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Local Functions

5 MATLAB

x = 1:10;
n = length(x);
avg = mymean(x,n);

function a = mymean(v,n)
% MYMEAN Local function

= sum(v)/n;

X NG

MATLAB EXPO



Local Functions: Define functions anywhere in scripts 470

1:10;
length(x);

function a = mymean(v,n)
% MYMEAN Local function

= sum(v)/n;

avg = mymean(x,n);

6 MATLAB MATLAB BEXIPO
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Solve problems with little to no coding — using apps i

MATLAB  Window Help

Design experiments to run I

New  New  New Open [{f]Compare Import Clean -
Script Live Script + - Data Data [%) Clear Workspace v

A I ‘ * FILE
M L B CO d e S @ [/ » Users » sdeland » MATLAB » projects » PredatorPreyProject »
Workspace v

[Name &

— Visualize, filter, and
compare results

Current Folder
B Names
resources
Results
[ LotkaVolterraExperiment.mat
otkaVolterraFunction.mix
opulationAmplitudes.mix
(& PredatorPreyProject.prj

MATLAB

& Run and Time

[ Clear Commands ~ ~ il Parallel ~

Fri Jun 16 4:18 PM

MATLAB R2023b - prerelease use

¢ Analyze Code F (@ Preferences
o a B @ &

5 Set Path 5! Request Support
simulink | Layout = Add-Ons  Help oy
- - earn MATLAB

CODE SIMULINK ENVIRONMENT RESOURCES

ct - PredatorPr B Live Editor - LotkaVolterraFunction.mix

| LotkaVolterraFunction.mlx +

1 function [RabbitsMin,RabbitsMax,FoxesMin,FoxesMax] = LotkaVolterraFunction(params)

Setup the ODE

ylrﬁtial = [params.RabbitsInitial params.FoxesInitiall';
tRange = [0 20];
signs = [1 -1]"';
mu = [params.Alpha params.Beta]';
@(t,y) signs.x*(1-flipud(y)./mu).xy;

Solve the ODE
[t,y] = ode45(dydt,tRange,yInitial);
Post-process to get key metrics

RabbitsMin = min(y(:,1));
RabbitsMax = max(y(:,1));
FoxesMin = min(y(:,2));
FoxesMax = max(y(:,2));

Plot results

figure(Name="Population Size")|;
plot(t,y)
title("Population v. Time")
xlabel("Time")
ylabel("Population")

e "Rabbits","Foxes"

Zoom: 150% LotkaVolterraFunction Col 35

Experiment Manager App

MATLAB EXPO



Edit models at the speed of thought G

Outport 1
Outport 2
3D
Inport 3 Outport 3
Subsystem

Automatically
preserve signal line
shape when moving
or resizing blocks

8 Simulink MATLAB BXPPO



Dashboard
blocks

Group and promote
dashboard blocks to
a panel

Dashboard panel
o Simulink MATLAB EXPO
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Deploy interactive simulation controls as apps 470

4. Panel

® (= | Stop Time & -

Convert dashboard
panels into apps

T=10.000

Simulink Compiler

Simulink MATLAB BXPPO



Design simulation apps without writing code

App integration with
Simulink models,
Including signal
binding

Out-of-the-box,
Simulink-specific
graphical
components

Simulink
11 MATLAB

DESIGNER

SIMULINK

‘ sldemo_boun

Save

Component Library

Audio Meter

SIMULINK

3}
v
Load Input
Button

»
-4
Simulation
Controls

(W

Time

Simulation
app

1
|
el
Save Output
Button

Simulation
Progress

5]

Variable Tuner

CANVAS

s &
Open Add
Model | Binding

P

Bl

app1.mlapp X

MATLAB App for sldemo_bounce.slx

Amplitude

(>

Run

Design View

T =00:00:00 0%
Elapsed time: 00:00:00

Second-Order Integrator:1

6
Time (secs)

4\ MATLAB App
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20

0

T =00:00:25 100%

Elapsed time = 00:00:2

Second-Order Integrator:1

0 10

20
Time (secs)

L e T )

