21+ MATLAB Features You Need Now!

This is a quick summary of the features covered in the talk 21 MATLAB Features You Need Now.
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Live Editor

You can create scripts that combine code, output, and formatted text with the Live Editor. In fact, this document
was created with the Live Editor. Some of our favorite features of the Live Editor are:

Formatted text, images, and equations

You can use formatted text and insert images and equations. There's a really nice equation editor, or you can
use LaTeX if you prefer:


https://www.mathworks.com/products/matlab/live-editor.html
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Where are the earthquakes?

There were a lot of earthquakes in February 2018. Where were they, and how strong were they?
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These earthquakes are rated using the Richter magnitude scale which is determined from the logarithm of the amplitude of waves recorded by seismographs.

Earthquake Magnitude Scale
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The formulais: M; = log;,A — log;pA,(8) = logm[A/A[,{rS}]

1 load EarthguakesFebruary2@18 guakes
2 plotquakes(quakes);
UTF-8 script

Output on right or inline
Output appears immediately adjacent to your code, either below or side-by-side:



@ ' @ Live Editor - /Users/mhirsch/OneDrive - MathWorks/mfiles/Demos/21 Features You Need Now/21-matlab-features-you-ne...
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The formula is: M, = log,,A — log,,A,(5) = log,,[A/A4,(8)]. Earthguake Dala Credit: U.S. Geological Survey; Department
of the InteriorUSGS

1 load EarthguakesFebruary2818 guakes
2 plotquakes{guakes);
. Earthquake Locations
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Earthquakes around the world

Let's take a look at where earthquakes occur and how strong they are. Filter out the smallest earthquakes.

3 minmagnitude = 5;
4 theseQuakes = quakes(quakes.Magnitude > minmagnitude,:);
E manhuhbhlal+hacanualbace " ati+ada! Vannditoda! "o galfaeriabhlal! UMannd +Foda

UTF-8 script Ln 6 Col 31
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Earthquakes around the world
Let's take a look at where earthquakes occur and how strong they are. Filter out the
smallest earthquakes.
3 minmagnitude = 5;
4 theseQuakes = quakes(quakes.Magnitude > minmagnitude,:);
5 geobubble(theseQuakes,"Latitude","Longitude","SizeVariable","Magnitude"

"Basemap","colorterrain®);|

o
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Interactive outputs
You can interact with outputs and generate MATLAB code for your interactions. For instance, you can zoom into
a plot and then automatically update your program to set the new axis limits.
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Function hints

Function hints make it easy to call functions without having to look at the documentation, and even to navigate
to select files to import:

Load energy data

energyload = readtimetable("Data/| dl

@ readtimetable(filename,options) 1of2 -

MName of file to read
[ Not Using/
NYEnergyData.x1sx

Interactive controls

You can replace the value of variables with interactive controls to make it easy to interact with your program,
and even hide the code altogether:



Earthquakes around the world
Let's take a look at where earthquakes occur and how strong they are. Filter out the smallest earthquakes.
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Live Editor Tasks

You can use Live Editor tasks to preprocess data interactively and the MATLAB code is automatically written
for you. There are also Live Editor tasks for working with symbolic expressions, designing control systems, and
more.

" Clean Outlier Data @ i Nusnber of outliers: 2868
cleanedData) = Filled outliers in energyload . Dumvoodie using the inear interpolation method gt tata,

Satect data .
iput datn | snemyLosd v | [Dumccde ¥ Memds | energyload v | [ Date |

Specify cleaning method
Cleaning method | Fill cutiers * | | Liear inberpolation ¥ |

Define outliers.
Detection methed | Duarties ¥ | Trenshod tactor
Display results

[|Fided cottiorn [+ Clnaned data [+ Input data = Outliers | Outier theesholcs. || Outlier carar

Refactoring
You can refactor a selected area of code into a separate function, with the inputs and outputs of the new
function automatically defined.

Local functions in scripts
You can include local functions in MATLAB scripts in the Live Editor or traditional editor.


https://www.mathworks.com/help/matlab/matlab_prog/improve-code-readability.html?s_tid=srchtitle#mw_2ff61d88-099a-4bb8-8346-59c035eab213
https://www.mathworks.com/help/matlab/matlab_prog/local-functions.html?s_tid=srchtitle

Document export
You can export your Live Scripts to PDF, Word, HTML, or LaTeX documents. Using the Save menu, you can
export one script at a time or all scripts in the current folder.

