmfile

* ONNX

./tm_convert_tool —-f onnx —-m mobilenet.onnx —-o mobilenet.tmfile

¢ TensorFlow

36 Chapter 9. #E&REHT A




Tengine

./tm_convert_tool

tensorflow -m mobielenet_vl1_1.0_224_frozen.pb -o mobilenet.tmfile

» TFLite

./tm_convert_tool

tflite -m mobielenet.tflite -o mobilenet.tmfile

¢ Darknet

./tm_convert_tool

darknet -p yolov3.cfg -m yolov3.weights -o yolov3.tmfile

* MegEngine

./tm_convert_tool

megengine -m mobilenet.pkl -o mobilenet.tmfile

¢ OneFlow

./tm_convert_tool

oneflow -p mobilenet.prototxt -m mobilenet/ -o mobilenet.tmfile

¢ ncnn

./tm_convert_tool

ncnn -p mobilenet.param -m mobilenet.bin -o mobilenet.tmfile

9.3. MITIREHER

37




Tengine
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cHAPTER 10

REBU-XTFRENL

T SCHAAE AloT %45 EERE int8 A5 7Y, Fo{T# L T —2L3E fI i) post training quantization .=, W] DL Float32
tmfile #7553 int8 tmfile BiZ,

10.1 MHOBEEEL

10.2 EECEEHF

¢ CPU Int8 mode

¢ TensorRT Int8 mode

10.3 T#;

T AT IR AR TG 128 e ] AT SO, BT PAAGE BRI quant_tool_int8

39


https://github.com/OAID/Tengine/releases/download/lite-v1.3/quant_tool_int8

Tengine

10.4 IR {KHiRE

sudo apt install libopencv-dev

10.5 B1TEH

$ ./quant_tool_int8 -h

[Quant Tools Info]: optional arguments:

-h help show this help message and exit

-m input model path to input float32 tmfile

-1i image dir path to calibration images folder

-0 output model path to output int8 tmfile

-a algorithm the type of quant algorithm(0:min-max, 1:kl, default is 1)
-g size the size of input image (using the resize the original image,

—default is 3,224,224

-W mean value of mean (mean value, default is 104.0,117.0,123.0
-s scale value of normalize (scale value, default is 1.0,1.0,1.0)
-b swapRB flag which indicates that swap first and last channels in 3-

—channel image is necessary (0:0FF, 1:0N, default is 1)

-c center crop flag which indicates that center crop process image is.
—necessary (0:0FF, 1:0N, default is 0)

-y letter box flag which indicates that letter box process image is.
—necessary (maybe using for YOLO, 0O:0FF, 1:0ON, default is 0)

-t num thread count of processing threads (default is 4)

10.6 Rl

i FH 540 T ELAT, P35 % Float32 tmfile il Calibration Dataset (sfbEsESHiE) .
o BHERENES, RATRRESIZB BT AR, —RERIT 52 M ZREE T BED L
o BEHEEE KA, MRIRAIIRA A H 500-1000 5K .

$ .quant_tool_int8 -m ./mobilenet_fp32.tmfile -i ./dataset -o ./mobilenet_int8.
—tmfile -g 3,224,224 -w 104.007,116.669,122.679 -s 0.017,0.017,0.017

—-——— Tengine Post Training Quantization Tool —-——-

Version : v1.0, 17:32:30 Dec 24 2020
Status : int8, per-channel, symmetric
Input model : ./mobilenet_fp32.tmfile

(Rt
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(B b

Output model:

Calib images:

Algorit
Dims
Mean
Scale
BGR2RGB
Center
Letter
Thread

[Quant
[Quant
[Quant
[Quant
[Quant
[Quant

hm

crop
box

num

Tools
Tools
Tools
Tools
Tools

Tools

./mobilenet_int8.tmfile

./dataset

KL

3 224 224
104.007 116.669 122.679
0.017 0.017 0.017

ON
OFF
OFF

Info]:
Info]:
Info]:
Info]:
Info]:
Info]:

—minmax.scale

[Quant
[Quant
[Quant
[Quant
[Quant
[Quant
[Quant
[Quant
[Quant
[Quant
[Quant

Tools
Tools
Tools
Tools
Tools
Tools
Tools
Tools
Tools
Tools

Tools

Info]:
Info]:
Info]:
Info]:
Info]:
Info]:
Info]:
Info]:
Info]:
Info]:
Info]:

Step 0, load
Step 0, load
Step 0, load
Step 0, load
Step 1, find
Step 1, find
Step 2, find
Step 2, find
Thread 1,

FP32 tmfile.

FP32 tmfile done.

calibration image files.

calibration image files done, image num is 55.
original calibration table.

original calibration table done, output ./table_

calibration table.

calibration table done, output ./table_kl.scale

image nums 55, total time 1964.24 ms, avg time 35.71 ms

Calibration file is using table_kl.scale

Step
Step
Step
Step
Step
Step
Step

load
load
load

FP32 tmfile once again
FP32 tmfile once again done.

calibration table file table_kl.scale.

optimize the calibration table.

quantize activation tensor done.

quantize weight tensor done.

save

Int8 tmfile done, ./mobilenet_int8.tmfile

—-——— Tengine Int8 tmfile create success, best wish for your INT8 inference has a low.

—accuracy loss...\("0")/ ————

10.6. R

1
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cHaPTER 11

RAEW-IFXTREN

BT ZHAAE AloT ¥ i E uint8 A7, FRATHAL T — 2438 1) post training quantization T.H., 1] DAY Float32
tmfile #7553 int8 tmfile BiZ,

1.1 ERRPEEMR

11.2 FECEEHF

¢ CPU Uint8 mode

» TIM-VXNPU (suchas A311D. i.MX8M Plus, RV11267)

11.3 T

S AT TR AR TG 128 e ] AT SO, 8T PAAGE BRI quant_tool _uint8.

43


https://github.com/OAID/Tengine/releases/download/lite-v1.3/quant_tool_uint8

Tengine

11.4 RIR KR

sudo apt install libopencv-dev

11.5 BETEH

$ ./quant_tool_uint8 -h

[Quant Tools Info]: optional arguments:

-h help show this help message and exit

-m input model path to input float32 tmfile

-1i image dir path to calibration images folder

-0 output model path to output int8 tmfile

-a algorithm the type of quant algorithm(0:min-max, 1:kl, default is 1)
-g size the size of input image (using the resize the original image,

—default is 3,224,224

-W mean value of mean (mean value, default is 104.0,117.0,123.0
-s scale value of normalize (scale value, default is 1.0,1.0,1.0)
-b swapRB flag which indicates that swap first and last channels in 3-

—channel image is necessary (0:0FF, 1:0N, default is 1)

-c center crop flag which indicates that center crop process image is.
—necessary (0:0FF, 1:0N, default is 0)

-y letter box flag which indicates that letter box process image is.
—necessary (maybe using for YOLO, 0O:0FF, 1:0ON, default is 0)

-t num thread count of processing threads (default is 4)

11.6 =6l

i FH 540 T ELAT, P35 % Float32 tmfile il Calibration Dataset (sfbEsESHiE) .
o BHERENES, RATRRESIZB BT AR, —RERIT 52 M ZREE T BED L
o BEHEEE KA, MRIRAIIRA A H 500-1000 5K .

$ .quant_tool_uint8 -m ./mobilenet_fp32.tmfile —-i ./dataset -o ./mobilenet_uint8.
—tmfile -g 3,224,224 -w 104.007,116.669,122.679 -s 0.017,0.017,0.017

—-——— Tengine Post Training Quantization Tool —-——-

Version : v1.0, 18:06:10 Mar 4 2021
Status : uint8, per-layer, asymmetric
Input model : ./mobilenet_fp32.tmfile

(Rt
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Output model:

Calib images:

Algorit
Dims
Mean
Scale
BGR2RGB
Center
Letter
Thread

[Quant
[Quant
[Quant
[Quant
[Quant
[Quant
[Quant

hm

crop
box

num

Tools
Tools
Tools
Tools
Tools
Tools

Tools

./mobilenet_uint8.tmfile
./dataset
MIN MAX

3 224 224
104.007 116.669 122.679
0.017 0.017 0.017

ON
OFF
OFF

Info]:
Info]:
Info]:
Info]:
Info]:
Info]:
Info]:

—minmax.scale

[Quant
[Quant
[Quant
[Quant
[Quant
[Quant
[Quant
[Quant
[Quant
[Quant
[Quant
[Quant

Tools
Tools
Tools
Tools
Tools
Tools
Tools
Tools
Tools
Tools
Tools

Tools

Info]:
Info]:
Info]:
Info]:
Info]:
Info]:
Info]:
Info]:
Info]:
Info]:
Info]:
Info]:

Step
Step
Step
Step
Step
Step
Step

Step
Step
Step

load FP32 tmfile.

load FP32 tmfile done.

load calibration image files.

load calibration image files done, image num is 55.
find original calibration table.

images 00055 / 00055

find original calibration table done, output ./table_

find calibration table.
images 00001 / 00055
find calibration table done, output ./table_kl.scale

Thread 1, image nums 55, total time 1195.07 ms, avg time 21.73 ms

Calibration file is using table_minmax.scale

Step
Step
Step
Step
Step
Step
Step

load FP32 tmfile once again

load FP32 tmfile once again done.

load calibration table file table_minmax.scale.
optimize the calibration table.

quantize activation tensor done.

quantize weight tensor done.

save Int8 tmfile done, ./mobilenet_uint8.tmfile

—-——— Tengine Int8 tmfile create success, best wish for your INT8 inference has a low.

—accuracy loss...\("0")/ ———-

11.6. R

1
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cHAPTER 12

RETMHAHLIE

12.1 &

Netron Jg 5 H FUH AR~ ST B T AL T

12.2 HH

TG Netron Wi H , (HHSZR5@#AT tmfile, 744k Tengine #% ,

47
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12.3 Tengine {E#Y

Tengine #8440 5487 .tmfile” SCF, [ Tengine: Covert Tool i it HAM I ZAAE SR L4045 5], FAEEdEAS =N —
]

12.4 R4

1. Netron ;23T Node.js JF % # Electron IV FIFE7, 5 S 2 javascript;
2. Electron i IR/ 2 (i ] javascript FF R IESF-& . W HRRFHESE

3. Netron 7EMRMTRLEL SO )T, BEHUE a) 558445 B, , Model Properties ; b) #8457 A | %y i , Model Inputs/Outputs
W AEE R ST o) BRI, A BRI g5 5 d) 5 (5 B, Node Properties, Attributes, Inputs,
Outputs % ;

12.5 Model Properties

HEA Netron FUHI 5 , 57c b A PEURRE i B 715 8 (AL 1 e 20 @ARICHT R ), 38 HH A7 U134 : Model Properties.
(1) MODEL PROPERTIES

a) format: fiEHTE] Tengine BLEL -1 78 Tengine V2.0; b) source: JEAAIMEZ, Uit Caffe F4f i tmfile,
N7~ Caffe; i TensorFlow #53i% tmfile, )57~ TensorFlow;

(2) INPUTS

a) data:

name: % A tensor 24 F, AHILAL A data; type: B2 AL, eab >l FP32 45 5: 4EFE(R ., IUREAL, [10,3,227,227];
(3) OUTPUTS

a) prob:

name: & 1 tensor [ FR, WAL A prob; type: BHERAY | Ak FP32 #43X; 4E B (S B E, %5 infershape
J& B Tengine 1154554 th RoT .

12.6 RRLHE

Tengine W, 1REZLE T tensor %,
7 14, Node LI KM, FAREAS R B TR BUE /R AR . 407 layer” 2B g /R A#E (7,7 Activation”

AH ST MR R HIRZL (2, ” Normalize” AH 5677 5 /R IR Sk (4. Convolution 2RI i/~ weight il bias 4
2
H /& o
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127 HRER

4958 Node, BT S-S — T Operator,
BT HAZR type. 4 FK name, JE1E ATTRIBUTES M4 A INPUTS. #jiti OUTPUTS,
M2z KX E) Node, A3 M5 297 B AR5 R, b g
(1) NODE PROPERTIES:
a) type: B 72K% 41 Convolution 2] it 7~ Convolution;
b) name: 7 A4 FR, WTT 44~ conv-relu_convl (£ KXk, £ @tRicH) Convolution 75,5 ;

(2) ATTRIBUTIES: A28 T2 iR, BSHWETAER; RIEE TRMMAR, BRARF R AT-
TRIBUTES %1|3¢; 41 [5 A% T 1) Attributes] ARIEA [ T4 EM ) %

(3) INPUTS: /i1y A,
a) input: Ig7RHA tensor £ 5K, HIJEI— Node fy%iih ;

b) weight/bias/--- : A ARYEALZEL, U0 weight, bias %, 7F Tengine H1, weight, bias Z:{E>} Node, DA%
tensor IJEI, % 15 E5H 45 OO R I35 £

(4) OUTPUTS: it} tensor:

oAb conv-relu_conv1 35 i (1) % Hi 52 5 24 Convolution f5 Relu ff# 1, Hirb Relu 7 b 70 155 20 5 3 o) g it £ 10F
Convolution 55, BLANARS A

Ik tensor Xt R —A Node i A

12.8 AE&EFH) Attributes

H HIFEHE 92 4> Node 2628 (BISE72R2L, {HALFE T INPUT Fl Const FYALHR) FYfFAT

12.8.1 EF3IF

R TEBHOT TR &

(T " —PNE TG TR, SHEREIOAK, 7 RERTE.)
ASHE TR

(K R EMETIITT R, SHERBOAX, 7 ERMDE.)
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12.8.2 FEHEFEMIE

BatchNormalization

BilinearResize

Concat

Convolution

DeConvolution

DetectionOutput

Eltwise

Flatten

FullyConnected

LRN
Normalize
Permute
Pooling
PriorBox
Region
RelLU
Reorg
Reshape
RoiPooling
RPN
Scale

Slice

50
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SoftMax
DetectionPostProcess
Gemm

Generic

LSTM

RNN

Squeeze

Pad

StridedSlice
ArgMax

ArgMin

TopKV2
Reduction

GRU

Addn

SwapAxis
Upsample
SpaceToBatchND
BatchToSpaceND
Resize
ShuffleChannel
Crop

ROIAlign

12.8. FAEE¥#) Attributes
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Psroipooling

Unary
Expanddims
Bias
Threshold
Hardsigmoid
Embed
InstanceNorm
MVN

Cast
HardSwish
Interp

SELU

ELU

Logical

Gather
Transpose
Comparison
SpaceToDepth
DepthToSpace
SparseToDense
Clip
Unsqueeze

52
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Reducel2

Expand

Scatter

Tile

12.8. FAEE¥#) Attributes
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cHAPTER 13

X7 iE

13.1 i+E A Profiler

THEIE Profiler, 27552 infer shape #E/FHIC FHIMKL ir_graph ., MTHIIA infer shape BHIE
i o

1311 ERHAZE

o BIFPATHT, WIIFEEAL & export TG_DEBUG_GRAPH=1, )5 H11H & Profiler YjfE;

o Mg EAS B unset TG_DEBUG_GRAPH, xXHiTH K Profiler ZfE.

13.1.2 logo E8

$./tm_classification -m mobilenet.tmfile -i cat.jpg -r 10
tengine-lite library version: 1.4-dev
graph node_num 86 tensor_num: 86 subgraph_num: 1

graph layout: NCHW model layout: NCHW model_format: tengine

node: 0 op: Const name: convl-convl/bn-convl/scale.bias.bn.fused.fused
output tensors: 1
0: [id: 0] convl-convl/bn-convl/scale.bias.bn.fused.fused type: fp32/

—const shape: [32] from node: 0 (consumer: 1)

(FoUgkEE)
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node: 1 op: Const name: convl/weight.fused.fused
output tensors: 1
0: [id: 1] convl/weight.fused.fused type: fp32/const shape: [32,3,3,3]_
—from node: 1 (consumer: 1)
node: 2 op: InputOp name: input
output tensors: 1
0: [id: 2] data type: fp32/input shape: [1,3,224,224] from node: 2.
< (consumer: 1)

node: 3 op: Const name:
output tensors:
0: [1d: 3]
—type: fp32/const shape:

conv2_1/dw-conv2_1/dw/bn-conv2_1/dw/scale.bias.bn.fused. fused
1
conv2_1/dw-conv2_1/dw/bn-conv2_1/dw/scale.bias.bn.fused.fused._
[32] 1)

from node: 3 (consumer:

(#44% K% T, HEKI KRB #444)

node: 84 op: Pooling name: poolb
input tensors: 1
0: [id: 81] relu6/sep/0 type: fp32/var shape: [1,1024,7,7] from node: 81.
— (consumer: 1)
output tensors: 1
0: [id: 84] pool6 type: fp32/var shape: [1,1024,1,1] from node: 84.
— (consumer: 1)
node: 85 op: Convolution name: fc7
input tensors: 3
0: [id: 84] pool6 type: fp32/var shape: [1,1024,1,1] from node: 84._
— (consumer: 1)
1: [id: 83] fc7/weight type: fp32/const shape: [1000,1024,1,1] from node:.
83 (consumer: 1)
2: [1d: 82] fc7/bias type: fp32/const shape: [1000] from node: 82.
— (consumer: 1)
output tensors: 1
0: [id: 85] fc7 type: fp32/var shape: [1,1000,1,1] from node: 85
graph inputs: 1
input
graph outputs: 1
fc7
model file mobilenet.tmfile
(QiviE3)
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(£ 50

image file : cat.jpg

img_h, img_w, scale[3], mean[3] : 224 224 , 0.017 0.017 0.017, 104.0 116.7 122.7
Repeat 10 times, thread 1, avg time 44.12 ms, max_time 73.76 ms, min_time 37.14 ms
8.574144, 282
7.880117, 277
7.812573, 278
7.286458, 263
6.357486, 281

Tengine plugin device CPU is unregistered.

13.2 {4 gE Profiler

PERE Profiler, FITiZZREMSETT, TEMAIALATTINGETT CPU | kernel #EIS (5 S, T Wi Em#Ems i1

I

13.21 ERHABZ

« BFIATHT, WINIREAS R export TG_DEBUG_TIME=1, ) HIEfE Profiler DJfiE;

o MRS Ar & unset TG_DEBUG_TIME, X[F]{4:§HE Profiler THE.

13.2.2 logo E8

$./tm_classification -m mobilenet.tmfile -i cat.jpg -r 10
tengine-lite library version: 1.4-dev
model file : mobilenet.tmfile
image file : cat.jpg
img_h, img_w, scale([3], mean[3] : 224 224 , 0.017 0.017 0.017, 104.0 116.7 122.7
Repeat 10 times, thread 1, avg time 42.36 ms, max_time 65.59 ms, min_time 38.26 ms
8.574144, 282
7.880117, 277
7.812573, 278
7.286458, 263
6.357486, 281

0 [ 3.42% : 1.2 ms] Convolution idx: 5 shape: {1 3 224 224y —> {1 32_
—112 112} fp32 -> fp32 K: 3x3 | S: 2x2 | P: 1 1 1 1 MEFLOPS: 21.68.
—Rate:17722

(Rt
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1 [ 4.60% 1.6 ms] Convolution idx: 8 shape: {1 32 112 112} -> {1 32.
—112 112} fp32 -> fp32 K: 3x3 | S: 1x1 | P: 1 1 1 1 DW( 32) MFLOPS: 7.23.
—~Rate:4392

2 [ 5.66% 2.0 ms] Convolution idx: 11 shape: {1 32 112 112} -> {1 64_
—112 112} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS: 51.38.
—Rate:25423

3 [ 3.28% 1.2 ms] Convolution idx: 14 shape: {1 64 112 112} -> {1 64 _
—56 56} fp32 -> fp32 K: 3x3 | S: 2x2 | P: 1 1 1 1 DW( 64) MFLOPS: 3.61.
—~Rate:3085

4 [ 4.25% 1.5 ms] Convolution idx: 17 shape: {1 64 56 56} —-> {1 128 _
56 56} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS: 51.38.
—Rate:33824

5 [ 3.13% 1.1 ms] Convolution idx: 20 shape: {1 128 56 56} -> {1 128 .
—56 56} fp32 -> fp32 K: 3x3 | S: 1x1 | P: 1 1 1 1 DW(128) MFLOPS: 7.23.
—Rate:6458

6 [ 7.85% 2.8 ms] Convolution idx: 23 shape: {1 128 56 56} —-> {1 128 .
—56 56} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS:102.76.
—Rate:36658

7 [ 1.72% 0.6 ms] Convolution idx: 26 shape: {1 128 56 56} —> {1 128 _
—28 28} fp32 -> fp32 K: 3x3 | S: 2x2 | P: 1 1 1 1 DW(128) MFLOPS: 1.81.
—Rate:2937

8 [ 3.37% 1.2 ms] Convolution idx: 29 shape: {1 128 28 28} —-> {1 256 _
—28 28} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS: 51.38_
—Rate:42671

9 [ 1.32% 0.5 ms] Convolution idx: 32 shape: {1 256 28 28} -> {1 256 .
—28 28} fp32 -> fp32 K: 3x3 | S: 1x1 | P: 1 1 1 1 DW(256) MFLOPS: 3.61.
—Rate:7655

10 [ 6.45% 2.3 ms] Convolution idx: 35 shape: {1 256 28 28} —-> {1 256 .
28 28} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS:102.76.
—Rate:44564

11 [ 0.78% 0.3 ms] Convolution idx: 38 shape: {1 256 28 28} -> {1 256 .
—14 14} fp32 -> fp32 K: 3x3 | S: 2x2 | P: 1 1 1 1 DW(256) MFLOPS: 0.90.
—Rate:3259

12 [ 3.27% 1.2 ms] Convolution idx: 41 shape: {1 256 14 14} -> {1 512 _
—~14 14} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS: 51.38_
—Rate:43954

13 [ 1.01% 0.4 ms] Convolution idx: 44 shape: {1 512 14 14} -> {1 512 _
—14 14} fp32 -> fp32 K: 3x3 | S: 1x1 | P: 1 1 1 1 DW(512) MFLOPS: 1.81.
—~Rate:4989

14 [ 6.57% 2.3 ms] Convolution idx: 47 shape: {1 512 14 14} -> {1 512 _
—14 14} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS:102.76.
—~Rate:43767

15 [ 0.96% 0.3 ms] Convolution idx: 50 shape: {1 512 14 14} -> {1 512 _
—14 14} fp32 —> fp32 K: 3x3 | S: 1x1 | P: 1 1 1 1 DW(512) MFLOPS: 1.81.
—~Rate:5266 (FRURED)
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16 [ 6.44% 2.3 ms] Convolution idx: 53 shape: {1 512 14 14} -> {1 512 _
—14 14} fp32 -> fp32 K: 1x1 S: 1x1 P: 00 0O MFLOPS:102.76.
—~Rate:44659

17 [ 1.01% 0.4 ms] Convolution idx: 56 shape: {1 512 14 14} -> {1 512 _
—14 14} fp32 —> fp32 K: 3x3 | S: 1x1 | P: 1 1 1 1 DW(512) MFLOPS: 1.81.
—~Rate:5003

18 [ 6.44% 2.3 ms] Convolution idx: 59 shape: {1 512 14 14} -> {1 512 _
—14 14} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS:102.76.
—~Rate:44678

19 [ 0.98% 0.3 ms] Convolution idx: 62 shape: {1 512 14 14} -> {1 512 .
—14 14} fp32 -> fp32 K: 3x3 | S: 1x1 | P: 1 1 1 1 DW(512) MFLOPS: 1.81.
—Rate:5174

20 [ 6.36% 2.3 ms] Convolution idx: 65 shape: {1 512 14 14} -> {1 512 _
—14 14} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS:102.76.
—Rate:45249

21 [ 1.02% 0.4 ms] Convolution idx: 68 shape: {1 512 14 14} -> {1 512 .
—14 14} fp32 -> fp32 K: 3x3 | S: 1x1 | P: 1 1 1 1 DW(512) MFLOPS: 1.81.
—Rate:4976

22 [ 6.61% 2.4 ms] Convolution idx: 71 shape: {1 512 14 14} -> {1 512 _
—14 14} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS:102.76.
—Rate:43523

23 [ 0.61% 0.2 ms] Convolution idx: 74 shape: {1 512 14 14} -> {1 512 _
7 7} fp32 -> fp32 K: 3x3 | S: 2x2 P: 1 1 1 1 DW(512) MFLOPS: 0.45_
—Rate:2062

24 [ 3.36% 1.2 ms] Convolution idx: 77 shape: {1 512 7 7 => {1 1024 _
7 7} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS: 51.38.
—Rate:42853

25 [ 0.74% 0.3 ms] Convolution idx: 80 shape: {1 1024 7 7y > {1 1024 _
- 7 7} fp32 -> fp32 K: 3x3 | S: 1x1 | P: 1 1 1 1 DW(1024) MFLOPS: 0.90_
—Rate:3397

26 [ 7.65% 2.7 ms] Convolution idx: 81 shape: {1 1024 7 7 => {1 1024 _
7 7} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS:102.76.
—Rate:37588

27 [ 0.08% 0.0 ms] Pooling idx: 84 shape: {1 1024 7 7y —> {1 1024 _
- 1 1} fp32 -> fp32 K: 7x7 | S: 1x1 | P: 0 0 0 O Avg

28 [ 1.07% 0.4 ms] Convolution idx: 85 shape: {1 1024 1 1y —> {1 1000 .
- 1 1} fp32 -> fp32 K: 1x1 | S: 1x1 | P: 0 0 0 O MFLOPS: 2.05.
—Rate:5360
total time: 422.97 ms. avg time: 42.30 ms. min time: 35.73 ms.
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13.3 ¥ Profiler

K Profiler, T CPU JasmiafT ML), T4 /2 input/ouput tensor data, 70k th 458 5
A )

13.3.1 EHAZ

« BFIATHT, WINFREAS R export TG_DEBUG_DATA=1, G Profiler i ;

o MRS 4Ar & unset TG_DEBUG_DATA, Xx[¥K5E Profiler THE.