Component Browser

Search View:| 8| ~

v & app1
¥ app.UIFigure
app.SimulationProgress
app.TimeScope

D] 1
[Ql app.SimulationControls

TimeScope | Callbacks | Bindings
Signals

] Second-Order Integrator:1

Gravitational o
acceleration 0]

Initial
Velocity

Lg®
>

Signal
binding

with model

Position

Velocity

Second-Order
Integrator

<z} {ak
Coefficient of
Restitution
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Targeted Performance Improvements each Release 4

Performance

¥ Language and Programming: Improved performance for reading and writing

Release notes document
the top examples

Each release note includes:

— Example code

— Measured performance
Improvement

— Hardware used

This code is about 17.5x faster than in the previous release.

The approximate execution times are:
R2023a: 0.497 s

R2023b: 0.0284 5

The code was timed on a Windows® 10, Intel® Xeon® CPU E5-1650 v3 @

3.50 GHz test system.

13 MATLAB MATLAB BXIPO




Apply workflow-specific techniques to improve performance

B4 0O

A -

14 Simulink

: Workflow
Techniques : . : : :
Edit-Update-Repeat Edit-Sim-Repeat Tune-Sim-Repeat Multiple-Sim
Simulation Mode X X X
Fast Restart X X
Simulation Cache X X X X
Model Reference - X X
Parallel Build
Model Reference -
Incremental Loading & X X
Rebuilding
Simulink Profiler X X X X
Solver Profiler X X X
Modify Your Models X X X
Parallel Simulation X

MATLAB EXPO



Speed up simulations using the local solver

DCMotor _localsolver

® hﬁjDCMotor_localsolver »

Model Browser |

DC Motor model with model reference local solver

)
)

!

Referenced Files
H

Decouple systems
of different dynamics
with the local solver

gl

Fast . | | Slow

Dynamics Dynamicss,..

Electrical Mechanical

¥ Solver
Use local solver:
Solver:

Fixed step: auto
TOp SOlver Local 50|ver Inputsig:al handli... Auto

Output signal hand... Use solver interpo =

VariableStepAuto

MATLAB EXPO
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Speed up simulations using the local solver

Support faster local
dynamics

Simulink

Model Browser |

Referenced Files

DCMotor _localsolver

® hﬁjDCMotor_localsolver »

)
)

!

gl

Slow

Dynamics

Electrical

-

Top Solver

DC Motor model with model reference local solver

_ Fast

Dynamicss

Mechanical

Local Solver

¥ Solver

Use local solver:
Solver:

Fixed step:

Input signal handli...

Output signal hand...

auto

Auto A

Use solver interpo =

VariableStepAuto

MATLAB EXPO



Apply workflow-specific techniques to improve performance

Workflow

Techniques

Edit-Update-Repeat | Edit-Sim-Repeat Tune-Sim-Repeat | Multiple-Sim

4\_ MathWOI‘kS@ Products  Solutions Academia Support Community

Technical Articles

About MathWorks ~  Careers  Social Mission~  Newsroom Customer Stories  Contact U

Improving Simulation Performance in Simulink

By Weiwu Li, Reid Spence, and Guy Rouleau, MathWorks

MATLAB EXPO

17 Simulink
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New products

Major updates

Design

Simulink Design
Verifier

Simulink Check

HDL Verifier

Simulink
Fault Analyzer

Test

Simulink
Coverage

Simulink Test

MATLAB Test

Polyspace Test

Find defects sooner

Code

Polyspace Bug
Finder

Polyspace Code
Prover

Polyspace
Access

Requirements Toolbox

Certify

DO
Qualification Kit
IEC Certification

Kit

Simulink
Code Inspector

19 V&V Product Family
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Model faults and analyze effects with Simulink Fault Analyzer *®@

Model faults without Design Logic
modifying the design |

«---l

Engaged

Fault Logic

r
|
|
|
y

20 Simulink Fault Analyzer MATLAB EXIPO



Model faults and analyze effects with Simulink Fault Analyzer *®

Manage faults across
multiple domains

21 Simulink Fault Analyzer

— X
—v
Fault Table
Fault Conditional
O EE [
er Car/Electric Plant/Simscape riflnductor
_ » Inductor1_fault _ Behavioral