Graphics

There are a lot of new and some undiscovered graphics features. Here are just a few of our favorites:

Default plot interactivity
You can use your mouse or trackpad to zoom, pan, rotate, and add datatips without having to click separate
toolbar buttons first:
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Interact directly with charts

Explore charts using the scroll wheel, click-and-drag, and touch gestures.
Pan, zoom, and data tips are active by default. Learn Maore

Geographic plots
You can now create geographic plots in MATLAB, such as this geographic bubble chart showing the location
and magnitude of earthquakes around the world:


https://www.mathworks.com/help/matlab/geographic-plots.html

tiledlayout
You can much more easily control the layout of figures with multiple plots using tiledlayout instead of
subplot.

Figure 1
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X and Y labels span the whole collection of plots
Command Window

>> title(t,'Tiled Layout titles span the whole collection of plots'); ©

>> t.TileSpacing = "none";
>> t.Padding = "none";
fx >>

Plots tab

You can easily plot your data with the Plots tab of the MATLAB Toolstrip. Just select your data in the
Workspace browser or Variable Editor and you'll get a list of plots that work with your specific data. The
equivalent MATLAB code is automatically entered in the command window for you to access later.


https://www.mathworks.com/help/matlab/ref/tiledlayout.html
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Building and Sharing Apps
You can build and share custom apps with MATLAB.

App Designer
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App Designer lets you create professional apps without having to be a professional software developer. Drag
and drop visual components to lay out the design of your graphical user interface (GUI) and use the integrated
editor to quickly program its behavior.


https://www.mathworks.com/products/matlab/app-designer.html
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Web Apps

Using the MATLAB Compiler and the MATLAB Web App Server, you can share your apps as web apps that
anybody in your organization can access from their web browser.

e0e & Earthquake Visualizer x  +

& 5 C { & ikuklin-maci.dhcp.mathworks.com:9993/webapps/home/session.... % ® O K O o e :

Recent Earthquakes Earthquake Events: 20-Jan-2020 - 20-Feb-2020
Date Range Map  Densty  Bubble | Wordcloud | Table |
Starting Date: | 20-Jan-2020| 'J -
Ending Date: | 20-Feb-2020| ~ | -
[ Update data ]
Earthquake Attributes
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https://www.mathworks.com/products/matlab-web-app-server.html

Data Preprocessing
MATLAB takes the pain out of preprocessing your data to get it ready for analysis.

table and timetable

You can organize tabular data, such as you might store in spreadsheets, using the table and timetable
data types. Timetables provide additional capabiities for managing data that varies vs. time, such as
synchronizing and resampling.

Load energy data

energyLoad = readtimetable("Data/NYEnergyData.xlsx","PreserveVariableNames",true)

energyload =

Date Capital Central Dunwoodie Genesee Hudson Valley Long Is
1 01-Feb-200... 1.2504e+03 1.9421e+03 612.2000 1.1316e+03 1.154%e+03 FH
2 01-Feb-200... 0 1] 0 0 0
3 01-Fab-200... 1.2325e+03 1.9781a+03 581.1000 1.1195e+03 1.1494e+03 2.
4 01-Feb-200... 1.2364e+03 1.9716e+03 568.5000 1.1016e+03 1.1015e+03
H 01-Feb-200... 1.2135¢+03 1.9556e+03 589.3000 1.1049e+03 1.1449e+03 2.
[ 01-Feb-200... 1.2021e+03 1.9728e+03 581.1000 1.0918e+03 1.1465e+03 2.
7 01-Feb-200... 1.2194e+03 1.9769e+03 586.0000 1.0936e+03 1115 2
-] 01-Feb-200... 1.22T78e+03 1.96448+03 584 8000 1.0897e+03 1.1026e+03 2
a 01-Feb-200... 1.2022e+03 1970 527.8000 1.0914e+03 1.10893e+03 2

stackedplot

Visualize every variable in your table or timetable with a stackedplot:

11


https://www.mathworks.com/help/matlab/preprocessing-data.html
https://www.mathworks.com/help/matlab/tables.html
https://www.mathworks.com/help/matlab/timetables.html
https://www.mathworks.com/help/matlab/ref/stackedplot.html
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Missing data functions
Use a straightforward collection of functions for cleaning up m
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issing data and outliers:



Functions

%  Missing Data and Outliers

ismissing
rmmissing
fillmissing
missing
standardizeMissing
isoutlier
filloutliers
rmoutliers

movmad

Preprocessing Live Editor Tasks

Find missing values

Remove missing entries

Fill missing values

Create missing values

Insert standard missing values
Find outliers in data

Detect and replace outliers in data
Detect and remove outliers in data

Moving median absolute deviation

expand all

As mentioned above, you can use Live Editor tasks to preprocess data interactively and the MATLAB code is

automatically written for you.

