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Notices & Disclaimers

= Performance varies by use, configuration and other factors. Learn more at www.Intel.com/Performancelndex

= Performance results are based on testing as of dates shown in configurations and may not reflect all publicly
available updates. See backup for configuration details. No product or component can be absolutely secure.

= © Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its
subsidiaries. Other names and brands may be claimed as the property of others.

= The products described may contain design defects or errors known as errata which may cause the product to deviate
from published specifications. Current characterized errata are available on request.

= No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by this
document, with the sole exception that code included in this document is licensed subject to the Zero-Clause BSD
open source license (OBSD), https://opensource.org/licenses/0OBSD.
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OpenVINO™ YV —JLFwv ~&[&7?

®penVIN® '

ikl e, ink=d inbel

CORE CORE CORE
15 W7 =3
ol
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ExrEl

e EDGE TO CLOUD @ @ u

inkel
XEON
|

OpenCV* + DLsR T Y + Hik—kWY—IL
A—TV—X
CPU/GPUMERFTHEEE, an B ICLV\E R I

CPU, GPU, VPU, GNA ZHRh—k

1408 LD OpsICX 5. RS LOpfERL AT 88
200X BDFBBHET L ZF I8
C/C++/Python*c 70T 5 AR &E

INT81L., INT8H#EERICH I

TF. ONNX*_ Caffe, MxNet*, KaldiETI)LZ=ZIEA]RE
GStreamerCHI AR BERDLIL X/ ~EH (DL streamer)
FA4B 7Y TF—k LTSHD, EE!

https://software.intel.com/content/www/us/en/develop/tools/openvino-toolkit.html
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OpenVINO™ W —)LFwv it
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SEORL—ZTTOREEER

1U5—Ry

Router

AE2100

Container (Target)
Ubuntu + OpenVINO™ 2020.3 RT

/root/tmp “ (DHCP) ' (DHCP)

Host PC

(DHCP svr)

HDDL*
(Myriad-X*2)

dot/tmp:/root/tmp

—— scp Ether 2 x\/j_‘j'\/ZTIJ\)— |\ SSh/SCp Ether 2

Yocto Linux I
R hddl_daemon

192.168.100.1 r 192.168.100.*
/home/root/tmp XUSF1LI

«  AEGPU,VPU (MYRIAD)RN OV FFHMNBES=8 -  AE2100f8llZFAtom 7Ot v Y TAVXii s ZYR— kLT
ICIE, AV FFEREFICEBYEA T3V EETnE LVEULY EJL REFIZAVXZERICL, SSEOHFBICIED K
s SITHFE (-mssed.2, -DENABLE_AVX2 =OFF7/x&)

« CZODEBIETIFHDDL daemonZiE L CTVPUEFERLT «  XServerlZBEAZENSOIOARTYaVETOVITIL
L\B7z8D, Yocto E THDDL daemonZzi2&)Liz&IC SICIEOTLNBxhost AV Y RIRETZIFANDELDICT
Containerz X5 —hr923ENHD % ('xhost +')

HDDL: High Density Deep Learning accelerator
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AE2100_ETOpenVINO™"Z{ESIFEDNRA >

» HDDL daemon®#JHAER E & F &)
« AE2100 SDKEWIKERFHE DLARE 1.4 #IHAERE

» Dockerd>FFMDIEREFCE] - REGPUXHDDL(MYRIAD-X, VPU)EEZ B3LSICA TV avViERE

- AE2100 SDKHWIK:EHRAZE DLiR 2.4 AE2100N\DF 0O, 3,4, 5]

docker run \
--device /dev/dri \ # iGPUIZILE
-it \
--device=/dev/ion:/dev/ion \ # VPU (HDDL)IZWHAE

-v /var/tmp:/var/tmp \

-v /home/root/tmp:/root/tmp \ # RAM-O2TFREI7 74 IILEBIZ{EF (optional)
--name ubuntu-openvino \ # AT 4&

-d ubuntu:openvino 2020R3 \

/bin/bash

» (E1FELT=Dockerad>FFOEE) & 1%L

docker start ubuntu-openvino

docker attach ubuntu-openvino

= OpenVINO"MDIRIFELE (/\A IRIBEZHIZE)
- AE2100 SDKHWK:ERRAZE DLiR 2.4 AE2100A\MDF 70O, 10,

source /opt/intel/openvino/bin/setupvars.sh
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RA FPCEAE2100fE DEEfE. T— X EmE

s @ ICsshTAT A 2 (AT F 2 AR— K, LAN #2)

= E@ITscp [ rsyncii & TERE
# scp aaa.txt root@l92.168.100.1:/home/root # HostPC -> AE2100

# scp root@l92.168.100.1:/home/root/bbb.sh . # AE2100 -> HostPC
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HRIREOEYRIZYVT

H: HostPC, Y: AE2100 Yocto, U: Ubuntu (AE2100, Ubuntu/OpenVINO container)

Av8—Fy b

Router
(DHCP svr)

Host PC

(DHCP)
enVINO

Ether2 LRt el Ether 2
192.168.100.1

(DHCP)

192.168.100.*

fr}
_t
a1
J!

