function—\_/E\_ &
- [
5 N

datastore

/|
7 A [r—
o« N
/- \ \
cvpartition 7 : &

fitcsvm
App Designer

trainNetwork
table

addLayers

http://cflu.lab.nycu.edu.tw, Chia-Feng Lu



Teaching Materials

Contents

MATLAB Progamming for

Members
clulabnycueduw  Machineleaming (Graduate)
Contents - Teaching Materials © MATLAB ML (G) e ———
Please download Week 12 Materialsompulsory Course for the Undergraduate St Vil Resparch Achivitics

Lecturer: Chia-Feng Lu (alvin4016@ym.edL
MatlabEfETE=EE HEE A EIF (IE1F,

MATLAB programming (UG) Relevant Links

IR . R —
MATLAB GUI (G)
Please set current directory to MLmaterials L12 i ;.

Computer Sci. (UG)
Computer Arch. (UG)
fMRI Analysis (G)
rs-fMRI Analysis (G)

fNIRS Basics (G)
t fNIRS Workshop (G)
Human Dissection (UG)

t Neuroanatomy (UG)
Image Processing (R) 2



http://cflu.lab.nycu.edu.tw/

Contents In this Week

01 Deep Network Designer

Create, import, analyze, train and export

http://cflu.lab.nycu.edu.tw, Chia-Feng Lu 3



Reference

Deep Learning Toolbox™

« MATLAB Deep Learning Toolbox
User’s Guide (2192 pages)

User's Guide

Mark Hudson Beale
Martin T. Hagan
Howard B. Demuth

Mark Hudson Beale
Martin T. Hagan
Howard B. Demuth

2020b or later version is required!

http://cflu.lab.nycu.edu.tw, Chia-Feng Lu 4
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Deep Network
Designer

Create, import, analyze, train and
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Deep Network Designer

‘ MATLAB R2020a - academic use

Comman Ej ".-"."i I Ej o

HOME PLOTS
ﬁt == deepNetworkDeslgne r|

Design Get More Install Package
App Apps  App  App

4\ Deep Network Designer

Getting Started | Compare Pretrained Networks | Transfer Learning

v General =

Blank Network From Workspace

rCreale new blank network [ ‘Jlmpurl network from l

g LEE 5 0 E : :

a: _ 0 r

ile 0o 0 0 0

%" 5800 ?S % c 5
SqueezeNet GooglLeNet A ResNet-50 DarkNet-53 A DarkNet-19 A ShuffleNet A

- - - - 6




4\ Deep Network Designer o S

" #, ZoomIn
New = Zoom Out

NETWORK BUILD NAVIGATE rﬂw—n&ﬂm—ﬂlo RT
LAYER LIERARY Degigner Data Training FPROPERTIES

Available after R2020b Nurmber of layers 0

Murnber of connections 0

IMPLUT

E imagelnputl ayer Input type Mone
g Dutput type Mone
'Eﬂ image3dinputLayer

sequencelnputlayer

i featurenputlayer

COMVOLUTION AND FULLY COMMECTED
P2l comvolutionZdLayer

F&i;l comvolution3dLayer OVERVIEWY
T

groupedConvalution2dLayer

The layout is pretty similar with App Designer.

transposedCaonvZdlayer

trancre e o d T e 2 Al e




Layer Library — R2021a

* Input Layers

LAYER LIBRARY

\Filter lavers...

« Convolution and Fully Connected Layers
 Sequence Layers

« Activation Layers

 Normalization, Dropout, and Cropping Layers
« Pooling and Unpooling Layers

« Combination Layers

* Object Detection Layers

* QOutput Layers

LB -

]

imagenputlayer

image3dnputlayer

sequencelnputlayer

featurelnputlayer

ONVOLUTION AND FULLY CONNECTED

convolutionZdLayer

convolution3dLayer

groupedConvolution2dlayer

transposedConvZdlayer

IEEAEA

« Generative Adversarial Network Layers

https://www.mathworks.com/help/deeplearning/ug/list-of-deep-learning-layers.htmi
http://cflu.lab.nycu.edu.tw, Chia-Feng Lu



https://www.mathworks.com/help/deeplearning/ug/list-of-deep-learning-layers.html

DESIGMNER

EDJ EEJ Q{ ot E @LZoomIn E W

c .
Newy Duplicate % S Fit (=, Zoom Qut Auto Export 4 Deep Learnlng Network An alyzer
- Paste  to Wiew Arrange -
NETWORK BUILD NAVIGATE LAYOUT | ANALYSIS  EXPORT
LAYER LIBRARY Designer | Data || Training | © |~ PROPERTES
\Filter lavers... |

