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Use MATLAB with no downloads or
installations.

Store, manage, and access your files
anywhere.

matlab

drive

Collaborate with others through online
sharing and publishing
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Import 1. ERRIEFNA?

t1 = readtimetable("s3://bucket_name/file.txt"); 2 ZIIJTEIE MATLAB %RL%’;‘{&E'?
Preprocess
t = synchronize(t1,t2,t3);
t = fillmissing(t,"linear");
t = rmoutliers(t);
t = smoothdata(t,"movmedian");
t = normalize(t);
Explore

top5 = topkrows(t,5,"RH");
byTime = groupsummary(t,"Time","year"”,"mean");

scaled = grouptransform(t,“State”,"rescale”);

chgpts = ischange(t,"variance","Threshold",20);
Visualize

stackedplot(t);

geoplot(t.Lat,t.Lon,t.RH);
heatmap(t,"State","AQILabel");
scatterhistogram(t.RH,t.DP); 10
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¥ | Join Tables

- Tab I es: Select data

Left table | orders

- \]Oln Merging variable | QrderlD

—_— Stack Specify join

w | Righttable

joinedData| = Combine orders and items using left outer join

| items

w | Merging variable | QrderlD

| +

— Unstack ® o

Outer Left
Jjoin outer join

@

Right
outer join

®

Inner
Join

®

Join

u Ti metables [+| Combine merging variables |

— Retime (resample) Prspiy resuls
— Synchronize

% Join tables

'MergeKeys ' ,true)

joinedData =

OrderlD
1037
1037
1037
5120
8937

(2 R PR R

[ |Input tables Output table

CustomerlD
'
L
T
"Sanchez’

‘Johnson®

OrderDate
18-Apr-2019
18-Apr-2019
18-Apr-2019
23-Apr-2019

Product

'Petunia Ba...

"‘Gardenias’

‘Gerber Dai...

Tulips'

16-Apr-2019 |

joinedData = outerjoin(orders,items, "'Type', "left’, "'Keys',{'OrderID'},...

Quantity Price Status
1 23.9900 | Delivered
1 17.9900 | Shipped
5] 1.9900 | Delivered
12 0.8500 | Pending
NaN MalN | <undefined=

Join Tables Live Task
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Import

tl1 = readtimetable("s3://bucket_name/file.txt");

&\ MathWorks

Preprocess

= synchronize(t1,t2,t3);

= fillmissing(t,"linear™);
rmoutliers(t);

= smoothdata(t, "movmedian");
= normalize(t);

A+ A+ A+t
1]

Explore

top5 = topkrows(t,5,"RH");
byTime = groupsummary(t,"Time","year"”,"mean");

1. gnqal ;51
2. ¥

P ?

1=

THBERER?

scaled = grouptransform(t,“State”,"rescale”);

chgpts = ischange(t,"variance","Threshold",20);
Visualize

stackedplot(t);

geoplot(t.Lat,t.Lon,t.RH);
heatmap(t,"State","AQILabel");
scatterhistogram(t.RH,t.DP);

14
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Find Local Extrema
|maxIndices|,|minIndice5| = Local maxima and minima in x

Select data

Input data | x v | Xaxis |t v

Define local extrema

Extrematype |Maxima and minima ¥ | Flat selection |Center v |

Max. num. extrema e Min. prominence me
Min. separation Prominence window | Centered v | | 100'%]

Visualize results

[¥| Local maxima || Local minima  [w] Input data

v

Number of extrema: 6

25
Input data
A Local maxima
Local minima
20
F ¥
151
A
100
5 A
]

20

Find Local Extrema Live Task r
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groupsummary

groupcounts

groupfilter

grouptransform

TSR
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T=5x3 table
Gender

""male"
"female"
""male"
"female"
""male"

Smoker

true
false
true
false
true

4\ MathWorks

Weight

176
163
131
133
119

G2 = groupcounts(T,{'Gender’,'Smoker'})

G2=2x3 table
Gender

"female"
"male"

Smoker

false
true

GroupCount

16
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Import

tl1 = readtimetable("s3://bucket_name/file.txt");

Preprocess

= synchronize(t1,t2,t3);

= fillmissing(t,"linear™);
rmoutliers(t);

= smoothdata(t, "movmedian");
= normalize(t);

A+ A+ A+t
1]

