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Europe Asia-Pacific

Finland Australia
France China

MathWorks

North America Germany India

Ireland Japan
United States Italy Korea
Netherlands Distributors
Spain serving 20+
Headquarters Ssweden countries
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Al-driven system design

Data Preparation Al Modeling Simulation & Test Deployment

. Embedded devices

.|||.|||. Data cleansing and @ Model design and Integration with

preparation tuning complex systems

. == Hardware : :
@ Human insight e Ccelerated training _DEI System simulation

% Enterprise systems

¢ Edge, cloud,

Simulation- * Interoperability — X System veggggon desktop

generated data —+Vv and validation

N T 4 |
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Up to 2019

Toolboxes

+ Statistics and Machine Learning Toolbox
» Deep Learning Toolbox

» Text Analytics Toolbox

» Reinforcement Learning Toolbox

» Predictive Maintenance Toolbox

Apps

» Classification Learner

» Regression Learner

+ Diagnostic Feature Designer
* Image Labeler

* Deep Network Designer

* Video Labeler

» Signal Labeler

AutoML
e Feature Selection

Code Generation
« GPU Coder
+ MATLAB Coder

Interoperability
» TensorFlow-Keras Importer
* ONNX Support

Evolution of Al in MATLAB and Simulink

2020 - 2022

Accessibility
* Deep Learning Model Hub

Apps / Live Tasks

+ Experiment Manager, Lidar Labeler

* Reinforcement Learning Designer

+ Clustering and dimensionality reduction
Live Task

AutoML
* Automated model selection/tuning
» Automated Feature Engineering

Compression and Code Generation
* Quantization, Taylor Pruning

» Deep Learning HDL Coder

» TensorFlow Lite

Explainability
* LIME/Shapley

Interoperability
* TensorFlow Model Importer, Exporter
* PyTorch importer

Machine Learning
* Incremental Learning, Boosted Ensembles
» Anomaly Detection, Drift Detection

Model-Based Design

» Image Classification & Model Prediction
* Recurrent Neural Networks

» Object Detectors & Predict Blocks

Compression
» Taylor, Projection Pruning

Deep Learning

» Transformers

« |L-BFGS solver

» Flexible end-to-end neural network workflow

Explainability
+ Fairness in Machine Learning
 Visualization with D-RISE

» Al chat playground
+ Connectors to OpenAl APls

Interoperability
» Co-execution blocks in Simulink

Machine Learning

» Direct Forecasting with Regression

* Incremental Anomaly Detection

» Machine Learning in System Identification Models

Verification

» Qut of distribution detection (OOD) & code
generation support

* Robustness



Get Started with Domain Specific Examples

Examples are how engineers and scientists learn to apply Al to build
Deep Learning Applications & Machine Learning Applications

- Computer Vision (Image & Video)
. S|g nal Pro CeSS|n g Statistics and Machine Learning Applications

Apply statistics and machine learning methods to industry-specific workflows
° I ext Statistics and Machine Learning Toolbox™ provides tools to describe, analyze, and model data. Apply these tools, in combination with
other MATLAB® toolboxes, to perform industry-specific workflows. Some of the application areas include:

- Aerospace — Explore radar and other signals, detect anomalies, and build predictive models.

o / \u d IO + Biotechnology and Pharmaceutical — Analyze clinical data, and perform modeling and simulation for drug discovery and
development.

and Signal P ing — Classify audio and other signals, and model wireless devices and integrated circuits.

- Controls (including Reinforcement Learning) . By Prodacir—

+  Industrial Automa Appllcatlons R2023b

° P red ICt Ive M al nte n a n Ce . enufRauing b Extend deep learning workflows with computer vision, image processing, automated driving,

Medical Devices - . . . 1
applications while signals, audio, text analytics, and computational finance

- Autonomous Navigation e na o | A . . | y
Use Deep Learning Toolbox™ to incorporate deep learning in computer vision, image processing, automated driving,
. . Aerospace signal processing, audio, text analytics, and computational finance applications.

° CO m m u n I Catlo n S Radar Target Classifi
Classify radar returns
. . . Categories
- System Design (Simulink) 9

Biotechnology 2 Image Pr ing and Computer Vision

Wl rel eSS High-Throughput € E)stgnd dee:)_ Iegrnlng workflows with image processing, computer vision, medical imaging, lidar, and automated
¢ Gene Expression Pro! nvingapplications
This example shows .
Signal Processing, Audio, and Wireless

° B | Ote C h & P h ar m ace utlcal Extend deep learning workflows with signal processing, audio processing, wireless communications, and radar

processing applications

. F | nance Autonomous and Control Systems
Extend deep learning workflows with reinforcement learning, predictive maintenance, and autonomous navigation
. applications
- Energy Production
- Manufacturing