FAE2100>/U—X SDKEUKEREAZE Deep Learningi®m i ICE>CIRIERE

Host PC (%, Ubuntu)iRiR
« Ubuntu 18.04
. OpenVINO™ 2020.3 BaF/\wor—3

AE2100 YoctolRiz
- Target container image (Ubuntu+OpenVINO™)DRd+iAd+, T X— [FOkiS AN ELfi,
- HDDL daemon®tzw 77y 7 (HENEENR E)

Ubuntu container (9—%'v F)I8i&

« SATSUDAIV A=)
U: apt update

+ U:aptinstall libgtk-3-0 git

libgtk-3-0lFXZUSF 1L I L TGUIR "I DIZRICHEICEDIFT
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H: HostPC, Y: AE2100 Yocto, U: Ubuntu (AE2100, Ubuntu/OpenVINO container)

AE2100Thuman_pose_estimation demoZzEH\LTHLD

(H, Y, U) OpenVINO™RIZEZ ML E

« EBdsourceFEzlF (FYR) IV Y RTEFT BEERAIU T REEITIDEFVIIINERE,
ZOHRTEHREL, FY DIV ZEREL TR T I DOTEKRIEZL

« H,Y, U: source /opt/intel/openvino_2020.3.194/bin/setupvars.sh

(H) X serverdZ 547> 7OV O %R

** open_model zoo/demos/build_demo.sh

mkdir -p "$build_dir"

¢ H:xhost+ (cd "$build_dir" && cmake -DCMAKE_BUILD TYPE=Release
"${extra_cmake_opts[@]} ENEVCININPEa:" "$DEMOS_PATH")
= (H) OpenVINO™B>Z)L7OT S LEJLRLTAE2100ICERE cmake --build "$build dir" -- "$NUM_THREADS"

« H:cd $INTEL_OPENVINO_DIR/deployment_tools/open_model _zoo/demos ‘
 deployment_tools/demos/build_demo.sh Z{EIEL TCAVX@ R ZERMLIELELSICTSD (AE2100[FAtomTAVX A B & R— R LR T28)

« H:./build_demos.sh
H: cd ~/omz_demos_build/intel64/Release
H: scp human_pose_estimation_demo root@192.168.100.1:/home/root/tmp

(H) WELGDLETIL ANL—E—%SD>0O0—RLAE2100IC#5E

« H:python3 $INTEL_OPENVINO_DIR/deployment_tools/open_model_zoo/downloader/downloader.py --name "human-pose-estimation*"
H: git clone https://github.com/intel-iot-devkit/sample-videos
H: scp -r intel root:192.168.100.1:/home/root/tmp
H: scp -r sample-videos root:192.168.100.1:/home/root/tmp

(U) 7E%=ZE1T (Target)

« U:cd~/tmp
U:./human_pose_estimation_demo -m intel/human-pose-estimation-0001/FP16/human-pose-estimation-0001.xml -d CPU

Department or Event Name Intel Confidential inteL
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human pose estimation demo DEMO

CPU / GPU /HDDL

Couldn't connect to accessi
nnection refused

a-gtk-nodule

ra-gtk-modu

m intel/human

imation-0601/FP32/human-p
ple-detection.mpd -d GPU
* InferenceEngine: Bx7 8

@) Parsing input parameters
W

[ WARN:0] global ../opencv/modules/videoto,
) unable to duration of stream

c/cap_gstreamer.cpp (898) open OpenCV | GStreamer warning

[ WARN:0] global ../opencv/modules/videoio/src tr .cpp ( open OpenCV | GStreamer warning
: Cannot query video positiol atu valu
To close the application, press 'CTRL4C' here or switch to the output window and p

to ey

To pause execution, switch to the output window and press 'p’ k

(human_po: timation_ dbind-HARNING **: : Couldn't conn

494 3fpstiTHF I

: Jule
: Fatled to load module "canberra-gtk-module
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I

Open Model ZooETILD A=

public Intel
models

Open

Model Zoo models

downloader.py ouTorch
PvTorc

TF IR
onnx M (FP32/16)

etc..

converter®®E Tmo % #I|
converter.py

IR
' (FP32/16)

Validation
data (image
files)

quantizer.py

quantizerh’ZE TpotZ F| A

w

pot : Post-training Optimization Tool (OpenVINO™{F/EINT8EF1{t Y —/L)

Department or Event Name Intel Confidential

TROKIICETIRIBETBLIITOMZET ILEST D
YO—R Z#TBTEN AR

python3 downloader.py --name googlenet-v’
python3 converter.py --name googlenet-vi

converterZ{ES7zsICIEModel Optimizerdtzwy k7w
THEpAETETVDREHDEY

BERAEINTLBTensorFlowlZAVXir S =FI BT B
&, AtomIRIBETIZENMELEL . CNBDY —ILISHRIRIR
THHRETS

AFHBERET I —EZRRT BICIE --print_allA T
2=V
OMZETILIZGitHubL RMBAFIT B EH AT EE

https://github.com/openvinotoolkit/open_model zo
o

OMZOZETILHONR—ICIZREADME.mdh'&H D EFIL
DABAYV AT EFTIWDOYAL X BEREDIEHREAF
A gE

intel.
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OMZET)LIEERDH

Specification
bnes (37 sloc)  2.25 KB Raw Metric Value
AP (WIDER) 86.74%
face-detection-0200 Glops .
MParams 1.828

Use Case and High-Level Description

" . ; ) g Source framework  PyTorch*
Face detector based on MobileNetV2 as a backbone with a multiple SSD head for indoor and outdoor scenes shot by a front-facing cam

During the training of this model, training images were resized to 256x256. . . . . o
Average Precision (AP) is defined as an area under the precision/recall curve. All numbers were evaluated by taking into account only faces

Example bigger than 64 x 64 pixels.

Inputs

Image, name: input , shape: 1, 3, 256, 256 inthe format 8, ¢, H, w, where:

® B - batch size
e ¢ - number of channels
* H -image height

* Y -image width

Expected color order: BGR .