Explore

top5 = topkrows(t,5,"RH");

byTime = groupsummary(t,"Time","year"”,"mean");
scaled = grouptransform(t,“State”,"rescale”);
chgpts e

ischange(t,"variance","Threshold",20);
Visualize 1. apfa] AT fR (L B 38 2
stackedplot(t); 2. ST  Z ARG SR ?

geoplot(t.Lat,t.Lon,t.RH);
heatmap(t,"State","AQILabel");
scatterhistogram(t.RH,t.DP); 1
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MATLAB Plot Gallery

MATLAB Plot Gallery

The MATLAB plot gallery provides various examples to display data graphically
in MATLAB. Click Launch example below to open and run the live script

examples in your browser with MATLAB Online™.

For more options, visit MATLAB Live Script Gallery to run live script examples

from the MATLAB Community.

Animation

Contour Plots

Data Distribution Plots
Discrete Data Plots
Geographic Plots
Images

Line Plots

Polar Plots

Scatter and Bubble Charts
Surface and Mesh Plots
Vector Fields

Volume Visualization

Download code

Animation

animatedline

B Launch example

comet3

B! Launch example

4\ MathWorks

Learn the Basics

!
.Basic Plotting
in MATLAB
How to Use Basic Plotting
Functions

comet

B Launch example

MATLAB Plot Gallery

200

100,

Increase in National Indebtedness
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https://github.com/MATLAB-Graphics-and-App-Building

https://www.mathworks.com/matlabcentral/fileexchange?g=Tag%3Achartcontainer
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Save As

Copy as Image

Copy as Vector

Number of Rides

Ride cou

Length of Ride

nts based on ride length and the age of the rider
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Import

tl1 = readtimetable("s3://bucket_name/file.txt");

Preprocess

= synchronize(t1,t2,t3);

= fillmissing(t,"linear™);
rmoutliers(t);

= smoothdata(t, "movmedian");
= normalize(t);

A+ A+ A+t
1]

Explore

top5 = topkrows(t,5,"RH");
byTime = groupsummary(t,"Time","year"”,"mean");

scaled = grouptransform(t,“State”,"rescale”);

chgpts = ischange(t,"variance","Threshold",20);
Visualize

stackedplot(t);

geoplot(t.Lat,t.Lon,t.RH);
heatmap(t,"State","AQILabel");
scatterhistogram(t.RH,t.DP);
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A bunch of
inconvenient files

#EIi=

datastores ()
.|.
writeall ()

4\ MathWorks

A more manageable

set of files

datastores ()
.|.
tall ()
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MANUAL FEATURE EXTRACTION CLASSIFICATION

—+ —{ MACHINE LEARNING

~

CARv

TRUCK X

BICYCLE X

J

CONVOLUTIONAL NEURAL NETWORK (CNN)