Text Analytics and Computational Finance
Extend deep learning workflows with text analytics and computational finance applications

. Over 500+ examples! 10
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https://www.mathworks.com/help/deeplearning/deep-learning-applications.html
https://www.mathworks.com/help/stats/statistics-and-machine-learning-applications.html
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MATLAB AP (%137) MATLABA DT TEMATLAB O
MATLAB Onramp Core MATLAB Skills HERE
Build MATLAB
EREMATLABIE IS Proficiency

Advanced MATLAB Programming Skills o
https://pse.is/aimap

ARBRIEAFT FAREEEEPE *EBRE IPCV

| P ing O g Image P ing with MATLAB s G ER BERE
mage Processing Onramp 5 A S age Processing wi A
Statistics O
SRR AP ce e ) SRR IR B REEE RERR
Signal Processing Onramp Signal Processing with MATLAB BARAEPE AOEEZE
SRS AP il it
C Fitting O
RAE(L AP SEaliE e B R IR B
Optimization Onramp Data Analysis with MATLAB AI §El:l % I;BEEE Eﬁ;g
5N A
— EihXE/ R /RIS T
MATLAB AlzRT2
RESE AP () | ERMATLABETRESBE(ER) |1, . MATLAB
Deep Learning Onramp Deep Learning with MATLAB i BOIE
":; 7 : i ‘
reER 28 AP V| EEAMATLAB#ETHERR 25 (GEME) | MATLABER
Machine Learning Onramp Machine Learning with MATLAB I Pythong‘é

{28 AT

Reinforcement Learning Onramp




MEIIESHRIBEILAI- EiE 4R LiRIZ(56 2 4R LiR1E)

Getting Started
FREE 23153 FREE FREE FREE FREE ‘\é\ FREE
-# &> & i &
. . . Image Processing Signal Processing Optimization Wireless
MATLAB i Reinforcement Machine Learnin
Onram De%p . Learning Onramp Onram ’ Onramp onramp onreme communications
p nramp p Onramp
FREE [ FREE rree [l o

Simulink Control Design Stateflow Onramp Simscape Onramp Circuit Simulation Computer Vision
Onramp Onr.amp. with Onramp Onramp
Simulink
MATLAB Computational Mathematics
MATLAB MATLAB for Data MATLAB Signal Processing SEIV' nig::'"?te;r SOII\DIIinge r?e:ilira]lary . Introduction tq
Fundamentals Processing and Programming with MATLAB quations wi i ) Linear Algebra with
Visualization Techniques MATLAB Equations with MATLAB
MATLAB
|
. . . . : Introduction to Introduction to
Deep Learning with Machine Learning Image Processing . . .
MATLAB with MATLAB with MATLAB Stat|§t|cal Methods Symbolic Math with
with MATLAB MATLAB

© Terasoft, Inc. https://matlabacademy.mathworks.com/



4\ MATLAB and Simulink Training X + - X

& C @& matlabacademy.mathworks.com & a % :

MATLAB and Simulink Training

Training Overview  Finda Course v  Get Certified =~ Training At Your Facility ~ More « » My Courses K3 Contact Training

Core MATLAB

MATLAB Fundamentals g View/Share Certificate
Learn core MATLAB functionality for data analysis, modeling, and programming. € Settings and Quick Reference
Access Expires : 2020/8/31
4\ MATLAB and Simulink Training X + - X
4\ MATLAB and Simulink Training X =+ MATLAB for Data P < C @ matlabacademy.mathworks.com B a # H
Create custom visualizations -
< C @ matlabacademy.mathworks.com R - MATLAB and Simulink Trnining Search MathWorks.com _
MA and Simulink Training Training Overviow | Find a Course ~  Gel Certified | Training At Your Faciity | More = » MyCourses KA ContactTraining
Training Overview ~ Finda Course v  Get Certified  Training At Your F MAT LAB Prog ramimj
- Data Science
Geh‘lng Started Improve the robustness, flexi
Access Expires : 2020/8/31
Machine Learning with MATLAB Q ViewShare Certicate
il Explore data and build prediciive modls. © Setings and Quick Reference
Get started quickly with the basics of MA| MATLAB for Financ | PR
Launch s
Learn MATLAB for financial d 8
ACCES 2020803 Deep Learning with MATLAB View!Share Certicate
i i Access E 020/8/31 L h
[ Details Simulink Onramp N s £3 Settings and Quick Reference

Learn the theory and practice of building deep neural networks with real-life image and sequence data.
Get started quickly with the basics of Sin N .

