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Develop algorithms

write MATLAB code.

Analyze data
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Engineers and scientists...

ENTERPRISE APPLICATIONS
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deploy algorithms and applications within
web, enterprise, and production systems.
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Engineers and scientists...
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Simulation  Analysis
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Model systems Run simulations

build Simulink models.
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Engineers and scientists...

combine MATLAB code and
Simulink models together.
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Engineers and scientists...

generate code.
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Engineers and scientists...
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connect software to hardware.



And it’s all easier to do In the latest releases.

R2015b R20l6a
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Analysis
and
Visualization
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MATLAB Live Editor

Change the way you work in MATLAB

= See results together with the code that
produced them, accelerating exploratory
programming and analysis

= Add equations, images, hyperlinks,
and formatted text to create
Interactive narratives

= Create lectures that combine
explanatory text, mathematical
equations, code and results

Analysis and Visualization

2016

E| Live Editor - C:\Demos\16a_Demos\live_editor_scripts\Sunrise_Sunset.mlx

EE:I ﬁ E [EFindFiles 4} @ B IUM I%I I;I ZEquatinn

(=] ]

[ R, - < - - oCK
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| Compare GoTo o6 2 Hyperiink -
New Open Save = EH' £ & Code Text Section ¢ Run Run
- - - H Print W4 Find « | | Ep Break |=| Image Normal Heading Al Section »
FILE NAVIGATE FORMAT INSERT TEXT STYLE RUN
| Sunrise_Sunset.mbx |+ |
For this example,_ we will use Boston as our location. We can = . -

see how the solar time correction changes over the course of a
year.

long = -71.06;
lat = 42.36;
UTCoff = -5;

longCorr = 4*(long - 15*UTCoff)
days = 1:365;
B = 360*(days - 81)/365;

EoTCorr = 9_87*sind(2*B) - 7.53*cosd(B) - 1.5*sind(B);

solarCorr = longCorr + EoTCorr

clf

plot{days,selarCorr)

axis{[1 365 0 35])
title('Solar Time Correction')
xlabel('Day of Year')
ylabel('Minutes"')

longCorr = 15.7600
solarCorr = Ix365 double

12.0548 11.6163 11.1786 10.7361 ---
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Graphs and Network Algorithms

= Two new functions for creating graphs
(undirected graphs)

— graph
— digraph

= Graph objects work just like other MATLAB objects
= Multiple graph layouts available (circular, force-directed, tiered)

= New functions available for working with graphs

Graphs model the connections in a network
— Widely applicable in physical, biological,
and information systems

(directed graphs)

2015

— shortestpath, shortestpathtree, minspantree, distances (and many others)

Analysis and Visualization

4\ MathWorks
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MATLAB Graphics

New look makes data easier to interpret and
graphics objects are easier to customize

= R2015b
— increased control for customizing plot axes

= R2016a
— Polar plots
— Multiple y-axis plots
— Functions for plotting mathematical expressions and
equations

Analysis and Visualization

R2015b R2016a

IGl(w) vs w
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One-Click Display

Click a signal line when the simulation
IS running to view the current value

= Display port value for a signal by clicking it
during simulation for easy debugging

= For bus signals, select the signals of interest
before simulation

Analysis and Visualization
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New Interface for Scopes

View and debug signals with cursors
and measurements

= Scope, Floating Scope, and Viewers all
upgraded with new Ul

* Includes simulation data analysis and
debugging tools

— Cursors
— Measurements
— Triggers

Analysis and Visualization

(4] Time Scope

File Tools View Simulation Help

= | -0 [FE)-

- 6OPE

T=1.000

&\ MathWorks:

2015
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Flight Instruments Library

Display measurements through
standard cockpit instruments using

Aerospace Blockset

= Visualize simulation results using realistic
cockpit instrumentation, including:

Airspeed Indicator
Altimeter

Artificial Horizon
Climb Rate Indicator
Heading Indicator
Turn Coordinator

Analysis and Visualization

&\ MathWorks

R2016a
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MATLAB Pause Button

Troubleshoot problems without
specifying breakpoints in advance

= Pause the execution of a program from
the Editor and enter debug mode

= Check on the progress of long running
programs to ensure they are running
as expected