95%
3%

2%

CARv

TRUCK X

BICYCLE X
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— Classification Learner app
— Regression Learner app
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Automated Machine Learning (AutoML)
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- o x
cuass CSe0e
e [ @ i E 3+ ¥
New  Festwe PCA fication Optmzsvse |~ advanced | Use | Tiin Scater Comfusion ROCCuwe  Paralid MinClssfication ExportPlot Generste Export
Session'=  Selection Disciminant v | puate Plot Matic CoordinstesPlot  EnoePlot  toFigure Function Model™
Fil TURES TRAI ROTS EXPORT =
rowser WOC Curve % | Confusion Mat el Coordimates
v History
19 Tree oouncy: 940% " Predictions: model 1.4 % P
Last change: Fine Tree 8 tentures 45
. ) Wodei predictons
12 77 Te Acourscy: 94.0%
Last change: Mechum Tree 8 tesures ) * Comn =]
03 ¢ Tras . % loconect =1
Last change: Coarse Trea 4 .
14 Linear Discriminant . Predictors.
Last change: Linear Discriminant - - X SepsLength -
15 " QuadraticDiscriminant Acowscy: 91.3% . ot ¥: o -
Last change: Quaceatc Discriminant 8 tentrss s lee s =
16 7 Nane Bayes sccurscy: 4T% = « s ses = .
Last change: Gaussian Naive Bayes s teaures g 4o . F
17 Nane Bayes Accurscy. 96.0% © L * . b Show Order
Last change: Kemel Nane Bayes ¢ features E‘ . . setosa
af e .e .« se w4 . —
18 SvM Accurscy. I6T% v =] - i
| . es  ssese = r—
» Current Mode . sexes o ®
- . ..
Motel 1.4 Trained . e
25 . .e .
Results . T
4\ Regression Learner - Predicted vs. Actual Plot - o x
REGRESSION LEARNER
= ¥
o @ |l i A= N e S ——
New | Feature PCA Rational | Squared  Matem 5?2 Exponential Advanced | Use | Trsin  Response Predictedvs. Residuals Min MSE ExportPlot Generste Export
Session ¥ Selection ‘Quadratic | Exponential - Parallel Plot Actual Plot Plot Plot toFigure  Function Model ¥
FILE FEATURES MODEL TYPE TRAINING PLOTS EXPORT -
Data Browser [“ResponsePlot_ | Predicted vs. ActualPlot 5 | Residuals Plot_ > |
- Histo
g Legend
B -
112 SVM RMSE 26502 Predictions: model 1.19 v e— p—
Last change: Medium Gaussian . 77 features servatons
— Perfect prediction
113 svm RMSE: 3.0493 a5k e —
Lastchange: Coarse GaussianS.. 77 features
How to use the predicted vs.
114 ' Ensemble RUSE 3.0853 . AT
Last change: Boosted Trees T features. 40
115 Ensemble RMSE: 31614 .
Last change: Bagged Trees T teatures.
116 ' GaussianProcess . RMSE 26889 B’ b
Lastchange: Squared Exponentia.. 717 festures. 2
2
A7 < Gaussin Process . RUSE: 20260 gl
Last change: Matern 52 GPR TiT features. o
118 - GaussianProcess.. RUSE 27514 8
Last change: Exponential GPR 7 teatures. B st
8
119 Gaussian Process .. | AUSE. 26434 «
Lastchange: Rational Quadralic. 77 features ,
20
“w Current Model
-
Model 1.19: Trained
15+
Results
RISE 26434
R-Squared 088 10
MSE 59877
MAE 18905 10 15 20 25 30 35 40 45
Prediction spesd  ~13000 obsfsec TS
Trainingtime  13.862 sec P
v
Data set: cartable Observations: 406 Size: 30 kB Predictors: 7 Response: MPG Validation: 5-fold Cross-Validation
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N ®  imons
& Zoom In E E ¢ ) Celibrate (Selectvalidstiondsta___» ] Quantize s 3

@ ZoomOut  Auto | Analyze Export ALIDATE EXPORT
Amar -

nge © || Gefting Started | Calibration Statistics

LAYOUT | ANALYSIS EXP

—_— = | |Layer Name MinValue |MaxValve |Quai
Designer || Dala | | Training o |v
~ data
X e c Activations 2.0000| 255.6000
o ) S
Hame Activations -123.0000 151.0000
— + convi_relu_conv
w - s
Mo Veights 0.0155  o.554
Bias 80793  0.2634
Strde
Activations ©.0000 1151.3862,
DilationF Sy
Padding Activations ©.0000 1151.3862,
ieights ~ fre2-squeezex1_fir
- Activations 0.0000| 2130.5223,
Weights 13se0)  1.277
WeighLi <
Bias 01164 6.2
WeightL:
— ~ fire2-axpand1x1_fire.
Biasteal Activations .0000| 1165.5220
- Weights -8.7486 0.9008
Bias -0.0601  0.160
~ fire2-expand3x3_fire
Activations ©.0000 1570.7968,
Weights -0.7280]  0.6691
Bias -e.es15|  0.6742
h [P ression e ] ression > | (Igaee;concal
—— = Activations ©.0080 1570.7968,