Machine Learning Onramp DCITG Science

Leam the basics of practical machine led COI‘HPU'U?\OHGI Mathematics

H H Introduction to Symbolic Math with MATLAB R View'Share Certificate
’ Machine Learning v =3
Deep Learning Onramp M 9 Get started quickly with an introduction to symbolic math. £ Settings
Get started quickly using deep learning rf Explore data and build predic| 1 % A
'
. . 1= vi i ions wi View/Share Certiicate
———— Stateflow Onram /O TEEER A FERES Solving Nonlinear Equations with MATLAB 1 .
[ Details P Use root finding methods to solve nonlinear equations £ Settings and Quick Reference
Learn the basics of creating, editing, and simulating state machines in Stateflow. RS E a1
Solving Ordinary Differential Equations with MATLAB Q Viewshare Cenficate -
len T AR CEE R L G Setiings and Quick Reference -
Core MATLAB .

ﬂ P EBBRAAXFTRES



https://www.terasoft.com.tw/academia/Campuswidelicense/index.asp

MATLAB Online Course Overview

€ MY COURSES MATLAB Fundamentals (2% comples)

E 4.3 Creating Evenly-Spaced Vectors: (4,/8) Use Colon Operator and Linspace

Task 1 HOME LIVE EDITOR

\*\ 3 E
u BJEH?B iﬂﬂ = Z\l_.lml:l I%IJ E’%EE@’A-'EE EF'??HR Task 2 =| & Hoosal = 3, o 9o
— —— Liex
Task 3 Text lf { 1 - Code & v [F] ¢
. . N =i = = =
B SIS £ MATLAB # Simulink 5 aEF. |
TASK . ) EvenlySpacedVectors.mix * x|+
Create a variable named x that contains the at a time
- = Ak =1 B row vector shown below. '
m RIEIR EBIRIRER DRSS
3 5 7 9 11 Task 1
1 X = 5:15
4\ MathWorks | Training Services Hint ' See .SOIUNOH Reset
Course Completion Certificate Course Quick Reference TﬂSk 2
[ - Test Results: Correct! 2 X = linspace(5,15,13]§
has successfully completed 100% of the self-paced training course
Simulink.Onramg V' Is x defined correctly?
AP v Does script not contain square brackets? TﬂSk 3
e 3 x = 3:2:11

15
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MO EZ IR ZE LAl -

- AIBEZE . MATLAB Al Map
MATLAB Al_Map Deep Learning for Other Deep Learning Code Projec

MATLAB Al Self Learning Map

Al Version Update .
: MATLAB Al Integration

Deep Learning for Image * e [@RL_Lab]

No Code & Low Code APPs

© Terasoft, Inc.


https://github.com/MoonUsagi/MATLAB_AI_Map

N EZ=RAURIE LA

Deep Learning Classification

Bulit on 2022/02 by Fred Liu
Major update 2022/5/2, update 2023.05.17 , update to 2024a 2024/09/10

** ° e e . HRA:MATALB: 2022a ~ EHTARZA
E ° F®E 1 B#A: Deeplearning , Image Processing, Computer Vision, Parallel Computing

. DL Basic Classificaiton

j

A

G
HE
I
8

A

\/
rl

#£P% : DL_Advanced RabbitDetect »

Large Language Models (LLMs) with MATLAB

;|- ’
G
W
ly
S
rN
TR

4 Open in MATLAB Online 4k File Exchange

This repository contains code to connect MATLAB® to the (which powers RabbitDetect
ChatGPT™), OpenAl Images API (which powers DALL-E™), ., and both local and nonlocal

models. This allows you to leverage the natural language processing capabilities of large language models

S5 4R B2
° 5 .
directly within your MATLAB environment. Bulit on 2022/02 by Fred Liu
} ) \< Major update 2023.05.17
N °

. New update 2023.12.07(YOLOX,SOLOV2)
Requirements - & b

\/
rl

.
N
W

MathWorks Products (| | ATALB: update to 2023b,minimum vervion 2022a.
eeplearning , Image Processing, Computer Vision, Parallel Computing

O LIS LN (el eren (R D G S £51: YOLOV3,YOLOV4 Package & pretrain modle Package

« Some examples require Text Analytics Toolbox™.

3rd Party Products:

>x( EA RS » For OpenAl connections: An active OpenAl API subscription and API key.
'H— /] /] ° : A S MASK-RCNN
 For Azure OpenAl Services: An active Azure subscription with OpenAl access, deployment, and API key.
R % ° s For Ollama: An Ollama installation.
SOLOv2

Setup

|
\/\/
rl

See these pages for instructions specific to the 3rd party product selected: " - "
%Pl Esetup_readme.m (First to read setup_readme )

: TR ) BARGEERE  ERFEERARNEREE

. b
FA » Due to the limited amount of data in the built-in database, the performance of some models may be poorer

during training. The example provides the overall process, but for implementation, it is recommended to use a larger

TEEARE=EE - DL LLMER)

\/
g

N

© Terasoft, Inc.