Details: DesignStudy

Simulate, explore and
analyze fault effects

+-R
-
¥
A2
2
E
o
®

22 Simulink Fault Analyzer MATLAB EXIPO



[f=| Edit Callbacks Iil

P Clear Flags Export

SHARE
Properties

Cell Spreadsheet

~ Description
Cell Description
Pressure Fault Detection
&
Multiple Faults Detected

& - Links

Perform systematic 5 o Related to:
safety analysis

MATLAB EXPO
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New products

Major updates

Design

Simulink Design
Verifier

Simulink Check

HDL Verifier

Simulink
Fault Analyzer

Simulink
Coverage

MATLAB Test

I

I

I

I

I

I

I

I

I

: Simulink Test
I

I

I

I

I

I

:

: Polyspace Test
1

Find defects sooner

Code

Polyspace Bug
Finder

Polyspace Code
Prover

Polyspace
Access

Requirements Toolbox

Certify

DO
Qualification Kit
IEC Certification

Kit

Simulink
Code Inspector

24 V&V Product Family
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Test Product Family 470

-V

R2023b

R2015a R2023a

) ®

Model Centric MATLAB Code Centric C/C++ Code Centric

Simulink Test

MATLAB EXPO



Develop, manage, and execute tests for C and C++ code in 470
embedded systems

v Polyspace

POIySpaCG Bug Finder . % 80%  60%  40%  40% 0%
17 o N %

nt  Decision ondition A

Static Analysis = +

Polyspace Code Prover

Centrally manage and combine static analysis
with dynamic testing

ISO 26262 DO-178 |EC 61508 IEC 62304

26 Polyspace Product Family MATLAB EXIPO



To know more about embedded software development and
verification workflow

= Listen to our experts at Tech Talk on

“Shaping Future Software Factories: Leveraging Model-Based Design for Scalability from Desktop to Cloud” -
15:00-16:00 Hrs

= Engage with our technical experts at Technology Showcase Area:

. Model-Based Systems Engineering and Software Engineering

* Model-Based Systems Engineering
» Design High-Performance Compute Applications Using Model-Based Design

Code Verification for Modern Software Development Workflows

27 MATLAB EXPO
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Call MATLAB from any local or remote
client program using REST

REST Function Service

. . User machine with MATLAB installed
Write client programs to

call MATLAB using the

Local/remote clients

MATLAB Function Service

Client App 3

MathWorks
Service Host

. Client App 2
The service uses

HTTPS protocol

29 MATLAB MATLAB BXIPO



Use MATLAB with Python </>

Run Python Code > [JAutorun | @
= Run Python code using MATLAB variables a, b

= Select input type

(w) Code

= Enter Python code

import math

h = math_sqri{a**2 + b*2)

Interactively run Python code with
Run Python Code Live Editor task

= Dutput options
Specify outputs (@) Return all (") Return selected variables

Dizplay outputs [+

» Show code

30 MATLAB MATLAB BXIPO



Simulink is a Simulation Integration Platform

Ecosystem and
Interoperability with
100+ third-party
languages and tools

31 Simulink MATLAB BXPPO



Import custom code into Simulink

2018
Build custom code C Caller C Function
components using
C, C++, and Python 2021 2022 2023

Code Importer C Function Python Importer
Supports C++

32 Simulink MATLAB BEXIPO



Import Python functions within classes

class room:

def init_ (self, length, breadth, height):
self.length = length

Python |mp0rter self.breadth = breadth

self.height = height

supports Python
functions specified

result = self.length * self.breadth * self.height

Wlthln PythOn return result

classes

result = 2 *(self.length * height + self.breadth * height)

return result

Python class definition

MATLAB EXPO
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Import Python functions within classes

@ Python Importer

Welcome > Settings >  Specify Custom Code > Analyze > Import > Create Simulink Library
Edit the block port specifications for the previously selected functions.