Deep Network Designer

Design, visualize, and
train networks

Deep Network Quantizer

Optimize and generate
GPU code
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DESIGNER
dl}“ : E & ZoomIn E W
New | Duplicate ~— Fit © ZoomOut Auto |Analyze| Export
L. Past= toView Arrange -
FILE BUILD NAVIGATE LAYOUT | ANALYSIS = EXPORT
LAYER LIBRARY |5 Designer Data || Training v PROP
I
ilter layers ) Number of
& ) lﬂagell:p\:t o Number of connections 5
E regionProposallayer imageinputLay
Input type Image
H yolov2ReorglLayer Output type Classification
v
lov2TransformLayer [] conv
E JEkL trneat gy convolution2dL
anchorBoxLayer
ssdMergelayer ( X
u = avgpool2d
OUTPUT averagePooling
m softmaxLayer
) v
ﬁ classificationLayer f
fullyConnected
regressionLayer
v OVERVIEW
rpnSoftmaxLayer ’ v =
m softmax —
! rcnnBoxRegressionLayer | softmaxLayer =
R [p—
:ﬁ rpnClassificationLayer
v i =
pixelClassificationLayer ﬁ classoutput l | ]
' B8] ciassificationLa
- — , —

Deep Learning Toolbox

4\ MathWorks

R2018b
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55 IR E W 4K it iT83 M PyTorch #1 TensorFlow SRS

ONNX Converter (Import & Export)
TensorFlow Converter (Import)
TensorFlow Converter (Export)
PyTorch Converter (Import)

New functions for importing networks from
ONNX and TensorFlow to dinetwork

Import networks from PyTorch and
TensorFlow in Deep Network Designer

Deep Learning Toolbox

R2018a
R2021a

R2022b
R2022b

R2023b

R2023b

MATLAB

1F TensorFlow

O PyTorch

Other
Frameworks

4\ MathWorks
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[
Q0
} h h . . . . . . . L I 2 ;
0 20 40 60 B0 100 120 140 180 180 200 Sim w0 500 1000 1500
| 2 Time (sec)
Test Observation 95 Test Observation 15 bl 5
o =10
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o
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Test Observation 21 Test Observation 80 10 . . .
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50 50 0 . . 1 | ]
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] i 3
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lect Detection Using SSD

Deep Learning
Computer Vision Toolbox™

Deep Learning Toolbox™

Generate a Deep Learning

S| Engine Model
Deep Learning Toolbox™
Powertrain Blockset™

Seguence-to-Sequence Regression
Using Deep Learning
Deep Learning Toolbox™

32


https://ww2.mathworks.cn/help/releases/R2020b/deeplearning/ug/sequence-to-sequence-regression-using-deep-learning.html
https://ww2.mathworks.cn/help/releases/R2020b/deeplearning/ug/sequence-to-sequence-regression-using-deep-learning.html
https://ww2.mathworks.cn/help/releases/R2020b/autoblks/ug/generate-a-deep-learning-si-engine-model.html
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This example integrates computation into a ph
end. Students learn how to implement the Met
for-loops in parallel, and develop machine lear
configuration of spins.

Note on required products:

MATLAB is the only required product to run th
Learning Toolbox, Parallel Computing Toolbox,

Ising Model and Metropolis Algorithm

Learn how to use the Metropolis algorithm to simulate the Ising model of a ferromagnet in MATLAB.

(14)

) 32K XN FE @
higds 1.2.0.0 (4.7 MB) {E&: MathWorks Physics Team =i 2017/6/6
EEIFONE

e (14 Wi )
Node Classification Using Graph Convolutional Network R2023b
This example shows how to classify nodes in a graph using a graph convolutional network (GCN).
. . . Open in MATLAB Online
To predict categorical labels of the nodes in a graph, you can use a GCN [1]. For example, you can use
a GCN to predict types of atoms in a molecule (for example, carbon and oxygen) given the molecular {
structure (the chemical bonds represented as a graph).

A GCN s a variant of a con - Brain-MRI-Age-Classification-using-Deep-Learning

Bl Copy Command }

1. An N-by-C feature ma T b 1.1 (74.2 MB) {&&:  Vijay lyer
2. An N-by-N adjacency - S MATLAB example using deep learning to classify chronological age from brain MRl images

https://github.com/matlab-deep-learning/Brain-MRI-Age-Classification-using-Deep-Learning

This figure shows some ex: I

Input
1l

T

R il WRARPSEER e (4) g (2)

o

* e,

=3k

£ GitH

~, Brain MRI Age Classification Using Deep Learning

This example shows how to work with an MRI brain image dataset and how to use transfer learning to modify and retrain
ResNet-18, a pretrained convolutional neural network, to perform image classification on that dataset.