https://github.com/MoonUsagi/DL_Basic_Classificaiton
https://github.com/MoonUsagi/DL_Advanced_RabbitDetect
https://github.com/MoonUsagi/DL_Exten+
https://github.com/MoonUsagi/DL_Num
https://github.com/matlab-deep-learning/llms-with-matlab
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Low Code Al P ==EN \
= [=P4
1. Low Code APP TR 1EE
BpETE
Dero Gote ¥ :Fﬁ?icoomw =518 FARICODERS) =5 BRBCODERS) 2. - =) ﬁg K JEH S COd e %:‘ EU
FE H!H#"ﬁzz[:e!g:ﬁ I:;t\érrk Designer ﬂﬂﬂgizgz—atgglgcg:on Learner el , b o
- wmﬁ,ga _ 3. Image / Deep Learning =1ES R
e e
el 723 s ol 500 4. MATLAB Integration
2022aF5#7 | ZEZE (Deep 2022277 | HBEE ;212 Z(Reinforcement 5 j:j' =l E¥ﬁ H=. . .
Network Designer) - MATLA... (Classification Learner) -... Learning) - MATLAB=7#5...
Y
=587 R ECoDER S =58 FMCODERS) a0 GU48: ﬂlﬁ*mucoozwj =538 F FIRCODE £ 51 =587 FRCODERS!
FIE 5 19 3R - Deep Network Designer 1428 B E8 - Classification Learner
3 L 25 MReinforcement Leaming Designer RESRBSMIGR - Experiment Manager 20222 EH AL 202222 H A &I nm;mna::g - Medfal Image Labeler
= = ‘ Qh‘n mﬁl‘ﬁi

202225 %7 | HBREE
(Classification Learner) -...

2022aE3%7 | FEZZ(Deep
Network Designer) - MATLA...

RESEESHEE

(Experiment Manager) -...

i£{EZZ(Reinforcement
Learning) - MATLAB=%#&...

. .

Deep Learning p =HEN

MATLAB 2024a Al E# T 42

REBRBRIZ+=

LLMs with MATLAB
™ els (LLMS) with MATLAB ®

REBERIZTH REBRBE25122)\(6)

RabbitDetect W17 ¥l

SOLOv2
=1

MATLABZEZE 7)1

MATLAB 2024a AIEZ7/T42

ErgAI-MATI AR

MATLABZEEZEE Z+=
LLMs with MATLAB

MATLABFEFELLM » &
ChatGPTZ87MATLAB

MATLAB# E% Z‘!‘:L

EEEFEDL. (6)RabbitDetectE 4|7 2| E...

ESFER
Image Labeler) - MATLAB—=...

2 T E(Medical




MO EZ IR ZE LAl -

« 1. BERRZAIFE FT7T4R(2023b~ B 71 hR)

« 2. MATALB EIRE 5 £ 5!/(ERPython,C++,CHHET)

= 3. MATALB & Code % %!/(MATLAB Code#& C/C++, CUDA, RTL)
« 4. FEEFZE(AOI Lab, IPCV_Lab)

Yo 2 3 A 47D
5. @& 59T 4

" IZR I+ H
= / m e .
BAFREIE RS E(Load Data & Splits Dataset )
FREENNE
dsPCB = imageDatastore(datadir,IncludeSubfolders=true,LabelSource="foldernames"); i
. Summar‘y(dsPCB.Labels) AnomalyImage = imread("D:\Fred\MATLAB_Project(myself)\AnomalyDetection\VisA_20228922\VisA_20220922\pcb4\Data\Images\Anomaly\@26.IPG");
0% ¢ displayRange = [0,162];
T - map2 = anomalyMap(detector,AnomalyImage);
o QAL " . A Anomaly 18’5) image2 = (anomalyMapOverlay(AnomalyImage,map2,MapRange=displayRange,Blend="equal"));
} J TH | 2 Normal 1005 Figure, inshou(insge2)
= = — ] 79!
h e ]ﬁ u% [ | SEIRAIER - BE . FREENE
B U i/)/ [dsTrain,dsval,dsTest] = splitAnomalyData(dsPCB,"Anjomaly”);
FEDE = ’
i —— Splitting anomaly dataset
Upsampies, ™ = mmeeemseeseeemeeeeeeeeee.
"Pling * Finalizing... Done.
* Number of files and proportions per class in all the datasets:
s \ S " ks 4 S a2 4 Py as Input Train Validation Test
FALAZI U EEREPHNEEEREBEA) - MR LB EANE NumFiles Ratio NumFiles  Ratio  NumFiles Ratio  NumFiles Ratio
B . MEIEREE FAREAZEERAEDRVEEBEALNT - 18
S 2 R ) 52 1 BAEY . WEERTEN i % . Anomaly 100 0.090498 2] ] 34 0.25373 66 0.24627
ERASANRBRIORAEN - LEERIHOER LHRNRE Normal 1005 0.9095 703 1 100 0.74627 202 0.75373