13.3.2 logo E8

Bl 5, TEREFFAATRY G HTBEAR AR . /output SO,

$ ./tm_classification -m models/squeezenet.tmfile -i images/cat.jpg

model file : models/squeezenet.tmfile

image file : images/cat.jpg
label_file : (null)
img_h, img_w, scale[3], mean([3] : 227 227 , 1.000 1.000 1.000, 104.0 116.7 122.7

Repeat 1 times, thread 1, avg time 4402.85 ms, max_time 4402.85 ms, min_time 4402.85.
—ms

0.273199, 281

.267552, 282

.181004, 278

.081799, 285

.072407, 151

o O O O

$ 1s ./output

convl-convl-bn-convl-scale-relul_in_blob_data.txt
convl-convl-bn-convl-scale-relul_out_blob_data.txt
conv2_1l-dw-conv2_1l-dw-bn-conv2_1l-dw-scale-relu2_1-dw_in_blob_data.txt
conv2_1-dw-conv2_1l-dw-bn-conv2_1-dw-scale-relu2_1-dw_out_blob_data.txt
conv2_Jl-sep-conv2_1l-sep-bn-conv2_l-sep-scale-relu2_l-sep_in_blob_data.txt
conv2_Jl-sep-conv2_Jl-sep-bn-conv2_1l-sep-scale-relu2_Jl-sep_out_blob_data.txt
conv2_2-dw-conv2_2-dw-bn-conv2_2-dw-scale-relu2_2-dw_in_blob_data.txt
conv2_2-dw-conv2_2-dw-bn-conv2_2-dw-scale-relu2_ 2-dw_out_blob_data.txt
conv2_2-sep-conv2_2-sep-bn-conv2_2-sep-scale-relu2_2-sep_in_blob_data.txt
conv2_2-sep-conv2_2-sep-bn-conv2_2-sep-scale-relu2_2-sep_out_blob_data.txt
conv3_1-dw-conv3_1-dw-bn-conv3_1-dw-scale-relu3_1-dw_in blob_data.txt
conv3_l-dw-conv3_Jl-dw-bn-conv3_1l-dw-scale-relu3_1-dw_out_blob_data.txt

conv3_1l-sep-conv3_1l-sep-bn-conv3_l-sep-scale-relu3_l-sep_in_blob_data.txt

(Rt
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conv3_l-sep-conv3_l-sep-bn-conv3_l-sep-scale-relu3_l-sep_out_blob_data.txt
conv3_2-dw—-conv3_2-dw-bn-conv3_2-dw—-scale-relu3_2-dw_in_blob_data.txt
conv3_2-dw-conv3_2-dw-bn-conv3_2-dw-scale-relu3_2-dw_out_blob_data.txt
conv3_2-sep-conv3_2-sep-bn-conv3_2-sep-scale-relu3_2-sep_in_blob_data.txt
conv3_2-sep-conv3_2-sep-bn-conv3_2-sep-scale-relu3_2-sep_out_blob_data.txt
conv4_1-dw-conv4_1-dw-bn-conv4_Jl-dw-scale-relud4_1l-dw_in_blob_data.txt
conv4_1-dw-conv4_1l-dw-bn-conv4_1-dw-scale-relud4_1-dw_out_blob_data.txt
conv4_Jl-sep-conv4_1l-sep-bn-conv4_l-sep-scale-relud4_l-sep_in_blob_data.txt
conv4_l-sep-conv4_l-sep-bn-conv4d_l-sep-scale-relud4_l-sep_out_blob_data.txt
convé4_2-dw-conv4_2-dw-bn-conv4_2-dw-scale-relud_2-dw_in_blob_data.txt
conv4_2-dw-conv4_2-dw-bn-conv4_2-dw-scale-relud4d_2-dw_out_blob_data.txt
conv4_2-sep-conv4_2-sep-bn-conv4d_2-sep-scale-relud_2-sep_in_blob_data.txt
conv4_2-sep-convi_2-sep-bn-conv4d_2-sep-scale-relud4_2-sep_out_blob_data.txt
convb_1-dw—-convb_1-dw-bn-conv5_1-dw—-scale-relub_1-dw_in blob_data.txt
convb_1-dw-conv5_1l1-dw-bn-conv5_1-dw-scale-relub5_1-dw_out_blob_data.txt
conv5_1l-sep-conv5_1l-sep-bn-conv5_1l-sep-scale-relub_l-sep_in_blob_data.txt
conv5_1l-sep-conv5_l-sep-bn-conv5_1l-sep-scale-relub_l-sep_out_blob_data.txt
convb_2-dw-conv5_2-dw-bn-conv5_2-dw-scale-relub5_2-dw_in_blob_data.txt
convb_2-dw—-conv5_2-dw-bn—-conv5_2-dw—-scale-relub_2-dw_out_blob_data.txt
conv5_2-sep-conv5_2-sep-bn-conv5_2-sep-scale-relub_2-sep_in_blob_data.txt
conv5_2-sep-conv5_2-sep-bn-conv5_2-sep-scale-relub_2-sep_out_blob_data.txt
convb_3-dw-conv5_3-dw-bn-conv5_3-dw-scale-relub5_3-dw_in blob_data.txt
convb_3-dw-conv5_3-dw-bn-conv5_3-dw-scale-relub5_3-dw_out_blob_data.txt
conv5_3-sep-conv5_3-sep-bn-conv5_3-sep-scale-relub_3-sep_in_blob_data.txt
conv5_3-sep-conv5_3-sep-bn-conv5_3-sep-scale-relub_3-sep_out_blob_data.txt
convb_4-dw-conv5_4-dw-bn-conv5_4-dw-scale-relub5_4-dw_in_blob_data.txt
convb_4-dw-conv5_4-dw-bn-conv5_4-dw-scale-relu5_4-dw_out_blob_data.txt
conv5_4-sep-conv5_4-sep-bn-conv5_4-sep-scale-relub_4-sep_in_blob_data.txt
conv5_4-sep-conv5_4-sep-bn-conv5_4-sep-scale-relub_4-sep_out_blob_data.txt
convb5_5-dw-conv5_5-dw-bn-conv5_5-dw-scale-relu5_5-dw_in_blob_data.txt
convb_5-dw-conv5_5-dw-bn-conv5_5-dw-scale-relu5_5-dw_out_blob_data.txt
conv5_5-sep-conv5_5-sep-bn-conv5_5-sep-scale-relub_5-sep_in_blob_data.txt
convb5_5-sep—-conv5_5-sep-bn-conv5_5-sep-scale-relub_b-sep_out_blob_data.txt
convb_6-dw-conv5_6-dw-bn-conv5_6-dw-scale-relu5_6-dw_in_blob_data.txt
convb5_6-dw—-conv5_6-dw-bn—-conv5_6-dw—-scale-relub5_6-dw_out_blob_data.txt
conv5_6-sep-conv5_6-sep-bn-conv5_6-sep-scale-relub_6-sep_in_blob_data.txt
conv5_6-sep-conv5_6-sep-bn-conv5_6-sep-scale-relub_6-sep_out_blob_data.txt
convo—dw—-convbo—-dw—-bn—-conv6o—-dw—-scale-relu6-dw_in_blob_data.txt
convbo—dw—convo—-dw-bn-conv6-dw-scale-relu6-dw_out_blob_data.txt
convb-sep-convb-sep-bn-convé6-sep-scale-relub-sep_in_blob_data.txt
convb-sep-convb-sep-bn-conv6-sep-scale-relub-sep_out_blob_data.txt
fc7_in_blob_data.txt

fc7_out_blob_data.txt

(Rt
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pool6_in_blob_data.txt
pool6_out_blob_data.txt

13.4 Naive Profiler

Naive Profiler, T %] CPU PEREAE T, JGumita HA#i ] Naive C 3211 reference op, JHT X} kb #rik fEdA

ERICAIRCEAE

13.41 ERHAZ

o BIFHATHI, WINFFEEAS & export TG_DEBUG_REF=1, 3] Naive Profiler ZfjfE;

o MHEERIEAS B unset TG_DEBUG_REF, Pk Naive Profiler ZRE .

62

Chapter 13. i A%




cHAPTER 14

Linux TFER4G

Linux T#275 il i T J 71 Tengine 557 Linux REEH) %M CPU B R TE( 5 3imis A7 W 45 A2 P .

14.1 4giF

Sl niF (Linux) LSS P 2R AR SO

build-linux/install/lib/

L— libtengine-lite.so

14.2 1T

14.2.1 EEER,
CPU 53 335 1%k Float32/Float16/Uint8/Int8 tmfile, ' Float16/Uint8/Int8 £ %25 i A 7 1A A Ak T HL 3¢
W

o Int8 FIL T BALF F M

o Uint8 E 1 T A48 A F

o Int8 b T H T 2k

* Uint8 fAb LH Rt
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14.2.2 HBBEERE

CPU 7 #% Float32/Floatl6/Uint8/Int8  [U Fi k5 FF #55 Z F 47 W 4% 15 % 3 ¥, 22 2 78 3 17
prerun_graph_multithread(graph_t graph, struct options opt) < Hj i 14 struct
options opt B EHEBKSE .

Enable CPU FP32 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP32;
opt.affinity = 0;

Enable CPU FP16 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP16;
opt.affinity = 0;

Enable CPU Uint8 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_UINTS;
opt.affinity = 0;

Enable CPU Int8 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_INTS8;

opt.affinity = 0;
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14.3 &% Demo

o JEIET S 3% tm_classification.c
o JERGIE S tm_classification_fpl6.c
o JRIGiE 2P tm_classification_uint8.c

o P S tm_classification_int8.c

14.3.1 (& C API Fiijl

Linux demo KZ¥ET C APLIF A, WM C APLRE I/ NAT LA IR . BRI APL RIS % Tengine
CAPI,

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP32;
opt.affinity = affinity;

/* inital tengine */

init_tengine();

/* create graph, load tengine model xxx.tmfile */

graph_t graph = create_graph (NULL, "tengine", model_file);

/* set the shape, data buffer of input_tensor of the graph */

int img_size = img_h * img_w * 3;
int dims[] = {1, 3, img_h, img_w}; // nchw
float* input_data = ( float* )malloc(img_size * sizeof (float));

tensor_t input_tensor = get_graph_input_tensor (graph, 0, 0);
set_tensor_shape (input_tensor, dims, 4);

set_tensor_buffer (input_tensor, input_data, img_size * 4);

/* prerun graph, set work options (num_thread, cluster, precision) */

prerun_graph_multithread (graph, opt);

/* prepare process input data, set the data mem to input tensor */

get_input_data (image_file, input_data, img_h, img_w, mean, scale);

/* run graph */
run_graph (graph, 1);
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/* get the result of classification */
tensor_t output_tensor = get_graph_output_tensor (graph, 0, 0);
float* output_data = ( float* )get_tensor_buffer (output_tensor);

/* release tengine */
free (input_data);

postrun_graph (graph) ;
destroy_graph (graph) ;

release_tengine();

14.3.2 {E/ C++ API il

Linux demo [A] 42 ffk C++ APT fjfLJT %3tk , M C++ APL KB APA T ILANE K. AN APLfliidis
%% Tengine C++ APIL,

/* inital tengine */

init_tengine();

tengine: :Net somenet;
tengine: :Tensor input_tensor;

tengine::Tensor output_tensor;

/* set runtime options of Net */
somenet.opt.num_thread = num_thread;
somenet.opt.cluster = TENGINE_CLUSTER_ALL;
somenet.opt.precision = TENGINE_MODE_FP32;

somenet.opt.affinity = affinity;

/* load model */

somenet.load_model (nullptr, "tengine", model_file.c_str());

/* prepare input data */
input_tensor.create(l, 3, img_h, img_w);
get_input_data (image_file.c_str (), ( float* )input_tensor.data, img_h, img_w, mean, .

—scale);

/* set input data */

somenet.input_tensor ("data", input_tensor);

/* forward */

somenet.run () ;

(FoUakEE)
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/* get result */

somenet.extract_tensor ("prob", output_tensor);

/* release tengine */

release_tengine () ;

14.3.3 BTSSR

start to run register cpu allocator

tengine-lite library version: 1.0-dev

model file : ./temp/models/mobilenet.tmfile
image file : ./temp/images/cat.jpg
img_h, img_w, scale[3], mean[3] : 224 224 , 0.017 0.017 0.017,

104.0 116.7 122.7

Repeat 1 times, thread 1, avg time 656.76 ms, max_time 656.76 ms, min_time 656.76 ms

8.574148, 282
.880116, 277
.812579, 278
.286453, 263
.357488, 281

o J 3 4

14.3. &% Demo

67




Tengine

68 Chapter 14. Linux TRl



cHAPTER 15

Android TFE:4

Android T #2715 F1 T &7~ Tengine 2T Android R4 CPU ZEA4 AT {4 J5 iz A 7 I 2 AR B HE 2L

15.1 4RiF

S it (Android) 5L S BTG ZE R LA PESCIE:

build-android/install/lib/

L— libtengine-lite.so

15.2 11T

15.2.1 ERER
CPU 53 335 1%k Float32/Float16/Uint8/Int8 tmfile, ' Float16/Uint8/Int8 £ %25 i A 7 1A A Ak T HL 3¢
W

o Int8 FIL T BALF F M

o Uint8 E 1 T A48 A F

o Int8 b T H T 2k

* Uint8 fAb LH Rt
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Tengine

15.2.2 HBBEERE

CPU 7 #% Float32/Floatl6/Uint8/Int8  [U Fi k5 FF #55 Z F 47 W 4% 15 % 3 ¥, 22 2 78 3 17
prerun_graph_multithread(graph_t graph, struct options opt) < Hj i 14 struct
options opt B EHEBKSE .

Enable CPU FP32 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP32;
opt.affinity = 0;

Enable CPU FP16 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP16;
opt.affinity = 0;

Enable CPU Uint8 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_UINTS;
opt.affinity = 0;

Enable CPU Int8 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_INTS8;

opt.affinity = 0;
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15.3 &% Demo

o JEIET S 3% tm_classification.c
o JERGIE S tm_classification_fpl6.c
o JRIGiE 2P tm_classification_uint8.c

o P S tm_classification_int8.c

15.3.1 (& C API Fiiil

Android demo K ZH5: T C APUIT %2, Y] C APLRE - AUA T ILA TR BN APLIIRIE 275« Tengine
CAPI,

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP32;
opt.affinity = affinity;

/* inital tengine */

init_tengine();

/* create graph, load tengine model xxx.tmfile */

graph_t graph = create_graph (NULL, "tengine", model_file);

/* set the shape, data buffer of input_tensor of the graph */

int img_size = img_h * img_w * 3;
int dims[] = {1, 3, img_h, img_w}; // nchw
float* input_data = ( float* )malloc(img_size * sizeof (float));

tensor_t input_tensor = get_graph_input_tensor (graph, 0, 0);
set_tensor_shape (input_tensor, dims, 4);

set_tensor_buffer (input_tensor, input_data, img_size * 4);

/* prerun graph, set work options (num_thread, cluster, precision) */

prerun_graph_multithread (graph, opt);

/* prepare process input data, set the data mem to input tensor */

get_input_data (image_file, input_data, img_h, img_w, mean, scale);

/* run graph */
run_graph (graph, 1);
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/* get the result of classification */
tensor_t output_tensor = get_graph_output_tensor (graph, 0, 0);
float* output_data = ( float* )get_tensor_buffer (output_tensor);

/* release tengine */
free (input_data);

postrun_graph (graph) ;
destroy_graph (graph) ;

release_tengine();

15.3.2 {E/ C++ API il

Android demo [F]HHE4E C++ API AL FF R FE, T8 C++ APL KEU HPA RIS, 4N APL iR
%% Tengine C++ APIL,

/* inital tengine */

init_tengine();

tengine: :Net somenet;
tengine: :Tensor input_tensor;

tengine::Tensor output_tensor;

/* set runtime options of Net */
somenet.opt.num_thread = num_thread;
somenet.opt.cluster = TENGINE_CLUSTER_ALL;
somenet.opt.precision = TENGINE_MODE_FP32;

somenet.opt.affinity = affinity;

/* load model */

somenet.load_model (nullptr, "tengine", model_file.c_str());

/* prepare input data */
input_tensor.create(l, 3, img_h, img_w);
get_input_data (image_file.c_str (), ( float* )input_tensor.data, img_h, img_w, mean, .

—scale);

/* set input data */

somenet.input_tensor ("data", input_tensor);

/* forward */

somenet.run () ;

(FoUakEE)
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/* get result */

somenet.extract_tensor ("prob", output_tensor);

/* release tengine */

release_tengine () ;

15.3.3 HITER

] adb %32 I Android %%, DA ubuntu 335 MBI, a0 :

sudo apt install adb #% ¥ adb, £ 8 W ¥ M 5 Androidig & # £ . 3 & & Androidit & W ip.
adb connect [% H % % ip]
adb devices ## f& 7 UL & F| % &

adb push tm_classification /data/local/tmp/
adb push cat.jpg /data/local/tmp/
adb push mobilenet.tmfile /data/local/tmp/
adb push libtengine-lite.so /data/local/tmp/

adb shell

#Ih B 3E N T Androidik & ) & 3%

cd /data/local/tmp

./tm_classification -m mobilenet.tmfile -i cat.jpg -g 224,224 -s 0.017,0.017,0.017 -w.
—104.007,116.669,122.679

start to run register cpu allocator

tengine-lite library version: 1.0-dev

model file : ./temp/models/mobilenet.tmfile
image file : ./temp/images/cat.jpg
img_h, img_w, scale[3], mean[3] : 224 224 , 0.017 0.017 0.017, 104.0 116.7 122.7

Repeat 1 times, thread 1, avg time 656.76 ms, max_time 656.76 ms, min_time 656.76 ms
8.574148, 282
7.880116, 277
7.812579, 278
7.286453, 263
6.357488, 281
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cHAPTER 106

Tengine {8 F OpenCL #{T&3=

16.1 How to build

16.1.1 Setup Tengine project ROOT_PATH

$ export ROOT_PATH={Path of tengine-lite}

16.1.2 Build

-DOPENCL_LIBRARY: libOpenCL.so %4, Hiiit <sudo find /usr -name "libOpenCL.so">
A

~DOPENCL_INCLUDE_DIRS: 4% CL/cl.h %%, W& <sudo find /usr -name "cl.h"> #%
o]

$ cd <tengine-lite-root-dir>

$ mkdir -p build-linux-opencl

S cmake \

-DTENGINE_ENABLE_OPENCL=ON \
-DOPENCL_LIBRARY=/usr/lib/aarch64-1linux—gnu/libOpenCL.so \
-DOPENCL_INCLUDE_DIRS=/usr/include ..

(N DUEkER)
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$ make -j4

$ make install
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CHAPTER 17

Tengine A TIM-VX #{TE=2

171 4RiF

St (TIM-VX) B3, G R sl S =T RIS il B AR S

3rdparty/tim-vx/lib/
— libArchModelSw.so
— 1ibCLC.so

— 1ibGAL.so

— 1ibNNArchPerf.so
— 1libOpenvX.so

F— 1ibOpenvXU.so

L— 1ibvsC.so

build-tim-vx—-armé64/install/lib/

L— libtengine-lite.so

* 1& Khadas VIM3 _Eizf7i, fFEEN _ EIREIESEGE AR L /1ib HRTHEA B3

o FEAHH TIM-VX #2451 A311D Fi4RiF 11 galcore. ko ( /prebuild-sdk-a311d/lib/galcore.ko) P4
GRKBN SCAFREA T HHT o
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17.2 B1T

17.21 ERER

TIM-VX J5 i 2 3z Uint8 tmfile, K 520 B4 T, Float32 tmfile #4L i, Uint8 tmfile.

17.2.2 ERIE1L

Float32 H AL i Uint8 tmfile SARSEI PR RAN K THARPUE S LT HE%:
o HA - IR
» Uint8 H{b TH &bk

17.2.3 #HEREIRE

TIM-VX H 3735 Uint8 §5 R JE T AR HE R | SR EYE AT prerun_graph_multithread (graph_t
graph, struct options opt) ZH[i#il struct options opt WK EHEFRSE,

Enable Uint8 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_UINTS;
opt.affinity = 0;

17.2.4 [SiRtEHSE

TEimaE AR gy, 535 B 38 E TIM-VX {4 )5 i context, H-7FEffl graph_t create_graph (context_t
context, const char* model_format, const char* fname, ...) Hﬂ%’?/\lﬁ?‘ﬁo

/* create VeriSilicon TIM-VX backend */
context_t timvx_context = create_context ("timvx", 1);

add_context_device (timvx_context, "TIMVX");

/* create graph, load tengine model xxx.tmfile */

create_graph (timvx_context, "tengine", model_file);
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17.3 &% Demo

PSS &2 tm_classification_timvx.c

1731 RHITER

iz ThE{4k Khadas VIM3, & 5Tops 55 77 AL IlE#E .