= Resume program execution

Modeling and Simulation

‘ MathWorks

R2016a
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Deep Learning

Perform fast, accurate image classification

= Enables recognition workflows in
autonomous robotics and ADAS

= Convolutional neural network (CNN)
algorithm added to Neural Network Toolbox

= Uses cuDNN (a GPU-accelerated library from NVIDIA)
(requires Parallel Computing Toolbox)

Modeling and Simulation

Vanables - ROIBoundingBoxes

| ROIBoundingBoxes xl

115 struct with 2 fields

4\ MathWorks

R2016a

1

3

Fields ImageFileMame @Bﬂund’mgliuc

'E\jobarchive\Bvisio... [1273,1063,225.2;

'ENjobarchive\Bvisio...

'E\jobarchivel\Bvisio... _

chive\B
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3D Vision R2016a

Enables autonomous systems to
map and measure the world

= Supports workflows for ADAS,
autonomous driving, and robotics

= New functionality to support:
— 3D point cloud processing
— Structure from motion

Modeling and Simulation 01
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Wireless System Design R2015b R2016a

\M :
WLAN System Toolbox 802.11 a/b/g/n/ac/j/p PHY models

Communications System cdma2000 and 1xEV-DO
Toolbox waveform generation

Support for PicoZed SDRs

LTE System Toolbox 3GPP Release 12 features

RF Toolbox & SImRF RF Budget Analyzer App
Automatic testbench generation

Antenna Toolbox

Model custom antennas and dielectrics

Phased Array System Toolbox  Scenario viewer, phase shift quantization Ze ———



Audio System Toolbox

Design and test audio processing systems

= Enables real-time audio processing in
MATLAB and Simulink

= Libraries of audio processing
algorithms and examples

= Low-latency audio streaming from and to standard
audio interfaces (e.g. ASIO, CoreAudio, ALSA)

= Live-tuning of MATLAB and Simulink
via Ul and MIDI controls

= VST plugin generation to run on
Digital Audio Workstations

&\ MathWorks

2016
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2] D

Audio Device Audic Device
R eader Writer

&) SingleTrack [modified] - REAPER v5.03/464 - EVALUATION LICENSE [=EE=]
File Edit View Insert Iem Track Options Actions Help [Resize Media ltems]
[44.1kHz 24bit WAV : 2/2ch 10245pls ~57/213ms DirectSound]
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Simulink Start Page

Get started or resume work faster by
accessing templates, recent models,

and featured examples

= Create new Simulink models using

templates

= Use fully developed example models as a

reference

= Quickly access most recent Simulink models

Modeling and Simulation

4\ MathWorks

R2016a

4 Simulink Start Page

SIMULINK"

T3 cpen... New

Recent
Py sidemo_fuelsys.six
#, sidemo_mairef_counter six

v

#, sidemo_mairef_counter six
#, sidemo_mairef_counter_2 six

*i sldemo_mdiref_basic.slx Code Generation

R

Examples

All Templates ~ ﬂ

Digital Filter Feedback Controller
F N

*i sldemo_fuelsys_dd_plantsix
*i sldemo_fuelsys_dd_controller.slx

P sldemo_fuelsys_dd.slx

E| ViewingSignalsinModelReferencelnstan:

E| ReportGenerationDemos.pr

Feedback Controller

*a Create Model
By The MathWarks, Inc.

Create a Simulink model of a feedback control system

This template creates a model containing a continuous time plant model
and a controller. The plant model is a simple damped, second order
system. A PID controller is used to make the output of the plant track an
input reference signal.

(=1 ReportGeneration.prj

New Examples
E| SimulinkProjectairframe

» Simulink Documentation

Explore featured modeling and simulation examples for a head start > Getting Started

solving your problem using Simulink.

v Simulink

Bostns hetaonsti Tesmmitiin St

Modeling an Automatic Transmis...

_ Pump Suspy prossane

Four Hydraulic Cylinder Simulation

[ Pe——— -
) ola]

» Blocks and Other Reference
> Release Notes

View All

5. Transient Responsa 1o Throtme Failure

File  Teals

Modeling a Fault-Tolerant Fuel C...