Outputs

The net outputs blob with shape: 1, 1, 288, 7 inthe format 1, 1, N, 7, where N is the number of detected bounding boxes. Each

detection has the format [ image_id , label , conf, x min, y min, x max, y_max ], where:

* image_id - ID of the image in the batch

® label - predicted class ID (0 - face)

® conf - confidence for the predicted class
® [ x_min, y_min) - coordinates of the top left bounding box corner

® [ x_max, y_max ) - coordinates of the bottom right bounding box corner

Training Pipeline

Department or Event Name Intel Confidential |nte|® =



Model Optimizer (MO)

MOIEJ:Tensorflow Caffe, Mxnet, ONNX, KaldiOZz&EHEFT/LZ0penVINO™®DIR (Intermediate Representation)|C
e dY—IL
= PyTorch’@& [E—EONNXICZEH# L TH\BIRICZEH#E (Model Downloaderd >« Lo LUICpytorch_to_onnx.py& L\ DWW —
I DET)

* MOTIIAANT—FIERIEDINSAXA—FIEEL TEHBZETDEIRETILOLIEICIERILL 1V (ScaleShift)ziHmALFET .
DA A—Y—T7O0J5ATOHEREZTOE WBN2EICGEDIELVVERNESNGLOTERLTLIZSL,

User Prog
image read
Preprocess [ESYSSsErry: i \
1 ; - python3 mo.py
/ Normalize image /=127.5 --input_model model.pb \
--scale 127.5\
--mean_values [127.5, 127.5, 127.5] SCéleShlft

ererce ! -
. . Model mo. Model
Training » oge » Y » oge

= MODFFERMEWLWAZREIFTAROYV/IN—H1 FESRIEESV, TL—LAT—0CEDFRANPFAQHLSEICIEDERY
https://docs.openvinotoolkit.org/latest/openvino_docs MO _DG _Deep Learning Model Optimizer DevGuide.html
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MO??35< T@?g%\b\iﬁﬁloo
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FAQZFNTH T TS LY

- https://docs.openvinotoolkit.org/latest/openvino_docs_ MO DG_prepare_model Model Optimizer FAQ.html
TFOETILTANY A THHEELTULEGLN(/ M TIC-12EATULBIGE ([-1, 224,224,3]7%5L))

o ANV IATHEIBEINIEOKTT . MOD--input_shapeA 7/ 3>/--batchA TV a3V cHERIEEL TSV
ETIIDNETILAA OB PR ICTEGUIEZZATLD

* JPEGTI—RLAV—DETLOXEICHDIEE, ETIORRICBEFIYIPTANAOOY YINEZOTVSIBERE .

o ZOXIRIFEIF. MOD--input, ——outputA 73>V TEFTILO R REFE ZISE T D ECTHIRATEZRIGEaNHDET (HIRIX, JPEGL A
VYORDLAV7%Z--input TIBEIT D ETIPEGL A VEZIBIYRINET D)

ETIDARAILLAV—/0pEEATLD
« OpenVINO"B ARSI LLAV—EENMNTDENRIGETYT
- CPU, GPU, VPU (Myriad-X)@IFMA RS LA —R)L %= FFE I 68

o FFMIE T EEwebR—IESIBLIEEL)
https://docs.openvinotoolkit.org/latest/openvino_docs HOWTO_ Custom_Layers_Guide.html

17
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3. OpenVINO™ T 70O 35 LAD:

N FEEHBEEEROOE
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OpenVINO™"TOZ7OT S LDOEHRH=IEEFET D (Python)

import numpy as np
from openvino.inference_engine import IECore

ie = IECore()
model="./public/googlenet-v1l/FP16/googlenet-vl'

net = ie.[ElMIRAeIdN(model+' .xml"', model+'.bin")

exenet = ie.jElMdMelad(network=net, device_name='ﬁﬁu')
dummy _in = np.zeros((1,3,224,224), dtype=np.uint8)

res = exenet.({'data':dummy_in})
print(res['prob'].shape)

load_network()

read _network()

GPU plugin

____GPUplugin
MYRIAD plugin
___HDDL plugin |

IN—ROITT7IEMKE HDDL plugin

v

Inference Engine

Department or Event Name Intel Confidential Intelj 19



A X—=IFT0O55 L0 (CNN, Image Classification)

import cv2
import numpy as np
from openvino.inference_engine import IENetwork, IECore

ie =

model = './public/googlenet-v1l/FP16/googlenet-vl’
net = ie.(mode1+'.xml', model+'.bin")
inputBlobName = next(iter(net.inputs)) _ #1HA1E
outputBlobName = next(iter(net.outputs)) i AY =AY A
batch,channel,heiihtiwidth = net.inputs[inputBlobName].shape

exec_net = ie.llELHNIdY( network=net, device name='CPU")

img = cv2.imread('./car.png')

cv2.imshow('input', img) BjALIE

img = cv2.resize(img, (width,height)) EFIIZE-TETD

#img = cv2.cvtColor(img, cv2.COLOR_BGR2RGB) # BF v RJILANE X (BGR->RGB) Z;‘E 9;1: yaen

img = img.transpose((2, 0, 1)) fhl_\!{ EEHH:%T)L

img = img.reshape((1, channel, height, width)) 3.7127;:)2)\7”:“1&7”:4:
PREN

res exec_net.(inputs={inputBlobName: img})

res res[outputBlobName][0]
idx = np.argsort(res)[::-1]
for i in range(5): | &RAuE
print(idx[i]+1, res[idx[i]]) ETIIZEL>TEDS
cv2.waitKey(3*1000)
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C++70O00SLDBEEEILRAEICDULT

FREPCLEICTE3I T 71ILEIER L. build.shZEZE1T
Jbuild/simple_cnnMEENSDT, AE2100

— s — main.cpp

Ubuntu/OpenVINO™IRIBICERIXL TET

#include <opencv2/opencv.hpp>

« scp simple_cnn root@192.168.100.1:/home/root/tmp Fneue anfenence engine. o>

namespace ie = InferenceEngine;