Clean Outlier Data

cleanedDatal = Filad outliers in enargyload . Dumwoodie using the inear interpalation method

Select dats

Input data | energyLoad L Durrwoode ¥ deaxs | enegyload
Specify cleaning mathod

Cleaning method | Fill cufiens v Lirssar interpolation 7

Detine cutliers

Detection methed | Cuarties 7 | Trwmstd tactor | 125[5]
Display results
Filed oufiers [+ Cleaned dats [+ Input data = Ouiliers -] Qutlier theasholds.

Apps

&

25000

B0
* | Daie v

Dhtlier corlar

Even though a programming language is the heart of MATLAB, you don't have to write code to complete
common tasks in MATLAB. You can design control systems or deep neural networks, analyze signals or radar
waveforms, process images and videos, and so much more, without writing a single line of code. Even better
- they write the code for you, so you don't have to choose between the ease and speed of using an app and

13



the automation and flexibility of writing a program. Here are some of the almost 100 different MATLAB Apps
available on the Apps tab of the MATLAB Toolstrip:

LK ) MATLAB R2020a

ApPs Ghﬁ&%@@@@[al
a g E QSearch

Design GetMore Install Package |MACHINE LEARNING AND DEEP LEARNING
App  Apps  App  App - - o o
= o
Ll e 5 iz & & & & k) =
<L P o j ﬁ « mhirsch Classification Deep Experiment  Neural Net  Neural Net  Neural Net  Neural Net Regression Pl
fx . Learner Network ... Manager Clustering Fitting Pattern Re... Time Series Learner

x

=
oo

MATH, STATISTICS AND OPTIMIZATION

Curve Fitting Distribution Optimization PDE Modeler
Fitter
CONTROL SYSTEM DESIGN AND ANALYSIS
@ 8 E
Control Control Diagnostic Fuzzy Logic Linear Model MPC Neuro-Fuzzy PID Tuner
System De... System Tu... Feature D... Designer System An... Reducer Designer Designer

a8*

SLAM Map System
Builder Identification

AUTOMOTIVE
Driving Ground
Scenario ...  Truth Lab...

SIGNAL PROCESSING AND COMMUNICATIONS

= @B o)

5G Antenna Antenna Audio Bit Error Filter Builder Filter Impulse LTE
Waveform... Array Desi...  Designer Labeler Rate Analysis Designer  Response ... Throughp...
- == = * T
s B &« @& &
LTE Radar Radar RF Budget  Sensor Array SerDes Signal Signal Signal
Waveform... Equation ... Waveform... Analyzer Analyzer Designer Analyzer Labeler Multiresol...

. #m  fMm  m M M @m* =

Hardware support

MATLAB and Simulink connect to the hardware you use, whether you want to capture images from a webcam
or a high-end IP camera, automatically generate real-time C code for rapid prototyping or deploying on an
embedded processor, or give students hands-on experiences for project-based learning. Find and install
hardware support directly within MATLAB:

14


https://www.mathworks.com/discovery/matlab-apps.html
https://www.mathworks.com/hardware-support/home.html

[ ] [ ] Add-On Explorer

Contribute Manage Add-Ons

Filter by Source
MathWorks 185 308 RESULTS.

Community 123

Hardware Support Packages (308)

Filter by Category

Using MATLAE
Data Import and Analysis 6
Graphics

External Language Interfaces

Applications
Science and Industry 12 - ar
IS 2 X TR i et
Image Processing and Computer 26 - -
e MATLAB Support Package Legacy MATLAB and Simulink Support Package
Vs for Arduine Hardware Simulink Support for for Arduino Hardware
Signal Processing 30 Arduino
Wireless Communi 7 Acquire inputs and send outputs on MATLAB class and Simulink blocks Run models on Arduino boards.
Arduino boards for communicating with an Arduino

Control Systems 3
microcontroller board

Autonomous Systems 16

1740 Downloads 1132 Downloads 1025 Downloads
Hardware, 10T, and Test & 192 : . B
Measurement

Using Simulink - "
Simulink 2

Real-Time Simulation and Testing

<]