Reaponn of  10uF Senpension Model

Simulation of a Bouncing Ball Parallel Simulations Using Parfo...

a
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Automatic Solver Option

Set up and simulate your model more
quickly with automatically selected
solver settings

Simulink will select a solver and step size that
IS optimized for your specific model

= Considers factors such as model stiffness and
simulation performance

= All new Simulink models use the automatic
solver option

= Can optionally lock down solver so that it does
not change from one simulation to another

Modeling and Simulation

Solver options

Solver information

Fixed-step size: auto(0.04)

& @

Type: |Fixed-step

b Additional options

&\ MathWorks

2015

- | Solver: |auto (Automatic solver selection) -

oded (Dormand-Prince)
ode5 (Dormand-Prince)
ode4 (Runge-Kutta)
ode3 (Bogacki-Shamping)
ode2 (Heun)

odel (Euler)

odel4x (extrapolation)

ey

Automatic solver selection)
discrete (no continuous states)

25
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Always-On Tunability 2015

& Configuration Parameters: vdp/Configuration (Active)

Category
Tu n e al I b I O C k p aram eters an d Select: Simulation and code generation

workspace variables during a simulation o porEsport ] Signal storage reuse

4 QOptimization
Signals and Parameters

Code generation

Stateflow o -
. Diagnostics Default parameter behavior: Configure...
Hardware Implementation 7 -
Model Referencing Enable local block outputs
u A” tunable bIOCk paral | |eters Can be tuned > Simulation Target Eliminate superfluous local variables (expression folding)
» Code Generation
1 1 1 1 1N [] Minimize data copies between local and global variables
during simulation while retaining the P :

Use memcpy for vector assignment

simulation speed

Loop unrolling threshold: 5

gram Simulation Ang Gain

= Choose between tunable and inline for Element-wise gain (y = K.%u) or n
default parameter behavior during code “Main |, Signal Atiibutes.|Par
generation Gain:

300 |

n Simscape block parameters now I - Multiplication: | Element-wise(K.*u

tunable as well —s | "m/

Resistance: 3.9 Ohm ~ }Compile-time 5 ‘ 20‘| 6

Modeling and Simulation -



Simscape Product Family

= Product names are realigned under the Simscape family

= Thermal liquid library in Simscape Fluids
— Properties of liquids can vary with temperature
— Heating and cooling systems, fuel systems, and

actuation systems where temperature affects behavior

= Dynamic camera in Simscape Multibody
— Track moving objects in animations

= Run-time parameters
— Change parameter values without recompiling model
— Used for HIL, Model Reference and Fast Restart

Modeling and Simulation

4\ MathWorks

R2016a

f 36| K
@ | ® | |on| K
Sf;g\tzrenrs Electronics | Fluids | Multibody | Driveline
G § 2 §? G G2
Simscape
N P J
4\ Mechanics Explorer E

File Explorer

Simulation View Tools Window Help

Em YT EOOS 'E{I:Iﬁi?j@?wew convention:fviji 4 @5’{* Q |1.
| Mechanics Explorer * |

¥ ax

»
O s

',.- Vehicle »

% Bod
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Simulink Units 2016

Specify, visualize, and check N —‘ L —,
consistency of units on interfaces o bt

eng
fradis) vy
Command Th = =

Nsomin;| ] » & Allowed unit systems 'SI' do not contain unit 'deg’ g[roes T
pee
E\C)im} ﬁ; F]Allowed unit systems 'S: do not contain unit 'deg'|mt olcomen :JEI(Q,S} R E:; mme”m{i% Tom
- . - . . - HEZ Engine ~ - = o Plant ine Gas amics
= Specify physical units for Simulink signals ™ & o R i W
. fuel rate_contral fuel air_fuel_ratio
and bus elements at the interfaces of T o e o
components such as subsystems, model (6] e D'@

references, Stateflow charts and MATLAB

Provide an output port for a subsystem or model. The 'Output when
f H bl k disabled' and 'Initial output’ parameters only apply to conditionally

U n Ctl O n OC S executed subsystems. When a conditionally executed subsystem is
disabled, the output is either held at its last value or set to the 'Initial
output'.