E imagelnputLayer 2

image3dnputlayer
\ . imageinput E avgpool2d Marmalization nane '
sequencelnputlayer Im agelrputl ayer averageFoaing. . NormalizationDimension M|

hdean

1. Drag into Designer area

imagelnputlayer

featurelnputlayer 2. Link |ayerS

StandardDeviation [
A4

roilnputLayer . COW fc M .
convolutionZdLa. .. . fullyConnectedL. .. Max [l

CONVOLUTION AND FULLY CONNECTED

Cl LI EE K-

3. Adjust parameters

convolutionZdLayer J p
— h.J A J
i conmvolution3dLayer
v groupnorm softmax

dgroupMormaliza. . softrn axLayer
groupedConvolution2dL ayer
: transposedConv2dLayer
| transposedConvadLayer E relu C classoutput
‘ relulayer Eﬁ classificationLayer v OVERVIEW
- fullyConnectedlayer \_ . - -
SEQUENCE
] cnoe I .
n bilstmLayer - _

v 9

4

bl



Group Normalization (r2020b or later)

Group

« A group normalization layer normalizes a Normalization
mini-batch of data across grouped subsets of ...
channels for each observation independently. ™"

* |t can speed up training of the convolutional . Batch
neural ngt\_/v_or_k ar_ld reduce the sensitivity to i Normalization
network initialization r—

. i Merged Spata
* Put group normalization layers between T
convolutional layers and nonlinearities, such Instance
Normalization
as RelLU layers. P, N >
S Mini-Batch Samples N

Bimensions (H.W)

Zero mean, unit variance

Channels C

http://cflu.lab.nycu.edu.tw, Chia-Feng Lu 10



Network from Deep Network Designer
Analysis date: 13-May-2021 20:31.35

imageinput 1
2
cony
3
Qroupnorm
4
L |
L T 5
1 ;
® augpool2d
7
¥
L s 2
Y
® sofimax
¥
® classoutput

ANALYSIS RESULT

MName

Imageinput
28=28=1 images

COms

20 5=5 convolutions with stride [1 ..

Qroupnorm
Sraup normalization

relu
RelLl

avpoolZd

2=2 awarage poaling with stride [2 .

fc
10 fully connected layer

softrmax
softrax

classoutput
crossentropyex

Type

Image Input

Conwolution

Group Mormalization

Fell

Average Poaling

Fully Connected

Softrmax

Clazsification Output

8 i

layers

oA 00

Wamings Errars

©

Activations

28=28=«1

24=24=Z20

24«24«20

c24=24+«20

12«12«20

1=1=10

1=1=10

Learnables

Weights S=5=1=Z0
Eias 1=1=Z20

Cffzset 1x1=Z0
Acale 1=1=Z20

Weights 10=2Z880
Bias 10=1

11




 dataFolder = fullfile(toolboxdir('nnet’),'nndemos’,'nndatasets’,'DigitDataset’);
* Imds = imageDatastore(dataFolder,'IncludeSubfolders',true,...
'LabeISource','foldernamzes'):

imds =
ImageDatastore with properties:

Files: {
' ...\nndatasets\DigitDataset\O\image10000.png";
' ...\nndatasets\DigitDataset\O\image9001.png’;
'...\nndatasets\DigitDataset\O\image9002.png’
... and 9997 more
}
Folders: {
' ...\MATLAB\R2020b\toolbox\nnet\nndemos\nndatasets\DigitDataset'

}
Labels: [0; O; O ... and 9997 more categorical]




DATA

&
Import Data

Data ¥
IMPORT
Designer | Data Training
4 Import Image Data o ]
TRAINING YALIDATION
Import image classification data for training, Import validation data to help prevent overfitting,
Data source: | ImageDatastore in workspace W Data source: | Split from training data b
imds - 10000 images v Refresh Specify amount of training data to use for validation.
AUGMENTATION OPTIONS Percertage: 30 g«l« Rarndormize |
Random reflection axis x Y.
Randorm rotation (degrees) Min: 0 :%i M e o] :%i
Random rescaling Min; 1 :%i Ml ax: 1 :%i
R andom horiz ontal translation {pixels) Min: o] :%i Ml ax: o] :%i
Random vertical translation (pixels)  Min: o] :%E Ml ax: o] :%E

Images will be resized during training to match netw ork input size. [ mport Cancel




Data Augmentation

Rescale Translation




Designer Data Training

Training data by class

Data; Training ¥
F00
Source! imds
w B0 Observations: 7000
5
= S00 Classes: 10
% 400 Most observations: 0 {700)
S Fewest cbeervations; 0 (700)
T 300
ol
=
E 200
=
=
100
0
8] 1 2 3 4 &) & Fi 8 g
Class label

Show random observations of; | | <Allclasses> ¥

Preview images have 1 channel,

d
1 0 K o 0




TRAINING

@ L/) L = u
s e [0 S@EUP tralning options

Select training options and train your netwark.

