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datastore

N
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cvpartition e
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fitcsvm
App Designer

trainNetwork
table

addLayers
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What will you learn in this course?

New data formats and * Application of machine
functions in MATLAB learning using MATLAB

Basic concepts of
machine learning (ML)/
deep learning (DL)

MATLAB App designer
(graphic user interface)

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



Teaching Assistants (TAs)

=53 (Vivian)

Associae Professor
EZXi% (Chia-Feng Lu)

8 (Michael)

Department of Biomedical Imaging
and Radiological Sciences ’
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Teaching Materials

Contents

MATLAB PI’O ga m m I ng for CV & Publications

Members

MaChine Lea rning (G rad Uate) Research Interests
RI(UG

MRM (UG) Download Platforms
Compulsory Course for the Undergraduate St

Lecturer: Chia-Feng Lu (alvin4016@ym.edL

MRl Research (G) Activities

MATLAB programming (UG) Relevant Links

MatlabZE[ErEGRE A EREE(F (FRIE;
S
cflu.lab. nycu .edu.tw MATLAB GUI (G)
Contents - Teaching Materials - MATLAB ML (G) Signal Processing (6)

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) 4




Syllabus

Week Topics Lecturer
1 Course introduction EXRiE
2 An overview of machine learning EXRiE
3 Representation of data for machine learning BEXRE
4 Linear and nonlinear regression EXRE
5 Unsupervised learning: clustering EXRiE
6 Classification: tree-based methods EXRiE

7 (4/4) off --
8 Classification: support vector machines EXR &
9 MATLAB Graphic User Interface: App designer EXE

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




Syllabus

Week Topics Lecturer
10 Classification: neural networks EXRiE
11 Introduction of deep learning EXRiE

12 (5/9) | MATLAB Deep network designer (online video) EXRiE
9| oozl T ag
14 | (Objectdetootion resion sbgmontoon imege tanstormaton) | B8
15 Resampling methods and model validation EXR &

16 (6/6) Final project report EXREE
17 Survey of Machine Learning Applications EXRiE
18 Survey of Deep Learning Applications EXiE

http://cflu.lab.nycu.edu.tw, Chia-Feng Lu 6



[Textbook 1]

» A First Course in Machine Learning, 2nd edition, 2017
« Simon Rogers, Mark Girolami
* Online resources: https://github.com/sdrogers/fcmlcode

[Textbook 2]

« MATLAB Machine Learning Recipes, 2nd edition, 2018

» Michael Paluszek, Stephanie Thomas

* Online resources: https://github.com/Apress/matlab-machine-learning-recipes

[Textbook 3]
* An Introduction to Statistical Learning, 2nd edition, 2013
« Gareth James, Daniela Witten, Trevor Hastie, Robert Tibshirani

[Textbook 4]

« A Concise Introduction to Machine Learning, 2020
» Anita C. Faul

Chapman & Hall/CRC
Machine Learning & Pattern Recognition Series

(/A FIRST COURSE’/
IN MACHINE —%

. AR ‘
.. LEARNING, _

(W) Second Edition

~dg-— BraEE:
s

i%/

N “

: A

Simon Rogers o=

B \fark Girdlam S X

(e}

=0
B EBOOK ;

Learning Recipes

A Problem-Solution Approach
Second Edition

Michael Paluszek
Stephanie Thomas

Apress®

Springer Texts in Statisti¢

Gareth James
Daniela Witten
Trevor Hastie
Robert Tibshirani

with Applicationsin R

@ Springer

A Concise Introduction
to Machine Learning

A CHAPMAN & HALL BOOK




Reference

Deep Learning Toolbox™

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

Martin T. Hagan
Howard B. Demuth

Mark Hudson Beale
Martin T. Hagan
Howard B. Demuth
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« Attendance and participation: 30%
* Midterm written proposal (1 to 2 pages, before Week 10): 30%
 Final project report (10-15 min oral presentation): 40%

« Team members: 2 to 3 people
 Machine learning applications using MATLAB

» Open datasets or your own study datasets
» With specific problem definition

« MATLAB App (Graphic User Interface)

« Data import and display
« Parameter setup
* Model validation (hyperplane/boundary, confusion matrix, ROC curve,...)




https://miro.com/app/board/uXjVPmwVwfw=/?share_link_id=883388245361

MW miro Bz .,1‘!'. i [m]

. | rl'""

|
Using App or Chrome t :
Password: ilovematlab h‘ H i

E . 1_.|-qn|.




Processing Flow of ML

?

Problem Definition

Feature Reduction
and Extraction

Training

Data Preparation
(Image/signall/values
& labels)

Deep
Learning

(Algorithms

Model Training

&

parameter tuning)

4

A

Testing

Model Evaluation
(ROC curves, confusion
matrix,...)

i

If performance is unsatisfactory...

s

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

Model Release or
Deployment
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Processing Flow of ML

Deep
Feature Reduction Learning
“ , and Extraction
. L] L] L]
Training Testing
o Data Preparation Model Training Model Evaluation
Problem Definition (Image/signal/values (Algorithms & (ROC curves, confusion
& labels) parameter tuning) matrix,...)