Complexity Size

Wizard Ul provides S T A
step-by-step import
guidance

double

double

34 Simulink MATLAB BXPPO



Import Python functions within classes

Export as custom
blocksets for
simulations

35 Simulink

LIERARY DEBUG

ik

-

aw

- |l:_-\| Print |+
FILE

N

pyClass
® ||*apyClass

MODELING FORMAT APPS BLOCK. =5 0 8 @ ()

pyFile_room_volume
Python def volume imported from python module pyFile.py

Source code

Parameters

length: |1D

breadth: 5 i

height: |? | :

Help Apply

pyFile_room_volume  result pyFile_room_wallarea

pyFile_room_volume pyFile_room_wallarea

result P

MATLAB EXPO



Support for unbounded variable-size signals </>

Flexibility to model
signals without
specifying a finite
signal size

Autonomous parking
maneuver system

Radar system

Sizes of signals are unknown at compilation and
can grow/shrink during simulation

36 Simulink MATLAB BEXIPO



Support for unbounded variable-size signals </>

=4

Unbounded variable-size signals  Dynamic arrays

Provide a mapping
between Simulink
sighals and dynamic
arrays in C++

Easily exchange data
with other external Signal size as Inf Resizable data

software components Memory allocated at run time Dynamic memory

37 Simulink MATLAB BEXIPO
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Import FMI 3.0 Function Mockup Units (FMUS)

i)

SIMULATION MODELING FORMAT

X1, Trace Signal R | Pause Time ‘ & Stop Time | 0.5
. E— = .

% 24 () i
t Yo| 2 Add Breakpoint ¥ [N |
Performance | Diagnostics Information Comment Gut 7 e P Update | orme Step

Advisor ¥ v Overlays ¥ | Port Values ] v # Breakpoints List Model v ®§@ Fast Restart Forward
D CS BR B COMPILE LATE
mArrayDouble2D

|"& mArrayDouble2D

|"&| Block Parameters: FMI 3.0 FMU - Co-Simulation

Model Browser |
Joyadsu] Aysedosd

array_double_2d [Co-Simulation, v3.0]

double [1x4] FMU Block
(FMU does not have a description.)

1x4
m i Functional double [4x1] Open FMU Documentation File
Mock-up 1 Parameters  Simulation Input  Output

Interface double [2x2]
Filter b

FM U bIOCk Su pports Co-Simulation double [3x1]
F M I VEIS I on 3 " O FMI 3.0 FMU - Co-Simulation _- g

£ param2

[2x2

v [dd param3

double [1x4]
[1x4] «» -
m " Functional double [4x1] B
| Mock-up 4x1

Interface

£ param4

Model-Exchange

FMI 3.0 FMU - Model-Exchange

I
—-—e—
OK Cancel Help Apply

150% auto(FixedStepDiscrete)

39 Simulink MATLAB BXPPO



Export simulations as FMI 3.0 FMUs 52
FMU Builder for Simulink Support Package

EXPORT MODEL TO

Web View...

Export model to browser-enabled read-only view
Create standalone FMUs from o Protected Model..
S I m u | I n k mOdels Or SOU rce Code Create an IP-protected copy of this model

= Template...

Create reusable template from this model

Valldate FMI 3.0 FM US m’i" Architecture Model...

" Export model to Architecture

—. Standalone FMU... [y

EXpO rt F M US to be used In Oth er Export model to Co-5imulation Standalone Functional Maock-up Unit (FMU)
simulation environments Simulation App...