Physical and Event-Based

Modeling
‘ -

Code Generation

w

.
5

Verification, Validation, and Test 4 m * +

MATLAB Support Package Communications Toolbox Image Acquisition Toolbox
Filter by Type for USB Webcams Support Package for RTL- Support Package for OS
Toolboxes and Products 21 SDR Radio Generic Video Interface
Apps 3 Acquire images and video from UVC Acquire RF data using RTL-SDR. Acquire video and images from
compliant webcams. generic video capture devices
Simulink Models 4

| Hardware Support Packages 308

460 Downloads 423 Downloads

Optional Features 3

Functions 7

Filter by Hardware Type

Audio 10

Add-On Explorer

Download, install, and use add-ons without leaving the MATLAB environment, using the Add-On Explorer.
Whether you need additional toolboxes, apps, hardware support packages, or community submissions, you can
easily browse and find what you're looking for.
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https://www.mathworks.com/products/matlab/add-on-explorer.html

Programming

Filter by Source
] Community 37,835

Filter by Gategory
Using MATLAB

Add-On Explorer

Community Toolboxes

Clear Filters

\dd-Ons

Show All 1,232

Get Started with MATLAB 27

Language Fundamentals 923 L] =

Data Import and Analy: 1,048

Mathematics 1410 )t ¢ Installed M

Graphics 1875 Simulink Onramp GUI Layout Toolbox Numerical Computing with

Programming 402 MATLAB

App Building 416

Software Development Tools 150 Learn the basics of how to create, Layout manager for MATLAB Toolbox containing files and app fram
edit, and simulate Simulink models graphical user interfaces Numerical Computing with MATLAB

445 through an interactive tutorial

Environment and Settings 154 1809 Downloads 1158 Downloads 830 Downloads

Installation, Licensing, and 13

Activation

Somputing 131 Community Apps Show All 316
ployment 63 S —

Dat and Reporting 121 =
Applic: = — s
s nd Industry 3,531 - :

Processing and Compute|

Al, Data Science, and Statistics 1,483

.

Signal Processing 564 - - : . "
b N 1,56 PID Controller Simulator Transfer Learning Aircraft Intuitive Design
Wireless Communications 696 (AID)
RF and Mixed Signal 17
Math and Optimization 1.009 PID controller simulator on an LTI Transfer Leaming of Pre-trained An academic tool intended to assist
system w/ or wio input delays Neural Network or Imparted ONNX in developing an intuitive
Control Systems 912 Classification Madel in GUI understanding of aircraft design.
Autc 205
716 ads 410 Downloads 383 Downloads
Hardware, loT, and Test & 481
Measurement
Games 519

Using Simulink

Simulink 400
Simulation Graphics and 20
Reporting

Real-Time Simulation and Testing 35

Community Simulink Models

Show All 2,426

We barely scratched the surface on programming, but touched on a few of our favorite tools that make
programming easier:

Code Compatibility Report

You can run the Code Compatibility Report to analyze compatibility of your code. This report helps you identify
and address any potential compatibility issues, and estimate the effort required (if any) to upgrade to a newer
MATLAB release.
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https://www.mathworks.com/help/matlab/matlab_prog/matlab-code-compatibility-report.html

[ JoN | Web Browser - (4 Removals) Code Compatibility Report

(4 Removals) Code Compatibility Report x‘ +1 H O H n b

Code Compatibility Report

Overview 2 Syntax 4 Removals 0 Behavior 0 Upcoming Removals
0 Upcoming Behavior 3 Not Recommended 492 Checks 5 Files

» Overview

» (2) Syntax Errors

¥ (4) Functionality that has been removed

Update your code fo avoid compatibility errors. The files listed here use functionality that has been removed and will result in
an error when you run your code.

Description « Documentation Removed Filename Line
In
TREEDISP has been removed. Use ClassificationTree or Documentation | R2016a classifyBloodPres: 11

RegressionTree VIEW methods instead.

Action: Fix

TREEDISP has been removed. Use ClassificationTree ar Documentation | R2016a classifyBloodPres: 13
RegressionTree VIEW methods instead.

Action: Fix
TREEFIT has been removed. Use fitctree or fitrtree instead. Documentation | R2016a classifyBloodPres: 10
Action: Fix
TREEWVAL has been removed. Use ClassificationTree or Documentation | R2016a classifyBloodPres: 12

RegressionTree PREDICT methods instead.