[khadas@Khadas tengine-litel# ./tm classification_timvx -m squeezenet_uint8.tmfile —i.
—cat.jpg -r 1 -s 0.017,0.017,0.017 —-r 10

Tengine plugin allocator TIMVX is registered.

Image height not specified, use default 227

Image width not specified, use default 227

Mean value not specified, use default 104.0, 116.7, 122.7

tengine-lite library version: 1.2-dev

TIM-VX prerun.

model file : squeezenet_uint8.tmfile

image file : cat.jpg

img_h, img_w, scale[3], mean[3] : 227 227 , 0.017 0.017 0.017, 104.0 116.7 122.7
Repeat 10 times, thread 1, avg time 2.95 ms, max_time 3.42 ms, min_time 2.76 ms
34.786182, 278

33.942883, 287

33.732056, 280

32.045452, 277

30.780502, 282

17.4 THBEHIIR

17.5 IR/EFIER
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cHAPTER 18

Tengine {& f§ ACL #t{TER=

18.1 4RjiF

Sttt (ACL) BT AL Pl S AR S

3rdparty/acl/lib/
— libarm_compute.so
— libarm_compute_core.so

L— libarm_compute_graph.so

build-acl-arm64/install/lib/

L— libtengine-lite.so

18.2 =TT

18.2.1 EAEEK

ACL L HrH #2512 Float32 tmfile, #1H T AFAE Floatl6 HEHUNE ERIZL N, Tengine HELLKELENMZ, Float32 tmfile
J& H BIAE L5 Float16 BiaiFf .
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18.2.2 HIBBEERE

ACL 3 #f Float32 fil Floatle W Fp K5 & BT B 3F 47 W 25 B B4 4 B, & 22 78 A7
prerun_graph_multithread(graph_t graph, struct options opt) < Hj i i& struct
options opt B EHEBKSE .

Enable GPU FP32 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP32;
0;

opt.affinity

Enable GPU FP16 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP16;

opt.affinity = 0;

18.2.3 [GimtEHSB5E

TEimE R g, FEEAIEE ACL 4 )5k context, H{EIH ] graph_t create_graph (context_t
context, const char* model_format, const char* fname, ...) B{ZAZSE.

/* create arm acl backend */
acl_context = create_context ("acl", 1);

add_context_device (acl_context, "ACL");

/* create graph, load tengine model xxx.tmfile */

create_graph(acl_context, "tengine", model_file);
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18.3 &% Demo

YRI5 29 tm_classification_acl.c

18.3.1 HITER

[root@localhost tengine-litel]# ./tm_mssd_acl -m mssd.tmfile -i ssd_dog.jpg -t 1 —-r 10
start to run register cpu allocator

start to run register acl allocator

tengine-lite library version: 1.0-dev

run into gpu by acl

Repeat 10 times, thread 2, avg time 82.32 ms, max_time 135.70 ms, min_time 74.10 ms
detect result num: 3

dog :99.8%

BOX: ( 138 , 209 ), ( 324 , 541 )

car :99.7%

BOX: ( 467 , 72 ), ( 687 , 171 )

bicycle :99.6%

BOX: ( 106 , 141 ), ( 574 , 415 )

[DETECTED IMAGE SAVED]:

18.3. &3¥ Demo
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cHAPTER 19

Tengine {& F TensorRT #{TER2

19.1 4RjiF

S % (TensorRT) 3T,

19.2 B1T

19.2.1 ERER

TensorRT 37 /1%, Float32 tmfile, 1% T /E¥E Floatl6 #EFUKE EAE =N, Tengine HEZLR-7E 2, Float32 tmfile
J& H TR L 454 Float16 i b THERL.

19.2.2 #BHEEIRS

TensorRT 3% £} Float32 . Floatl6e . Int8 = Fb k5 JiF A% 2 3k 47 W 2% £85 20 3 PR, 22 2 4F 47
prerun_graph_multithread(graph_t graph, struct options opt) < HJ i i struct
options opt B EMEPLKS .

Enable GPU FP32 mode

/* set runtime options */

struct options opt;

(FIUakEE)
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opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP32;

opt.affinity = 0;

Enable GPU FP16 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP16;
opt.affinity = 0;

Enable GPU Int8 mode

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_INTS;
opt.affinity = 0;

19.2.3 [SimRtEHS8E

FE o B A mr, 2R X 48 % TensorRT  ff F )5 Ui context, Jf 7E i i graph_t

create_graph (context_t context, const char* model_format, const char* fname,

c.) BHMEAZS

/* create NVIDIA TensorRT backend */
context_t trt_context = create_context ("trt", 1);

add_context_device (trt_context, "TRT");

/* create graph, load tengine model xxx.tmfile */

create_graph (trt_context, "tengine", model_file);
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19.3 &% Demo

Y52 2% tm_classification_trt.cpp

19.3.1 ITER

nvidia@xaiver:~/tengine-lite-tqgq/build-linux-trt$ ./tm_classification_trt -m mobilenet_
—vl.tmfile -i cat.jpg -g 224,224 -s 0.017,0.017,0.017 -w 104.007,116.669,122.679 -r._
—10

Tengine plugin allocator TRT is registered.

tengine-lite library version: 1.2-dev

Tengine: Try using inference precision TF32 failed, rollback.

model file : /home/nvidia/tengine-test/models/mobilenet_vl.tmfile

image file : /home/nvidia/tengine-test/images/cat.jpg

img_h, img_w, scale[3], mean[3] : 224 224 , 0.017 0.017 0.017, 104.0 116.7 122.7
Repeat 1 times, thread 1, avg time 2.10 ms, max_time 3.10 ms, min_time 2.03 ms
8.574147, 282
7.880117, 277
7.812574, 278
7.286457, 263
6.357487, 281
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cHAPTER 20

Tengine {§ F§ CUDA {732

20.1 YmiF

S it (CUDA) 5 A i el SR AR 3L
(EEl

20.2 iz1T

20.2.1 BEERER

CUDA MY 2 £ #k Float32 tmfile.

20.2.2 HIEBEEIZE

CUDA X ¥  Float32  — Fp K5 AF BT & gk 47 W 2% & B 4 B, F Z £ A7
prerun_graph_multithread(graph_t graph, struct options opt) Z HJ i i struct
options opt A EMITEKSE

Enable GPU FP32 mode

/* set runtime options */

struct options opt;

(T IUakss)
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opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP32;
opt.affinity = 0;

20.2.3 [SiRtEHSE

FEMMBRAET, FEEXI5E CUDA ff{4: )5 context, J{FJE graph_t create_graph (context_t
context, const char* model_format, const char* fname, ...) BFHMEAZSE.

/* create NVIDIA CUDA backend */
context_t cuda_context = create_context ("cuda", 1);

add_context_device (cuda_context, "CUDA");

/* create graph, load tengine model xxx.tmfile */

create_graph (cuda_context, "tengine", model_file);

20.3 &* Demo

VRRGIS £:2 tm_classification_tensorrt.c

20.3.1 ITER

nvidia@xaiver:~/tengine-lite-tqg/build-linux-cuda$ ./tm_classification_cuda -m.
—mobilenet_vl.tmfile -i cat.jpg -g 224,224 -s 0.017,0.017,0.017 -w 104.007,116.669,
—122.679 -r 10

Tengine plugin allocator CUDA is registered.

tengine-lite library version: 1.2-dev

model file : /home/nvidia/tengine-test/models/mobilenet_vil.tmfile
image file : /home/nvidia/tengine-test/images/cat.jpg
img_h, img_w, scale[3], mean[3] : 224 224 , 0.017 0.017 0.017, 104.0 116.7 122.7

Repeat 10 times, thread 1, avg time 4.58 ms, max_time 5.72 ms, min_time 4.24 ms
8.574145, 282
.880118, 277
.812578, 278
.286452, 263
.357486, 281

o J 3
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https://github.com/OAID/Tengine/blob/tengine-lite/examples/tm_classification_tensorrt.c

CHAPTER 2 1

IR ARIR I A

211 KHMTARE

Y1 Tengine fKHfi git, g++, cmake, make ZEPAFIARTH, WIREAH %R,
« Ubuntul8.04 &G en AN :

sudo apt-get install cmake make g++ git

o Fedora28 &4t a2 -

sudo dnf install cmake make g++ git
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CHAPTER 22

IRIFILT

=H

Tijt B

T

22.1 EfillikIn

222 HCL IR

22.3 fE {4
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CHAPTER 23

EfgmiE (Linux)

23.1 Kithsmi¥

23.1.1 T#; Tengine jF#5

N2 Tengine J§iY, T Tengine {44y 3¢ tengine-lite | :

git clone -b tengine-lite https://github.com/OAID/Tengine.git Tengine

23.1.2 %5iF Tengine

cd Tengine
mkdir build
cd build
cmake ..
make

make install

Y58 85 build/install/lib B 544k 1ibtengine-1lite.so X4, WITFFIR:

install
— bin

| F— tm_benchmark

(T IUakZE)
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(£ 50

| — tm_classification
| L— tm_mobilenet_ssd
F— include

| L tengine_c_api.h
L— 1ib

L— libtengine-lite.so

23.2 TN 45iF¥ Arm32/64 Linux ka

23.2.1 T#iED

git clone -b tengine-lite https://github.com/OAID/Tengine.git Tengine

23.2.2 RRENWELAHE

Arm64 Linux 37 Y 415 T EL&E N -

sudo apt install gt+t+-aarch64-linux—gnu

Arm32 Linux & ¥ g1 T 245N -

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

23.2.3 44iF Tengine

Arm64 Linux 32 Y 415

cd Tengine

mkdir build

cd build

cmake —-DCMAKE_TOOLCHAIN_FILE=../toolchains/aarch64-linux—gnu.toolchain.cmake
make

make install

Arm32 Linux 3% ¥ 4&1%

cd Tengine
mkdir build
cd build

(FItakss)
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(£ 50

cmake —-DCMAKE_TOOLCHAIN_FILE=../toolchains/arm-linux—-gnueabihf.toolchain.cmake ..

make

make install

IiFSEMIE &4 1ibtengine-1lite. so X4, I HAHEM KL . 1ibtengine-1lite. so CMFHI

AR R FE A 1% build/install HiEH.,

23.2. X 4%iF Arm32/64 Linux {F&
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CHAPTER 24

iEf%%i% (Android)

24.1 %23t Android NDK

Android NDK | #k #b il

24.2 #%& android toolchain 3%

(P 3%5) MNF& debug giieZ %k, 4i/D—3EHIAFH android-ndk issue , android.toolchain.cmake 33X~ {47 PAM $SAN-
DROID_NDK/build/cmake $k %] :

# JB % % % 4T JF SANDROID_NDK/build/cmake/android.toolchain.cmake
# M "-g" EAT
list (APPEND ANDROID_COMPILER_FLAGS

-9

—-DANDROID
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24.3 T & Tengine jRTg

git clone -b tengine-lite https://github.com/OAID/Tengine.git Tengine

24.4 %i% Tengine

24.4.1 Arm64 Android

cd Tengine

mkdir build-android-aarché64

cd build-android-aarché64

cmake —-DCMAKE_TOOLCHAIN_FILE=SANDROID NDK/build/cmake/android.toolchain.cmake -
—DANDROID_ABI="armé64-v8a" —-DANDROID_ARM_NEON=ON -DANDROID_PLATFORM=android-21
make —j$ (nproc)

make install

24.4.2 Arm32 Android

cd Tengine

mkdir build-android-armv?7

cd build-android-armv7

cmake —-DCMAKE_TOOLCHAIN FILE=S$ANDROID NDK/build/cmake/android.toolchain.cmake -
—DANDROID_ABI="armeabi-v7a" —-DANDROID_ARM_NEON=ON -DANDROID_PLATFORM=android-19
make —-j$ (nproc)

make install

100 Chapter 24. Fi34RiEZ (Android)



CHAPTER 25

iRRd%mE (ACL)

25.1 &4y

ARM 15 (ACL) 2 —E T EAI s FPLER2= > Thfg, {55/ SIMD £ R 51 ARM cpu F gpu k.. Tengine 3¢
$#5 ACL ) OpenCL FE£E ., iHid ARM-Mail GPU %} CNN gEF74fE3E

support check:

sudo apt install clinfo

clinfo

%R
Number of platforms 1

25.2 Build

25.2.1 ACL GPU Library

T# ACL

$ git clone https://github.com/ARM-software/ComputeLibrary.git
$ git checkout v20.05
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iy ACL
$ scons Werror=1 -j4 debug=0 asserts=1 neon=0 opencl=1 embed_kernels=1 os=linux.
—arch=arm64-v8a

25.2.2 T &; Tengine

$ git clone https://github.com/OAID/Tengine.git Tengine

$ cd Tengine

25.2.3 GIRIREIF

cd <tengine-lite-root-dir>

mkdir -p ./3rdparty/acl/lib

mkdir -p ./3rdparty/acl/include

cp —-rf ComputelLibrary/include/* Tengine/3rdparty/acl/include
cp —rf Computelibrary/arm_compute Tengine/3rdparty/acl/include
cp —-rf ComputelLibrary/support Tengine/3rdparty/acl/include

v v v W W W W

cp —rf Computelibrary/build/libarm_compute*.so Tengine/3rdparty/acl/lib/

25.2.4 ¥JREi%kIN

$ mkdir build-acl-arm64 && cd build-acl-arm64

$ cmake -DCMAKE_TOOLCHAIN_FILE=../toolchains/aarch64-linux—-gnu.toolchain.cmake \
—-DTENGINE_ENABLE_ACL=0ON

$ make -j4

S make install

25.3

25.3.1 {iisiE

3rdparty/acl/lib/
— libarm_compute.so
— libarm_compute_core.so

L— libarm_compute_graph.so

(F ks
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build-acl-armé64/install/lib/
L— libtengine-lite.so

25.3.2 Set FP16 Inference mode

Enable GPU FP16 mode

*/

/* set runtime options

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP16;
opt.affinity = 0;

25.3.3 4&£8

[root@localhost tengine-litel# ./tm mssd _acl —-m mssd.tmfile -i ssd_dog.jpg -t 1 —-r 10

start to run register cpu allocator

start to run register acl allocator

tengine-lite library version: 1.0-dev
by acl

thread 2,

run into gpu

Repeat 10 times, avg time 82.32 ms,

detect result num: 3

dog :99.8%
BOX: ( 138 , 209 ), ( 324 , 541 )
car :99.7%
BOX: ( 467 , 72 ), ( 687 , 171 )
bicycle :99.6%
BOX: ( 106 , 141 ), ( 574 , 415)

max_time 135.70 ms, min_time 74.10 ms

25.3. Rfl
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25.4 ZHFHEFTIR

25.5 ZHFHFIR
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CHAPTER 20

4w (CUDA)

26.1 How to build

26.1.1 Build for Linux

On Ubuntu

26.1.2 setup nvcc enva

$ export CUDACXX=/usr/local/cuda/bin/nvcc

26.1.3 build

$ cd <tengine-lite-root-dir>
$ mkdir -p build-linux-cuda && cd build-linux-cuda

$ cmake -DTENGINE_ENABLE_CUDA=ON ..

$ make -j4

$ make install
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CHAPTER 2/

B 4wiE (OpenCL)

27.1 How to build

27.1.1 Setup Tengine project ROOT_PATH

$ export ROOT_PATH={Path of tengine-lite}

27.1.2 Build

-DOPENCL_LIBRARY: libOpenCL.so %4, Hiiit <sudo find /usr -name "libOpenCL.so">
A

~DOPENCL_INCLUDE_DIRS: 4% CL/cl.h %%, W& <sudo find /usr -name "cl.h"> #%
o]

$ cd <tengine-lite-root-dir>

$ mkdir -p build-linux-opencl

S cmake \

-DTENGINE_ENABLE_OPENCL=ON \
-DOPENCL_LIBRARY=/usr/lib/aarch64-1linux—gnu/libOpenCL.so \
-DOPENCL_INCLUDE_DIRS=/usr/include ..

(N DUEkER)
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$ make —-j4

$ make install
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CHAPTER 28

IERL4RiE (TensorRT)

28.1 How to build

28.1.1 Build for Linux

On Ubuntu

28.1.2 build

$ cd <tengine-lite-root-dir>

$ mkdir -p build-linux-trt && cd build-linux-trt

$ cmake -DTENGINE_ENABLE_TENSORRT=ON \
-DTENSORRT_INCLUDE_DIR=/usr/include/aarch64-linux—gnu \
-DTENSORRT_LIBRARY_DIR=/usr/lib/aarch64-1linux-gnu ..

$ make -3j4

$ make install
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CHAPTER 29

EfAgE (TIM-VX)

29.1 1. &4t

TIM-VX & VeriSilicon ] OpenVX 5§35 45t (Tensor Interface Module for OpenVX, B PAFI{E OpenVX B9~
Ji& 3CHF). Tengine Lite £ £ 58 i TIM-VX B SZHFFISE, FEMLALRY VeriSilicon Vivante NPU S5 s b, et
Khadas VIM3 (Amlogic A311D), Khadas VIM3L | B4 0] PA5E K Tengine BiZU R . H 5l LIS A &4

« Amlogic [ A311D /S905D3 , C305X/C308X ;
» Rockchip # RV1109 /RV1126 ;
* NXP #J i.MX 8M Plus ;

o AR JLQ) B JA308 /JA310/JA312

29.2 2. tN{a %%

29.2.1 2.1 {k¥iI

HATA =50

F—iare TIM-VX RIS, G T s Bl TIM-VX HUASBE B, Tengine ALY
TIM-VX fitA}y 68bSacb, F#5¢ TIM-VX J5, FETEBIZMA . 9 A58 b X Bk
i) galcore.ko MRAS, XFT linux P-4, LA E 6.4.3.p0.286725; X}T Android V&, A%
MRA R 6.4.3.279124+1, 4 =FB4 & TIM-VX (K4, 5202 B B8 1libCLC.so libGAL.so
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https://github.com/VeriSilicon/TIM-VX
https://www.verisilicon.com
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https://www.amlogic.com/#Products/409/index.html
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https://www.jlq.com/images/products/ja310/ja308.pdf
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Tengine

1libOpenVX.so libOpenVXU.so libVSC.so libArchModelSw.so 45, AN [R50 i #x¢ Jim i 28 SCEEHCH A mT
Rese A5t A AR A Y (HLAn Android |4 /2 libarchmodelSw. SO) FRAEEF ) SDK JEAT R 35

El?%

29.2.2 2.2 mixitis

AT R R TR AR, R e B R AR . FESRIFII AR, Tengine ¥F£5 96415 TIM-VX
MRS, SR 5913 Tengine-lite (0K, HIEATRER:, SRR TRE R BT AR08 B 1Y A PSHOmig: . FRe
RIS, AR NERE S8R galcore ko RI BEIFAFIMH so FUMA—EL, ikl ) T WaH BT

I DR T ER /N IR AN SIS . BEAh, BRI ARG, w8 A BRI SO, BERE T A BB AR
B BR BGa T TG 2 T RO

29.2.3 2.3 huEn k15

X AR BE EAEM github ST, H FLR RG] — A SO L

2.3.1 fiEr TIM-VX

$ git clone https://github.com/VeriSilicon/TIM-VX.git
$ cd TIM-VX
$ git checkout 68b5acb

2.3.2 }iiBY Tengine-Lite

$ git clone https://github.com/OAID/Tengine.git tengine-lite
$ cd tengine-lite

29.2.4 24 %1% Tengine-Lite £ %iF TIM-VX 7%

Tengine-Lite 375 =t TIM-VX fH G IF 15, BT

B R TIM-VX A0S 25584 & 7 Tengine-Lite f9RIGH, —If4%i%, G2 H—
libtengine-lite.so, 1% so ##fi libCLC.so Z:— £ 4] so;

R B RHEFF RS ], {352 CMake $¥E3 ~DTIM_VX_SOURCE_DIR=< {84 B B>/
TIM-VX, I} Tengine-Lite &#5# TIM_VX_SOURCE_DIR ¥ EMINE, I H 35| H IERR TIM-
VX B S, HAb T A —Fh—2

BB =R R AT R 7F , 38 € CMake 31l -DTENGINE_ENABLE_TIM_VX_INTEGRATION=OFF,
TIM-VX #4554 Bl libtim-vx.so, #iiR5E )5, libtegine-lite.so f&K##i libtim-vx.so, libtim-vx.so {&
A ) PSR BN 1ibCLC.so 25— 2241 so.
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g, Tengine HE#EH—FIITHEAZRIR B so, IFUEAFHEAL, BOREATDAZE Android APK SiiFHT A —AMK
Wi. X FRTEE L, FRTEME A rdparty fieH, T Linux Al Android i 4 A K I, FEERESN HIHEATIX
Ao T LIRS R BT v IR I LAy YR AR B ARy VA8 4 10

20.2.5 2.4 A& HEiZ x86_64 {HEIFIE

TIM-VX 2 fft 77 x86_64 fig 1= R4 LTI iR MO, MO n] AFEBCA NPU 0L R, #E PC B
PEATRIRRTE R AL, I REAIAR R @ —Bhy, R R PR B A DX I AT S (LS S i 36k

241 &R

X0 H W24 TIM-VX [ include £ src H 3¢5 il ] Tengine-Lite [ source/device/tim-vx H 3¢, PAET
CMake #r 52 igmis, SH5mASUWT:

$ cd <tengine-lite-root-dir>
$ cp —rf ../TIM-VX/include ./source/device/tim-vx/
$ cp —-rf ../TIM-VX/src ./source/device/tim-vx/

2.4.3 4% x86_64 3rdparty ki

BCHS 5 F A0 TIMAVX 1) x86_64 -3 F P A5 3R 3 RIEE A Sk S0 PRACA. Tengine-Lite ) 3rdparty M 6
B, DA SR BEAEHR . TR PR BSOSk ST AR RURUF R TIMEVX f) prebuilt-sdk/
x86_64_Linux PR T, SHHIBHMOUT:

$ cd <tengine-lite-root-dir>

$ mkdir -p ./3rdparty/tim-vx/include

$ mkdir -p ./3rdparty/tim-vx/lib/x86_64

$ cp —rf ../TIM-VX/prebuilt-sdk/x86_64_linux/include/* ./3rdparty/tim-vx/include/

$ cp —rf ../TIM-VX/prebuilt-sdk/x86_64_linux/lib/* ./3rdparty/tim-vx/1ib/x86_64/

2.4.4 B 1THRiF

i ISR B TOT TIM-VX R SCRe, %l :

$ cd <tengine-lite-root-dir>

$ mkdir build && cd build

$ cmake -DTENGINE_ENABLE_TIM_VX=ON ..
$

make —7j nproc’ && make install

YRPESE UG , AE build H SR install SCPRJE BA 4 411 libtengine-lite.so 2 SCIRANSk S, nl T4
KT . FEERENZE, WREERAEEEZ T example, FF2EF3#§ & — ~ LD_LIBRARY_PATH PATH#E
P R R B PSR . S AU, TR YRS b %
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$ export LD_LIBRARY PATH=<tengine-lite-root-dir>/3rdparty/tim-vx/lib/x86_645{LD_
< LIBRARY_PATH:+:${LD_LIBRARY_ PATH

29.2.6 2.5 #E&Z%i¥ Khadas VIM3/VIM3L Linux &

VIM3/VIM3L {1 linux & -274 NPU FEIKShAY, FIPAEIL sudo apt list --installed BELC R
e IR A«

khadas@Khadas:~$ sudo apt list —--installed | grep aml-npu

WARNING: apt does not have a stable CLI interface. Use with caution in scripts.
aml-npu/now 6.4.3CB-2 arm64

khadas@Khadas:~$

YT 6.4.3CB-2 BYHUA (galcore WAZITEISH 6.4.3.279124CB), EFFEIATECM AT :

sudo apt—-get update
sudo apt—-get upgrade
sudo apt—-get full-upgrade

LRI RAS L 6.4 . 4. 3AAA(galcore JNIZFTENIE 6.4.4.3.310723ARR8), TH)G 4k AT i fs
3rdparty 4} so, FRECERARINAS 0wl CLi e K .