The MRI scans used in this example were obtained during a study [1] of social brain development conducted by researchers
at the Massachussets Institute of Technology (MIT), and are available for download via the OpenNEURO platform:

https://openneuro.ora/datasets/ds000228/versions/1.1.0

==
MATLAB
Deep Learning Toolbox

Image Processing Toolbox

For the fastest training times, ar
GPU can be utilized with the Pai
Computing Toolbox

4\ MathWorks
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Reinforcement Learning Toolbox

Reinforcement Learning Toolbox

Design and train policies using reinforcement learning

§ Download a free trial

Reinforcement Leaming Toolbox™ provides functions and blocks for training policies
using reinforcement learning algorithms including DQN, A2C, and DDPG. You can
use these policies to implement controllers and decision-making algorithms for
complex systems such as robots and autonomous systems. You can implement the
policies using deep neural networks, polynomials, or look-up tables.

The toolbox lets you train policies by enabling them to interact with environments
represented by MATLAB™ or Simulink” models. You can evaluate algorithms,
experiment with hyperparameter settings, and monitor training progress. To improve
training performance, you can run simulations in parallel on the cloud, computer
clusters, and GPUs (with Parallel Computing Toolbox™ and MATLAB Parallel
Server™,).

Through the ONNX™ model format, existing policies can be imported from deep
learning frameworks such as TensorFlow™ Keras and PyTorch (with Deep Learning
Toolbox™). You can generate optimized C, C++, and CUDA code to deploy trained
policies on microcontrollers and GPUs.

The toolhox includes reference examples for using reinforcement leaming to design
controllers for robotics and automated driving applications.
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Clipboard 1% Font IF) Paragraph ~ Styles 1] Editing ~
Exploring Exoplanets
In this example we will explore some data on exoplanets - planets outside our own solar system.
The data used here is a subset of data from the NASA Exoplanet Archive. We will start by using the
data to answer some questions about the set of exoplanets in the archive. Then we will do some
calculations to try to identify planets in the archive that might be capable of supporting life.
exoplanets = readtable("exoplanets.xlsx");
exoplanets(1:10,:);
How Far Away Are these Planets?
There are 90 exoplanets within 50 light-years of earth and 450 exoplanets within 200 light-years.
histogram(3.26*exoplanets.st_distance, 'BinWidth’, 50)
x1lim([@ 1000])
ylabel ‘Number of Planets'
xlabel ‘Light Years from Earth®
ot veans bomts
Where is the nearest exoplanet?
idx = find(exoplanets.st_distance == min(exoplanets.st_distance));
name = char(exoplanets{idx, ‘st _name'}) ; s 11(3
Page10f7 1468 words S = y e S = E B - 1 + 100%
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FILE NAVIGATE TEXT CODE SECTION RUN =
& " = ans = 8x11 timetable
Data Analytics - Load Forecasting Case Study = —— = o]
|
1 | 05/01/2007 ... 9819000, 1.571 =
Load messy data 2 |05/01/2007 991.8000| 1.568
e e 3 |05/01/2007 ..  950.1000| 1.560
head(nyiso) 4 105/0"2007,,_ 9689000' 1.560
z s |05/01/2007 . 9685000 1.555
——— ] & |05/0172007 ..  949.2000| 1564
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= Filled missing data |1 N balion method
Spline interpolation
Select data Shape-preserving cubic interpolation (PCHIP) ‘
Input data | nyiso v | [.DUN\ Modified Akima cubic interpolation | (oate v
Specify method Moving mean )
Cleaning method | Fill missing v | [ Linear interpotation vJ<Methodtoﬂmisingentries]
Visualize results
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— “Teaching Environmental Data Analysis Fundamentals in MATLAB, City University of New York”

Teaching Data Science
with MATLAB

— “Modeling and Data Analysis in Life Sciences, University of California, Davis”

— “Boot Camp in Quantitative Methods, Harvard University”

courseware
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and feedback
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MATLAB Onramp

Get started quickly with the basics of
MATLAB.