Action: Fix

File Comparison Tool

Compare two versions of a program and merge changes using the File Comparison Tool.
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COMPARISON

v

Next Previous

Comparison - classifyBloodPressure.mlx vs. classifyBloodPressure_Updated.mix

VIEW
L swap Sides
(&' Refresh

=
Merge
Mode
MERGE

4 Find -
NAVIGATE

T PETETI-IOK) - |

]

| classifyBloodPressure.mlx vs. classifyBloodPressure_Updated.mlx

classifyBloodPressure.mix

classifyBloodPressure_Updated.mix

-

[t=R0 - I T I SR}

- B8

Set seed for random number generation for repeatability
rand('seed',1234)

Partition the data

rows = 1:length(BPHigh);

trainIdx = randperm(length(BPHigh), round(length(BPHigh)/2));
testIdx = ~ismember(rows,trainIdx);

trainPred = meas(trainIdx,:);

testPred = meas(testIdx,:);

trainResponse = BPHigh(trainIdx);

testResponse = BPHigh(testIdx);

Create a classification tree

t = treefit(trainPred,trainResponse);

Visualize tree

treedisp(t)

Insertion

B Deletion [ Modification

Code Analyzer
Did you ever wonder what those orange and red squiggles in your code meant? These are the Code Analyzer
at work, telling you about code that will definitely error when you try to run it (red), or that could potentially be

improved (orange).

% Find input indices that are not line objects

nothandle = ~ishandle(hline);
for nh = 1l:prod(size(hline))
notline(nh) = ~ishandle(hline(nh))

Set seed for random number generation for repeatability

rng('default'); % Reinitializes the random number generator
rng(1234)

Partition the data

rows = 1:length(BPHigh);

trainldx = randperm(length(BPHigh), round(length(BPHigh)/2));
testIdx = ~ismember(rows,trainldx);

trainPred = meas(trainldx,:);

testPred = meas(testIdx,:);

trainResponse = BPHigh(trainIdx);

testResponse = BPHigh(testIdx);

Create a classification tree

t = fitctree(trainPred,trainResponse);
Visualize tree
view(t, 'mode’', "graph')

8 Differences

|| ~strcmp('line',lower(get(hline(nh), 'type')));

end

| A Use STRCMPI(str1 str2) instead of using UPPER/LOWER in a call to STRCMP. [[Fix) |

len = zeros(size(hline));
for nl = 1:prod(size(hline))

% If it's a line, get the data and compute the length

if ~notline(n1)
flds = get(hline(nl));
fdata = {'XData', 'YData', 'ZData'};
for nd = 1:1ength(fdata)

data{nd} = getfield(flds, fdata{nd});

end

% If there's no 3rd dimension, or all the data in one dimension is
% unique, then consider it to be a 2D line.

| ...
] . Fan / LR

if isempty(data{3})

Projects
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A project is a scalable environment where you can manage MATLAB files, data files, requirements, reports,
spreadsheets, tests, and generated files together in one place.

Projects can help you organize your work and collaborate. Projects promote productivity and teamwork by
helping you with common tasks:

Find all the files that belong with your project.

Create standard ways to set up and shut down the MATLAB environment across a team.

» Create, store, and easily access common operations.

View and label modified files for peer review workflows.

» Share projects using built-in integration with Git™, Subversion® (SVN), or using external source control

tools.
[ NoN | Project - 2IMATLAB Features
PROJECT PROJECT SHORTCUTS GC2ads 9Dl QE
= =l = 3] [=] Details (o e A ¥ Fetch _
R =) i U by (& @ = & € & ¢ @ Remote 2 Submodules
=¥ Project Path Push
New Open Share Dependency Model Testing Search Custom Run References ' Proj Git Refresh Commit us ;} Branches @ Stashes
- - - Analyzer Dashboard Tasks > Checks~ |74 Startup Shutdown  Details IZL Pull
FILE TOOLS ENVIRONMENT SOURCE CONTROL -
Views All  Project (79)  Modified (8) Pl Layout:  Tree -
& Files K Name & Status Git Classification
&, Dependency Analyzer > Data v .
> Demos vig
> Presenter resources v
> resources .
v Shared v
TwentyOneFeaturesSummary.mlx v Design
TwentyOneFeaturesSummary.pdf v Artifact
> Shortcuts vig .
.D5_Store (o]
| =] 21MATLABFeatures.prj 2 ]
#5| classifyBloodPressure.mix v ® Design
¥ classifyBloodPressure_Updated.mlx v ® Design
O Earthquakes.docx v ® Artifact
#| Earthquakes.mlx v ] Design
#5| EnergyUsageAnalysis.mlx v ® Design
Labels ~ % exclude.xml v + Derived
Git 5 README.md v ]
c th h ¢ @ Video Add-On Explorer.mp4 v [ ]
urrent branch: master ® i ) . v ®
Branch status: Normal Video Earthguake Visualizer Web App.m...
Coincident with /origin/master
exclude.xml (XML Document) [l 1 labels

Multi-release Release Notes

We know it's hard to keep up with so many great new capabilities released twice a year, every year. That's why
we've given you more control over the release notes, so you can view all of the changes for a given section of
MATLAB or add-on product across a range of releases.
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