A A ?

Components covered by this course.
« Regression
» Clustering
 Classification
* Deep learning
« Sampling

Model Release or
Deployment

http://cflu.lab.nycu.edu.tw, Chia-Feng Lu 12



SVM as an Example

« Why do we need to tune the parameters?

 How do we prepare the data and validate the
model performance?

Objective function model

® Observed points
[ IMadel mean
@ Nextpaint
*  Model minimum feasible

0.35

opts = struct('Optimizer','bayesopt’,'kfold’,10,'useparallel',true,...
'AcquisitionFunctionName','expected-improvement-plus’);

svmmodel = fitcsvm(dataTrain,grpTrain,...
'KernelFunction','rbf','Standardize',true,...
'‘OptimizeHyperparameters','auto),...
'‘HyperparameterOptimizationOptions',opts);

[grpPredict,scores]=predict(svmmodel,dataTrain);

[X,Y, T,AUC,optcutpt] = perfcurve(grpTrain,scores,'G1");

cm =confusionmat(grpTrain,grpPredict);

o
[ %]
{

0.25 ~

<
]
!

0.15 |

10°

Estimated objective function value

KernelScale BoxConstraint

http://cflu.lab.nycu.edu.tw, Chia-Feng Lu 13



Fundamental Architecture of DL

http://cflu.lab.nycu.edu.tw, Chia-Feng Lu 14



MATLAB Deep Learning

inputlL =

convl

relul

layers =

[inputLl; convl; relul];

reluLayer('Name’, 'relul');

Igraph

analyzeNetwork(net)

Analysis date: 15-Jan-2020 19:23:23

. ImagelnputLayer

Y
® Enco...
\
® Enco...
® Enco...
® Enco.-.
® Enco...
/-Eu{:_gﬂ...
™~
Enco... ]
® Enco..-.
® Enco...
® Enco..-.
® Enco...

® Enco..-.

-

550

layers

0A

warnings errors

oo

ANALYSIS RESULT (]

Mame Type Activations Leamables |
1 Imagelnpuil... | 3-D Image Input BO=BO=B0=d - -
B0=80=B0=4._.
2 | Encoder-5ta... | Convolution BO=B0=5@=32 Weights Fx3=3:
32 3x3x3xd .. Bias 1xl=1:
3 Encoder-Sta... | Batch Mormalization | 88=8@=30=32 Offset 1xl=l«:
Batch normal... Scale  1xlx]x!
4 |Encoder-Sta... RelU B80=E@=50%32 -
RelLU
5 |Encoder-Sta... | Convolution BO=B0=50=54 Weights 3x3=3:
B4 3x3x3x32... Bias 1x1x1:
G Encoder-Sta... | Batch Normalization | 8@=80=38=564 Offset 1xl=lxi
Batch normal... Scale  1x1x1xi
7 Encoder-Sta... | RelU BE=BO=3@=5d -
RelLU
% |Encoder-Sta... | 3-D Max Pooling AG=AB=AB=5] -
2X2%2 max p...
o |Encoder-Sta... | Convolution AQ=Af=Af=fd Heights Fx3s=3:
B4 3x3x3x64. .. Bias 1x1x1:
10 | Encoder-Sta... |Batch Normalization | 4@=4@=4@=64 Offset 1xlxlxi

Batch normal...

Scale  1xlxlxiw

<« I —— v

image3dInputlLayer(inputPatchSize, "Name', "input');

convolution3dLayer(NumChannels,NumFilters, "Name', "convl’);

4 Figure 1

File Edit View Insert Tools

Desktop  Window Help

Dede @ 08| k@

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

Layer

imageInputlayer
ﬁ‘ image3dInputLayer

sequencelnputlayer

E roilnputlayer (Computer Vision Toolbox™)

Convolution and Fully Connected Layers

]

l—ﬂ convolution2dLayer
convolution3dLayer
groupedConvolutionZdlLayer
transposedConv2dLayer
transposedConv3dLayer

fullyConnectedLayer

WEARRDAE

H
=
@
=
o
]
]
w

]

sequencelnputlayer

1stmLayer

bilstmLayer

seguenceFoldinglayer

seguenceUnfoldinglayer

flattenlLayer

‘ clippedRelulayer

EeluLayer‘
EtanhLayer‘

m prelulayer (Custom layer example)

- Normalization, Dropout, and Cropping Layers

Layer

1 E batchNormalizationLayer

crossChannelMormalizationlayer

E dropoutLayer
crop2dLayer
E crop3dLayer

Pooling and Unpooling Layers

Layer

| Haverager]ingZdLayer
l ﬂaveragerling3dLayer

| H globalfveragePooling2dlayer

concatenationLayer

weightedAdditionLayer (Custom layer example)

Object Detection Layers
Layer

E roiInputlayer (Computer Vision Toolbox)

roiMaxPooling2dlayer (Computer Vision Toolbox)
regionProposallayver (Computer Vision Toolbox)
rpnsoftmaxLayer (Computer Vision Toolbox)
rpnClassificationLayer (Computer Vision Toolbox)

rcnnBoxRegressionLayver (Computer Vision Toolbox)

sy

Jutput Layers

Layer

m softmaxlLayer
classificationLayver

regressionlayer

pixelClassificationLayver (Computer Vision Toolbox)

https://www.mathworks.corﬁ/help/deeplearning/ug/list-of-deep-learning-layers.htmI