’ splitAnomalyData22023af7 L #function - BHEEXE— T - ERENER
1% &1 AimageDatastore® - B F]HsplitAnomalyDatatZ|HFIARE K - B
© Terasoft, Inc. wER - BEAEER BRI ATULHEERIER D EINEE -




Overview Repositories ' 28 Projects Packages Stars 16

£

Al_lmages_Map
Al and image learning map

Deep Learning

Usagi (Fred Liu)

_. . - - MATLAB Integration
Linktree : linktr.ee/FredLiu

GitHub : MoonUsagi

YouTube : FredItMATLAB 3= : @FredMATLAB

Medium . @FredLiu

MATLAB APPs

20
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https://www.youtube.com/redirect?event=channel_description&redir_token=QUFFLUhqbnQ4ZnN5Ti1NQUE1VjFPb2xGX21tWVRCRTU4Z3xBQ3Jtc0ttVTlDWDNyUzdqdVJTQXl3a0dyMXBJX0hwM2xDUTNhYllad29WY2Fvdm9QRXdNM0VWa2l4NjdjNDhyUFhfUFhKdVJUcUI0QjlzWHZqVGlaeUJnQkZuZUF0TTJDREZFSUtKZG9QV1VtV2lHeWFaYnk1SQ&q=https%3A%2F%2Flinktr.ee%2FFredLiu
https://github.com/MoonUsagi/
https://www.youtube.com/@FredMATLAB
https://medium.com/@FredLiu_
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Factories now — Status quo

The “trusted” methods, but will continue to increase burden on workers

. R - EEM
- BEIEN BRIz A — AR B
. OJEEMLAZEEX . REUBARBEBUAIA
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— EFEB & — 2O B
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Factories now — Frontrunners

= System =  Connectivity
— Autonomous systems: Collaborative — Digital twin
robots, AMR/AGV . Offline teaching, optimization of sequential
. Adaptive robots that work in dynamic actions
environments with humans — |nte||igent |0gistics
« Saves space and easily reconfigurable . Efficient operation of autonomous systems
— AR Picking — Predictive Maintenance
- Humans using AR for guided picking « Using data to pre-empt failures and reduce
= Technology downtime
— Semi-autonomous technologies = Infrastructure
. Al and deep learning utilization (inspection, — Cloud computing
sorting, etc.) . Factory-level data aggregation, analysis,
— Visualization / AR/ VR utilization
- Maintenance, training — Energy Management

« Optimization to meet factory needs

— OT (Operational Technology)

« Single factory level monitoring, optimization

24

© Terasoft, Inc.



Factories in 5 years — Holistic optimization with Industrial loT

Cybersecurity |

ﬁh p T B

Cl
Factorv A LOC&| SG FO ~
,,— m =
4 , AN
// ’/ ’ \\

. S, N S,

R A NN
’ . [ \ \ ~
4 roy I \
! NN
RN [ Y
: \
’ ! [ \ \ \

Cloud + Al

Factory level Global level

* Condition monitoring ~ «  Sharing optimizations
* Predictive maintenance . Enpergy Management
» Digital twin

» Intelligent logistics

4_| Al Optimization Factory X

l
$‘ Factory Y

Factory Z

. l Local Optimizations
Configuration changes

© Terasoft, Inc.



2 T ¥ — Barcode/OCR/Seven-Segment Digits

Barcode detect _ Seven-Segment Digits

androidVisionBarcodeRec gt
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Classify Using Grad-CAM Anomaly Detection Graph Classification

Predicted Class Sensor Failure Anomaly Detection Input
- ‘ N’I 10 | |nWl LR
£ \'N'*q',f i ; 2 st -—*\"omalmls o L Features
8- c =
52 5 .M Preprocess |—>
%0 20 4 6 8 140 160 180 o ‘“‘ L"“’”J ey ' o Adjace_ncy
Time Sleps ” . ¢ = o W Matrix
o~ * g & 10
22| MM - 2 |
= o~ 'YVA / \ \ - 5° ~ py
2o v » w W UWV‘ "V ‘ é & o} ,\N\f r”vJ\r
0 20 40 60 80 100 120 140 160 180 04 S O 140
T St c 4
ime Steps 10 ‘| Predictions
2 (2] " L
« ) E 5F - ||CH "
5 0 MM Mﬂ /\/m fww F LU 02 : WA \ . GAT —>| Postprocess |—"cs2"
§-2 5o\ L SN A MW [ | cH2
S 4 S/ L e I
- 0 0 20 40 60 80 100 120 140
0 20 40 60 n&f(‘)‘e SILO;)S 120 140 160 180 Time Step
27
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BHEESSER BARSRER T Rt wl e FEH