. . . lﬂl Signal Attributes |
= [dentify unit mismatches at the component

(1 a1

i nte rfaces Data type: Inherit: auto e \L

Lock output data type setting against changes by the fixed-point tools
Unit (e.g., m, m/s”2, N*m): S

= Enforce consistency by restricting the unit i

Port dimensions (-1 for inherited):

systems for certain components using the 1
configuration parameter, ‘Allowed unit systems’ et st vt 3

J [ ok |[ cancel |[ Help Apply

Modeling and Simulation -
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Messages 2015

4\ Message Viewer - Message View... E\@
#3, Messages_Example R @ @
) Eacd
sender receiver —
Model asynchronous operations in state o i Message Viewer -
charts using objects that carry data and =0 Rt ) g Oy
can be queued : M @
= 9 i\l S L
12 Y G 2T recever
= New message object and queue lf o 55{3%235 |
L :f :Mt09854 %’:
= I M(0.999573603C ’:
= Message Viewer block to visualize lifetime of . | |
a message ‘
M[M.data > 0]
] ) ] ] ] after(3 sec) % check message in
= Signal lines in Simulink to transfer messages | % queue
between charts
/Processing
entry:
% use message data for action
if M.data <=0.5
out=1;

Modeling and Simulation -



New SimEvents Engine and Block Library

Model operating system task scheduling
and communication

= Model interrupts, shared resources, network
delays, and other characteristics of multicore
and distributed systems

* Predict data races, deadlocks, and livelocks
that can effect system performance before
going to hardware

= Customize reactions to events using
MATLAB and the Discrete Event System
block

Modeling and Simulation

&\ MathWorks

2016

|Simulate Scheduler of a Multicore Control System '

Architectural Components

DT

Task 1

Task 1

Task 2

Task 2

By taskPriority

DiskLock

0OS Task Queue

—_—]
Mutex
CPU Utilization
{0} L }
S 2
Lock Mutex CPU

Functional Components

| |

Step1

Step2

e seExampleSwcController1 N

In1

N

Out1

1.0

— l 0s

2

Controller1

ol s Plant1

“?—’
o

In1
N\

2 seExampIechControllerZ\

08

Out1
Z

Controller2

s Plant2
Plant2

1.0

0.5
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Testing
and
Verification
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Simulink Test

Author, execute and manage
simulation-based testing

= Build synchronized executable
test environments

= Create inputs and assessments based

on logic or temporal conditions

= Qualifiable for safety critical applications

— DO Quialification Kit (for DO-178)

— |EC Certification Kit (for ISO 26262 and IEC

61508)

Testing and Verification

Test Harness

'ﬁ Test Harness: basic_inport_outport - Simulink == i&

File Edit View Display Diagram Simulation Analysis Code Tools Help

-5 EE@"E@%'\&”D @v 30 Normal @

basic_inport_outport

4\ MathWorks

2015

@® |[*albasic_inport_outport ¥ -
@&
|
=
=} -
= @ U vehice | J]
[ speed speed » »( 1)
gear H
C2) " e = Test Sequence Block
throttle |
shift_logic " DoubleSTdriven/Test Sequencel - Test Sequence Editor = | B |-
H ¢+ @@ ® O @-
» |l ZEREMIEE Step Transition Next Step i
Input .
Ready 148% > init_step 1. after (2, sec) step 2 o
k=T speed = ramp (t): =
Output throttle = ramp (t);
speed =
throttle step_2 4 gear==13 v
speed = 2* ramp (1); g step_3
LR throttle = 2* ramp (t);
peak_speed

peak_throttle Edit - Delete

Test Manager  constant

=
4 Test Manager = -
i e B LD & e Y
e o e 77 s me Ve -

peak_speed = speed;
peak_throttle = throftle;

step_3

if speed =0

speed = peak_speed - €
throttle = peak_throttle -
else

speed = 0;

throttle =N-
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Test Generation for C Code

Automatically generate tests for C code
S-functions using Simulink Design
Verifier

= Test generation automates a difficult task

= Generated tests lets you gain insight
into the simulation of your design
containing S-functions