. int main(int argc, char *argv
CMakelists.txt ie::((jor‘e ie'? vt o
# Sample CMakelLists.txt file for an OpenVINO Inference Engine project ie::CNNNetwork network:
cmake_minimum_required (VERSION 2-8-1) network = ie.ReadNetwork("./public/googlenet-v1/FP16/googlenet-vl.xml",
"./public/googlenet-v1/FP16/googlenet-vl.bin");

set (TARGET_NAME simple cnn) # name of executable file std::shared_ptr<ie::InputInfo> input_info = network.getInputsInfo().begin()->second;
ey - std::string input_name = network.getInputsInfo().begin()->first;

Set(CMAKE_BUILD_TYPE "Release") input_info->getPreProcess().setResizeAlgorithm(ie: :RESIZE_BILINEAR);
input_info->setLayout(ie::Layout: :NHWC);
set (CMAKE_CXX_STANDARD 11) input_info->setPrecision(ie::Precision::U8);
set (CMAKE_CXX_STANDARD_REQUIRED ON) ie::DataPtr out . . .
— - s " HE put_info = network.getOutputsInfo().begin()->second;
set (CMAKE_CXX_FLAGS "${CMAKE_CXX_FLAGS} -std=c++11 -fPIE™) std::string output_name = network.getOutputsInfo().begin()->first;

output_info->setPrecision(ie::Precision::FP32);

f].'nd—paC|(age(InferenceEnglne 1.1 REQUIRED) ie::ExecutableNetwork executable_network = ie.LoadNetwork(network, "CPU");
flndipagke_agg(OpenCV REQUIRED) ie::InferRequest infer_request = executable_network.CreateInferRequest();
add_definitions(-DUSE_OPENCV)

::Mat image = cv::imread("./car.png");
includg_dir‘ec"cor‘ies( ${InferenceEngine_INCLUDE_DIRS} ${OpenCV_INCLUDE_DIRS} ) le::TensorDesc tDesc(ie::Precision::Us,
11n|<,dlr‘ECtor\leS( ) {1, 3, static_cast<long unsigned int>(image.rows),

static_cast<long unsigned int>(image.cols)}, ie::Layout::NHWC);

add_executable( ${TARGET NAME } main.cpp ) # list of source file(s) infer_request.SetBlob(input_name, ie::make_shared_blob<uint8 t>(tDesc, image.data));
set_target_properties(${TARGET_NAME} PROPERTIES "CMAKE_CXX_FLAGS" "${CMAKE_CXX_FLAGS}")
target_link_libraries(${TARGET_NAME} ${InferenceEngine_LIBRARIES} ${OpenCV_LIBS} )

infer_request.Infer();
float* output = infer_request.GetBlob(output_name)->buffer();
std::cout << "\nresults\n " << std::endl;
std::vector<int> idx;
q for(int i=0; i<1000; i++) idx.push_back(i);
build.sh std::sort(idx.begin(), idx.end(),
. . . [output](const int& left, const int& right) { return output[left]>output[right]; } );
mkdir -p build && pushd ./build for (size t id = ©; id < 5; ++id) {
cmake -DCMAKE BUILD TYPE=Release .. std::cout << id << " @ " << idx[id] << " : " << output[idx[id]]*1@@ << "% " << std::endl;

make ¥
popd
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DEMO & CODE REVIEW

Classification.py, object detection.py

Actris 1 bumlayim1d

ion.py
ject_detection.py
ection.py

open EDTORS 1
.

~=yratus', 'great white shark, white shark, man-eater, man- i ', 'boat', 'bottle’,
shark, Galeocerdo cuvieri', 'hammerhead, hammerhead shar
o T T S 'do', 'stingray', 'cock', 'hen', 'ostrich, Struthio camelu
. s', 'brambling, Fringilla montifringilla’, 'goldfinch, Carduelis carduelis', 'house finch, linnet, Car
Ipodacus mexicanus', 'junco, snowbird', 'indigo bunting, indigo finch, indigo bird, Passerina cyanea',
'robin, American robin, Turdus migratorius', 'bulbul 'jay', 'magpie', 'chickadee']
data 1 3 224 224
prob [1, 1000]
mage shape= (1, 3, 224, 224)
inference result shape= (1, 1000)
478 0.4227577 car wheel
816 0.4049585 sports car, sport car
510 0.091816224 convertible
435 0.023778586 beach wagon, station wagon, wagon, estate car, beach waggon, station waggon, waggon
750 ©.01807214 racer, race car, racing car
root@27b82b9ddede: ~/tmp# display resources/car.png
|

'bus', 'car', 'cat’, 'chair', ‘cow’,
‘person', 'pottedplant', 'sheep', 'sofa', 'train', 'tvmoni

s.replace(

: Couldn't connect to accessibility bus: Failed to connect
refused
odule "canberra-gtk-module"

"canberra-gtk-module”

ouTLing num_requests=1

X Python 379 64.bit (202111 conda) ® 0 A0 1n 6 Col 1 (79 selected) Spaces 4 UTF-8 CRU

Department or Event Name Intel Confidential |nte|® 22



OpenVINO™ DO ERILFE

Department or Event Name Intel Confidential "'\tel® 23



W

OpenVINO"DEZFRILART T —

1—9—-7075 LABBDORE(

ETI)ILEEL

ETILEEEL (FP161k)