_ . : 1| ADVANCED
4 Training Options o ) —
SOLVER L2R egulariz ation 0.0001 51
Solver sgdm v GradientThresholdM ethod l2norm v
Initial_earnR ate 0.01 -2 GradientThreshold Inf <
BASIC —_— ValidationPatience Inf o
[ a) - v
ValidationFrequency 50 -5 Shutfle svery-epoch
M axE pochs 15 % CheckpointPath
2 v
MiniBatchSize 1282 LearnRatesScheadule none v
ExecutionE nvironment cpu v LearnRateDropractor 0.1 :
LearnRateDropPeriod 105
SEQIUENCE —
R eseatinputM ormaliz ation v
Sequencelength longest v .
e W ornentum D.QE{
SequencePaddingValue 0 Eﬁ -
SequencePaddingDirection right v Close

[ Jupyter Notebook |




e o
@ Dy

Training  Train

Options
CFTIOMNS  TRAIM

Export

Designer : > Export Trained Network and Results
Export trained network and information to workspace Results
Validation accuracy: 09.17%
100k =l SR S Al - Training finished: Reachedtinal teration
=F" Generate MATLAB code for data import and training " o o @ Final
e Training Time
Start time: 13-May-2021 202548
3‘3 Elapsed time: 43 sen
2) "
g Training Cycle
3 Epoch: 15 of 15
=L
[teration:; 810 cf 810
lterations per epoch; &4
10 M axirmum iterations: 810
| | 1 | | 1 | |
100 200 300 400 500 600 700 800 validation
lteration
Freguency: 50 iterations
. Other Information
0 \ Hardware resource: Single GPU
§ 1k \ Learning rate schedule: Constant
Learning rate; 0.0
0 | Mm‘-—.—-—L&# ) — OO Firia
0 100 200 300 400 500 00 700 800 Learn more

lteration




Export

. Export Trained Network and Results

Export trained network and inform ation to workspace

Directed Acyclic Graph (GAG)

Generate Code for Training h‘l..l’u:::urkgfj;.a.:e

ItrainedNetw-:::-rk_l Ix1 DAGNetwork I

Y Generate MATLAE code for data import and training

8 trainlnfoStruct 1 Ix1 struct

>> classify(trainedNetwork _1,img) 9% Categorical response
>> predict(trainedNetwork _1,img) % Probability vector



Deploy the Trained Model

* Try the Recognition App

« MLmaterials L12\CNNdigits_App.mlapp

4] MATLAB App - | X

Test on your own handwritten digits.
= Much better performance

100

90 r
80 r
701
60 r
50t
40 1
30t
201
10t

Writing Area

U I I i i I I i I I
0 10 20 30 40 50 60 70 80 90 100

http://cflu.lab.nycu.edu.tw, Chia-Feng Lu
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v Generate Code for Training

Export
- | CNNforDigits_CFLu.mlx = | 4+
' W. Export Trained Network and Results Set Training Optiuns
Export trained network and information to workd Specify DpﬁDnS to use when training.
E‘;& Generate Code for Training 8 opts = trainingOptions( y oo
- Generate MATLAE code for data import and traif  ©) , y oo
10 ,0.01, . ..
. . 11 15, ...
MATLAB Live Script (*.mIx) |,
; yuous
13 : -
14 ;augimdsValidation);

Create Array of Layers

15 layers = [

16 imageInputlLayer([28 28 1], . . ,
17 convolutionZdlLayer{[5 5],20, . )

18 groupNormalizationLayer(1, . )

19 relulLayer( . )

20 averagePoolingZdLayer([2 2], . . .

21 fullyConnectedlLayer{19, . )

27 softmaxLayer( . )

23 classificationLayer( . o1,

20




plot(lgraph)

layers = |

imagelnputLayer([28 28 1],"Name","imageinput","Normalization","none")

convolution2dLayer([5 5],20,"Name","conv")
groupNormalizationLayer(1,"Name","groupnorm™)

reluLayer("Name","relu")

averagePooling2dLayer([2 2],"Name","avgpool2d","Padding"”,"same","Stride",[2 2])
fullyConnectedLayer(10,"Name","fc")

softmaxLayer("Name","softmax")

classificationLayer("Name","classoutput")];

Igraph = layerGraph();
Igraph = addLayers(Igraph,layers);

http://cflu.lab.nycu.edu.tw, Chia-Feng Lu 21



Useful Functions '

» deepNetworkDesigner(lgraph)
% Igraph is a Layer or LayerGraph object mage,
« analyzeNetwork(lgraph) con,
% Igraph is a Layer or LayerGraph object

« addLayers
* replacelLayer 9000

* Igraph = layerGraph();
* Igraph = addLayers(lgraph,layers);
* plot(lgraph); % lgraph is a LayerGraph object

http://cflu.lab.nycu.edu.tw, Chia-Feng Lu 22



THE END

Contact:
&% $#% alvin4016@nycu.edu.tw
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