Testing and Verification

Size-Type

Test Case 2

-

L~ InputData

Inputs

EZ Editor - C\Temp\c_testgen\sldvexSFunctionHandlingSFen.c

InterpolatedData ——
InputData
SaturationOccured
[+
Test Unit

| sldvexSFunctionHandlingSFen.c | 4+ |
170 /* Function: mdloutputs vy
171 * Bbstract:
172 * In this function, you compute the outputs of your S-function
173 * block. Generally outputs are placed in the output vector(s),
174 * ssGetOoutputPortSignal.
175 */
176 static void mdloutputs(SimStruct *S, int T tid)
177 {
178 real T *xdata = (real T *) mxGetPr(ssGetSFcnParam(S, 0));
179 real T *ydata = (real T *) mxGetPr(ssGetSFcnParam(S, 0));
180 real T *u = (real T *) ssGetInputPortSignal(s, 0);
181 intB T *status = (int8 T *) ssGetOutputPortSignal(s, 1);
182 uint32 T N = (uint32 T) mxGetNumberOfElements(ssGetSFcnParam(s, 0));
183 real T *y = (real T *) ssGetOutputPortSignal(s, 0);
184
185 *y = lutlD(*u, xdata, ydata, N, status);
w=|186 } =l e
File: 187 >
= Kl _ _ — — — =
oo | Tamgec -] B (=] = PE— e ] B [=] =
15
Impuatils Imputiat
sl 1 — o
- 5
3
']
2 —
1 FE
nu 0.5 1 1‘5 2 25 1 o :
s - - L] 0.5 1 1.5 2 25 a
Time [sec) Tire [s50)
Hai nzat’
intere 7
i etentn VRN [N | Chick i sslerd signal Tpelin 7] [ Y v |

4\ MathWorks

2016
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Deploying to Hardware

Run your models on low-cost hardware
and stream data into MATLAB

= Acquire images from Raspberry Pi and
Kinect V2 into MATLAB and Simulink

* Run Simulink models on Lego EV3,
Raspberry Pi 2, Raspberry Pi 3, and Arduino
Yun

= Adds to existing support for Arduino, Lego,
and Raspberry Pi platforms

Testing and Verification

Hardware

Workshops

4\ MathWorks

R2016a
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Certification and Standards

New Standards and Versions
DO-330 TQL-4 (aerospace)
AUTOSAR 4.1.3 & 4.2 (automotive)
IEC 62304 (medical)
MISRA-C: 2012 (many industries)

4 |DO Qualification Kit
4 DO-178C, DO-278A, DO-330, DO-254

{

4\ MathWorks

R2015b R2016a

[;j Certification Artifacts Explorer

+3dE @

€

Simulink Code Inspector and Polyspace Qualified under DO-330

Qualified Code Generation with MathWorks Embedded Coder

Natick, Mass. — (21 December 2015)

MathWorks today announced that it has completed the Stage of Involvement 4 (SQI-4) audit for a program involving airborne softwa
for an aircraft system with Transport Canada, the certification authority for the aircraft. As a result of the audit, Math\Works tools and
supporting data packages included in the DO Qualification Kit are compliant with DO-330 Tool Qualification Level 4 (TQL-4) for DO-

178C and DO-331 certification workflows:

= Qualified model verification

= Qualified code generation and verification

Successful completion of an audit process allows organizations to g

4 IEC Certification Kit
4 ISO 26262, IEC 61508, EN 50128, IEC 61511
[> |) Embedded Coder
L paPaonan [> |2) Polyspace Bug Finder

[> |.2) Polyspace Code Prover

> |2 Simulink Design Verifier

[> | Simulink Verification and Validation
> |2) Simulink PLC Coder
[ Simulink Test

> |23 Supporting Artifacts

Testing and Verification

W W N

CERTIFICATE

No. Z10 1511 67052 021

Holder of Certificate: The MathWorks, Inc}
3 Apple Hill Drive
Natick MA 01760-2098

Factory(ies):

Certification Mark:

Product: Software Tool for Saft

Model(s): Simulink® Test™

Parameters: The verification tool, class
safety-related software de:
and EN 50128

The verification tool is a qua
1SO 26262
It Is suitably validated for ug
development according to 15