IR PR DL, 2RI EATRE s SRTET npu SKSIRA SR 2 1) OP, TR B (WIRBEsR
R B, NPURAHIRER 6.4.2, F16.4.3CB-2 —HEASHF TIM-VX, Hl[H 6.4.3CB-2 #4744
BERPWT, SR THERE TR 6. 4. 4 KA AR BRI TR -

251 EZREDE

HER USRI A NI I8 VIM3/VIMSBL | NPU A, S5 a4

$ cd <tengine-lite-root-dir>
$ cp -rf ../TIM-VX/include ./source/device/tim-vx/
$ cp -rf ../TIM-VX/src ./source/device/tim-vx/

2.5.2 f#& VIM3/VIM3L B R hgZA 3rdparty {6

AR R BRI AE) NPU B (6.4.3.p0.286725), NATH/AFREHFTIIR, IASHWERLIRUT

$ wget -c https://github.com/VeriSilicon/TIM-VX/releases/download/v1.1.28/aarch64_
—A311D_D312513_A294074_R311680_T312233_0312045.tgz

$ tar zxvf aarch64_A311D_D312513_A294074_R311680_T312233_0312045.tgz

$ mv aarch64_A311D_D312513_A294074_R311680_T312233_0312045 prebuild-sdk-a311d

(Fgksn)
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(8 E70)
$ cd <tengine-lite-root-dir>
$ mkdir -p ./3rdparty/tim-vx/include
$ mkdir -p ./3rdparty/tim-vx/lib/aarch64
$ cp —-rf ../prebuild-sdk-a311d/include/* ./3rdparty/tim-vx/include/
$ cp —rf ../prebuild-sdk-a311d/1lib/* ./3rdparty/tim-vx/lib/aarch64/

Emiyar 2 Eath 7 VIM3, XFF VIM3L, 2%l

$ wget -c https://github.com/VeriSilicon/TIM-VX/releases/download/vl.1.28/aarch64_
—~S905D3_D312513_A294074_R311680_T312233_0312045.tgz

$ tar zxvf aarch64_S905D3_D312513_A294074_R311680_T312233_0312045.tgz

$ mv aarch64_S905D3_D312513_A294074_R311680_T312233_0312045 prebuild-sdk-s905d3
$ cd <tengine-lite-root-dir>

$ mkdir -p ./3rdparty/tim-vx/include

$ mkdir -p ./3rdparty/tim-vx/lib/aarch64

$ cp —rf ../prebuild-sdk-s905d3/include/* ./3rdparty/tim-vx/include/

$ cp —rf ../prebuild-sdk-s905d3/1ib/* ./3rdparty/tim-vx/lib/aarché64/

HE, AP BRI PC B#AE RS e Linux, s AN R Linux R4 B4 IR E RS2
WSL, 1§55 i aiBiiiEfE WSL i) e 4T B AT, A ZHAE windows R HAAT, BEGRAGERE /L.

2.5.3 #& VIM3/VIM3L B BRIRAHHmIF

TEX—HHREL, TEER X 2AE PC LT U b R AE R R L AT A g 5, A Hb g 5 LR T B2,
SRS 28, (HECRE R . (BOE AT B AR AR R b AT, IR ASRATI R AR G5 13 . A 24 1%
I, JUHEGERE, RGP lib QRA Srdparty BLUIK A BT A FIE, 82 832 A AT RE A 21 28 4t BL TRl
A, MMiANGE 3rdparty FIHRRAS . 1217 H ST 2N 1dd iR — T EEBOL. DL SeHfEre et AT — R S0
B, )G A RS ¥ (TGS I FAQ). fRixifEf TAFEASHar ST :

cd <tengine-lite-root-dir>
mkdir build && cd build
cmake —-DTENGINE_ENABLE_TIM VX=ON ..

W W

make —7j nproc’ && make install

YR SE IR, A build H TR install SO B gm 13 45119 libtengine-lite.so J&E SC{RAI S SCfF, v F 4
WHET .. FEEERZ, WRILESEE 21706 example, I H A B, FREFHIEE—T
LD_LIBRARY_PATH DAEFREH ) Fi it i ) PSR E . S M T, 5 BRI b D R 2 -

$ export LD_LIBRARY PATH=<tengine-lite-root-dir>/3rdparty/tim-vx/1lib/x86_645{1LD__
—LIBRARY_PATH:+: LD_LIBRARY_PATH

PATIE, WA 1dd libtengine-lite.so & kf—F, Hifft NPU IK5)F5 [ 3rdparty H SR so — &5
SO G SE 8«
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WA i, IBATH B LRI R as AN B TR A gee liAR, 150 & SEAEYE a1 7HT,
RSN B, A —E)E, AT A T X GiE T . IR TR GENE Wik LR, 8RS
TRERIAN G =, A DABE U0 iy 20847 N 3% linaro aarch64 T E.4# (5§ arm release AUMAS, —i—HIm):

$ wget -c http://releases.linaro.org/components/toolchain/binaries/7.3-2018.05/
—aarch64-linux—gnu/gcc-linaro-7.3.1-2018.05-x86_64_aarch64-linux—gnu.tar.xz

$ tar xf gcc-linaro-7.3.1-2018.05-x86_64_aarch64-linux-gnu.tar.xz

TEGEME, AT GE, BSHEGLOUT:

$ cd <tengine-lite-root-dir>

$ mkdir build && cd build

$ cmake -DTENGINE_ENABLE_TIM_VX=ON -DCMAKE_SYSTEM_NAME=Linux —-DCMAKE_SYSTEM
—PROCESSOR=aarch64 —-DCMAKE_C_COMPILER= pwd /../../gcc-linaro-7.3.1-2018.05-x86_64_
—aarch64-linux—-gnu/bin/aarch64-linux-gnu-gcc -DCMAKE_CXX_COMPILER=pwd /../../gcc—
—linaro-7.3.1-2018.05-x86_64_aarch64-linux—gnu/bin/aarch64-linux—-gnu—-g++ ..

$ make -j nproc’ && make install

N R 55 2235411 gec-aarch64-linux-gnu/g++-aarch64-linux-gnu 1% JE M T gee AT, Al A~ &%
AT AT i

$ cd <tengine-lite-root-dir>

$ mkdir build && cd build

$ cmake -DTENGINE_ENABLE_TIM_VX=ON -DCMAKE_TOOLCHAIN_FILE=../toolchains/aarch64-1linux-
—gnu.toolchain.cmake ..

$ make -j nproc’ && make install

2.5.4 & VIM3/VIM3L g#haa 3rdparty &6

TS BT R BHRA, 15 NPU [IRRA >= 6.4.4, JLIHSAG FiE ) 3rdparty, DAL SCHERR I 2
SRTEMR b4ty IEA T4, X i) BT 22 TIM-VX B SIS so BRI FERGH R T, AH
4% Srdparty Y lib H3gt, SH AU :

$ wget -c https://github.com/VeriSilicon/TIM-VX/releases/download/vl1.1.28/aarch64_
—S905D3_D312513_A294074_R311680_T312233_0312045.tgz

tar zxvf aarch64_S905D3_D312513_A294074_R311680_T312233_0312045.tgz

mv aarch64_S905D3_D312513_A294074_R311680_T312233_0312045 prebuild-sdk-s905d3

cd <tengine-lite-root-dir>

mkdir -p ./3rdparty/tim-vx/include

mkdir -p ./3rdparty/tim-vx/lib/aarché64

cp —-rf ../prebuild-sdk-s905d3/include/* ./3rdparty/tim-vx/include/

w v »n W »n

AIPAFE Y, AFEEMER include I 3rdparty B ] . AREHEIEA TS 1E, BUIS R EEIR) b H R
so FIHL T2 A ERCHY, R R TR ORI TR, REESCFAER R /usr/1ib HF; $REGEK
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J&, WA ./3rdparty/tim-vx/lib/aarch64 HFE FRIR]. SCEEFZEWT LR 33 W) 46 B g lib H
5K, 3 FAQ #54r1 Se 451 2

2.5.5 f&& VIM3/VIM3L SFEAM%EmIF

FEMR T BT AR IR, S5y ST

cd <tengine-lite-root-dir>
mkdir build && cd build
cmake —-DTENGINE_ENABLE_TIM_ VX=ON ..

v r W

make —j nproc  && make install

R G, ABAWTSH I [2.5.3 i VIM3/VIM3L BERRA 4] H01E 5 50 L TR AEH 21745
BRI,

2.5.5.6 A& VIM3/VIM3L S#FhRAMI%HIFE (FHT 2022.04.14)

VIM3 E A i — R RS T, THRA R 6.4.6.2.5.3. 2(galcore [ INIZITHIRZ 6.4.6.2.5.3.2), %K
ARSI FIEAAE— L, AEEE M. RWILS, FEATE TIM-VX S B98I npu AH S, F
T — AT Ik

- B3 khadas vim3 3R il %

$ wget https://github.com/VeriSilicon/TIM-VX/releases/download/vl.1.37/aarch64_A311D_
—~6.4.9.tgz

tar zxvf aarch64_A311D_6.4.9.tgz

cd vim3_aarch64/1ib

sudo rmmod galcore

sudo insmod galcore.ko

W W W »n

sudo cp -r 1ls -A | grep -v "galcore.ko"  /usr/lib

WS AR E R IR, A2 PITILIK
- F#k TIM-VX O %

$ git clone https://github.com/VeriSilicon/TIM-VX.git
$ cd TIM-VX && git checkout v1.1.37

- 2k Tengine O FEH 41

git clone https://github.com/OAID/Tengine

cd Tengine && git checkout 8c9a85a

cp —rf ../TIM-VX/include ./source/device/tim-vx/
cp -rf ../TIM-VX/src ./source/device/tim-vx/

w W v W W»n

mkdir -p ./3rdparty/tim-vx/include

(Rt
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(£ 50

mkdir -p ./3rdparty/tim-vx/lib/aarch64

cp —-rf ../vim3_aarché64/include/* ./3rdparty/tim-vx/include/
mkdir build && cd build

cmake -DTENGINE_ENABLE_TIM VX=0ON ..

w v v W W»n

make —J nproc’ && make install

29.2.7 2.6 #wiF¥ EAIS-750E Linux E&

EAIS-750E & OPEN AI LAB ‘B 5 # H i TV AE &1, T30 H Amlogic A311D 3t f, tj2 Tengine ()2
2 kT4 . A% Linux 2445 NPU Y5l (6.4.4.3AAA) Fil Tengine-Lite v1.5 g ( /usr/1lib HEF), AL
BV . RN T 25 PR Tengine 5 A T 44 Github Fofi A, FIDAFBh7E & T LA Hb S 126 .

- F# TIM-VX F Tengine {5 (%

git clone https://github.com/VeriSilicon/TIM-VX.git
git clone https://github.com/OAID/Tengine.git
cd Tengine

cp —rf ../TIM-VX/include ./source/device/tim-vx/

v W »n W »n

cp —rf ../TIM-VX/src ./source/device/tim-vx/

- fE A AP R A R MO R GE AT EATS-750E A z/ust/lib/ T RERRE, A e HL 5 2298 DLk 3

$ wget -c https://github.com/VeriSilicon/TIM-VX/releases/download/vl.1.28/aarch64_
—A311D_D312513_A294074_R311680_T312233_0312045.tgz

tar zxvf aarch64_A311D_D312513_A294074_R311680_T312233_0312045.tgz

mv aarch64_A311D_D312513_A294074_R311680_T312233_0312045 prebuild-sdk-a31l1ld

cd <tengine-lite-root-dir>

mkdir -p ./3rdparty/tim-vx/include

mkdir -p ./3rdparty/tim-vx/lib/aarché64

cp -rf ../prebuild-sdk-a311d/include/* ./3rdparty/tim-vx/include/

w W v W W W

- Wi F| cmake fRASANGS , HHTRT-_ L) cmake fiiAS

sudo apt—-get autoremove cmake

wget https://cmake.org/files/v3.22/cmake-3.22.0-1inux-aarch64.tar.gz
tar —-xzvf cmake-3.22.0-linux-aarché64.tar.gz

sudo mv cmake-3.22.0-linux-aarché64 /opt/cmake-3.22

1In -sf /opt/cmake-3.22/bin/* /usr/bin/

w v v W »n N

cmake —--version

- %1% Tengine
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cd <tengine-lite-root-dir>
mkdir build && cd build
cmake —-DTENGINE_ENABLE_TIM VX=ON ..

W W

make —7j nproc’ && make install

IS G, R build/install/lib/libtengine-lite.so SC{4-#2 D1 21| /usr/lib/ R & 4 7 7 JEE 58 i 2035 .

29.2.8 2.7 %giF¥ NXP i.MX 8M Plus linux &

LA i.MX 8M Plus {5 75 ¥ %Mt SMPLUSLPDA-EVK il AESEHERAEN T LA SRR H I kb AT amice, e
TARB Mg

2.7.1 &N

AIHTTH VIM3/VIM3L A 25 P A Rl R], S5 U AnT

$ cd <tengine-lite-root-dir>
$ cp -rf ../TIM-VX/include ./source/device/tim-vx/
$ cp -rf ../TIM-VX/src ./source/device/tim-vx/

2.7.2 & 3rdparty ki

e AR VIM3/VIM3L A% NPU iAW), A 524 3rdparty 1 include SCHFJERIH]

$ wget -c https://github.com/VeriSilicon/TIM-VX/releases/download/vl.1.28/aarch64_
<+S905D3_D312513_A294074_R311680_T312233_0312045.tgz

tar zxvf aarch64_S905D3_D312513_A294074_R311680_T312233_0312045.tgz

mv aarch64_S905D3_D312513_A294074_R311680_T312233_0312045 prebuild-sdk-s905d3

cd <tengine-lite-root-dir>

mkdir -p ./3rdparty/tim-vx/include

mkdir -p ./3rdparty/tim-vx/lib/aarché64

cp —rf ../prebuild-sdk-s905d3/include/* ./3rdparty/tim-vx/include/

v W »n W W

2.7.3 fFiF

cd <tengine-lite-root-dir>
mkdir build && cd build
cmake —-DTENGINE_ENABLE_TIM VX=ON ..

w v W W»

make —-7j nproc’ && make install

SEMU ), BIRT5 R example By N2, sEATHAAN T & TAE T .
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Tengine

29.2.9 2.8 %giF¥ Rockchip RV1109/RV1126 buildroot &

Fin i) RVI109/RV1126 i i A buildroot, %A 588 RGMMES, FroARBEME T A M1, H AR X4
. fREH RockChip £2 4t (il RiACHHRMAL) 19 RVI109/RV1126 SDK J5, 7t prebuilt H 5% BT 7] PAFEF
%7 W Gi) T A4S gec-arm-8.3-2019.03-x86_64-arm-linux-gnueabihf (%3 —%= linaro A& Fl SR ik 1Y, 2
M%), 7F SDK {}) external/rknpu/drivers/linux—armhf-puma/usr/lib H3E FHICMH:, SLEFHAFE
B NPU Hide (O e «

2.8.1 EEZRD

AIHT T VIM3/VIM3L ()7 i 25 158 1 2 ol A AH ]

W

AU

$ cd <tengine-lite-root-dir>
$ cp -rf ../TIM-VX/include ./source/device/tim-vx/
$ cp -rf ../TIM-VX/src ./source/device/tim-vx/

2.8.2 f#%& 3rdparty {5

WA include H A VIM3/VIM3L A<Hbgii% NPU &3 A E, FZk—1) perbuild SDK, ¥H iy
include XIS HE] 3rdparty/tim-vx Higk. MR lib B3R NH SO 2RI SDK it R 11
external/rknpu/drivers/linux-armhf-puma/usr/1lib HFRI. % H 3 TRISCHEEE (LR
AR EAE ], FAQ HXXF5%) || 3rdparty/tim-vx/1lib/aarch32 AR THIA . SRR
S MR

$ wget —-c https://github.com/VeriSilicon/TIM-VX/releases/download/vl.1.28/aarch64_
—~S905D3_D312513_A294074_R311680_T312233_0312045.tgz

$ tar zxvf aarch64_S905D3_D312513_A294074_R311680_T312233_0312045.tgz

$ mv aarch64_S905D3_D312513_A294074_R311680_T312233_0312045 prebuild-sdk-s905d3
$ cd <tengine-lite-root-dir>

$ mkdir -p ./3rdparty/tim-vx/include

$ mkdir -p ./3rdparty/tim-vx/lib/aarch32

$ cp -rf ../prebuild-sdk-s905d3/include/* ./3rdparty/tim-vx/include/

$ cp —-rf <rk_sdk_npu_lib>/* ./3rdparty/tim-vx/lib/aarch32/

WA, <rk_sdk_npu_lib> 248 SDK f#E i Y external/rknpu/drivers/linux-armhf-puma/
usr/lib WSEREBEAR, FEHE LG LI TIB

120 Chapter 29. jFi3%iF (TIM-VX)




Tengine

2.8.3 f{iF

e A U 1 T HLAE, B B PAAE i PATH ARSI 2 T RAER gec/gtt, BH MU

export PATH=<cross_tool_chain>/bin:SPATH

FEHHE | <cross_tool_chain> 245 T H4# gec-arm-8.3-2019.03-x86_64-arm-linux-gnueabihf M SDK fi# /&

JEISEPR AR, FRIEEPE OB . T EA—EA OpenMP [z {7 7 libgomp.so, [N IAE CMake BL
75 2245 CMake X[ OpenMP E5 . SERE 4 ¥ RESH ay S UF

$ cd <tengine-lite-root-dir>

$ mkdir build && cd build

$ export PATH=<cross_tool_chain>/bin:SPATH

$ 1In —-s ../3rdparty/tim-vx/lib/aarch32/1ibOpenVX.so0.1.2 ../3rdparty/tim-vx/lib/
—aarch32/1ibOpenvVX. so

$ cmake -DCMAKE_TOOLCHAIN_FILE=../toolchains/arm-linux-gnueabihf.toolchain.cmake -
—DTENGINE_ENABLE_TIM VX=ON -DTENGINE_OPENMP=OFF ..

$ make -j nproc  && make install

kot s, $REL install H SRR SRR EMNARIW] . FREEEAZ, 4 OpenCV i) example 7£
ﬁAﬂﬁ':PTAﬁ%F, T LS R UF A LG 1E17) OpenCV, F IEAf 1% & OpenCV_DIR FI| FR5EAS & rp oy [T FF
X4 example 1Y 41

29.2.10 2.9 45i¥ Amlogic C305X/C308X buildroot &

TODO: ¥ H Fi SDKANREA WG LA, AFTIHLH 2% RVII09/RV1126 1411 72)

29.2.11 2.10 45iF Android 32bit &
H i 145 VIM3/VIM3L il i.MX 8M Plus [1J EVK 1F 3% # Android 245, %M 2258 i NDK #:47401%. %

PR RT3 AT Srdparty ()4 FRSC . 3rdparty (454 [A] il TA Linux (18002, HICESEEEN R so i E Y
H¢ 3rdparty/tim-vx/lib/android,

2.10.1 &R

RS HEA A AT AL Linux & RAHIR, 2% SR

$ cd <tengine-lite-root-dir>
$ cp -rf ../TIM-VX/include ./source/device/tim-vx/
$ cp —rf ../TIM-VX/src ./source/device/tim-vx/
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2.10.2 4% 3rdparty

fEE R BRIV B4 1 Android B, S5 MR R AU :

$ wget -c https://github.com/VeriSilicon/TIM-VX/releases/download/v1.1.28/arm_
—android9_A311D_6.4.3.tgz

tar zxvf arm_android9_A311D_6.4.3.tgz

mv arm_android9_A311D_6.4.3 prebuild-sdk-android

cd <tengine-lite-root-dir>

mkdir -p ./3rdparty/tim-vx/include

mkdir -p ./3rdparty/tim-vx/lib/android

cp —rf ../prebuild-sdk-android/include/* ./3rdparty/tim-vx/include/

cp -rf ../prebuild-sdk-android/lib/* ./3rdparty/tim-vx/lib/android/

L2 2 TS /o N V0 TR s SR O S 023

i1 Android 2% P E1) NPU SR HRASFIAH 5 so R—E M FEEIW 6. 4. 3 BUARILAL, HFRZEHIEAE
TRXACABI AT o A RIS, mTDAAR R T B0 1 4 B A e 4 R 1 Lib H S HRLTH I SO 2%, AR
K adb pull i34-M /vendor/lib/ HgH#EH—EH K, HA 3rdparty fAHE H B .

2.10.3 fHiF

$ export ANDROID_NDK=<your-ndk-root-dir>

$ cd <tengine-lite-root-dir>

$ mkdir build && cd build

$ cmake —-DTENGINE_ENABLE_TIM VX=ON —-DCMAKE_TOOLCHAIN_FILE=S$ANDROID NDK/build/cmake/
—android.toolchain.cmake —-DANDROID_ABI="armeabi-v7a" —-DANDROID_ARM NEON=ON —-DANDROID_
—PLATFORM=android-25 ..

$ make -j nproc  && make install

SEMAR IS, BWH ] ADB Shell HiJll— T example, B RESEIEH . APK fEIa1 rif i 2T NPU 5k
it so, ELikS W FAQ i,

29.3 3. &R

29.3.1 3.1 {ki#figE

build-tim-vx—-armé64/install/lib/

L— libtengine-lite.so

On the Khadas VIM3, it need to replace those libraries in the /lib/
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29.3.2 3.2 1% E uint8 #IEFK

TIM-VX Library needs the uint8 network model

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_UINTS;
opt.affinity = 0;

29.3.3 33 48

[khadas@Khadas tengine-litel]# ./example/tm classification_timvx -m squeezenet_uint$§.
—~tmfile -i cat.jpg -r 1 -s 0.017,0.017,0.017 —-r 10

Tengine plugin allocator TIMVX is registered.