EFILEEEL (INT81L)
Eft=ZERBLIENL—Z2D
FEE HAHERR

=IERCPU

OpenVINO™ Model Server

eIntel® vTune™ ZO7 7415 —, Intel® 7 RN\AH—GEDY—I)LERLTTOT S LARDRY L ARy FEERICE R
JMFNER EBH/NTA -V AREICIZBHTEE
EFINHBOT7—FTFUF vERE{LT S (human-pose-estimation’i&)

+Open Model ZooNBEET )L ZIREFTT D
SOTAEFILICC ST BNBEXEMNIIBREET IILORAZRT TS

«Model OptimizercET L EHERFIC"--data_type FP16"A 73V A#IEELTIRETILELER

«OpenVINO™[CfF /@ L TL\BPost-training Optimization Tool (POT)ZFIBALTFP32/FP16MIRET ILEZHICEFILT D
POTOEMEZET 71 IUYAML), NUF—/ 3V F—H( ANBBIZE)DEFNBHE

«Quantize Aware Training (QAT)Y—JLT#3NNCF (Neural network Compression Framework)={#R L TETILDOF
BEITO. ZEBRNSEHT—HIDREIL, R/\—R{EHV AT EEICTE D,
«https://github.com/openvinotoolkit/nncf

<JEEHAHEERAPIZER T B(infer() -> async_start())C& THER T /A ARSI BRAD/NTA—T /A %&5|EHT

+CPUITHRIER 1T TIZRL, FUTRA R TOE AP, ZOM—D—o 00— RETEIRILT DI EHTTHE
«ABGPUBHEIRILIT D ENZL\DT, h—5)LSoCAIEEE MV AIRIC EHYD
«Ex#CPUTIZCPU, GPUEBICINTSEE Z SR (L I dF M RICKDMENKIRICE ELTWLSD

SRR E R T —/N\—ICER B ETIY I T N\A RAEFTIRER TSR B EER
HERY — N\ —[CREEEPT I THRRN Y AT LEEE

VIRDI7 ETIODREL RBICT/NTA— Y ADMABICHLEDEIFELLBDERA. CNIFHES

HFCPURY Y TEICANBOL (FIFRETT

Intel Confidential inteL
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benchmark_appTREA#FREIFFEAHERD/\TA—V 2 AEZZHRIT D

= benchmark_app® (i

« python3 -m pip install -r $INTEL_OPENVINO_DIR/deployment_tools/tools/benchmark_tool/requirements.txt
= sync(EER)Easync(FERIHR)HEERE— R Tbenchmark app%ZEE1TLTHD

« python3 $INTEL_OPENVINO_DIR/deployment tools/tools/benchmark_tool/benchmark_app.py \
-m public/googlenet-v1/FP16/googlenet-v1.xml \
-niter 100 -api sync -d HDDL

« =>40.9 fps

« python3 $INTEL_OPENVINO_DIR/deployment_tools/tools/benchmark_tool/benchmark_app.py \
-m public/googlenet-v1/FP16/googlenet-v1.xml \
-niter 100 -api async -d HDDL

B E Rk i e

« =>184.98 fps (x4.5)

= benchmark_applEZNAXRYFI—0Y =)L EAGETILTONRYFI =D BEMRRFINTAXA =5 EZIET/IN\TA—
N ADEEERTED AV TIVERD/IN T A=V AER Y —IL

» TETOTSAMAIINTA—T IV AFA—Z7TINTULBIDITITIZIHDET A . cameniri i Ants s VAN AL, bk
AEHAIEHEERELFBA.

= C++hRdDbenchmark_app&PythonkR®Mbenchmark_app.pyMsnDEITHY, INTA—< >V AEHE EDOEIZHDFH A
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S{EPython7OT S LATDINT A=V XE (

» AE2100, HDDL (Myriad-X x2)%&{EH LIig &0/ T4 —< > A% Et
= 73w IRIEpre/post processtBHDS = —waitDRFR

« sync.py (1Tms)

« sync.py (3ms)
 async-callback.py (1ms)
 async-callback.py (3ms)

« async-no-callback.py(1ms)

« async-no-callback.py(3ms)

33.66 fps

29.44 fps (-12%)
136.49 fps

127.67 fps (-6%)
177.77 fps

177.42 fps (-0.2%)

» JEEHBHEER TPYythonTH /N T A=Y ADMRDD

= callbackBE#Z=FENDTVLVARDIED D lock’GE DREJHAALIEN R E Tpost process DRFEIZFEL
WL, TOT S AIFEMICIEBIMERNHD

Department or Event Name
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E1HA, IFEHAHEER/ N\ T A - VAT E

sync.py, async-callback.py, async-no-callback.py
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Streams? Threads? InferRequests?

InferRequest
U ser InferRequest
p rOgra m InferRequest
Stream
request InferRequest
async ipfies
Inference request queue Inference execution slot Threads will be
1—-Y—FOIS5 LhERE BESEEEESREN distributed evenly
[CENDHRBERDH
OpenVINO™ benchmark_app params —nireq -nstreams -nthreads
Ope nViI NC)TM API ie.load_network(network, device_name, num_request=n) ie.set_config(cfg, dev) ie.set_config(cfg, dev)

Department or Event Name Intel Confidential inteL
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o) HitEEm, FERIRAER 7 00 5 LADBIE & 51

sync.py async-callback.py async-no-callback.py

JU70tEX

JU7OoOteX JU70OteX

get _idle_request()
wait()
if not 40 [E1#EEH

get_idle_request()
wait()

ﬁxh?mti

A eagr - — L/ Ny ORI
set_completion_callback() L TELPLED def callback():
async_infer()

MARZOER

MARZOER

asy_nc_infer()