4] Figure 8: Point Cloud Player - a X

File Edit View Insert Tools Desktop Window Help N

Ddde @ 06| RE

Segmented Ground Plane of Lidar Point Cloud

" 5 Fogure 3 Pomt Cloud Playes
i _, Fle € Dy
i oo 2
Wy e v
- i b . -
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Original Augmented

MEDITATIONS
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2-D Convolution Layer (7x7) Expand 3-D Convolution Layer (7x7x7)
filter size, weights, and bias
Filter size:[7,7] to temporal dimension Filter size:[7,7,7]
size(Weights):[7,7,3,64] P size(Weights):[7,7,7,3,64]

size(Bias):[1,1,64] size(Bias):[1,1,1,64]

Video

Network

Inputs

Video

Video

Video &
Optical Flow
data

Size(MB)

Classifications
(Human Actions)

400

Description

Faster convergence than
Inflated-3D

Faster convergence than
Inflated-3D

Accuracy of the classifier

improves when combining
optical flow and RGB data.
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162 ZIL 131 ZSU-23/4 . SLICY

BRDM_2: (Confidence = 0.99)

T62: (Confidence = 1.00)

2SU_23_4: (Confidence = 0.92)

ZSU_23_4: (Confidence = 1.00)
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Low Code Design Al

Data Preparation

||||||‘|| Data cleansing and
preparation

9 Human insight

_D\il Simulation-
generated data

Labeler A_PP
5 =

Image Labeler Lidar Labeler

Bol 2

Ground Truth
Labeler

N

Medical Image
Labeler

Video Labeler

Signal Labeler

Al Modeling

% Model design and
tuning

== Hardware
[_eH ] © o
—a3  gccelerated training

* Interoperability

Al Modeling APP

Regression  Reinforcement: Regression  Reinforcement

Learner Learning Des... Learner Learning Des...
& & & &
Neural Net Neural Net Neural Net Neural Net
Clustering Fitting Pattern Reco...  Time Series

Simulation & Test Deployment

Integration with
complex systems

. Embedded devices

'Dh System simulation % Enterprise systems
— X System verification 'O, Edge, cloud,
—+V and validation - desktop
Al Simulation APP Deployment APP
& 8 o) b o &
Deep Network  Experiment GPU Coder HDL Coder MATLAB Coder  Web App
Quantizer Manager Compiler
Application Hadoop Library Production
Compiler Compiler Compiler Server Comp
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Initial release R2018b
Automatically generate code R2019a
Import Data & Train Networks R2020a
Import pretrained networks R2020b
Timeseries support R2020b
Export to Simulink R2021b
Create experiments for Experiment Manager R2022a
Import networks from PyTorch and TensorFlow R2023b
Access network analysis results programmatically R2024a

Deep Network Designer

kkkkkkkkkk

eeeeeeeee

Deep Network Designer app to build, visualize, and
edit deep learning networks

40
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Find the Optimal Network Using Experiments

Design and run experiments to train and compare deep learning and machine learning
models under multiple initial conditions.

- Sweep through a range of hyperparameter values
- Compare the results of using different data sets

- Test different deep network architectures and machine learning models

Experiment Manager App (since 2020a)

Train networks in parallel
Bayesian optimization
Custom Training Experiments
MATLAB online support

Offload experiments as batch jobs

Export to Experiment Manager from regression learner and

classification learner apps

Delete multiple experiments and results

Available in MATLAB

R2020b
R2021a

R2021a
R2021b

R2022a
R2023a

R2023b
R2023b
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Experiment Manager app to manage multiple deep
learning experiments, analyze and compare results and

code 41
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Local Outlier Factor

® Data
©  Anomaly Scores

Detect Anomalies using Machine Learning Mode.

2,
Train models using normal data, use models to detect outlier points )
One-class Support 2
Vector Machine
) . (ocsvm) adl
Isolation forest models for anomaly detection R2019b i
T B -5 0 -X outlier | °
q 9 O—
Local outlier factor calculation R2022b 1 8%@ - g = e s
O @® il © N Dogh ' '
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datasets due to primal solver. gos_ v Y ety
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Signal Processing Toolbox B ] F o m a0 00 00 w00 w00 7000 6600 000 0000
18| 2 Detected Anomalies
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What’s New in Reinforcement Learning

4R rning Data Viewer

Ease of use
o Input normalization (R2024a)

o Normalize inputs of actors and critics for more stable training

o Reinforcement Learning Data Viewer (R2023a) W

1 Visualize logged data with this new interactive tool

RRRRRRR

Jalue
Run [logs]
RandomScalarData
L] Logging Rate
DataType ~ |double
L]

= Improved training algorithms (R2024a)
— Improve training results using updated algorithms for DQN, DDPG,
TD3, SAC, PPO, and TRPO