Image height not specified, use default 227

Image width not specified, use default 227

Mean value not specified, use default 104.0, 116.7, 122.7

tengine-lite library version: 1.2-dev

TIM-VX prerun.

model file : squeezenet_uint8.tmfile

image file : cat.jpg

img_h, img_w, scale[3], mean[3] : 227 227 , 0.017 0.017 0.017, 104.0 116.7 122.7
Repeat 10 times, thread 1, avg time 2.95 ms, max_time 3.42 ms, min_time 2.76 ms
34.786182, 278

33.942883, 287

33.732056, 280

32.045452, 277

30.780502, 282

29.4 4. uint8 E{tiER

The TIM-VX NPU backend needs the uint8 tmfile as it’ s input model file, you can quantize the tmfile from float32 to

uint8 from here.
* Tengine Post Training Quantization Tools

* Download the uint8 quant tool
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29.5 FAQ

Q: Wi NPU KB4 fngk? A: Jil lsmod iy H MY MRS AT 0L PA VIM3 N, Hf
Galcore A% UKE] e 11 IE A I 2K -

khadas@Khadas:~$ sudo lsmod

Module Size Used by
iv009_1isp_sensor 270336 0
iv009_isp_lens 69632 0
iv009_isp_iqg 544768 O
galcore 663552 0
mali_kbase 475136 O
iv009_1isp 540672 2

vpu 49152 0
encoder 53248 O

# oo A AT B0 e

dhd 1404928 0
sunrpc 446464 1

btrfs 1269760 O

Xor 20480 1 btrfs
raidé6_pgq 106496 1 btrfs

khadas@Khadas:~$

T PAEF|, galcore 663552 0 IAFTEIULA T galcore.ko &£ I M E

Q: WA A% Galcore UHRAN? A: ffi ] dmesg AT EIURBNINEE B, TEERZ, n[PAE grep iy ot
fridyg. Linux REHAGARFTEIAIT

khadas@Khadas:~$ sudo dmesg | grep Galcore
[sudo] password for khadas:

[ 17.817600] Galcore version 6.4.3.p0.286725
khadas@Khadas:~$

Android LAY A SFT I

kvim3:/ $ dmesg | grep Galcore
[ 25.253842] <6>( 25.253842Q@0] Galcore version 6.4.3.279124+1
kvim3:/ $

B PAE I, XA linux 1) A311D M Fn#k Y galcore.ko Jii 442 6.4.3.p0.286725, il & linux 1 iRAS Fe AR 23K .

Q: Nt galcore.ko? A & SDK MINRMR AT R, Al GEA 7 Z MRS NPU 5 (13Kl , R
R — R AR RISE I, (RSB A W] REA I ECHA R R, 75 2 A i) NPU i AR it
Friite X R 2 1 SEHI 2 galcore ko, SRS FEMBCHIMAS . HAR a4 (BBCH AR galcore.ko
WU 2T H %)

124 Chapter 29. jFi3%iF (TIM-VX)




Tengine

khadas@Khadas:~$ 1s

galcore.ko

khadas@Khadas:~$ sudo rmmod galcore
khadas@Khadas:~$ sudo insmod galcore.ko
khadas@Khadas:~$ sudo dmesg | grep Galcore

[ 17.817600] Galcore version 6.4.3.p0.286725
khadas@Khadas:~$

Lﬁ%ﬁ%%%ﬁ%ﬁ IR N IR R G R sl e 2 3k 0l R AR AS s AR B4 B 4R Y IR
AA[ DA sudo find /usr/lib -name galcore.ko BH— FEUANLLE, —PHAIRKIGEE /usr/
lib/modules/4.9. 24l/kernel/drlvers/amloglc/npu/galcore ko, ¥ galcore.ko Esfe 2 ixX 4~ %

FREIT . BHEUE, RN PSR RIRB S, — A

1ibGAL. so
1ibNNGPUBinary.so
libOpenCL.so
1ibOpenVXU.so
1ibVSC.so

1ibCLC.so
1ibNNArchPerf.so
1ibNNVXCBinary.so
1ibOpenVX.so
1ibOvx12VXCBinary.so

libarchmodelSw.so

FoAay SUF RN o SR A 48 S8 AT REANAR IR, T SR UL B J AR 114 12 A LA e e i
T, HORAS PRI L LA B R CH— > so ATRETEAR AR ICAN ]2 22 R B, R IEH
D)o XLESCIF—RAE /usr/1ib/ SUPFICHLE (— 28R T BEBA HUE ) PSSR A N A% UKE] , X iy B AT
IS E B A I E ARSI RIAT)

Q: i galcore ko J5, EAKEHTIRE? A: AW} insmod galcore.ko Ji7, Ismod BHAZ A galcore Bk, {H
SR . AT AR dmesg A BN T IR MMESFEE R, & SEA HALAT R &L . Linux SLAYTH)
oy

khadas@Khadas:~$ sudo dmesg | grep galcore

[ 0.000000] OF: reserved mem: initialized node linux,galcore, compatible id shared-
—dma-pool

[ 17.793965] galcore: no symbol version for module_layout

[ 17.793997] galcore: loading out-of-tree module taints kernel.

[ 17.817595] galcore irg number is 37.

khadas@Khadas:~$

Android HLAIFTEIGNF
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kvim3:/ $ dmesg | grep galcore

[ 0.000000] <0>[ 0.000000@0] c6c00000 - c7c¢00000, 16384 KB, linux,
—galcore

[ 25.253838] <4>] 25.253838Q@0] galcore irg number is 53.

kvim3:/ $

Q: FTEIF /RO & AR R ELF #%3X7 A: H i 3rdparty H 5 MY include HSRJLF2ZEHE, lib HRA
TEH K PRI B T RE R M 4 o il i R PP SR T 1 (windows RGETHIL), BE 2 HER 1Y
HH 5 SO AP 5 AN PERL o

Q: Jft4F i) Android HIAFE AKX ) APK, {H ADB Shell #3125 17 LA (ADB Shell I{AE AT HA
AIPAT)? A: Android REEAAT Linux £48, 7] ARy (813814 GDB Server #H1TEAEHi, FTLAGI APP
BRI REET S, SEAE ADB Shell BUriE— 1 IE#PE 5 1T APK 4R . W 4 4E ADB Shell H 45
E T A G2 IR, APK BLETR INT 5t %a HAd A8, 82 APP iz 4T A8 1 A] ARG A — T X B 1Y
NPU H FPAIKS2E AT A U2 /vendor/ete/public. libraries.txt . FA[EAIK
T3R5 java. lang.UnsatisfiedLinkError 8% . BE&H4TH) Android 4 7] A RBATF K
Jli7R, libCLC.so 452 &0 &k ok -

kvim3:/vendor/etc $ cat public.libraries.txt
libsystemcontrol_jni.so
libtv_jni.so
libscreencontrol_jni.so
1ibCLC.so

1ibGAL.so

1ibOpenVX.so
1ibOpenVXU. so

libVsC.so
libarchmodelSw.so
1ibNNArchPerf.so

kvim3:/vendor/etc $

WERBATAT, F5%AE ADB Shell HUHH 5] root AURR, FFEFHEBOCIRSE; FHEA ADB Shell J5, Bk
TG ER KRG KEERENT:

adb root # kB root M [}

adb remount # EHERAXHRE

adb shell # ¥ N\ ADB Shell
#

vi /vendor/etc/public.libraries.txt P

WNERSF vi FIFH RS AME, AIPAFEJE adb pull /vendor/etc/public.libraries.txt fiiF| PC [
B, RJ5H adb push public.libraries.txt /vendor/etc/ ik,
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29.6 fft: BB ZFFHIRFHEEE

A311D: Khadas VIM3 EAIS-750E S905D3: Khadas VIM3Li.MX 8M Plus: SMPLUSLPD4-EVKC308X: ffil /£ C308X
AITPC

29.7 Mt Hifth

o PRT47], Tengine-Lite ANAE R4 & T & UEASUFHY) 3rdparty, T i5f#.
o WNSRARSCRSHE IR I REAN FAQ P45 7 35 A A, vkl A QQ Fif 829565581 #2541 .
o RIFRAR) TIM-VX FI Tengine XF OP SZHFHIEF A — & X B, 5K T Reh B Hr AR A i E A .

o GARTH OP AW RGN TR K, WRASMIFE TIM-VX Fl Tengine [ issue HLA&—A-HT1 issue 2
RKIF; EREEILTFERITAUMA QQ HEEE R4 HL It Wil Rl 35

* Tengine il OPEN Al LAB X SURS# K M RALE AR AR BRI, P& A Jy sl R TARIRE . A48
SE L FCEANTY . BrAs S5 HOE SR RO R AT .

o WERGTEA R RAAZAE, WA OPEN AT LAB f) QQ HEI A48 PH 1 iE— 43
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https://www.khadas.com/vim3
https://www.yuque.com/william-apmjq/vob7gl/sh946b
https://www.khadas.com/vim3l
https://www.nxp.com/design/development-boards/i-mx-evaluation-and-development-boards/evaluation-kit-for-the-i-mx-8m-plus-applications-processor:8MPLUSLPD4-EVK
https://item.taobao.com/item.htm?id=628474396097
https://item.taobao.com/item.htm?id=628474396097

Tengine
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cHAPTER 30

R X 4w Arm64 OHOS (BERF %) hRA

30.1 1 %23% DevEco Studio #1 OHOS NDK

T #%%% DevEco Studio, [4i%[ 1. AN EENS, 5| HarmonysOS | % ] F M

FTJF DevEco Studio, Configure (=f File) -> Settings -> Appearance & Behavior -> System Settings -> HarmonyOS
SDK, A3 T #; Native, 525 OHOS NDK [#;.

30.2 2 #%& OHOS NDK cmake toolchain 3L

ohos.toolchain.cmake 3 S VY (4 I ) G $OHOS_NDK/build/cmake o=, #H
E:\soft\Huawei\sdk\native\3.0.0.80\build\cmake\ohos.toolchain.cmake

(AT 3%6) MBS debug w4, 4/ 3kHAF, J5¥540 android ndk #H[H] android-ndk issue

# JA % % % 4T JF SANDROID_NDK/build/cmake/android.toolchain.cmake
# M "-g" AT
list (APPEND ANDROID_COMPILER_FLAGS

-9

—-DANDROID
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https://developer.harmonyos.com/cn/develop/deveco-studio#download
https://developer.harmonyos.com/cn/home
https://github.com/android-ndk/ndk/issues/243

Tengine

30.3 3 T&; Tengine Lite JEt5

git clone https://github.com/OAID/Tengine.git tengine-lite

30.4 4 %5i% Tengine Lite

Arm64 OHOS #ii3 A<~ (Windows)

build/ohos—arm64-v8a.bat:

@ECHO OFF
@SETLOCAL

Set OHOS native toolchain root
@SET OHOS_NDK=<your—-ndk-root_path, such as D:/Program/DevEcoStudio/SDK/native/2.0.1.
93>

Set ninja.exe and cmake.exe
@SET NINJA_ EXE=%0HOS_NDK%/build-tools/cmake/bin/ninja.exe
@SET CMAKE_EXE=%0HOS_NDK%/build-tools/cmake/bin/cmake.exe
@SET PATH=%OHOS_NDK%/1llvm/bin; $OHOS_NDK%/build-tools/cmake/bin; $PATHS

mkdir build-ohos—-armeabi-v7a

pushd build-ohos-armeabi-v7a

$CMAKE_EXE% -G Ninja —-DCMAKE_TOOLCHAIN_FILE="%$OHOS_NDK%/build/cmake/ohos.toolchain.
—cmake" —-DCMAKE_MAKE_PROGRAM=%NINJA_EXE$ -DOHOS_ARCH="armeabi-v7a" -DCMAKE_BUILD_
—WITH_INSTALL_RPATH=ON

$CMAKE_EXE% —--build . —--parallel $NUMBER_OF_PROCESSORS%
$CMAKE_EXE% —--build . --target install
popd

mkdir build-ohos—arm64-v8a

pushd build-ohos-arm64-v8a

$CMAKE_EXE% -G Ninja -DCMAKE_TOOLCHAIN_FILE="$OHOS_NDK%/build/cmake/ohos.toolchain.
—cmake" -DCMAKE_MAKE_PROGRAM=%NINJA_EXE% -DOHOS_ARCH="arm64-v8a" —-DCMAKE_BUILD_
—WITH_INSTALL_RPATH=ON

$CMAKE_EXE% —--build . --parallel $NUMBER_OF_PROCESSORS%
$CMAKE_EXE% --build . --target install

popd

@ENDLOCAL
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CHAPTER 31

JERDZRIZ (Microsoft Visual Studio)

31.1 &4

Visual Studio JF % T H AR 55 BALAT-F- 5 FITE T B AR T A AL 734 %) - Tengine SCHFAE Windows _E 4%

31.2 #E&

CMake >= 3.13, Visual Studio >= 2015

Before the very begging, please check CMake and Visual Studio already has been installed. CMake >= 3.13, Visual Studio
Version 2017 or 2019 is recommended. For CUDA or TensorRT backend user, CMake >= 3.18 is needed. CUDA or

TensorRT needs to be installed or unpackaged.

31.3 )

31.3.1 &

HSEM GitHub T #; https:/github.com/OAID/Tengine.git
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31.3.2 CMD shell user

¥THF “x86 Native Tools Command Prompt for VS 201x” or “x64 Native Tools Command Prompt for VS 201x” ,
“201x” JRAREYZERIA. RN 2 VS2017 , BAEAT:

set PATH=X:/your/cmake/bin; $PATHS

cd /d X:/your/downloaded/Tengine

md build

cd build

cmake.exe -G "Visual Studio 15 2017 Win64" -DTENGINE_OPENMP=OFF -DTENGINE_BUILD_
—EXAMPLES=0FF

::cmake.exe -G "Visual Studio 16 2019" -A x64 -DTENGINE_OPENMP=O0OFF

cmake.exe —--build . --parallel $NUMBER_OF_PROCESSORS%

cmake.exe —--build . —--target install

31.4 R=fl

TODO
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CHAPTER 32

EfgmE (Vulkan)

32.1 {#4r

Vulkan 25— UETEMITTH APL ERME T B gpu Mm% B5-FE U5, X2 gpu I TFA pe Afail & 51
Pl L IE R A - B B A TP s AT .

32.2 iN{aYmiF

32.2.1 Build for Linux

FE£ Debian, Ubuntu |- 2235 vulkan sdk:

sudo apt instal libvulkan-dev

“F#f Vulkan SDK

# download vulkan sdk

$ wget https://sdk.lunarg.com/sdk/download/1.1.114.0/1linux/vulkansdk-linux-x86_64-1.1.
—114.0.tar.gz?Human=true -0 vulkansdk-linux-x86_64-1.1.114.0.tar.gz

$ tar —-xf vulkansdk-linux-x86_64-1.1.114.0.tar.gz

# setup env

$ export VULKAN_SDK=pwd /1.1.114.0/x86_64
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cd <tengine-lite-root-dir>
mkdir -p build-linux-vulkan

cd build-linux-vulkan

W W

cmake -DTENGINE_ENABLE_VULKAN=ON

RO23

make —-j4

$ make install

32.2.2 Build Android Library

cd <tengine-lite-root-dir>

mkdir -p build-android-aarché64-vulkan

cd build-android-aarch64-vulkan

cmake —-DCMAKE_TOOLCHAIN_FILE=SANDROID NDK/build/cmake/android.toolchain.cmake \
—-DANDROID_ABI="arm64-v8a" \
—DANDROID_PLATFORM=android-24 -DTENGINE_ENABLE_VULKAN=0ON

v W »n N

$ make -3j4

$ make install

32.3 =H:

violet:/data/local/tmp/tengine/vulkan $ ./tm_classification_vulkan -m mobilenet.
—~tmfile -i cat.jpg -g 224,224 -s 0.017,0.017,0.017 -r 10

start to run register cpu allocator

start to run register vk allocator

Mean value not specified, use default 104.0, 116.7, 122.7

tengine-lite library version: 1.0-dev

model file : mobilenet.tmfile

image file : cat.jpg

img_h, img_w, scale[3], mean[3] : 224 224 , 0.017 0.017 0.017, 104.0 116.7 122.7
Repeat 10 times, thread 1, avg time 114.83 ms, max_time 169.14 ms, min_time 107.62 ms
8.574147, 282
7.880115, 277
7.812572, 278
7.286460, 263
6.357491, 281
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CHAPTER 33

Tengine Video Capture User Manual

33.1 4R

4 A 3 2 KT Khadas VIM3 SBC i) NPU WZGHIHERIS R, I VRSEHE5%, LHETES
BPET- A D REWR -

BRAKR AT L1 Khadas VIM3 ) [ 4 55 B AR o

33.1.1 f&E&i%EH
33.1.2 #{4i%EA

PAF#° Khadas VIM3 AR AL AR .
« Ubuntu 20.04
« OpenCV 4.2
. 2cc9.3.0

e cmake 3.16.3

135



Tengine

33.1.3 ##1Ei%EH

JEEAL B ) A A THAEY R EL T Khadas VIM3 SRR THRENL B84, Hordr
o FER. GavRLIRTT AT SSH kil sl H 3 7E Khadas VIM3 [¥) Ubuntu 5[5 845 il & AT
o 811 BRI Khadas VIM3 [¥) Ubuntu S 1h 5 845 il & AT

33.2 4{iF

33.2.1 T NPU {%i#6iE TIM-VX

$ git clone https://github.com/VeriSilicon/TIM-VX.git

33.2.2 T&; Tengine

$ git clone https://github.com/OAID/Tengine.git tengine-lite
$ cd tengine-lite

33.2.3 A&

$ cd <tengine-lite-root-dir>
$ cp -rf ../TIM-VX/include ./source/device/tim-vx/
$ cp —rf ../TIM-VX/src ./source/device/tim-vx/

33.2.4 PITHIE

$ cd <tengine-lite-root-dir>

$ mkdir build && cd build

$ cmake -DTENGINE_ENABLE_TIM_VX=ON -DTENGINE_ENABLE_MODEL_CACHE=ON -DTENGINE_BUILD_
—DEMO=0ON ..

$ make demo_yolo_camera —j nproc’

iESEG, libtengine-lite.so fil demo_yolo_camera fFTEPA T 42 :
* <tengine-lite-root-dir>/build/source/libtengine-lite.so

e <tengine-lite-root-dir>/build/demos/demo_yolo_camera
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33.3 BT

BRI yolov3_uint8.tmEile AIA Model ZOO Wk, 2 HEDA R 7 s R -

I— demo_yolo_camera
— libtengine-lite.so
F— models

| L— yolov3_uint8.tmfile

PATYHIEEAE T demo_yolo_camera :

./demo_yolo_camera

P.S. i $—kiE AT A A BhiF A R NPU B ATIRBAY kernel file, & — o445 gl (K% 304)), B4
EAT AT B KT8 cache file X (T 1),

33.4 X T2

o WAHRAL T HT Khadas VIM3 -G AEGIRA, BABRIERTAZ% deploy_superedge;;
o AT T IR SuperEdge A, 2% (FFHhi).

33.5 FAQ

Khadas VIM3 %513 Tengine + TIMVX E 4|78 (f$E5 Khadas VIM3 gL 55 ) B PAZH#% compile_timvx.,

33.3. B1T 137
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CHAPTER 34

Tengine + SuperEdge —& 154 L A& EH% Al KA

34.1 =B

ROV IR AT HERESE Tengine SCHUA BV AREFF NPU VeI, 52 Uas oy R I e T 55 . JFi
S TP 37 SuperEdge FEHAE TR B4 HSIA 1, BRIt A TBBLI BB T4 AL I
IES/

Tengine B OPEN AILAB 1597 % , %001 H 9290 T VRIES T M WA B AR B i bl . R
TR, HEIIEAE ALOT R IBE TG HE , ATH M C iR DT &, SPGB e
A BRI T T VRSO0 . FIAER A T 52 &4 SR T, AT CPU. GPU. NPU % it
PR CEASRIRIEE , I G, . RN,

SuperEdge JEHET 5k Kubernetes B0 4628 B HIRAL. ARSI ZFUE BB LI REA%M, RAFISBL T
ZHO T ORI, ORI T T A Z5 0 B30 Sk 72 . SuperBdge Vi 52 LBk B
BEARE T AT TS
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https://github.com/OAID/Tengine
http://www.openailab.com/
https://github.com/superedge/superedge

Tengine

X86 Server

SuperEdge Master

Cloud
Khadas VIM3 SBC

Edge
SuperEdge Node

Pods

Tengine
Framework

e | e | we

img

CoRY

34.2 FEHIMEAE
=
34.3 RELR
34.3.1 1. %23% SuperEdge #ig
o 4z SuperEdge Master 7 /5 (x86_64)
wget https://superedge-1253687700.cos.ap-guangzhou.mygcloud.com/v0.4.0/amd64/edgeadm—
—linux-amd64-v0.4.0.tgz
tar -zxvf edgeadm-linux-amd64-v0.4.0.tgz
cd edgeadm-linux—-amd64-v0.4.0
./edgeadm init —--kubernetes-version=1.18.2 —--image-repository superedge.
—tencentcloudcr.com/superedge —--service-cidr=10.96.0.0/12 —--pod-network-cidr=10.224.
—0.0/16 —-install-pkg-path ./kube-linux-*.tar.gz —--apiserver-cert-extra-sans=<Master.
—Public IP> —--apiserver-advertise-address=<Master Intranet IP> --enable-edge=true
#2 HlkesW E X E AP HEXT
Q¥iEi3)
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(2 E30)
mkdir -p SHOME/.kube
sudo cp -i /etc/kubernetes/admin.conf S$HOME/.kube/config
sudo chown $(id -u):$(id -g) SHOME/.kube/config
#= W KR H, M Hkhadas VIM3% % SuperEdge % W & E B # 4 &
kubectl patch DaemonSet kube-proxy -n kube-system —--type='json' -p='[{"op": "replace",
— "path": "/spec/template/spec/containers/0/resources", "value":{}}]"'
kubectl patch DaemonSet kube-flannel-ds -n kube-system —--type='json' -p='[{"op":
—"replace", "path": "/spec/template/spec/containers/0/resources", "value":{}}]"'
kubectl patch DaemonSet tunnel-edge -n edge-system —-type='json' -p='[{"op": "replace
", "path": "/spec/template/spec/containers/0/resources", "value":{}}]'
kubectl patch DaemonSet edge-health -n edge-system —--type='json' -p='[{"op": "replace
", "path": "/spec/template/spec/containers/0/resources", "value":{}}]'

kubectl patch DaemonSet application-grid-wrapper-node -n edge-system --type='json' -p=
—'"[{"op": "replace", "path": "/spec/template/spec/containers/0/resources", "value":{}

=]

o Khadas VIM3 % 45 i A 25

#o

ol Tdemoff I T ZWGUIEH , ANEZRA TS ERLALLZERED, FLFREREANETE
#F5 B THAENAEE A LA settings-users—AutoLogin.

SBRE, ATNLFRATEHNLZET, EFNEF, REXEBEHT

#Disable fenix-zram-config service to disable the swap
sudo systemctl disable fenix-zram-config

sudo systemctl status fenix-zram-config

# Download edgeadm armé4 version to install SuperEdge Node

wget https://superedge-1253687700.cos.ap—-guangzhou.mygcloud.com/v0.4.0/arm64/edgeadm—
—linux-arm64-v0.4.0.tgz

tar -zxvf edgeadm-linux-arm64-v0.4.0.tgz

cd edgeadm-linux-arm64-v0.4.0

#Upgrade cni-plugins from v0.8.3 to v0.8.6,.