[ HA AR JERI HAHEER 3EHHJ§?E (T—)L/\wD7EL)
7055 LV EE .« O INYODRRICERETIHEOHINBDT, ATV Iy R XAV ALY RUMEDERL DT RIEME [E RS
ENERERRGEICIF ERIE BI2dATI U ~(executable_network®infer_request’iFE)ZIRIE  « XA VLY RKNTORATF— LB, SIS EME TR

I BIEEICEHILIE (lock, mutex/dE) HMHE nH's
FHIAES X GAENITNIFILEBRHNEEZ P SF . BHHEHNE<HEEISORD. MHEEZHELDTL
(B UBESANAY L)
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4. OpenVINO™D;EHRATIpS
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OpenVINO™® 1

=v—)l, |
NEBadd-onY — )LD BN

Intel Confidential

intel. =



= Model Optimizer - EF/LZ

OpenVINO™ 'Y —)LA

Department or Event Name

OpenVINO™ WV—ILF¥v  HEYV—IL

= Model Downloader = Accuracy Checker EFIVREF VY
- Downloader -yovo—k = Cross check tool ETFIIVEOREFIVD
« Converter - IRZ i = Deployment Manager RTE/\y T —I{ERK
* Quantizer - INT81E = Benchmark_app NEBEETFILARYFI—D
+ Pytorch to ONNX converter = VPU OpenCL compiler VPURZAS L1V —H
 Caffe2 to ONNX converter = DL Streamer gstreamerfAADLTL X/
= OpenCV* B {RLIEAPI

= NNCF - 2EBRFETI)LHEEIL (PyTorch)

= CVAT - /) T—=avy—)L

= Model Server - iR Y —E XY —/\— (gRPC,REST)
= Datumaro - Tty MEE, KR

Training Extension -1VTILOMZETIVBEB GBEZRAOVT 75

= Post-training Optimization Tool (POT) IREFJLDINTS1L

DL workbench Web GUIZOVFIVE

v~ #4Zfadd-onY—)L

Intel Confidential inteL
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DL Streamer OpenVING®

DL streamer

s
ol - X X
TP

gstreamer

i DL model

MQTT B

. gstreamer* X« 7 )\A 751 R TDLI#.,
EROMEERED AT EE

« USADE MIRIRE, bSvF T —HDLIER,
BROL VAUV TRERE

- EEMPython*I—R%ZZE{TT3
ILAVEBHDET

https://docs.openvinotoolkit.org/latest/gst_samples_README.html

Department or Event Name Intel Confidential

ile  Action Media View Help

@0 ne B %y

; @ MQTT broker

K1¥s56e

-0 1804vm: foptfintelfopenvinodata_processing/di_streamer/samples/fgst_launchfac

intel.
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DL Workbench

*.
FopenvING i

Projects [EE

N Madn Datases Taget Sear Tene L wency L fezearacy [atur Acman

T T A MkMaFRED bt T

Selected Model: 14 Mcbilehet - Baseling - FP32 « Imagenetl est] - TPU

Profile Optimize

Zalect Inderence Tyze

20y " W appaaar &3 rmal ficce Ay e bt
L Y ) ) " e
apreiy
v o aep O 9Ty 2 i
a1 : —
Inference Results %  Inference History
T . Dt time  Infers Hetch Nl Aclion Compare
| @& mmolee cuvatain 2 5
|
| .
|
| L 2 AUICS 1820 198 1 " 0953
o, o ._“.f . T -
\ [ A Leserence )
| A\
N |
~ Y

Execution Time by Layer Giroup

Department or Event Name

Avfernice TToe: Eeairnated thoaghpoT a0d
3 ol foe 1 e ssader plal Arlaw

Mean Inference Time (ms)

,,,,,,,

OpenVINO™ YW —)LFwW |~ -
ANV EZA2Y—=ILD
Jx7 Ul ZOYVERIVE

= BEF)L-FoO—R, IREHE

= \TA—=T VR T—HDRERIL

= LAYV —IBEIROME

= HEINFT—2 (batch, stream)
= INT8, Winograd&i#{t

BET A~

JE—RARYFI—0

Intel Confidential

intel.

34



OpenVINO™ VWV—)L*wv k€5 )L -5 —/\—(OVMS)

= DL/ —EXRZRMITI IOV TF—R—-ZAD

RAOOY—ER (N7 X%)LH)
e . /T UVIZ0penVINO™ W— L&y k, FOES L —S—HHHR—

R Tt 100U —TEED ST T A A SORRER AR
ﬁ—i = ENRIOTFN\AADERT Y IV ELTTERATEE

= gRPCH\REST APICH#:RU I T X X

= A—TV—-X

\E' v esaoton o ﬁ/ = Kubernetes*TOA— X —UV T (CHXTIG

S —— = TFaUFs—add-on: EFILESIL, S1ZV AERE
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CPU / AEGPU / VPU O%F1E

« FP32 /FP16/INTS8
¢ INT8»HBU\IZFP32#3Z

CPU CPUZ®D « FP16ETILIIHERT
HD FP32ICEH#aLTEIT
« FP32 /FP16/INTS8
« INT83BU\IZFP16#1E
GPU CPUNE,
- FP16
HDDL,
Compute
VPU  shickize
BIZED

Department or Event Name

o SMTIFAT

O—kR5/81
A

- PEVETIL

[

Ealé

BA

DL boosttR— ~FCPUESINTSH# RN B iR
FP16MDETILZES X THAERUIE(IZFP32,]

HR—kLAV—D—FZ
Atomh\BXeonETEWNTA—T VAL VY
CPUDAKRIEXEBUZEBNMMEZR B, KEHDETILOAINASIEETILOETICH
<

7 /)LO—REOOpenCLI Y /A ILICEREN IS (2021.4TelE, CACHE_DIR)