= & CEPTUOUKAT ¢ CERTIFICADO ¢ CER

o

The report MNB6842C is a

13

o

ot

Tested IEC 61508-3(ed.2)

according to: EN 50128:2011
1SO 26262-8:2011

ATE ¢

The product was tested on a voluntary basis and complies witi
atioc oo o . S0 X

35



= e e W b o
40 50 g /a0 g0
30 70 /30 70
20 80 20 80
10 =% 90 t 10 90
0 100 \\\ 100,
Knob )

sldemo_mdiref_depagraph , -

— l_

demo_mdiref_heat2cost

sldemo_mdirgf.lhol

sldemo_mgllref_heater

i

=mo_mdlref_thermostat

sldemo_mdiref_F2C

Sharing
and
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4\ MathWorks
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App Designer

Develop MATLAB applications with an
enhanced design environment and
expanded Ul component set

*= Choose from standard components (buttons,
check boxes, panels, etc.), as well as
gauges, lamps, knobs and switches

= Quickly move between visual design
and code development

= New object-based code format makes it
easier to share data between parts of the app

Sharing and Collaboration

4\ MathWorks

R2016a

[40 Pulse Generator

Frequency 500

Signal Length (s)

Type |mexican hat

16 2 24 04 08
12 St 28 -
08 32 02 -f j 08 L
0.4 3.8 :
0 4 0 1
Edge ‘Window

Auto Update off ; on O Pulse 1) Pulse Spectrum

4\ App Designer

FiLe ALIGN

COMMON

sutton

4] creckBox

[a_~| Drop Down

[abc | Ed Field (Text)

A bl

O s
O sier

1235 spinner

(@@ st sutton
I

T —

.
Bk sa d

sae |T° flo o

CANVAS

‘ aRRANGE

PulseGenerator_startmiapp’ =

COMPONENT LIBRARY

m Axes (Line and Scatier)

[123 | Edit Fiek (Numerc)

Radio Button Group

Same See  Grouping

appy Horzontaty
=S Apply Vertically
sPace

Frequency AutoUpdate  off (:len‘ H app.mpAutoUpdate
Signal Length () Pt |

Type [gaussian

i

Eciazocunaly

I Show resizing hints

viEw

~ COMPOGNENT BROWSER
DD AppWindow
app axPulseFiot
app.btnPlot
app.swPhoiType

4\ App Designer

EDITOR

@, % % 5fGoTo ~ % Comment 76 43 D
Enabie app coding alerts

Save | Calback Functon Property |\ {Fid ~  Starup Indent Run

- - v Function

FiLe INSERT NAVIGATE o VIEW RUN

PulseGenerator_startmiapp*

v CODE BROWSER Detyives ] v COMPONENT BROWSER

Callbacks | Functions | app.AppiNindow -

Lab.apps . AppBase app mxPulseFlot
daCalback

app binPot
swautoUpdateValueChanged ¢ i T
matlab.ul.Figure
matlab.ui.control.UIAxes
matlab.ui.control.Button
matlab.ui.control
matlab.ul.contro
matlab.ui.control
matlab.ui.contro
matlab.ui.control.Knob
matlab.ui.control.Label
matlap.ul.control.DropDown
matlab.ui.control.Label %
h matlab.ui.control.NumericEditField
h matlab.ui.control.Label
numF requency matlab.ui.control.NumericEditField
1blFrequency  matlab.ui.control.Label

binPiotButtonPushed spp.mpautcUpdate
numFrequency\ValueChanged spp.swAutoUpdste
app.cknEdge

app ddType

numSikgnalLengthV/alueChanged
ddTypeValucChanged

app numSignalLength

v APPLAYO

¥ COMPONENT PROPERTIE

end
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Add-On Explorer

Extend the capabilities of MATLAB by
providing additional functionality for
specific tasks and applications

=  Browse, search, and install add-ons
directly from MATLAB

= Add-ons include community-authored and
MathWorks toolboxes, apps, functions,
models, and hardware support

Sharing and Collaboration

4\ MathWorks

R2015b

4\ 2dd-On Explorer

Refine by Source MathWorks Toolboxes and Products

Sm! n Computer Vision System
nnnnnn g Toolbox Toolbox

Robotics System Toolbox

Design and simulate computer

Retine by Product Family

Community Toolboxes

CJSON':

l
iIIlIE

HeclZV /A LA\ U\

. . . - -
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Using MATLAB with Other Languages