< ff Wt f£ Khadas + % 3 SuperEdge#n CNI % J§ & IF] A1,

tar -zxvf kube-linux-armé64-v1.18.2.tar.gz

wget https://github.com/containernetworking/plugins/releases/download/v0.8.6/cni—
—plugins-linux-arm64-v0.8.6.tgz

mv cni-plugins-linux—-arm64-v0.8.6.tgz edge—-install/cni/cni-plugins-linux-armé64-v0.8.3.
—tgz

sed -i 's/\tload_kernel/# load_kernel/' edge—-install/script/init-node.sh

tar —-zcvf kube-linux-arm64-v1.18.2.1.tar.gz edge-install/

#im N & B

[ 23]
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./edgeadm join <Master Public/Intranet IP Or Domain>:6443 —-token xxxx —--discovery-—

—token-ca-cert-hash sha256:xxxxxxxxxx —--install-pkg-path kube-linux-armé64-v1.18.2.1.

—tar.gz ——-enable-edge=true

o Khadas VIM3 #:45H 5 Xserver 2%

# Access to Xserver

# Execute script on device Terminal

xhos

t +

34.3.2 2. (T]¥E) #3% Tengine demo F2E5E %

%A R 43 AN #4 78 Tengine Demo 415, 41°R A Docker Hub 538, AT #kid .
o NECCFE] Khadas VIM3 #5245 |, 47 Tengine #1141 51 ] docker 5E1%

#Download docker build packeage [~91M] from OPEN AI LAB server

wget http://tengine2.openailab.com:9527/openailab/yolo.tar.gz

tar -zxvf yolo.tar.gz

cd superedge

docker build -t yolo:latest

Dockerfile U401 s

FROM ubuntu:20.04

MAINTAINER openailab

RUN
RUN
RUN
RUN
RUN

apt—-get
apt-get
apt—-get
apt—get

useradd

update

install -y tzdata

install -y libopencv-dev

install -y libcanberra-gtk-module

-m openailab

COPY libtengine-lite.so /root/myapp/

COPY demo_yolo_camera /root/myapp/

COPY tm_330_330_330_1_3.tmcache /root/myapp/

ADD models /root/myapp/models/
tm_88_88_88_1_1.tmcache /root/myapp/

COPY
COPY
CoprPY
COPY
COoPY
COPY
COPY

tm_classification_timvx /root/myapp/

1libOpenvVX.so /lib/

1ibGAL.
libVsC.

so /1lib/
so /lib/

libArchModelSw.so /lib/
1ibNNArchPerf.so /lib/

(Rt
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COPY libgomp.so.l /lib/aarch64-linux—gnu/
COPY libm.so.6 /lib/aarch64-linux—gnu/
WORKDIR /root/myapp/

USER openailab

CMD ["./demo_yolo_camera"]

RS A O 4 4 B demo_yolo_camera F&)%, HAA#EVES:# demo_videocapture user manual

34.3.3 3. w5 yolo.yaml 4gHEIC {4+

* 1F SuperEdge Master 7 & _I4w%E k8s w04 yolo.yaml

apiVersion: apps/vl
kind: Deployment
metadata:
name: yolo
labels:
name: yolo
spec:
replicas: 1
selector:
matchLabels:
name: yolo
template:
metadata:
labels:
name: yolo
spec:
affinity:
nodeAffinity:
requiredDuringSchedulingIgnoredDuringExecution:
nodeSelectorTerms:
- matchExpressions:

- key: kubernetes.io/hostname
operator: In
values:

- khadas
containers:
— name: yolo
image: tengine3/yolo:v1.0
env:
— name: DISPLAY

value: :0

34.3. R{EEE
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(£ 50

volumeMounts:
— name: dev
mountPath: /dev
— name: unix
mountPath: /tmp/.X1l-unix
securityContext:
privileged: true
volumes:
— name: dev
hostPath:
path: /dev
— name: unix
hostPath:
path: /tmp/.X1l-unix

34.3.4 4. Tengine WFiR 5N AN AERE

AT g HESCF

kubectl apply -f yolo.yaml

34.3.5 5. RBIBRSWEIE

peter@peter-VirtualBox:~$ kubectl get deployment yolo -o wide

NAME READY UP-TO-DATE AVAILABLE AGE CONTAINERS IMAGES o
—SELECTOR

yolo 1/1 1 1 21h yolo tengine3/yolo:vl1.0 o

—name=yolo

peter@peter-VirtualBox:~$ kubectl get pod yolo-76d95967bb-zxggk
NAME READY STATUS RESTARTS AGE
yo0lo-76d95967bb-zxggk 1/1 Running 3 79m

77T Khadas VIM i #H os g, WL E AR AR
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Tengine Khadas YOLOv3 Demo (on yolo-6d47d9f8fs-mg2rh)

aon | G0 Q%

T bottle Q2. S
L_,"I\J” 55
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CHAPTER 35

Tengine Lite with Opensource DeepLearning Accelerator

35.1 1. &4t

opendla Jg B TS A THE R id S NVDLA 2 B LA St 44 50 opendla Je PR3 5k BT B @ C 445
IRAEFPAE T, T2 48 NVDLA S84 1 22 AT DABGHERY 23 18), ek Ji5 i Tde g o A SR 1) NVDLA fEIX 7
R E N opendla T, HHF{E ZYNQ-NVDLA XA~ G R

PUAERY s, A T NVDLA () small B, 40 N R
1. ZYNQ 7045 | XCZU9EG-2 ] A3 100 Mhz
2. 8*8 [{) PE 4]
3. P&4 Global SRAM 2247
4. PR ALK
5. %A RUBIK ffi B HF5 ] %

6. HHISZFME 74 Conv | Relu | Min/Max/Avg Pooling | FullyConntected | ElementWise H-'EZ & 144
CPU =17

147


https://github.com/LeiWang1999/ZYNQ-NVDLA

Tengine

35.2 2. IN{a4miF

35.2.1 2.1 {k#6iln

A =3k

Ao it X ) opendlako Y, E X LR BUA AR UM R, H BT 4 BUBCE IR
AN Linux 4.13 ]AZRY, QAR 2 B0 N AZIRAS T3 BETE 00— 28 pR 4 25 K92 NVDLA 1K
Ji %, {045 libjpeg 15 libprotobuf , #1542 aarch64 JUAA T DA B3 6 T4 1 i SO S =012
NVDLA JE % 3 #5:1J Compiler Al Runtime, 754015 HEEE RS 1ib HRT, W2 aarch64 48
T DA A2 ] T o 198 e 1) SCAF

35.2.2 2.2 fRiFitIE

N T IR AR, E ohiid g e AR R R

SN T 441 Tengine [1) opendla )5 23 0AY , 1 4555415 libcompiler.so 5 libruntime.so, [fij libcompiler {3
libprotobuf (Fit4< >4y 2.6.1), libruntime <1 libjpeg (W 4% 4 libjpeg6b).

35.2.3 2.3 HiE{tHD

B, BRI A R R (P BR B 81T, TR U I TAR DA root 1 B kiEAT
Hs T Bl MR T DA 5% 7 7

2.3.1 HiHl ZYNQ-NVDLA

$ git clone https://github.com/LeiWangl1999/ZYNQ-NVDLA #._
—clone ™ Tk #y i gt A T & A sttpthk £ £ :D

2.3.2 }iiHY Tengine-Lite

$ git clone https://github.com/OAID/Tengine.git Tengine
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35.2.4 2.4 Tengine-Lite £ %mi%¥ opendla
Tengine-Lite H {if - 37—l opendla (Y42 i{mi¢ %, RI4Wi% opendla FYERIFSCHE, T 564E Miso SCF, AR
Tengine #i opendla J5 iy ) I B EA T 54% o

Aty 558, BIANAE Tengine iR A% H £ 7] opendla M A% AIZ A TI BOPRAUIS —RE 41, i TR E
Fe SEMIN, FTPABAEIEA S .

AR NI IRENFEF opendla.ko UM 4RIFN), WTTE Petalinux HIgIFHX R L5 .
QSR 2 aarch64 [YZEFY, TIDAE M prebuilt ) lib,

2.4.0 EAREZIEENEF

$ insmod /lib/modules/4.19.0-xilinx-v2019.1/extra/opendla.ko

1] dmesg 2 A% H i

$ dmesg | tail

[ 12.817877] macb ff0e0000.ethernet eth0O: link up (1000/Full)

[ 12.817900] IPv6: ADDRCONF (NETDEV_CHANGE) : ethO: link becomes ready

[ 20.661453] opendla: loading out-of-tree module taints kernel.

[ 20.664248] Probe NVDLA config nvidia,nv_small

[ 20.669152] 0.12.5

[ 20.669155] reset engine done

[ 20.671257] [drm] Initialized nvdla 0.0.0 20171017 for a0000000.NV_nvdla_wrapper.

—on minor 1

BHEEEM T nvdla i B A K nvdla SR AT %4 renderD128 B A7 M E 215 B 2258 58 R BR
BT

rootQ@arm:~# insmod /lib/modules/4.19.0-xil1linx-v2019.1/extra/opendla.ko
root@arm:~# cat /proc/interrupts | grep nvdla

45: 0 0 GIC-0 61 Level 40000000.NV_nvdla_wrapper
root@arm:~# 1ls /dev/dri/
card0 renderD128
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2.4.1 45i% libjpegbb

W2 aarch64, BRITIZAPIRAIAT, B30 O 22 LAY libjpeg.a.

wget http://www.ijg.org/files/jpegsrc.véb.tar.gz
tar -xzvf jpegsrc.véb.tar.gz

cd jpeg-6b/

./configure

make —-j ‘nproc’

make install

v v o»n v v W W»n

cp /usr/local/lib/libjpeg.a ~/ZYNQ-NVDLA/umd/external/

2.4.2 45i% libprotobuf.a

cd ~/ZYNQ-NVDLA/umd/external/protobuf-2.6/
apt—-get install -y autoconf automake libtool
autoscan & aclocal & autoconf

automake --add-missing

./configure

make —-j ‘nproc’
make install

cp /usr/local/lib/libprotobuf.a ~/ZYNQ-NVDLA/umd/apps/compiler/

w v v W v W W W W»n

cp /usr/local/lib/libprotobuf.a ~/ZYNQ-NVDLA/umd/core/src/compiler/

2.4.3 ¥5i% Compiler 5 Runtime

$ cd ~/ZYNQ-NVDLA/umd/
$ make -3j ‘nproc’ TOP=${PWD} TOOLCHAIN_ PREFIX=/usr/bin/ compiler

$ make —-j ‘nproc’ TOP=S{PWD} TOOLCHAIN_ PREFIX=/usr/bin/ runtime

FEAE out H S R BT Y Lib, X lib Al include % D1 %] Tengine H T

$ cp ~/ZYNQ-NVDLA/include -r ~/Tengine/source/device/opendla

$ cp ~/ZYNQ-NVDLA/umd/out/core/src/compiler/libnvdla_compiler/libnvdla_compiler.so —-r.
—~/Tengine/source/device/opendla/lib/

$ cp ~/ZYNQ-NVDLA/umd/out/core/src/runtime/libnvdla_runtime/libnvdla_runtime.so -r ~/
—Tengine/source/device/opendla/lib/

$ cp /usr/local/lib/libprotobuf.a ~/Tengine/source/device/opendla/lib/
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2.4.4 %5iF Tengine

$ cd ~/Tengine
$ mkdir build & cd build
$ cmake .. —-DTENGINE_ENABLE_OPENDLA=ON

35.3 3. Demo

35.3.1 3.1 Classification

Resnet18-Cifar10

$ cd <tengine-lite-root-dir>/build

$ cmake --build . --target tm_classification_opendla

$ cd examples

$ ./tm_classification_opendla -m /root/Tengine/models/resnetl8-cifarlO-nosoftmax-relu_
—int8.tmfile -i /root/Tengine/images/cat.]jpg -g 32,32 -s 1,1,1

Mean value not specified, use default 104.0, 116.7, 122.7

tengine-lite library version: 1.4-dev

NVDLA time: 0.012502 seconds

model file : /root/Tengine/models/resnetl8-cifarlO-nosoftmax-relu_int8.tmfile
image file : /root/Tengine/images/cat.jpg
img_h, img_w, scale[3], mean[3] : 32 32 , 1.000 1.000 1.000, 104.0 116.7 122.7

Repeat 1 times, thread 1, avg time 12.62 ms, max_time 12.62 ms, min_time 12.62 ms
10.087049, 3

3.833079, 2

3.026115, 5

2.420892, 4

-0.403482, O

35.3.2 3.2 Detection

Yolox-nano

$ cd <tengine-lite-root-dir>/build

$ cmake —--build . --target tm_classification_opendla tm_yolox_opendla

$ cd examples

$ ./tm_yolox_opendla -m /root/Tengine/models/yolox_nano_relu_int8.tmfile —-i /root/

—Tengine/images/dog.jpg —r 1

(Rt
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tengine-lite library version: 1.4-dev
Repeat 1 times, thread 1, avg time 1138.80 ms, max_time 1138.80 ms, min_time 1138.80_
—ms
detection num: 3
2: 70%, [ 463, 80, 676, 163], car
16: 52%, [ 122, 220, 315, 517], dog
1: 48%, [ 180, 181, 564, 430], bicycle

Output:

: bicycle 48,570

olox_dla_out
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CHAPTER 30

C API

36.1 Initial

53 Tengine HEALELRHIEAI M ik . BEHCHRE. WA S EMAIIRE.

ZN/E

/* inital tengine */

if (init_tengine() != 0)

{
fprintf (stderr, "Initial tengine failed.\n");
return -1;

}

fprintf (stderr, "tengine-lite library version: %s\n", get_tengine_version());

/* some codes */

/* release tengine */

release_tengine();
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36.1.1 int init_tengine (void)

Brief':
e Initialize the tengine, only can be called once.
Return:

e 0: Success, -1: Fail.

36.1.2 void release_tengine (void)

Brief':

* Release the tengine, only can be called once.

36.1.3 const char* get_tengine_version (void)

Brief':
* Get the version of the tengine.
Return:

e const char * of version string.

36.2 Graph

5P Tengine T FEIQIE . B, SHORIEEIIRE.

/* set runtime options */

struct options opt;

opt.num_thread = num_thread;
opt.cluster = TENGINE_CLUSTER_ALL;
opt.precision = TENGINE_MODE_FP32;

opt.affinity = affinity;

/* create graph, load tengine model xxx.tmfile */

graph_t graph = create_graph (NULL, "tengine", model_file);

/* set the shape, data buffer of input_tensor of the graph */

tensor_t input_tensor = get_graph_input_tensor (graph, 0, 0);

/* prerun graph, set work options (num_thread, cluster, precision) */

prerun_graph_multithread(graph, opt);
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/* run graph */
run_graph (graph, 1);

/* get the result of classification */

tensor_t output_tensor = get_graph_output_tensor (graph, 0, 0);

/* release tengine */
postrun_graph (graph) ;
destroy_graph (graph) ;

36.2.1 graph_t create_graph (context_t context, const char*

model_format, const char* file_name, ...)

Brief:

* Create the run-time graph for execution from a saved model. If model

format is NULL, an empty graph handle will be returned.
Params:

e context: The context the graph will run inside could be NULL and the graph

is created in a private context
* model_ format: The model format type,such as "caffe", "tengine"
e file_name: The name of model file.
Return:

e 0: Success, -1: Fail.

36.2.2 int prerun_graph_multithread(graph_t graph, struct options
opt)

Brief':

e Initialize resource for graph execution, and set cluster and threads count

will used.
Params:
e graph: The graph handle.
e opt: The graph exec options

Return:
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* 0: Success, -1: Fail.

36.2.3 int run_graph (graph_t graph, int block)

Brief:

* Execute graph.
Params:

e graph: The graph handle.

* block: Blocking or nonlocking.
Return:

e 0: Success, -1: Fail.

36.2.4 int postrun_graph (graph_t graph)

Brief':

* Release the resource for graph execution.

Params:
e graph: graph handle.
Return:

* 0: Success, -1: Fail.

36.2.5 int destroy_graph(graph_t graph)

Brief':

* Destory the runtime graph and release allocated resource.

Params:
* graph: The graph handle.
Return:

e 0: Success, -1: Fail.
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36.2.6 int set_graph_layout (graph_t graph, int layout_type)

Brief':

e Set the layout type of the graph the default layout of graph is NCHW.
Params:

* graph, the graph handle

e layout_type, the layout type NCHW or NHWC
Return:

* 0: Success, -1: Fail.

36.2.7 int set_graph_input_node (graph_t graph, const char*
input_nodes[], int input_number)
Brief':
* designate the input nodes of the graph.
Params:
* graph: the graph handle
e input_nodes: the node name list of input nodes
* input_number: the number of input_nodes
Return:

e 0: Success, -1: Fail.

36.2.8 int set_graph_output_node (graph_t graph, const char¥*
output_nodes[], int output_number)

Brief':
* designate the output nodes of the graph.
Params:
* graph: the graph handle
e output_nodes: the node name list of output nodes
e output_number: the number of output_nodes
Return:

e 0: Success, -1: Fail.
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36.2.9 int get_graph_input_node_number (graph_t graph)

Brief':

* Get the number of input node of the graph.
Params:

e graph: The graph handle.
Return:

* the input node number.

36.2.10 node_t get_graph_input_node (graph_t graph, int idx)

Brief:

* Get the node handle of #idx of input node of the graph.
Params:

* graph: The graph handle.

* idx: The input node index,starting from zero.
Return:

¢ The node name or NULL on error.

36.2.11 int get_graph_output_node_number (graph_t graph)

Brief':

* Get the number of output node of the graph.
Params:

e graph: The graph handle.
Return:

¢ The input node number.
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36.2.12 node_t get_graph_output_node (graph_t graph, int idx)

Brief':

* Get the node handle #idx of a graph output node.
Params:

e graph: The graph handle.

¢ idx: The input node index, starting from zero.
Return:

* The node name or NULL on error.

36.2.13 tensor_t get_graph_output_tensor (graph_t graph, int
output_node_idx, int tensor_idx)
Brief':
* Get a tensor handle of a graph output node.
Params:
e graph: The graph handle.
e output_node_idx: The output node index.
e tensor_idx: The output tensor index of the output node.
Return:

e The tensor handle or NULL on error.

36.2.14 tensor_t get_graph_input_tensor (graph_t graph, int
input_node_idx, int tensor_idx)
Brief':
* Get a tensor handle of a graph output node.
Params:
e graph: The graph handle.

e input_node_idx: The input node index, starting from zero.

* tensor_idx: The output tensor index of the input node, starting from zero.

Return:

* The tensor handle or NULL on error.

36.2. Graph
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36.3 Node

Node =7y FH & 2 4E

36.3.1 node_t create_graph_node (graph_t graph, const char*

node_name, const char* op_name)

Brief':

* Create a node for the graph.
Params:

e graph: The graph handle.

* node_name: The name of the node.

e op_name: The name of the operate.
Return:

* The node handle or NULL on error.

36.3.2 node_t get_graph_node (graph_t graph, const char* node_name)

Brief':

* Get the node handle of the graph.
Params:

e graph: The graph handle.

* node_name: The name of the node.
Return:

* The node handle or NULL on error.

36.4 Tensor

Tensor $(#iAH KARAE

/* set the shape, data buffer of input_tensor of the graph */
int img_size = img_h * img_w * 3;

int dims[] = {1, 3, img_h, img_w}; // nchw

float* input_data = ( float* )malloc(img_size * sizeof (float));

(FIgkss)
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tensor_t input_tensor = get_graph_input_tensor (graph, 0, 0);
set_tensor_shape (input_tensor, dims, 4);

set_tensor_buffer (input_tensor, input_data, img_size * 4);

/* get the result of classification */
tensor_t output_tensor = get_graph_output_tensor (graph, 0, 0);
float* output_data = ( float* )get_tensor_buffer (output_tensor);

int output_size = get_tensor_buffer_size (output_tensor) / sizeof (float);

36.4.1 tensor_t create_graph_tensor (graph_t graph, const char¥*

tensor_name, int data_type)

Brief':

* create a tensor handle by tensor name.
Params:

e graph: The graph handle

* tensor_name: Tensor name.

e data_type: the data type.
Return:

* The tensor handle or NULL on error.

36.4.2 tensor_t get_graph_tensor (graph_t graph, const char¥*

tensor_name)

Brief':

* Get a tensor handle by tensor name.
Params:

* graph: The graph handle

* tensor_name: Tensor name.
Return:

e The tensor handle or NULL on error.
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36.4.3 const char* get_tensor_name (tensor_t tensor)

Brief':

* Get the name of the tensor handle.
Params:

* tensor: the tensor handle.
Return:

e const char * of version string.

36.44 int get_tensor_shape (tensor_t tensor, int dims[], int

dim_number)

Brief':
* Get the shape of tensor.
Params:
e tensor: The tensor handle.
e dims: An int array to get the returned shape.
e dim_number: The array size.
Return:

e >=1 the valid dim number, or -1 Fail.

36.4.5 int set_tensor_shape (tensor_t tensor, const int dims[], int

dim_number)

Brief':
* Set the shape of tensor.
Params:
* tensor: The tensor handle.
e dims: An int array to get the returned shape.
e dim_number: The array size.
Return:

e 0: Success; -1: Fail.
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36.5 Device

36.6 Exection context

BCEAAT AN S B, BN T R BB R S AT SR RE () i o

/* create VeriSilicon TIM-VX backend */
context_t timvx_context = create_context ("timvx", 1);

int rtt = add_context_device (timvx_context, "TIMVX");

/* create graph, load tengine model xxx.tmfile */

graph_t graph = create_graph (timvx_context, "tengine", model_file);

36.6.1 context_t create_context (const char* context_name, int

empty_context)

Brief':
* Create one execution context with name.
Params:
e context_name: The name of the created context.

* empty_context: No device is assigned with this context otherwise, all

proved devices will be added into the context.
Return:

e Execution context handle. If create Failed, return NULL.

36.6.2 int add_context_device (context_t context, const char*

dev_name)

Brief':

* Add a device into one context.
Params:

e context: The context handle.

e dev_name: The device name.
Return:

e 0: Success, -1: Fail.
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36.6.3 void destroy_context (context_t context)

Brief':
* Destory and reclaim the resource related with the context.
Params:

e context: The context handle.

36.7 Misc

FuAtbA ) AP

/* set the level of log with INFO */
set_log_level (LOG_INFO);

/* dump the graph to console */
dump_graph (graph) ;

36.7.1 void set_log_level (enum log_level level)

Brief:
* Set the logger level.
Params:

* level: The log level.

36.7.2 void dump_graph (graph_t graph)

Brief:

e Dump the run-time graph. If the graph is dumpped after prerun(), it will

dump the optimized graph instead of the origin one.
Params:

* graph: The graph handle.
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36.8 Plugin
36.9 FE YL
36.10 Z5fatk

36.11 HENEF
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IRADIERE

37.1 BHER
37.1.1 $%&17& Tengine

i) Tengine 2] C++ 722 BATHY, FiiFRN make, KA RGEHF RN makefile, HEZ
VISFFRIRESFRE CPU, [y M2 Tengine FIBIMERY Lite AKIBOZ L, AMULE Operator AEBAR
Jr BERE I R, A R R R Y R

#eit Tengine KB G, T3 RIMT % Tengine FF MCU Fl VLIW 34441 DSP; FE—LETiH H, 4
PETHAEN C++ BObRE 5 2, HEREA C++ Hikas, XX Tengine AU~ A T EK

X RT, WUH B BT US Lite Y Tengine 4f CIEFERYH H8 X, Kk —BMHAYIT
Ka, Jase HZ 3] Tengine Lite ko MBENE, Lite MIEIFSOR—HN. Gd—BUNNE, 4
il Tengine Hi HAEy A L)E, Tengine 7 SR SIEASAEURERIRG, A HLED.