L

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

Model Size Top-1 Accuracy Top-5 Accuracy Parameters Depth
Xception 85 MB 0.7%90 0.945 22,910,480 126
VGG16 5286 MB 0.715 0.901 138,357,544 23
VGG1? 549 MB 0.727 0.910 143,667,240 26
ResMNet50 99 MB 0.759 0.929 25,636,712 168
InceptionV3 22 MB 0.788 0.944 23,851,784 159
InceptionResNetV2 215MB 0.804 0.953 55,873,736 572
MobileNet 17 MB 0.665 0.871 4,253,864 88

Reuse Pretrained Network

Load pretrained network Replace final layers Train network

Early layers Training images
e Last layers that New layers to learn
N learned task features specific b &3 Training options
( ) specific features to your data set
=S = = L 2
1 million images Fewer classes 100s of images
1000s classes Learn faster 10s of classes

https://www.mathworks.com/videos/interactively-modify-a-deep-learning-network-for-
transfer-learning-1547157074175.html

Import and use the
pre-trained networks

Predict and Deploy results
assess network accuracy

Testimages

'

—)

17

Improve network



MATLAB App Designer (GUI)

7]

camas v

App packages or Web Apps for sharing.

] Genger v CODE BROWSER | COMPONENT BROWSER
: M Cailbacks | Functions | Properties o - | Plate Browser | Summary Tables |
G n 3 r 75 Callbac
[30] ) 23] : | Female | Sosrch Plag | . s
it Pcker Drop Down it Fiekd : & startugFen . - Select Files Current File: | microtiter_data0001.csv
fumerd B EXOCE RN ShiervalueChanging 7 % Cod
. - : systosc (T vasionc 2 0 retreshpiot ;: f""‘; Microplate Plot 120 EC50 Curves
(e :""‘ A -] 81 1 100
EotFe (Test)  Imags Lot Piaiting Options '50 82 A
ey 1 B2 X
'm 84 E B a0
- po— I Histogram 85 a
= HH i o o 4 C
List Box Fladio Bution Sicer Bin \Widih E =
Geoap — e &8 H D & =
Illtllltihl =
1234567885100 89 u E n
= TH] 58 = i L
|F_ % [rn T 1 91 - end @ =
Spminer Fagte Bullon Tatle w LAYOUT | o =
e 23 X val
_...— Pt I 94 funct G 20
= 51 =. LS |
E = i o 1 H
Tesd Acea wm Tewe 97 - ki 0 20 L L L L L L L L
e . 3 2 14 0 1 2 3 4 5 &
R — o Il ot | PreviousFile | [ MextFile | Clear selection Log [Compound)
— 181
(=== — ™ . : | 102 % Cal
= L= { | x a i
14 o B |12 - File Compound Nr | NegControl Conci Conc2 Conc3 Concd Conch Concé Conc? Concé
microtiter_d... 1 -0.074 0.3564 9.8759 56.8743 91.7323 96.7084 97.1532 971910 a7.1%40 -
microtiter_d_. 2 -0.0143 -0.5044 -0.5044 -0.5044 -0.5044 -0.5044 -0.5043 -0.4544 17.0436
microtiter_d... 3 0.0054 -0.4702 3.1998 52.9628 97.5746 100.5006 100.6086 100.6086 100.6086
microtiter_d_. 4 0.10%6 0.2325 0.2385 0.3712 3.2339 41.1060 94,7343 100.6581 100.9487
microtiter_d... 5 -0.0572 -0.7461 1.7104 26.8872 34.5134 99.2335 100.4717 100.5601 100.5700 -
. . 4 »
https://www.mathworks.com/products/matlab/app-designer.html
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Basic Requirements for DL

 MATLAB 2021b or later

o Statistics and Machine Learning Toolbox
* Deep Learning Toolbox
« Computer Vision Toolbox

* GPU computation GeForce RTX 3090 8.6

« Graphic Card (compute capability 3.0 or better) GeForce RTX 2060 7.5
GeForce GTX 1080 6.1

. https://dev?loper.nvidia.com/cuda-gpus#compute GeForce GTX 960M 5.0
« CUDA Toolkit 10.1 or later GeForce GTX 650 3.0
« https://developer.nvidia.com/cuda-toolkit GeForce GT 730M 3.0

http://cflu.lab.nycu.edu.tw, Chia-Feng Lu 19



* Being familiar with ML/DL and the usage of MATLAB
functions
« Data formats (datastore, table arrays, ...)
» Data preparation (labeling and cross-validation partition)
 Clustering, regression and classification functions
* Tuning parameters and validating model performance
* Deep Learning Usages and design
» Using and creating MATLAB apps (GUI)
 Project-oriented/team-based learning

* Having primary hands-on experience of machine learning



) \

THE END

Contact:
alvind016@nycu.edu.tw

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