(~x4 vs FP32)
RL[FTFBIRN,

« FP16TFP32MEEWVW/\NT A=V AN BN HD

« DL boosttR— ~GPULRBINT8H#E R

BR— LAV —LEEBEZ )
=#(~x4 vs FP32)

« CPUEXEVUZEREZHE XEUIE— 7r —)\—AwWREL

« NEBT7 OIS L —FEOTT—FEHEA—/\—\Y FIEHD
- VPUREBXEUIF/NESL\OTLE/NEDOET)ILEEITTD0DICEL (googlenet-v1

=)

« ETINRELGBHEMWIRICIERENSES DT — AN ED
« \=RDUIFDL7OESL—45x2, DSP x1&2&#H L TL\2csh, AiF##NE LIFT

Intel Confidential

BENSEBRERAD/INTA—T VA EFHIE
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1 >/7)L° DevCloud for the Edge

HOW IT WORKS . AVUFIHEHTBISY RR—ZIOY —E R
GitHub Dataset mﬁ . ﬁ
@ gaﬂ . BEBLOFHESTHAIHNBSUE—LT7IER

)

« ZIECPU AEGPU, VPU, FPGAWNOSORLEICHES
AN AT

« OpenVINO™WY—/LFv Dty 7Y 7T EdH

Video
Output

Inference ? * /\_ PTITE%@E@@’\\\/?V—:\:\/g\b{ﬂﬁE

https://devcloud.intel.com/edge/
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INDA— I AFa1—="7

\T A=V AmBIETA B &BLY—IL
* https://docs.openvinotoolkit.org/latest/tuning for_performance.html
RYFV—U#ER

* https://docs.openvinotoolkit.org/latest/openvino_docs_performance be
nchmarks_openvino.html
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HDDL RT3 1—5—

* HDDL daemonlFEHDVPUEEIET BebDRAT Y 1—5—&R>TLET
« VPUNDIRDDEIDIRDT  Z A0 |7 INA ABE HiERE =M
« DFELEIDIRBCETNTA—T VA EWERFTED
= Squeeze / Tag / Stream / SGAD / Bypass AT 1—5—
« Squeeze - HBEKZ|IEXRZEWVNTLBT /N RICEIDIROTULN (T IAIINRRT Y 2—5—)
« Tag- AT CEIEVPUZEIDIRDIVERE. EFT)ILO— REFICY T ZIEE.
e Stream - RNN/LSTM7RE Dcontext aware €T ILEITRFICIEE XDEREKXK BRI CVPUICEIDIRONS
* SGAD - EETINZET/I\ARICKICO—RLTLEDS ., ETILIDBEZA—/\—=Aw BFHRL
« Bypass - HDDLODRAT Y a—S%NSHEVWE—R, -5 —7FOJ S ATERTRIVPUT /N1 A%ZIEELTEH
» 27T 3—5—MO&EIFhddl service.configT, A—H =707 5 LA TlEload network()BFdDconfigfEE TITD

= https://docs.openvinotoolkit.org/latest/openvino_docs IE DG _supported plugins HDDL.html

SGAD - Single Graph All Device

Department or Event Name Intel Confidential inteL
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Special Plugins - HETERO and MULTI plugins

HETERO:FPGA,CPU MULTI:GPU,CPU
: a model ) 4 A
Infer request 4 A
CPU
Infer request
Infer request
,1—|3?t_7|\/¥%77\«§,?|/ Infer request GPU
1V —%2nd7/\ /\ /
AN
1 ANV Infer request MULTIZS 54 V15
N J TRERBT, 1ONDT/\
g FPGA CPU J —I\EUI}le—_\\Q"rHZUICJ:EEﬁE gétbt}&Zécj:le
KaRITNULENTDT
INARICTH RO ZHRDTL
nd
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77O > 0

= OpenVINO™[CIFZLDOY V7L . TETOT S LADNRNISNTULERT
« $INTEL_OPENVINO_DIR/ deployment_tools/inference_engine/samples
o BN VTIINGH Y TIINLTOT S LANENIMTVWEY, I—T 1 VIR PAPHER GEDSEITIEDERY
« $INTEL_OPENVINO_DIR/ deployment_tools/open_model zoo/demos
- BB CTEERTETIOTSANBENNTVET, RIZBICELLINSLTT,
« $INTEL_OPENVINO_DIR/ deployment_tools/demo
« LWKONDTETOTSLZBRICEIN R EITTEDRTVTRIT7MILBENNTVET
« $INTEL_OPENVINO_DIR/data_processing
« FEERDTERENBHINTVET

= PythonX—ZADTEDULKDMEC+H+TEINEEY 2—ILHRERZHONHDETRT
(human_pose_estimation_3d_demoZ%i&)

« ./build_demos.sh -DENABLE_PYTHON=YES& LT, T EEILREFICPYythonTY 2—ILBHEIILRTBLSICTEET DL
ENHDET

« R ENSEPythonTY 2—JL(*.pyd, *.s0)IEPythonTE OIS LT AINAICOAE—LTEBRLET

Department or Event Name Intel Confidential "'\tel®
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T7)LZIRE

$INTEL_OPENVINO_DIR/deployment_tools/open_model_zoo/models/[intel|publicle WL\ 57« LI RUNHB D, ZOHRICEFTILCEDT LI RUNSHDET