Integrate MATLAB with other
programming languages, including
C/C++, Java, .NET, and Python

= Call MATLAB from another language

= Reuse legacy code written in another
programming language within MATLAB

= Package MATLAB programs into language-
specific software components to integrate
with other programming languages
— Python support added in R2015b

Sharing and Collaboration

Other Languages
C/C++, Java, .NET, Python

R2015b

MATLAB

MATLAB
Compiler SDK
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Three-Way Model Merge

Graphically resolve conflicts between
revisions within a Simulink project

= Resolve conflicts in model files under
source control

= Provides an interactive comparison report with
the two conflicting designs along with the
original base model

Sharing and Collaboration

2016

U’ Theirs : 0720aa08418016bct | Base : 89e75b4860054fad8k Mine 9
—TrergrroTTes —orgTIoTTes — oo
I » Solver | L Solver I ------ Solver
I’:'i-- Madel Hierarchy I’ﬂ-- Madel Hierarchy B Madel Hierarchy
= [Pal simulink =[P simulink = [Pa] simulink
=[P pilot =[Pl Pilot =[P Pilot
I -->D Pilot response amr
=0 Pilot =03 Pilot =0 Pilot
- StickCommand_re - StickCommanc
-"IZ Pilot response ar, ~TZ Pilot:1 -= Bus Cre - Pilot1 -> Bus ¢
-~ Pilot:1 -= Pilot res

[P theirs_slproject_f14/Pilot - Simulink o B
File Edit View Display Diagram Simulation Analysis Code Tools =
» »| S 1 iii

g~ Ce il TON N7 R OR
Filot

& ||"a| theirs_slproject_f14 P P3| Filot v
«Q Pilot

|

PILOT_BUS
= A
v
E ickComi
Pil litude

&=

Ready 101% ode45
P4, targetFile/Pilot - Simulink (e m=]
File Edit View Display Diagram Simulation Analysis Code Tools
Pilot

@ |[PatargetFile b [Pa| Pil A
@

E3 ok

=

(|

Ready 83% ode4s
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sldemo_rrglref_heater
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Performance

4\ MathWorks
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MATLAB Execution Engine 2015
Redesigned execution engine runs & | | ;
MATLAB code faster Slower in 22015 :: Same |  Fasterin R2015
201 1 i 26 |1 49 .
i 16 i
o 15 - H |
= Al MATLAB code can now be JIT compiled 8 ; ;
k] i i 11
10 - i = i 9 .
= Average performance improvement of 40% on ; |
76 performance-sensitive user applications 5|- : |
| | 2
. L9 o o m 9| i
= A platform for future improvements S & T o N ¢ & e
AT S S S
= Performance testing framework 20]6 R2015b to R2015a R2015a to R2015b

Execution Time Ratio

— Measure MATLAB code performance
— Interface leverages the unit testing framework

Performance 42



GPU Acceleration and Parallel Computing

Perform parallel computations using GPUs

= Accelerate applications using
GPU-enabled functions

— >300in MATLAB

— > 90 in Statistics and Machine Learning Toolbox
— >50in Image Processing Toolbox

= Use enhanced gpuArray functions for

sparse matrices on GPUs

Performance

Transfer data to GPU
>> GX = gpuArray (X) ;

GPGPU Computation
>> GY = £ft2(GX);

Gather data to CPU
>> Y = gather (GY) ;

Simple GPU code in MATLAB

30 faster
18 x

faster

w
o
c
(O]
540 23x
()
£

()

&\ MathWorks

2015

B Wove Eqn |E=S O =5

Solution of 2nd Order Wave Equation

CPU  13074.0 sec

¢ GPU

Grid Size
512

Iteration: 1820

Stopat | 60000

Sped up
500 times

Stop

A i Elapsed Time: 56.3 s

U

0 512 1024
Grid size

1536 2048
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Fast Restart

Run consecutive simulations more quickly

= Efficiently run multiple interactive simulations

= Saves simulation time eliminating
recompilation between simulation runs

= |Improves calibration workflows where
the user is tuning block parameters

}}|

between runs Ready (Fast Restart)