= Evolutionary reinforcement learning (R2024a)

— Train agents in series or in parallel using evolutionary strategies for
increased computational efficiency

- Multi-agent reinforcement learning (R2023b) = 1 B EE
— Train multiple agents in a MATLAB environment

Fitness Index, Experiences
43
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CEM-RL

Off-Palicy
Actor-Critic RL (SAC,DDPG,TD3)




Leverage Application Specific Reference Examples

Al Modeling

Model design and
tuning

403 Hardware
[_oH e 2 ¢
93 accelerated training

Interoperability

© Terasoft, Inc.
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Predictive Maintenance Geospatial Analysis Lidar Radar
Anomaly Detection and Condition Hyperspectral Image 3-D Point Cloud Object Waveform Classification
Monitoring Classification Detection

A

Wireless Comms Controls Systems Computational Finance Automated Driving

Data Synthesis for 5G Channel PID Tuning & System Scheduling Trading & Risk Management Pedestrian & Vehicle Detection
Estimation

Robotics Visual Inspection Audio Medical Imaging

Path Planning & Process Defect Detection Speech Recognition Tumor Detection
Optimization
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MATLAB Al Chat Playground S

& mathworks.com
= @ MathWorks: HH
= Experiment with an Al assistant

alongside MATLAB ® - ST

CODE RUN
Hello! Whether you're checking out MATLAB for the first time or

have been using it for years, I'm here to answer your questions and
provide coding tips.

. Please keep in mind that Al sometimes writes code and text that
= G e n e ra te fl rSt‘d ra ft IVI AT LAB CO d e seems accurate, but isn't. Al does not yet have knowledge of
features delivered after June 2021 and only limited knowledge of

O r a S k q u est io n S Simulink and specialized toolboxes. This is a space for

experimentation. Try it, verify any resulting code, and kindly give
"7 or P on the results to help improve the responses.

Determine whether a matrix is sparse

’ Create some data, construct a grid of query
= Powered by the ChatGPT API’s

points, interpolate on the grid, and plot the
results

Highlight contours at particular levels

= Learn more in this blog post

Send a messIge... B

Generated code and text might be inaccurate. Validate before use. About
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https://blogs.mathworks.com/community/2023/11/07/the-matlab-ai-chat-playground-has-launched/
https://www.mathworks.com/matlabcentral/playground/

) @ MATLAB

4

MATLAB

®

Discover MATLAB® with the official MATLAB GPT by MathWorks.
Learn about valuable resources, save time building with MATLAB,
get answers, and stay up to date with the latest features.

L, Create an What are the Smooth a How do |
animation of latest features noisy dataset get MATLAB?
a sine wave of MATLAB?

0 =S4 MATLAB

ChatGPT DIRES R4 R - FEREEEH «



Co-execute with Open-Source Frameworks

Co-execution enables users to combine MATLAB, Simulink and with TensorFlow or
PyTorch for parts of the Al workflow

MATLAB 4 X h
\ TensorFlow PyTorch
Import and Export models through: v L JL B
Co-execution Examples (GitHub) R2022b Image Classification in MATLAB Using TensorFlow
Execute Python models in Simulink R2024a Hyperparameter Tuning in MATLAB using Experiment
— Manager & TensorFlow
Scikit-learn Custom
Python LI Python
Y x 4’9. yith  Yint @Jom >
TensorFlow PyTorch ONNX
Python Python Python
A outt b Fin1 outip Nint Outt P

47

© Terasoft, Inc.



https://github.com/matlab-deep-learning/Image-Classification-in-MATLAB-Using-TensorFlow
https://github.com/matlab-deep-learning/Hyperparameter-Tuning-in-MATLAB-using-Experiment-Manager-and-TensorFlow
https://github.com/matlab-deep-learning/Hyperparameter-Tuning-in-MATLAB-using-Experiment-Manager-and-TensorFlow
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MATLAB £8_HEEER R
4%(MATLAB Grader)

1 syms g x; ir
2 g=piecewise(x<

=subs(g, x, 2)

g : Fix This Solution My Solutions
Learner Status Learner Solutions

Status Summary 7] Solved:
564 Learnar v the ¢ 3 240 Learners
® All Solutions T s Submii

Sul ions Require
Problem

0% (20%)

20% (20%)

20%

Total: 80%
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INTRODUCTION TO PROGRAMMING WITH MATLAB

Assignment 1: Convergent Series
Background

In mathematics, a series is the sum of the terms of an infinite sequence of numbers. A series is
convergent if the sequence of its partial sums tends to a limit; that means that the partial sums become
closer and closer o 3 given number when the number of their terms increases.

For more details, please refer to the Wikipedia entry on G Series.