37.1.2 4k4E& Tengine Lite

“Hr KAAELARBITHIAT”, Tengine Lite [ FHA 381 11 Tengine = FEAH{L, B Tengine Lite AV
WHILHIHSE GNU ¢ §7 &, T GNU C " JBHARARME C INE . 24h KM 2™ SRR 314k cee &A1Y
Y&, Wi Microsoft Visual Studio LB}, i#BF| THREZMEME. H—H, 2 C Wik fifs Tengine
Lite WATMERERE R, A#LIXFNIUH St el 2 2 M, “Tengine WA TR “HEFE"" AUMEIZE “RB35" 4§

5.
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Zeid—Bem R B A, AR E BB R, H R AR D L TR T A

37.2 SRt

BT ARz —%&, RN4E C 3Lt Tengine (1) Lite 732 (PAF fijFx Tengine, NP5 Lite 73 37) &
/NRuntime, SIRMIIRERZE AT AN C++ IFA . EXAERFRAE C Runtime 7ERIERGAZR TS AI I, 68

H CH+ PRI, fETE eI R AEA S .

37.2.1 ZE{ateE

[ Scheduler ]
[ Executer ] [ Optimizer ] [ Device

4 N
Graph

[ Subgraph ]
Tensor ] [ Node ( Operator )]

N /

[ Module j [ Utility

37.2.2 EERRNA

MR graph FHXEHE

source/graph H3# N2 Convolution Neural Network HFHIRSEH AR KL .

/*_/
* @struct ir_graph_t
* @brief Abstract graph intermediate representation
*/

typedef struct graph

{

struct tensor** tensor_list; //!< the tensor list of a graph

(N IUERED)
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struct node** node_1list; //!< the node list of a graph
intl6_t* input_nodes; //!< input nodes index array of a graph
intl6_t* output_nodes; //!< output nodes index array of a graph
uintl6_t tensor_num; //!< the count of all graph tensor
uintl6_t node_num; //!1< the count of all graph node
uintl6_t input_num; //!< input nodes index count of a graph
uintl6_t output_num; //!< input nodes index count of a graph
int8_t graph_layout; //!< the data layout of a graph
int8_t model_layout; //!< model layout of graph source model
int8_t model_format; // 1< model format of graph source model
uint8_t status; //!< the status of graph
struct serializer* serializer; //!< serializer of graph
void* serializer_privacy; //!< privacy data of serializer
struct device* device; //!< assigned nn_device for this graph
void* device_privacy; //1< privacy data of device
struct attribute* attribute; //<! attribute of graph
struct vector* subgraph_list; //!< subgraph list of this graph

} ir_graph_t;

W 2% ) & DAG M graph FIH A node 7 ML [FHiiA; £ FHFZEM node £ node->node_list
HE s node FEHIA TR A BMKHE tensor Ml operator iil. Uy EM tensor FE
graph->tensor_list HfEfif. graph->node_num il graph->tensor_num 4 J§iiA T graph
node Ml tensor $#. ¥ (tensor) + #{F (operator) MMAYTT AL (node) ffath ili—A> 58 B 1) &
(graph), MRAEMELL (scheduler) BRI, BB — D BNEITEEEITIE CPU 4 (device) |,
Xt AL CPU Y CNN ALY Y 3 55

/*_/
* @struct ir_node_t
* @brief Abstract node intermediate representation
*/

typedef struct node

{

uintl6_t index; //1< the index of a node
uint8_t dynamic_shape; //!< flag of dynamic shape
uint8_t input_num; //!< count of input tensor
uint8_t output_num; //!< count of output tensor
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uint8_t
int8_t

node_type;
subgraph_idx;

uintl6_t~*
uintlé_t~*

input_tensors;

output_tensors;

char* name;

struct op op;

struct graph* graph;

} ir_node_t;

// <
// 1<

// 1<
// 1<

// 1<

/<
// 1<

type of node: { input, output,

id of the owner subgraph

id array of input tensor

id array of output tensor

name of a node

operator of a node

pointer of the related graph

intermediate }

node MK A, AETHEER node 158 B EIEHE & AT T/E. node->input_tensors

Ml node->output_tensors 4 HlHiiA T —4 node W% A%, tensor HZEKT|
node->input_num Fll node->output_num ] PASE B 2 . SEFRA node & GETE

&

graph->node_list Hiff,

44

index, %j

ad

* @struct ir_tensor_t

* @brief Abstract tensor intermediate representation

*/
typedef struct tensor
{

uintl6_t index; //!< the index of a tensor

intl6_t producer; //!< node id, '-1' means no producer

intl6_t consumer [TE_MAX_CONSUMER_NUM]; //!< consumer nodes array

uint8_t reshaped; //!< the tensor's shape has changed

uint8_t consumer_num; // 1< count of consumer nodes

uint8_t tensor_type; //!< tensor_type: { const, input, var,.
—dep }

uint8_t data_type; // 1< data_type: { int8, uint8, fp32,.
—~fpl6, int32 }

uint8_t dim_num; //1< count of dimensions

uint8_t elem_size; //!< size of single element

uint8_t subgraph_num; // 1< count of all subgraph those will.
—waiting this tensor ready

uint8_t free_host_mem; //!< should free host memory?

uint8_t internal_allocated; // 1< how memory is allocated?

uint8_t layout; //!< tensor layout: { TENGINE_LAYOUT_
—NCHW, TENGINE_LAYOUT_NHWC }

uintl6_t quant_param_num; //!< quantization dimension

@3
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uint32_t elem_num;

int dims[TE_MAX_SHAPE_DIM_NUM];

/*_I

* @union anonymity data pointer

* @brief give useful pointer pointer

*/

union

{
void* data;
int8_t* i8;
uint8_t~* us8;
float~™ £32;
uintlé6_t~* f16;
int32_t* i32;

i

char* name;

/*1

* @union anonymity quantization scale

* @brief scale or its array
*/
union
{
float* scale_list;
float scale;

bi

/*.I

// 1< count of total elements

// 1< shape dimensions

//!< tensor name

union

* @union anonymity quantization zero point union

* @brief zero point or its array

*/
union
{
int zero_point;
int* zp_list;

bi

struct dev_mem* dev_mem;

uint8_t* subgraph_list;

—subgraph will waiting this tensor ready

} ir_tensor_t;

//!< subgraph index 1list of those.
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tensor & node 52 % Ih BE B B ¥E K Al tensor->dims i AR T tensor [ shape;

tensor->quant_param_num, tensor->scale ﬁ tensor->scale_list, tensor->zero_point ﬁ
tensor->zp_list =FILFEFIAR T tensor WEALIEN, BIAKEEZEAH tensor->data_type iR,
W i APT MR EGHEFTIE S, tensor—->free_host_mem fl tensor->internal_allocated
ST, ORI 232 i BRSO 2 1 ) T sl Rk

ad
* @struct ir_op_t
* @brief Abstract operator intermediate representation
*/

typedef struct op

{

uintl6_t type; //!< the type of a operator
uint8_t wversion; //!< the version of a operator
uint8_t same_shape; //!1< the flag of weather the operator.

—will keep shape

uintl6_t param_size; //1< size of parameter memory buffer
void* param_mem; // 1< parameter memory buffer
int (*infer_shape) (struct node*); //!< infer (or broadcast) the shape from.

—Iinput to output(s)
} ir_op_t;

operator & node ¢ MIHEHIAT NI . op—>type A TR, X EXA op AT MR .

/*!
* @struct ir_subgraph_t
* @brief Abstract subgraph intermediate representation
*/

typedef struct subgraph

{

uint8_t index; //!< the index of a subgraph

uint8_t input_ready_count; //!< the count of all in ready input tensors
uint8_t input_wait_count; //!< the count of all out of ready input tensors
uint8_t input_num; // 1< the count of input tensors

uint8_t output_num; //!< the count of output tensors

uint8_t status; //!< the execution status of subgraph
uintl6_t node_num; //!< the count of nodes in subgraph
uintl6_t* node_list; //!< all nodes index 1list of subgraph
uintl6_t* input_tensor_list; // 1< input tensors index list of subgraph
uintl6_t* output_tensor_list; //!< output tensors index list of subgraph
struct graph* graph; //!< the pointer of the related graph

CFoiaks:)
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struct device* device; //!< the device which will the subgraph running on
void* device_graph; //!< the related device graph

} ir_subgraph_t;

subgraph Bi4A XM, —4 subgraph H T ET—4H— device, HBMEHLEE node 554 B T T H
— device B}, subgraph #ifl&4aE graph F1#) node., XMizfTT%£ device B, RIELR device B
operator XHFFH, X/ AFIP node FIZ AR subgraph H1. /P subgraph A4 —1> node
A ORI subgraph HAERH node.

REHR device FIHEXEHIEF

source/device HEF FE Convolution Neural Network WiiAGEiMEMEE, THRPELKF
device fsEP. HH source/device/cpu 2 Tengine 7 514 H0 CPU HIAH LAY .

/*!
* @struct nn_device_t
* @brief Abstract neural network runnable device description struct
*/

typedef struct device

{

const char* name;

struct interface* interface; // 1< device scheduler operation interface
struct allocator* allocator; //!< device allocation operation interface
struct optimizer* optimizer; // 1< device optimizer operation interface
struct scheduler* scheduler; //!< device scheduler

void* privacy; //!< device privacy data

} ir_device_t;

device EHREMETHAARM ML, itk 7 =280 KT IR AATE N device ibn] PAZ
SR N PR

F YL — device WBHE, BVEZLJEH int register_device (struct device* device); 3L,
¥ device HJFF| Tengine 1, =47Hf, W[ PAMET int add_context_device (context_t context,
const char* dev_name); Ml int set_context_device (context_t context, const char*
dev_name, const void* dev_option, size_t dev_opt_size); WEFEMAN device, XfF
WG option B device, WEFM G— 140 —HiIXE option, L, ¥F TensorRT device Ht, FF5
PIs LI E 24> GPU DA RIERUAS BERFEIA . CPU device YHRBCA B
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/*.I
* @struct serializer_t
* @brief Abstract serializer
*/

typedef struct serializer

{

const char* (*get_name) (struct serializer™);

// 1< load model from file

int (*load_model) (struct serializer*, struct graph*, const char* fname, va_list._

—ap) ;

//!< load model from memory

int (*load_mem) (struct serializer*, struct graph*, const void* addr, int size, wva_

—list ap);

//!< unload model, free serializer and device related resource
int (*unload_graph) (struct serializer*, struct graph*, wvoid* s_priv, wvoid* dev_

—priv);

//!< interface exposed for register operator extension
int (*register_op_loader) (struct serializer*, int op_type, int op_ver, wvoid* op_

—load_func, wvoid* op_type_map_func, wvoid* op_ver_map_func);

//!< interface exposed for register operator extension

int (*unregister_op_loader) (struct serializer*, int op_type, int op_ver, wvoid* op_
—load_func) ;

//!< interface exposed for initialize serializer

int (*init) (struct serializer*);

//!< interface exposed for release serializer

int (*release) (struct serializer*);

} serializer_t;

SCREFTR RS AT, RTFEIRGEHF M1 serializer RN 5. Tengine IE71 il i MBLHLRE 323
AT SRR R
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Tengine fEi% TAATMITHEMF A& MEDE, XLEFENHE AL B ] PAZ% source/module H& FAYH AT
(R

static vector_t* internal_serializer_registry = NULL; //!< registry of model.
—serializer

static vector_t* internal_device_registry = NULL; //!< registry of runnable.
—neural network device

static vector_t* internal_ op_method_registry = NULL; //!< registry of operators
static vector_t* internal_op_name_registry = NULL; //!< registry of operators.

—name

M source/module/module.c Hffj static struct vector HHE[PAHIE, serializer, device I

operaor #HEIEM N vector H1, ¥F module.h AL T MR FR 00 KA

Vag
* @brief Register a serializer.

*

* @param [in] serializer: The pointer to a struct of serializer.

*
* @return statue value, 0 success, other value failure.
*/

int register_serializer (struct serializer* serializer);

/*!

* @brief Find the serializer via its name.

* @param [in] name: The name of serializer.

*
* @return The pointer of the serializer.
*/

struct serializer* find_serializer_via_name (const char* name);

/*_/
* @brief Find the serializer via its registered index.

*

* @param [in] index: The index of serializer.

*
* @return The pointer of the serializer.
*/

struct serializer* find_serializer_via_index (int index);

CFoiaks:)
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* @brief Get count of all registered serializer.
*
* @return The count of registered serializer.
*/
int get_serializer_count();
/*!
* @brief Unregister a serializer.
*
* @param [in] serializer: The pointer to a struct of serializer.
*
* @return statue value, 0 success, other value failure.
*/
int unregister_serializer (struct serializer* serializer);
/* !
* @brief Release all serializer.
*
* @return statue value, 0 success, other value failure.
*/
int release_serializer_registry();
/* !
* @brief Register a device.
*
* @param [in] device: The pointer to a struct of device.
*
* @return statue value, 0 success, other value failure.
*/
int register_device (struct device* device);
VA
* @brief Find the device via its name.
*
* @param [in] name: The name of device.
*
* @return The pointer of the device.
[%327)
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*/
struct device* find_device_via_name (const char* name);
/* ‘I
* @brief Find the default device.
*
* @return The pointer of the device.
*/
struct device* find_default_device();
/!
* @brief Find the device via its registered index.
*
* @param [in] name: The index of device.
*
* @return The pointer of the device.
*/
struct device* find_device_via_index (int index);
/* !
* @brief Get count of all registered device.
*
* @return The count of registered device.
*/
int get_device_count () ;
/* !
* @brief Register a device.
*
* @param [in] device: The pointer to a struct of device.
*
* @return statue value, 0 success, other value failure.
*/
int unregister_device (struct device* device);
/* 'I
* @brief Release all device.
*
[%327)
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* @return statue value, 0 success, other value failure.
*/
int release_device_registry();
/* !
* @brief Register an operator method.
*
* @param [in] type: The type of an operator.
* @param [in] type: The name of an operator.
* @param [in] type: The method of an operator.
*
* @return statue value, 0 success, other value failure.
*/
int register_op(int type, const char* name, struct method* method);
/*1
* @brief Find an operator method.
*
* @param [in] type: The type of an operator method.
* @param [in] version: The version of an operator method.
*
* @return The pointer of the method.
*/
struct method* find_op_method (int type, int version);
/*!
* @brief Find an operator method via its registered index.
*
* @param [in] index: The index of operator method.
*
* @return The pointer of the operator method.
*/
struct method* find_op_method_via_index (int index);
/* !
* @brief Find an operator name.
*
* @param [in] type: The type of an operator method.
*
[QEE3)
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* @return The char array of the method.
*/

const char* find_op_name (int type);

/!
* @brief Get count of all registered operator method.

*

* @return The count of registered operator method.
*/
int get_op_method_count () ;

/*_/
* @brief Register an operator.
*
* @param [in] type: The type of an operator method.
* @param [in] version: The version of an operator method.

*

* @return statue value, 0 success, other value failure.
*/

int unregister_op (int type, int version);

Vad
* @brief Release all operator.

*
* @return statue value, 0 success, other value failure.
*/

int release_op_registry();

CiEHRIA Ctt M mA G, MMAWRAMALIE, BEE T EN A EN LS. 7
Tengine v1.4 DLJ5, VEME S —fB7r ik CMake 5¢ . 8 i — & A0 ST AU B 2 1Y So 4, ] Aad i
cmake/registry.cmake XU I GENERATE_REGISTER_HEADER_FILE (_REG_LEAD_STRING
_DEL_LEAD_STRING _BACK_STRING _CONFIG_FILE _TARGET_FILE) BRZUGHETCH-A .

# generate needed registry
FUNCTION (GENERATE_REGISTER_HEADER_FILE _REG_LEAD_STRING _DEL_LEAD_STRING _BACK_
«+STRING _CONFIG_FILE _TARGET_FILE)

SET (_BGN_NOTICE_STR "// code generation start\n")

SET (_END_NOTICE_STR "// code generation finish\n")

SET (_GEN_REG_DEF_STR "${_BGN_NOTICE_STR}")

(R Itk
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SET
SET
SET

(_GEN_REG_CAL_STR "${_BGN_NOTICE_STR}")
(_GEN_DEIL_DEF_STR "${_BGN_NOTICE_STR}")
(_GEN_DEL_CAL_STR "${_BGN_NOTICE_STR}")

FOREACH
STRING (REGEX REPLACE ".+/ (.+)\\..*" "\\1" _NAME ${_VAR})

SET
SET

SET

SET
SET
SET
SET

(_VAR ${ARGN})

(_REG_FUNC "${_REG_LEAD_STRING}${_NAME}S${_BACK_STRING} ()")
(_DEL_FUNC "${_DEL_LEAD_STRING}S${_NAME}${_BACK_STRING} ()")

(_GEN_REG_DEF_STR "${_GEN_REG_DEF_STR}extern int ${_REG_FUNC};\n")

(_GEN_REG_CAL_STR "${_GEN_REG_CAL_STR}
(_GEN_REG_CAL_STR "${_GEN_REG_CAL_STR} if(0 != ret)\n")
(_GEN_REG_CAL_STR "${_GEN_REG_CAL_STR} {\n")

(_GEN_REG_CAL_STR "${_GEN_REG_CAL_STR}

—~Call %s failed(%d) .\\n\", \"S${_REG_FUNC}\", ret);\n")

SET

SET

SET
SET
SET
SET

(_GEN_REG_CAL_STR "${_GEN_REG_CAL_STR} F\n")

(_GEN_DEL_DEF_STR "${_GEN_DEL_DEF_STR}extern int ${_DEL_FUNC};\n")

(_GEN_DEL_CAL_STR "${_GEN_DEL_CAL_STR} ret = ${_DEL_FUNC};\n")

(_GEN_DEL_CAL_STR "${_GEN_DEL_CAL_STR} if (0 !'= ret)\n")
(_GEN_DEL_CAL_STR "${_GEN_DEL_CAL_STR} {\n")
(_GEN_DEL_CAL_STR "${_GEN_DEL_CAL_STR}

—Call %s failed(%d) .\\n\", \"${_REG_FUNC}\", ret);\n")

SET

(_GEN_DEIL_CAL_STR "${ GEN _DEIL CAL_STR} \n")

ENDFOREACH ()

SET
SET
SET
SET

(_GEN_REG_DEF_STR "${_GEN_REG_DEF_STR}${_END_NOTICE_STR}")

(_GEN_REG_CAL_STR "${_GEN_REG_CAL_STR}

${_END_NOTICE_STR}")

(_GEN_DEIL_DEF_STR "${_ GEN_DEIL DEF_STR}${ END NOTICE_STR}")

(_GEN_DEL_CAL_STR "${_GEN_DEL_CAL_STR}

${_END_NOTICE_STR}")

CONFIGURE_FILE (${_CONFIG_FILE} ${ TARGET FILE})
ENDFUNCTION ()

ret = ${_REG_FUNC};\n")

TLOG_ERR (\"Tengine FATAL:.

TLOG_ERR (\"Tengine FATAL:.

XA BB AL Ol R R i A SCPER 3, P AE AN EAFH _GEN_REG_CAL_STR fll _GEN_DEL_CAL_STR,
XA P E B AR A S A CONFIGURE_FILE ($S{_CONFIG_FILE} ${_TARGET_FILE}) W, #ffig
header_name.h.in Hf{] @_GEN_REG_CAL_STRQ f| @_GEN_DEL_CAL_STRQ FAFEEE /-, 2958 M
BOrE e MR B . RO R B TR, AR U SO S RAFAE S {CMAKE_BINARY_DIR} Hiffy
SNV E, XM RSN _TARGET_FILE $8F. VA serializer i CMakeLists.txt N, A BERE0E M

LU
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# generate all serializer
GENERATE_REGISTER_HEADER_FILE ("register_" "unregister_" "" "${_SRL_SRC_ROOT}/register.
—h.in" "${_SRL_BIN_ROOT}/register.h" "${_SRL_TM2_SRL_SOURCE}")

R SE L TR E R, AR RS SC i A T IR S i R AR . 4 P ERS T D RE Y
IDE B FACHS A, H T AH K SO A, it PART RES: B AR TR 1 0 o 480 it i 1) Microsoft
Visual Studio Code FF{EFTIFXMFRSG, 2H3h CMake HEATHCEMA M, XN IS SO R, B
BB TERSE T, HAth Microsoft Visual Studio B JetBrains CLion 4§ IDE W] DASE alHn &A1 A i
R, A
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38.1 B4R

Tengine £ FRF W BMEVE RSB — L ERAMATE &, BRI BATEMHLEIHOE cce 6NU § R, 1 GNU
PRI ZIRUE C INZ . St RIFH T By R S HFS| Microsoft Visual Studio LE}, #BE| TR ZM
WIXE. FEdoE TG, M 2 A TARKIRT . FidbLslEL cMake &AM, BUS
Al D A RCR , SE ARG . BRI BRI T DAS: 25 Bepb i v 1) o SR 4

Tengine 7L _LKFFTA W LAIZAT CNN BRECF STy i s, CPU Bt — NIRRT, TR A A 2%
I, CPU BAHEEBIA . AR R — A i M, T R R BRI
Tengine SZHF A A I (RHSC A8 T AT IR A B0 70) s WRIE M i # i TR RSE 8 11, IR
LA SFFHRARIE . Tengine il — MR E I G IR 58— A AL -

/*_/
* @struct nn_device_t
* @brief Abstract neural network runnable device description struct
*/

typedef struct device

{

const char* name;

struct interface* interface; //!< device scheduler operation interface
struct allocator* allocator; //!1< device allocation operation interface
struct optimizer* optimizer; //!1< device optimizer operation interface
struct scheduler* scheduler; //!< device scheduler
(QiviE3)
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void* privacy; //!1< device privacy data

} ir_device_t;

MEEWR ir_device_t FW[PAERH, Bt ER— 1% (device) 401 6 #%9, FH—#% name ik Ti%
BAHT, WEATFARVER; interface il TIRAE D allocator iR THaH 5 1 B #RAF
optimizer fiik TYIEANR RS EME D ; scheduler iR TRAMIFNIAERZD. L EOEEAFE
ZEBIsE, Tengine $EAt—2H F 7 /R GIs S 0 B & SOFRIA - B S .