MATLAB Fundamentals MATLAB for Data Processing

Learn core MATLAB functionality for and Visualization

data analysis, modeling, and Create custom visualizations and
programming. automate your data analysis tasks.
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Reinforcement Learning Onramp Stateflow Onramp
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Object Oriented Programming Onramp
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Machine Learning Onramp
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Wireless Communications Onramp
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Week | Topic | Required reading Assignments
1 1 [ Textbook — Chapter 1
2 2 | Textbook — Chapters 2, 5, and 6, and
Appendix A
3 3 | Textbook — Chapters 3 and 4 Al out
Reference book — Recipes 1-4
MathWorks "MATLAB Onramp"
4 4 | Textbook — Chapter 7 Al due
Reference book — Recipes 5-6 A2 out
5 | Textbook — Chapter 8
Reference book — Recipes 11-14
5 6 | Textbook — Chapter 9 A2 due
Reference book — Recipes 7-10 A3 out
6 7 | Textbook — Chapters 10 and 11
7 8 | MathWorks Deep Learning eBooks A3 due
MathWorks " Deep Learning Onramp" A4 out
8 9 | Textbook — Chapter 12
9 10 | Textbook — Chapter 16 A4 due
Reference book — Recipes 25-28 A5 out
10 11 | Textbook — Chapter 15 A5 due
Reference book — Recipes 17-19 Term Project out
11 12 | Textbook — Chapter 18
Reference book — Recipes 20, 21, 24,
35-36
12 13 [ Reference book — Recipes 37-42
13 14 | Textbook — Chapter 19 Exam
14 15 | N/A Term Project due
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MATLAB-Simulink-Challenge-Project-Hub / projects / Top Quark Detection with Deep Learning and Big Data / ™ Top

Top Quark Detection with Deep
Learning and Big Data ¢

Develop a predictive classifier model able to discriminate jets produced
by top quark decays from the background jets

Motivation #

Ability to detect and retain only interesting particle jets (that usually are rare events) and throw away all the boring jets
(that are produced within well understood standard model) is crucial in searching for new physics (rare events),
especially when high luminosity upgrade on Large Hadron Collider (LHC) will generate petabytes of data daily.

https://qithub.com/mathworks/MATLAB-Simulink-Challenge-Project-
Hub/tree/main/projects/Top%200Quark%20Detection%20with%20Deep%20Learning%20and%
20Big%?20Data
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Teaching Biology with Teachi : : Teaching Geoscience with Teaching Physics with
eaching Chemistry with
MATLAB MATLAB
MATLAB MATLAB
: » Integrate MATLAB into your »  Integrate MATLAB into your
2 InmtegrateMATEAR into;yout »  Integrate MATLAB into your Geoscience curriculum Physics curriculum

Biology curriculum Chemistry curriculum

Teaching Computational
Science Using MATLAB

Teaching Psychology and Teaching Data Science with Teaching Deep Learning with
Neuroscience with MATLAB MATLAB MATLAB
» Integrate MATLAB into your
» Integrate MATLAB into your »  Integrate MATLAB into your Data » Integrate MATLAB into your robust data analysis, data
Psychology and Neuroscience Science curriculum Deep Learning curriculum visualization and exploration
curriculum curriculum

https://ww2.mathworks.cn/academia/courseware/teaching-science-with-matlab.htmi
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Automated Driving Systems

Design, simulate, and test automated
driving systems
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Computational Biology

Analyze, visualize, and model biological
data and systems

Control Systems

Design, test, and implement control
systems

*
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Data Science

Explore data; build machine learning
models; do predictive analytics

n Erterprise and [T} Modular Courseware

Use MATLAB with your

=== FPGA, ASIC, and € o
@ Development . Statistics

Automate your workflo = - Machine :
algorithm development : Learning : Integration
design and verification ; — -

—efmRom  Lab: Air Track

"y Numerical

l Image Processing Convolution Matrix Methods

Computer Vision 1 G Qualitative

Analysis of ODEs

Acquire, process, and & )
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Deep Learning

Data preparation, design, simulation, and
deployment for deep neural networks

Electrification

Develop electrical technology from
components to systems

Embedded Systems

Design, code, and verify embedded
systems

and video for algorithrm — Mass-Spring- Nt - Image
system design Qe [ Damper E Processing
Dynamic
. )
o-e Internet of Things . Systems -
Ve | .
* Connect embedded de' = \/ectors == Lab: Virtual e/m
Internet and gain insigk 8o T Measurement
R Regression )
@ Machine Learning
- Train models, tune pare
deploy to production or github.com/MathWorks-Teaching-Resources
i.g Mechatronics o :
I communications systems I
Design, optimize, and verify mechatronic
systems
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