EFILT1LO RUDHICIZVKDD\DYAMLT 7L ED, model downloader, model converter, model quantizer'E D FIBLTULET
CNEDYAMLZ 71 IILOHFERDEZDETIILOEBICHERIEHREZBRICEDIENFIBETT
DETINOEBCTHOZIBEIC UL DITETILDOER T 7MLV ESRIDETE Y FMEEONDIENHDET
EFIILEREBELTLBURLIGEDHONBDT, AISHDRRE Tdownloadertt5y o O— RICKK I BIZRGEDRAFRBADERICIDIENHNET

model converterZB{TRFICRTENDModel OptimizerAVY RS1VHEEICIENET

« REL BBTEDATYIVHBEBRRSNTOLOWOILIDLET, FTROAITIIEVVBOATY 3V I THEMTEXRT

description: >-
The "googlenet-v3" model is the first of the Inception family of models designed
to perform image classification. For details about this family of models, check
out the paper <https://arxiv.org/abs/1602.07261>.
task_type: classification
files:
- name: googlenet-v3.tar.gz
size: 88668554
sha256: 7045b72a954af4dce36346f478610acdccbf149168fa25c78e54e32f0c723d6d
source: https://storage.googleapis.com/download.tensorflow.org/models/inception_v3_2016_08_28_frozen.pb.tar.gz
postprocessing:
- $type: unpack_archive
format: gztar
file: googlenet-v3.tar.gz
model_optimizer_args:
- --reverse_input_channels
--input_shape=[1,299,299, 3]
--input=input
--mean_values=input[127.5,127.5,127.5]
--scale_values=input[127.5]
--output=InceptionV3/Predictions/Softmax
- --input_model=$dl_dir/inception_v3_2016_08_28_ frozen.pb
framework: tf
quantizable: yes
license: https://raw.githubusercontent.com/tensorflow/models/master/LICENSE

model.yaml 7 71 )Ll (—&R)

T ILEIEER

Department or Event Name Intel Confidential

>python --name googlenet-vi-tf

Converting googlenet-vi-tf to IR (FP32)
Conversion command:
C:\Users\yshimurl\AppData\Local\Programs\Python\Python36\python.exe -
- "C:\Program Files
éﬁss \IntelSWTools\oienvino 2021\deployment_tools\model_optimizer\ﬂ:l

Sall- -data_typelddEy
=C:\Users\yshimurl\Documents\Intel\OpenVINO\work\public\goo

glenet-vl-tf\FP32 =googlenet-vl-tf Il
input_shapel Ky Y ¥y Y Nec)| input B
mean_valuesghliloJlid by Vy M-I Vy MY M- -scale_valuesZNlIidkbyay!

=InceptionVl/Logits/Predictions/Softmax &

R To] Tl oJe[Hl=C : \Users\yshimuri\Documents\Intel\OpenVINO\work\public\go
oglenet-vl-tf/inception_vil.frozen.pb EEIEIEMEN kM ETTTE

model converterE{TRFOMOOT > RS 1 /4l

intel.
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Model Visualization - Netron

You may want to see how the DL model is designed when you got some error while
converting a DL model with Model Optimizer. You can use DL model visualization tools to do
it.

pip3 install netron
netron <model-name> (python3 ~/.local/bin/netron <model-name>)

Open a web browser and go to localhost:8080

Supported models:
ONNX, Keras, CoreML, TensorFlow Lite,
Caffe, Caffe2, MXNet, Tensorflow, IR

Many other similar tools are available on the web
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Network Configuration Parameters

You can enable, disable or modify the plugin features using ie.setConfig() API
Please refer to the OpenVINO™ offline document for full list of configuration parameters

https://docs.openvinotoolkit.org/latest/openvino_docs IE_DG_supported plugins GPU.html

Examples:

KEY_CPU_THREADS NUM Number Number of threads CPU plugin should use. O for all cores.

KEY_CPU_BIND_THREAD YES/NO Binds inference worker threads to CPU cores

KEY_PERF_COUNT YES/NO Enable /Disable performance counter feature

KEY_CLDNN_PLUGIN_PRIORITY 0-3 OpenCL queue priority

e.g. ie.set_config({'CLDNN_PLUGIN_THROTTLE','"1'}, 'GPU') # Python
ie.set_config({'CPU_THREAD NUM' '3}, 'CPU’) # Python
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OpenVINO™DAPITENZEEICDLT

= OpenVINO"WEL T BIEN, EMFAPHIRROZEENAODTLEDLET
= LTOBONETTIEHDERAN, KLKESTODEERTY OPENVIN® o soomomnon  sstuees w25

Documentation

. APIDZHAIC D ELTIF AR webY 1 FORF XY FEHBE AL P —

+ https://docs.openvinotoolkit.org/latest/api_references.html .
< . . R —r VA,,‘:, API References
o Fe.webR—ITIFBEDRFIAXVF BEOAPHIRR)HESRIDIENEIEETT, L

e Inference Engine C++ API Reference

o Inference Engine Python API Reference

e nGraph C++ APl Reference

nGraph C++ API Reference . - P
P * nGraph Python API Reference

input_blob_name list(net..keys())[@] input_blob_name list(net..keys())[@]

output_blob _name = list(net.outputs.keys())[© output_blob _name = list(net.outputs.keys())[9]
input_shape = [input_blob_name ]. inputShape = net. B I E B/ tensor_desc.dims
output_shape = outputs[output blob _name].shape outputShape net.outputs [output_blob name].shape

def callback(status, pydata): def callback(status, pydata):
global completion_count, inuse, exenet, outputBlobName,time global completion_count, inuse, exenet, outputBlobName,time

request_id = pydata request_id = pydata
res = exenet.requests[request_id]. [outputBlobName] res = exenet.requests[request_id].[sJijds]lisllsRe]s [ outputBlobName]

intel.
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AKHOE=F—0naV57Y

» GitHUbL /R FUICT7 Yy 70— FLTHDERT

« git clone https://github.com/yas-sim/ae2100-openvino-samples

Department or Event Name Intel Confidential |r\te|® 47