Problem 1b: Estimating the value of Pi using Leibniz Series - Due 9/1
One of the methods to estimate the value of m is to use the Leibniz series expansion to a reasonably
large number of terms and use the expression below to estimate the valus of 1T

1
=1) A
el =)

-1 15 k-1

1

1
5

LaTexc: \pif4 \approx 1 - 1/3 + 1/5+ = \sum_{k=1}*{n} [-1)*{k+1} \frac{(-1}* (k+1}}{2k-1}

Using this expression, write a script to estimate the value of i using N terms. Your code should include
the following variables:

N % Number of terms used in the series expansion
estPi % value of n estimated using ‘N’ terms in the series.

Determine a value of N that ensures that the estimated value of 1 is within 0.1% of the actwal value.
Start with 10 terms, and increase or decrease the number appropriately to adjust the estimate.

You can use the Learner Template code provided below to develop your solution.

Learner Template

nTerms = ; % Number of terms to be used in the series expansion
% <Enter your code here>

estpi = ; % Estimated value of Pi for “N* values.

Check to ensure that:

- the code does NOT use the variable ‘pi’ available in MATLAB.
- the output is numerically accurate for the number of series terms used.

Test Suite 1: Is MATLAB's built-in variable 'pi' being invoked in your code?

Feedback: The variable 'pi’ available in MATLAB is being used in your code. Please retain only your

estimated value of runder the variable name 'estPi'_
Test Suite 2: Is the estimated value of 'pi’ acceptably accurate?

Feedback: Your estimated value doesn't fall within 0.1% of the expected value of m.

MATLAB Grader

CONTENTS

C5U Demo

Reorder Content

¥ Week 1 Homework

Untitled Problem

ADD PROBLEM

ADD GROUP

Collaborate with Instructors

Close

Courses & Content  LMS Integration = License Management =~ Documentation & Support «

CSU Demo > Week 1 Homework >

Untitled Problem

< Back to Add Problem | Introduction to Programming

Vector Creation (Leibniz series terms)

>

hide details.
Consider the Leibniz series:

P Y B O S
35 7T 9

Write a script to generate a vector of the first twenty terms of this series. Assign the vector of
series terms to a row vector variable named LeibnizTerms.

Solve this problem using vectorized code (i.e. do not use a loop in your solution.)

Files Referenced
None

Problem Type
Script
Code

Reference Solution = Learner Template

1k = 08:19;
2 LeibnizTerms= (-1).7k ./ (2 * k + 1);

Assessment

> Test1
Does variable LeibnizTerms have the correct
values?

LeibnizTerms = Reference Solution?

Jeff Alderson ~

Close x
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MATLAB Grader{ FA &g {7l
Assessment: 7] 9

Pretest results are not submitted for grading. To run all the tests and submit the results for
grading, click Submit.

20200708 Webinar MATLAB Grader B> JJ)LJ—2 > 2s81 >
S —— > [FEULFAEENTULSD (Pretest
3cEV AtERa AR < Edit  Actions ~ @ x (Pretest)

> @ yREULLHESNTWLWSD (Pretest)

KT osmEmEnEfid. (MATLABICIR/ \wHRS vy 1EBTASDETA. €
NUFZTTEES TEWFZW)

> @ zZFEULFAEETNTULSH (Pretest)

Tx—6y+10z= 14 > @ NYIORSYSaREDNTLSD (Pretest)

{ Sx—4y+6z=8
dx+9y+T7z=T4

The submission must not contain the backslash operator: \

Learner Analytics
Class Overview Leamer Solutions
Script (2] ( Reset BE MATLAB Documentation Map View Search by last name, code or solutic | i@}
25
1 4 =[5 -46;7 -618;49 7],
1 b = e .
[8514;74]; N
3
4 ¥ = A\b; °
15 ]
5 x = X(1) S
6}r=x{2) a1co ’ oD o o oODOOODOOoDOOOKKQOOOOD
7z =X(3) ® et * =
{ P Run Script J (7] )

Order of arrival
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MATLAB Grader D48 -pRIEE

< Back to Problem

Learner Status Leamer Solutions

Status Summary (7] Solved:

4| m x LY ' — 17 Leamners have accessed the problem 7 Leamners have solved the problem
| | ‘ * ‘ 1 n$ Submissions Required to Solve the ) Average Submissions Required to Pass o
= J Problem Each Test

—- BHERD

[k H:I: A N
5 S
Lo T IXEE : [ .
@ Solved: 41% (7) 2 3 Lcm(;’; 0 * oas
@B Not solved: 47% (8)
No solutions submitted: 12% (2)
- Not Solved:
zi 8 Leamers have submitted solutions but havent yet solved the problem
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: : : f : ] @ Assertion @ Runtime @ Syntax
>¢ £ N View: @ All Solutions © Test Solutions ) Submitted Solutions ] .
— (AR ZE AR RS
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