Create Simulation App for model

+. Previous Version...

i
Export model to previous version of Simulink

Simulink Compiler
40 FMU Builder for Simulink Support Package MATLAB EXIPO



Control scripted simulations using Simulation object

Simulink model

Configure, run, and
Interact with

simulations, initialize

Including stepping start
step
pause

Access In-simulation

status and outputs HEslits

stop
terminate

Deployable to other
environments with
compiler workflows

Scripted

_ _ In-simulation outputs
simulation

41 Simulink MATLAB BXPPO



Control scripted simulations using Simulation object

Enable simulation
Integration in new
applications such as
reinforcement
learning and digital
twins

Reinforcement Learning

Digital Twins

Simulink Compiler

42 Simulink MATLAB BEXIPO



Lol &3 %

ITI\%%EINK@ Integrations Al
§ y
....T.... . aama _
</> oy R Al
/ Ins @ ) ! ]
Languages Simulation Visualization Hardware

43 MATLAB EXPO



Visualize 3D simulations i ®

3D Visualizations

Simulink 3D
Animation provides
foundational 3D
assets, platform,
and integration to
the Unreal Engine

for vertical products U N R EAL

ENGINE

44 Simulink 3D Animation MATLAB BEXIPO



Visualize 3D simulations

Photorealistic 3D
scenes, actions, and
sensors for
simulating dynamic
system behavior

Aerospace Blockset UAV Toolbox

Robotics System Toolbox

Automated Driving Toolbox

Vehicle Dynamics Blockset MATLAB PO

45 Simulink 3D Animation



To know more about workflow for integration with simulation
engines and visualization environments

= Listen to our experts at Tech Talk on
“Addressing Challenges of Meeting Net-Zero Goals with Simulation and Model-Based Design 14:00-15:00 Hrs”

« Engage with our technical experts at Technology Showcase Area:

Electrification: From Prototyping to Production

 Renewable System Design Using GFM Converter
« Powertrain Design for Transportation Electrification

Virtual Vehicles and Automated Driving
« Automated Driving: Validation and Development
« Virtual Environments for Simulation and Testing

» Virtual Vehicle EV Range Estimation

Communications and Radar Systems: From Design to Deployment

46 « Space mission modeling and analysis MATLAB EXIPPO
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Simulink is for Production Software Development

é )

Real-Time Operating System
‘il,inux

Middleware

iROS [l

Scheduler

Platform Components

Aware

ik B
Generation

ENEEN Representable
EEEEN —— In-Range

Underflows

v

Platform aware Numeric efficiency Specialized
code generation leveraging parallelism hardware support

MATLAB EXPO



Specialized support for different hardware devices and

architectures

ST Microelectronics

Support for dual-core devices

Support for 4 new device
families:U5, L4, L5, WB

Embedded Coder

Embedded Coder Support Package for
STMicroelectronics® STM32 Processors

49

Infineon
Support for AURIX TC3x

Support for AURIX TC4x PPU
accelerator

Embedded Coder

Embedded Coder Support Package for
Infineon® AURIX™ TC3x Microcontrollers

Embedded Coder Support Package for
Infineon® AURIX™ TC4x Microcontrollers

NXP

Support for S32M2, S32K396,
LAX (S32R45), LPC553x%, and
BMS

Support for S32K3, S32ZE, and
HCP

Embedded Coder
NXP® Model-Based Design Toolbox™

Qualcomm

Hardware Support
Package for Qualcomm
Snapdragon Hexagon
DSP

Run Processor-in-Loop
(PiL) simulations

Embedded Coder

MATLAB EXPO
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Specialized support for different hardware devices and
architectures

Texas Instruments (TI)
C2000 Microcontroller Blockset

Design, simulate, and implement
applications for TI C2000 Microcontrollers

C2000 Microcontroller Blockset

AMD

Design, analyze, and prototype for Versal Adaptive
SoCs, Zyng SoCs, and Xilinx FPGA devices

Generate and deploy HDL code and Embedded
Software for Xilinx FPGA and SoC devices

SoC Blockset, HDL Coder

SoC Blockset Support Package for Xilinx® Devices, HDL
Coder Support Package for Xilinx® FPGA and SoC MATLAB PO
Devices



To know more about integration workflows with hardware
platforms

Experience and Engage with our Experts at the below Technology Showcase Areas

E['j Electrification: From Prototyping to Production
» Accelerate Motor Control Development: From Modeling to Deployment

» Accelerate Al-Based Software Development on Infineon AURIX TC4x

» Design, Prototype, and Test Your Brushless DC Motor Controls Using Simulink and Speedgoat Hardware