38.2 FMBENLEE

38.2.1 gjiEEHFR., %5 CMakelLists 3L

HIETE source/device B —APAMH P24 1 SOOI, SCHRIERT DU P i 24 46 5 Bl At -
YO R0 445 GX B4 TPU, HRAH MR source/device/tpu), A ML 53
device/xxx HFEMEHl—) CMakeLists.txt X8 Y47 3 fFJ2; PAF HEEXT I CMakeLists. txt
(R, TR TN I, TP source/device/acl/CllakeLists . txt &l Al
FFRI. el Se eI T

# 0. clear var

UNSET (_DEV_ACL_HEADER_PATH)
UNSET (_ACL_BASE_SOURCE)

UNSET (_ACL_OPS_SOURCE)

UNSET (_DEV_ACL_DEVICE_SOURCE)
UNSET (_DEV_ACL_COMPILER_DEFINES)
UNSET (_DEV_ACL_COMPILER_OPTIONS)
UNSET (_DEV_ACL_LINKER_OPTIONS)
UNSET (_DEV_ACL_LINK_LIBRARIES)

# 1. set source root path

SET (_ACL_ROOT S${CMAKE_SOURCE_DIR}/source/device/acl)

# 2. add header file path
LIST (APPEND _DEV_ACL_HEADER_PATH S{_ACL_ROOT})
LIST (APPEND _DEV_ACL_HEADER_PATH ${CMAKE_SOURCE_DIR}/3rdparty/acl/include)

# 3. add linking 1ib searching path
LIST (APPEND _DEV_ACL_LINK_PATH ${CMAKE_SOURCE_DIR}/3rdparty/acl/lib)

(Rt
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# 4. add source files

AUX_SOURCE_DIRECTORY ("S${_ACL_ROOT}" _ACL_BASE_SOURCE)
AUX_SOURCE_DIRECTORY ("${_ACL_ROOT}/op" _ACL_OPS_SOURCE)
LIST (APPEND _DEV_ACL_DEVICE_SOURCE ${_ACL_BASE_SOURCE})
LIST (APPEND DEV_ACL_DEVICE_SOURCE ${ ACL_OPS_SOURCE})

# 5. add build options for cpu device
# 5.1 is a gcc or clang like compiler
IF (TENGINE_COMPILER_GCC OR TENGINE_COMPILER_CLANG)

IF (TENGINE_COMPILER_GCC AND (${CMAKE_CXX_COMPILER_VERSION} VERSION_GREATER_EQUAL
—"6.1M))

LIST (APPEND _DEV_ACL_COMPILER_OPTIONS -Wno-ignored-attributes)

ENDIF ()

ENDIF ()

# 5.2 is Microsoft Visual C++
IF (TENGINE_COMPILER_MSVC)
ENDIF ()

# 6. add link options

# 7. add link libs
LIST (APPEND _DEV_ACL_LINK_LIBRARIES arm_compute)
LIST (APPEND _DEV_ACL_LINK_LIBRARIES arm_compute_core)

# 8. set all to cmake cache

SET (TENGINE_ACL_HEADER_PATH ${_DEV_ACL_HEADER_PATH} CACHE INTERNAL
—"Tengine Arm Compute Library device header files searching path" FORCE)
SET (TENGINE_ACL_LINK_PATH ${_DEV_ACL_LINK_PATH} CACHE INTERNAL

—"Tengine Arm Compute Library device link libraries searching path" FORCE)
SET (TENGINE_ACL_DEVICE_SOURCE ${_DEV_ACL_DEVICE_SOURCE} CACHE INTERNAL
—"Tengine Arm Compute Library device main source files" FORCE)
SET (TENGINE_ACL_COMPILER_DEFINES ${_DEV_ACL_COMPILER_DEFINES} CACHE INTERNAL
—"Tengine Arm Compute Library about compiler defines" FORCE)
SET (TENGINE_ACL_COMPILER_OPTIONS ${_DEV_ACL_COMPILER_OPTIONS} CACHE INTERNAL

—"Tengine Arm Compute Library about compiler options" FORCE)

(i)

38.2. [RMBENLRE 187



Tengine

(2 E30)
SET (TENGINE_ACL_LINKER_OPTIONS ${_DEV_ACL_LINKER_OPTIONS} CACHE INTERNAL
—"Tengine Arm Compute Library about linker options" FORCE)
SET (TENGINE_ACL_LINK_LIBRARIES ${_DEV_ACL_LINK_LIBRARIES} CACHE INTERNAL
—"Tengine Arm Compute Library about link libraries" FORCE)

# 9. install device option
INSTALL (FILES ${_ACL_ROOT}/acl_define.h DESTINATION include/tengine RENAME acl_

—device.h)

BRI CMake RIS HITIE N, PURRIEEMZ RS KA ACL Bl TPU; A5
B ZAR K4S _TPU_ROOT 2§ source/device/tpu,

# 1. set source root path

SET (_TPU_ROOT ${CMAKE_SOURCE_DIR}/source/device/tpu)

HE X RESHFE— B I 3rdparty K #i, £ _DEV_TPU_HEADER_PATH #il
_DEV_TPU_LINK_PATH ™ #E47 #H I 9 & W #82 Acn o, T ACL il 4 3% & % 2
${CMAKE_SOURCE_DIR}/3rdparty/acl/lib,

# 2. add header file path
LIST (APPEND _DEV_TPU HEADER PATH ${ TPU_ROOT})
LIST (APPEND _DEV_TPU_HEADER_PATH ${CMAKE_SOURCE_DIR}/3rdparty/tpu/include)

# 3. add linking lib searching path
LIST (APPEND _DEV_TPU_LINK_PATH ${CMAKE_SOURCE_DIR}/3rdparty/tpu/lib)

VR AR LR TR 45 S PR AR DL A R AT

# 4. add source files

AUX_SOURCE_DIRECTORY ("${_TPU_ROOT}" _TPU_BASE_SOURCE)
AUX_SOURCE_DIRECTORY ("${_TPU_ROOT}/op" _TPU_OPS_SOURCE)
LIST (APPEND _DEV_TPU_DEVICE_SOURCE ${_TPU_BASE_SOURCE})
LIST (APPEND _DEV_TPU_DEVICE_SOURCE ${_TPU_OPS_SQURCE})

HRARBITSE A FAOCAETT, ARYE S PR DUE BT . Tengine BRIAITIF T C/C++ 308, HX4T IR
ezl co9/Cc++14, MERTHBEASRFRMEI N C8/CH+11; MR EAUAD A HAMAR IR ZOR AT DR Ot

ﬂﬁﬁk DEV_TPU_COMPILER_DEFINES, DEV_TPU_COMPILER_OPTIONS, DEV_TPU_LINKER_OPTIONS
3/\m‘5

# 5. add build options for cpu device
# 5.1 is a gcc or clang like compiler

IF (TENGINE_COMPILER_GCC OR TENGINE_COMPILER_CLANG)

CFUigks:)
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ENDIF ()

# 5.2 is Microsoft Visual C++
IF (TENGINE_COMPILER_MSVC)
ENDIF ()

# 6. add link options

PR S b i 0 R3S B4 I 0, & _DEV_TPU_LINK_LIBRARIES Afi,

# 7. add link libs
LIST (APPEND _DEV_TPU_LINK_LIBRARIES tpu_runtime)

I — R AS S s AN & B AS RN cache 1Y, PAMEESRHETE8 (8 — X2 AN
device AW EAIRH).

SET (TENGINE_TPU_HEADER_PATH ${_DEV_TPU_HEADER_PATH} CACHE INTERNAL
—"Tengine TPU device header files searching path" FORCE)
SET (TENGINE_TPU_LINK_PATH ${_DEV_TPU_LINK_PATH} CACHE INTERNAL

—"Tengine TPU device link libraries searching path" FORCE)
SET (TENGINE_TPU_DEVICE_SOURCE ${_DEV_TPU_DEVICE_SOURCE} CACHE INTERNAL
—"Tengine TPU device main source files" FORCE)
SET (TENGINE_TPU_COMPILER_DEFINES ${_DEV_TPU_COMPILER_DEFINES} CACHE INTERNAL
—"Tengine TPU about compiler defines" FORCE)
SET (TENGINE_TPU_COMPILER_OPTIONS ${_DEV_TPU_COMPILER_OPTIONS} CACHE INTERNAL

—"Tengine TPU about compiler options" FORCE)
SET (TENGINE_TPU_LINKER_OPTIONS ${_DEV_TPU_LINKER_OPTIONS} CACHE INTERNAL
—"Tengine TPU about linker options" FORCE)
SET (TENGINE_TPU_LINK_LIBRARIES ${_DEV_TPU_LINK_LIBRARIES} CACHE INTERNAL
—"Tengine TPU about link libraries” FORCE)

WA A FRIRET, W LABIERFHABAZE] install Pri,

# 9. install device option
INSTALL (FILES ${_TPU_ROOT}/tpu_define.h DESTINATION include/tengine RENAME tpu_

—device.h)

TEMR B SR TH) CMakeLists. txt FERMI opt ion PAEGRIFERS KT

OPTION (TENGINE_ENABLE_TPU "With Awesome TPU support" OFF)

WBETEW source/device/CMakeLists. txt ¥l Option FHR ML,
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# Awesome TPU
IF (TENGINE_ENABLE_TPU)
ADD_SUBDIRECTORY (tpu)

LIST (APPEND _TENGINE_DEVICE_HEADER_PATH ${TENGINE_TPU_HEADER_PATH})

LIST (APPEND _TENGINE_DEVICE_LINK_PATH ${TENGINE_TPU_LINK_PATH})

LIST (APPEND _TENGINE_DEVICE_COMPILER_DEFINES  ${TENGINE_TPU_COMPILER_DEFINES})
LIST (APPEND _TENGINE_DEVICE_COMPILER_OPTIONS  ${TENGINE_TPU_COMPILER_OPTIONS})

LIST (APPEND _TENGINE_DEVICE_LINKER_OPTIONS ${TENGINE_TPU_LINKER_OPTIONS})
LIST (APPEND _TENGINE_DEVICE_LINK_LIBRARIES ${TENGINE_TPU_LINK_LIBRARIES})
LIST (APPEND _TENGINE_DEVICE_SOURCE ${TENGINE_TPU_DEVICE_SOURCE})
LIST (APPEND _REGISTER_DEVICE_LIST "${CMAKE_SOURCE_DIR}/source/

—device/tpu/tpu_device.cc")

ENDIF ()

H, _REGISTER_DEVICE_LIST /@& # ML 3Cf:, BRI L g i TH S .

38.2.2 R a4 5E AR S R

MBERPECEDE, SEM— AN & i, HEE2UHTE ir_device_t S5MMK, BT myHARACHS TAEAR 2 H
LEX ML RITHY o

/*_/
* @struct nn_device_t
* @brief Abstract neural network runnable device description struct
*/

typedef struct device

{

const char* name;

struct interface* interface; //!< device scheduler operation interface
struct allocator* allocator; //!1< device allocation operation interface
struct optimizer* optimizer; //1< device optimizer operation interface
struct scheduler* scheduler; //!< device scheduler

void* privacy; //!< device privacy data

} ir_device_t;

[ ir_device_t Z5fK, struct interface Z5MAHIA TEAR APT 10

/*!
* @struct 1ir_interface_t
* @brief Abstract neural network runnable device interface struct
*/

typedef struct interface

{

[ 23]
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//!< interface of init this neural network device

int (*init) (struct device* device);

//!< interface of prepare runnable subgraph on device

int (*pre_run) (struct device* device, struct subgraph* subgraph, wvoid* options);

//!< interface of run runnable subgraph on device

int (*run) (struct device* device, struct subgraph* subgraph);

//!< interface of post run runnable subgraph on device

int (*post_run) (struct device* device, struct subgraph* subgraph);

//!< interface of async run runnable subgraph on device

int (*async_run) (struct device* device, struct subgraph* subgraph);

//!< interface of async wait runnable subgraph on device

int (*async_wait) (struct device* device, struct subgraph* subgraph, int try_wait);

//!< interface of release runnable subgraph on device

int (*release_graph) (struct device* device, wvoid* device_graph);

//!< interface of release this neural network device
int (*release_device) (struct device* device);

} ir_interface_t;

%% ACL, —ANA[REY) TPU [SEHIE S 40T

static struct interface tpu_interface = {
.init = tpu_dev_init,
.pre_run = tpu_dev_prerun,
.run = tpu_dev_run,
.post_run = tpu_dev_postrun,
.async_run = nullptr,
.async_wait = nullptr,
.release_graph = nullptr,
.release_device = tpu_dev_release,

bi

tpu_dev_init () @AW ERVIIRIERE, FMRERTEN—K, FENJEHA release_device (). X
A ERE— R R T R I IR A WA E R R AE , SIS IKEN AR ERI IR b — S8 27 7455 . tpu_dev_prerun (

WG TACTEF Ay, WAL S tensor IR, B R layout. AI@EFETE. HiFik
% kernel &, X HIEMSHEFZEL tpu_release_graph () F#fTiHE. tpu_post_run() 5
tpu_release_graph () AJRERGIAIRIE, tpu_post_run () FH AR EERIZIT IR ORE, &
tpu_dev_prerun () fif, EIERRE TAER PAE] tpu_release_graph () H#f7. —/NAlGERIIG &=
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5

=, iéﬁ*ﬁ%@?%ﬂ%ﬁ@ tpu_dev_prerun () J5, #— PR ATETT tpu_post_run (), A5
1T tpu_dev_prerun () . M¥FEEEIFHEE, 1217 tpu_release_graph() .

ir_device_t ZE{AH, struct interface F{MEIIIAT EA APT 210, struct allocator iR
TR RE S BB OAPEAL IR B R O, struct optimizer fliA T YIRIFLALA RAE N, struct
scheduler f{if T BEM K F 0. XIUMEORE LR struct scheduler, WAHA MR LIH
—A~ struct scheduler, WRFE LA XNEOHIARZ nullptr, IPA51ES M HEINTEME syne
scheduler ;2T %%, 1¥1§%5% source/scheduler/scheduler.c P static ir_scheduler_t
sync_scheduler, PRI PASEI—1) H O W) struct scheduler RFEWMERNATLS; 456G struct
allocator Ml struct optimizer AIPAA FEMW L. FTHIHARBRER P ALH struct
scheduler BROL T B4 .

static struct allocator tpu_allocator = {
.describe = tpu_describe,
.evaluation = tpu_evaluation,
.allocate = tpu_allocate,
.release = tpu_release,

bi

Tt tpu_allocator H, tpu_describe () FARMBALR) OP SCRHFILAIRG BE SCRHE L, i BLIY OP HIHRg B2 S H¢
E’JT”i?E%‘T A%W%*fhﬁ'ﬁﬂi A VAR SCZIRAMIRAS T S R PR e I A OP BRI 43 5 SO

) PABBUN G, X RS P sess SR in A B, JGik pad, stride (how o fEBLANMAT . SR &
%I)LE%;‘;%?%TL—./T?HTH%E AL PAHE E struct scheduler SER H & i FE. tpu_evaluation () i
KBFTRITEAG — T O A LIMA A T ER G la1T; XAETFR E1E kernel BIFFHIA . tpu_allocate ()
LRI A NS, FEBRIA scheduler FRFHAXMAL . tpu_release () @M IFE
O AR

static struct optimizer tpu_optimizer = {
.split_graph = tpu_split_graph,
.optimize_graph = nullptr,

b

TF tpu_optimizer ZEfAH, tpu_split_graph () FAREMYIE, tpu_optimize_graph () fksL
I)L,{ug ER5E, Hh tpu_split_graph () DA A ERMASE IR split_graph_node_to_sub_graph ()
AT YIE AR FRIR TR K T ASS & AR Z5 (R A [ = BUE AL 5

WA, & B mE T M IZI MO W M R £k int register_tpu_device() Ml int
unregister_tpu_device (), 75 E = A0S H MR EOR SR M eR B0 G 2 BOit 2 S ih 4, TRERIAE
B4 PEfit, CMake £ H ﬁjﬂﬁ%ﬁiﬁﬂﬂ@miﬁﬂﬂ AR BERE .
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38.3 B4

I EICH IR, ATPARITEAS I —A> H € LB 0 TARUR IS ir_device_t Z5HMK, b5 G,
BTN T TAE TS T BRLAY device (#15 Tengine Y7 5 T, HA RBHIRITE.

384 &E

init_tengine (void) R, 24 operator prototype SEMEN G, WM ZE serializer Fl
devices, (HYEFSDRE T REOF AN 2B, H P DAL R — R I E 358, WAl Microsoft
Visual Studio B{ JetBrains CLion, FJIFCfF32)54 M CMake 18 )5 BT 3647k % .
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CHAPTER 39

OpenCL JFimii B ENX OP 5/

39.1 0. &4

OpenCL(Open Computing Language) J& 45— 6] 5714 R 4838 1) H B AT AR TG R debnife, ®a—14
GBI RMAEIRET, T RN GO SR SRS A48 RO R RS, PR SHS =R EA R,
i HZ @ T 2% 0B g (CPU). EEALBEST (GPU), Cell JEAUBRM LA KA T 55 AL Bl 27 (DSP) 47 HiAth
FATALERGS RN, PR B, BT SR AhUSERA ) R I A R

Tengine £ %52 % OpenCL [ X+ R4 K, 7E ARM Mali GPU, NVIDIA GPU |- £ 1] PA5E i Tengine 1% 1)
FP32 3. T OpenCL [¥51 3 Fe MM RE AL AE R e AT .

Tengine /) DAG {7451 T BT = AEB4>, graph(FE# 52 38 RRLALAE) , node(f7fifi 51> OP 7 S S 8%
B, tensor(fffittf1~ OP 5 i 1% A th 5K it) . Tengine [y OpenCL J5it 32 %25d@ i graph 4% OpenCL [ #1Uf7
BA%1), i@t tensor i) data Xi$% OpenCL [ INTE4 AL, PAMGELL node 9S4, 5EiL OpenCL 1) kernel SZHY .
KBS 3 Z 40 R R -

ir_graph >>>>>>>>>>> OCLqueue (OpenCL 8 # 41T FA %)
\

|-——1ir_tensor0 SS>>5>>>>>> cl_buffer0 (# Nbuffer0)

| ——— | ir_tensorl SSS>>>>>>>> \ cl

—bufferl (¥ \Nbufferl)

\ \ \ \

\ | | ————- Add OP Node
\ | \ \

| ——— ir_node SS>>>>>>>>> | ————— Build OpenCL Kernel

CNDUEkRED)
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(£ 50

| ——— ir_tensor?2 SS>55>>>>>> cl_buffer2 (¥ Hbuffer)

>4 OpenCL J5 i MFN S 1 EEAELAT 5 AP IR:

1. 7810 tensor WG BREL . BTV I OP ()% At 43 BiC AT - OpenCL 1) N A743 L 77 =0F WiFh, H i Tengine
i, i#8id OCLEngine: :0CLTensorMap HESLPL T buffer )0l 2t. Q0 A buffer XA, %
winograd SR RCAANAFERYSE B, HSE IO S8 — A FL b AT, ANTREE A TRUO MR . InFR2efl
H image NS B, WFE7E OCLEngine: : OCLTensorMap R A5 AMNSII create_image ()
FHRSEH

2. ¥ShN node WLFTEREL . SRS I OP [N ACK I pR %5 HI BH S SEBRL, F 58 1 node Fil tensor 2 [H] ) ¢ 1142 .
3. 52/ OpenCL 7 kernel 3231 . >4 node LSRN 5E2£ el 1) kernel SE3 .

4. graph Wi}, 5¢ % OpenCL $ATBAFI E:, K OpenCL FrhZii iS40 E , Wl global_work_size
Fl local work_size %,

5. 7E limit . hpp SCPFHERMGHYS OP #z. LIPFFLHIT LR AS i OP SCRMEIL, FrAT2AE 1imit.
hpp SCPFHHEIIHTY OP SZRFFE A .

&R S g1 OP  BY 1 IR m Ay JL B B fE 40 W, DR A% BR OOl gk U Ah, AR BB AE

<tengine-lite-root-dir>/source/device/opencl H i Fitf7y

39.2 1. 7N tensor BR5}

39.2.1 1.1 OpenCL ESEHRIERE

TEPEXT V) OpenCL PNAE4 e 4=, buffer BY image . #11%4% image 5=, W|¥E OCLEngine: : OCLTensorMap
SRRSO S B, A3k #E buffer Jr X, XN TREIATEIMEE.

39.2.2 1.2 OpenCL AHESEK/MEE

MR WA BRI OP i At shape —2, XA FTEIATHIMENE. W2 kernel 2R {Bl winograd jX

TR A E AN NI R AT RIS, F5 34 OCLEngine: : OCLTensorMap BRECH TRMINS I PN FE40 Bt
B ARAGE A SIS, TR AT SR A SE B
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39.3 2. i#x/N node BR5}

"N Hi PA Dropout 57 B, XHARRAEAT UL .

39.3.1 2.1 0 AddNode F#eHBR

JE ocl_executor.hpp T

bool AddDropoutNode (struct node* ir_node);

IE ocl_executor.cc X H ) OCLEngine: :BuildKernel (struct subgraph* subgraph) pHEL
HrEsm

case OP_DROPOUT:
this->AddDropoutNode (ir_node);

break;

i 2L, OP_DROPOUT /2 Tengine M%) OP JeH , HARMZ A W PAS % <tengine-lite-root-dir>/
source/operator/op.h S

39.3.2 2.2 7o OP F#ysciy

TE . /op XX TFUSIN ocl_droput . cc NN AddDropoutNode (ir_node) HIEREEEI . 7E . /c1 XY
JEFHIN drouput . c1 %4 OpenCL [ kernel SZH .

Hrf, AddDropoutNode (ir_node) HREIFEEHUSLTHEA:

2.2.1 FEin.cl X HEE

char* cl_env = getenv ("ROOT_PATH");

char cl_kernel_path[500] = "";

strcat (cl_kernel_path, cl_env);

strcat (cl_kernel_path, "/source/device/opencl/cl/dropout.cl");

this—>build_kernel (&cl_kernel_path[0], "dropout");
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2.2.2 Fhn.cl TR kernel B9&%

int arg_idx = O;

CHECK_SET_KERNEL_STATUS (clSetKernelArg(kernel, arg_idx, sizeof(cl_mem), (void *)&this-—
—>ocl_tensor_map[output_tensor->index]));

CHECK_SET_KERNEL_STATUS (clSetKernelArg (kernel, ++arg_idx, sizeof (cl_mem), (void *)&
—this->ocl_tensor_map[input_tensor->index]));

CHECK_SET_KERNEL_STATUS (clSetKernelArg(kernel, ++arg_idx, sizeof (int), &output_tensor-

—>elem_num)) ;

2.2.3 i%'® OpenCL kernel #,1TBA %I

struct OCLqueue Dropout;
Dropout.name = "Dropout";
Dropout.dims = 1;

Dropout.queue_kernel = this->kernel;

Dropout.queue_global_work_size = (size_t*)malloc(sizeof (size_t));
Dropout.queue_global_work_size[0] = output_tensor->elem_num;
Dropout.queue_local_work_size = (size_t*)malloc(sizeof (size_t));
Dropout.queue_local_work_size[0] = 1;

this->queue_list.push_back (Dropout) ;

39.4 3. #hn OpenCL Y kernel £

EM.cl J5 217 kernel 23,

39.5 4. 7 OpenCL T3z #% op

1. /ocl_limit.hpp XPFH, BRI OP MezE, IR, ARiE 25l 1 508,

Z3t VA ERE, —A4> OP WYSEBUM L 858 i 1. # T ORTEZAE IR GPU B(HAth OpenCL 5 EanfTPAh I
fE, FHUEATIE S, BWHGLEIETERE EIR.
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cHAPTER 40

Road map

BAFEFH—IK Flag.

40.1 2021Q2

¢ [x] refactor the framework code
¢ [x] refactor the NPU plugin code
* [x] support VS2017 compile

¢ [ ] support macOS compile

* [x] support the mode type of PaddlePaddle

[ ] add more examples with NPU platform

¢ [ ] fix the Float32 bugs of Vulkan
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