. Artificial Intelligence - From Design to Deployment
» Visual Inspection with Beckhoff PLC

Communications and Radar Systems: From Design to Deployment

» Live Stream Radar Data to MATLAB from TI mmWave Radars for Signal Processing and Tracking Applications

» Rapid Prototyping of Radar and Wireless Communications Systems on RFSoCs

MATLAB EXPO
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New capabilities across the entire Al workflow &

MATLAB EXPO



Preparation

Collaborative, multiuser, team-based labeling " >

Distribute, monitor, and review
labeling tasks across a team o s e

e
e

Create an executable labeling app, "J Ba’ta
which team members can use to S
label or review tasks without a Project
MATLAB license Owner

[
'
9
'
=
'
@
'
Task

54 Computer Vision Toolbox MATLAB EXIPO



Execute Python deep learning
models in Simulink

Coexecute TensorFlow and
PyTorch models in Simulink
together with other deep learning

and machine learning blocks —
Simulink

55 Deep Learning Toolbox

Preparation

Al Modeling

PyTorch TensorFlow

MATLAB EXPO



Explain object detection network
predictions using D-RISE

DRISE Map

; Wi ™

Generate visual explanations | K ‘m,i
for the prediction results of A =l D
object detection networks | PRa—— ] CH

— -

MATLAB EXPO

56 Deep Learning Toolbox



Generate generic CUDA code | s g [ H
for deep learning

Generate deep learning
CUDA code that does
not require NVIDIA
deep learning libraries

57 GPU Coder MATLAB BEXIPO
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NLP, LLMs, and how these relate to Al

MATLAB BXIPPO



Al Chat Playground - An experimental generative Al offering
from MathWorks

Hello! Whether you're checking out MATLAB for the first time or
years, I'm here to answer your questions and provide coding tips

O Ran in R2023

@ Deborah Ferreira

How can | compute the eigenvalues for a matrix?

CE 5T

To compute eigenvalues for a matrix in MATLAB, you can use the eig() function.
Here's an example code:

\C o
A=[12; 34]; 06
eigenvalues = eig(A);

\disp(eigenvalues); ) -0.8 Q

-1

0
This will output the eigenvalues for matrix A. What happens when you try to compute

eigenvalues for a non-square matrixfp>

A = F1.2% 3 41

How can you verify the correctness of your code? eigenvalues = eig(A);
disp(eigenvalues);

-0.3723

Send a message...
5.3723

MATLAB EXPO




| . . &\ MathWorks
Incorporating LLMs in your workflow

® é ° ’ﬁ
E-0o E o H o9

Prompt Engineering Retrieval-Augmented Generation Continue pretraining or fine-tune

GitHub Repo: lims-with-matlab 60



https://github.com/matlab-deep-learning/llms-with-matlab/

61

To know more about Al workflows

Listen to our experts at Tech Talk on :

“The Industrial Al Life Cycle: Dreaming, Designing, and Delivering in the Digital Age 14:00-15:00 Hrs

Experience and Engage with our Experts at the Technology Showcase Areas on :

. Artificial Intelligence - From Design to Deployment

» Predictive Maintenance Using Data Acquisition Systems
« Al for Design Optimization and Model Calibration

« Visual Inspection with Beckhoff PLC

MATLAB EXPO
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What’s new in Training Services

* Power Systems Simulation Onramp
System Composer Onramp
Simscape Battery Onramp

Onramps
(Total - 22)

Courses « 11 Learning paths, 36 smaller courses

Online Training { Individual self-paced courses to Online Training Suite

MATLAB and Python Integration
Deep Learning for Signals in MATLAB
Instrm*c;;ci)rr]ilflzg < Motor Control with Simulink and Simscape
Simulink for Analog and Mixed-Signal Verification

(il =) Polyspace for C/C++ Code Verification (new tool)
Reviewing Polyspace Results
Certification
Existing MATLAB S :
e & Simulink Associate

Professional)

MATLAB BXIPPO



MATLAB BEXIPO

Thank youl!

/). MathWorks’

© 2024 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc.
See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be
trademarks or registered trademarks of their respective holders.
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