= APl introduced in R2015b

| Initialized

Performance

4\ MathWorks

R2014b
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Support and Services

4\ MathWorks
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MOOCs

= Massive Open Online Courses
(Coursera, edX)

= MathWorks MOOC Support
— MATLAB Hosted Web Service Offering
— Downloadable MATLAB License
— Dedicated Engineering Team
— MATLAB Learning Content

=  NPTEL: National Programme on
Technology Enhanced Learning

— Ajoint initiative of the IITs and 11Sc

Support and Services

MATLAB Programming for Numerical
Computation

ABOUT THE COURSE

MATLAB is a popular language for numerical computation. This
course introduces students to MATLAB programming, and
demonstrate it's use for scientific computations. The basis of
computational techniques are expounded through various coding
examples and problems, and practical ways to use MATLAB will
be discussed.

The objective of this course is to introduce undergraduate
students to computational methods using MATLAB. At the end of
this course, a student would:

« Learn basics of MATLAB programming

« Get introduced to numerical methods for engineering
problems

« Will be able to use MATLAB to solve computational
problems

SOFTWARE USED

We will use MATLAB in this course. Course lectures, practice
problems and assignments will be given using MATLAB.

ith support from MathWorks, access to MATLAB Online will be
provided to registered students for the duration of this course.
Details will be posted for enrolled students on the first day of this
course (18 Jan 2016).

Course: MATLAB Programming for Numerical
Computation

Duration: 8 weeks (Jan 18 — Mar 18 2016)
MATLAB Online access to ~11000 students
registered for the course

&\ MathWorks
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Cody Coursework™

= Setup and automatically grade
MATLAB assignments

=  Students submit solutions online
= Prompt feedback

= Access to learning analytics and
grading data

= Preloaded course content
= 90 Cody Problems

« 4 Course Areas (Signals,
Control systems, Computational
Math, Intro. MATLAB)

Support and Services

coursework.mathworks.com

Week 1 - Data Types

Search Solutions

Create Numeric Array

&\ MathWorks

Solution 16956
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MathWorks Training Services

Training - Course offerings span entry-level
Formats to advanced topics
| | | = EXxperienced expert instructors
Classroom Online
. Instructor-
Public ed
- MATLAB
Onsite Academy

Support and Services 48



Support and Services

Public Training Offerings

Signal Processing with MATLAB

Image Processing with MATLAB

Computer Vision with MATLAB

MATLAB Fundamentals

Simulink for System and Algorithm Modeling
MATLAB Fundamentals

Simulink for System and Algorithm Modeling
Building Interactive Applications in MATLAB
Optimization Techniques in MATLAB
Statistical Methods in MATLAB

Machine Learning with MATLAB

Email: training@ mathworks.in

May 2 -3
May 4 - 5
May 6
May 16-18

May 19-20

May 30 —June 1

June 2- 3

June 13

June 14

June 15 - 16

June 17

URL: http://www.mathworks.in/services/training

@

@ ® ©® @

@ @ @ @

Bangalore
Bangalore
Bangalore
Pune
Pune
Chennai
Chennai
Bangalore
Bangalore
Bangalore

Bangalore

#® Guaranteed to run

4\ MathWorks

AL

CERTIFIED MATL/

L
30

ASSOCIATE

MathWorks
Certified
MATLAB

Associate Exam

Bangalore:
29t Aug, 24t Oct,
19t Dec

Pune:
271 June
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http://www.mathworks.in/services/training

New Training Offerings

Training Courses

Digital Signal Processing for FPGA
Modeling Fluid Systems with Simscape

Object-Oriented Programming with MATLAB

Support and Services

&\ MathWorks

Training Modules

System Objects
Modeling RF Systems using MathWorks Tools

Phased Array System Toolbox Fundamentals

Code Generation for AUTOSAR Software
Components

Introduction to Database Toolbox

50



MATLAB Academy

= Online self-paced MATLAB training
— Easy access from computers
— Built-in access to MATLAB Online
— On-demand access to content

= Scalable for individual or enterprise
wide learning needs

= Free access to MATLAB On-Ramp
(two hour content)

Support and Services

=  Chapter 3.2 Creating Evenly-Spaced Vectors

Practice

Complete the tasks below

Task 1

Info: It ks common to create vectons containing evenl

Spa ced numbers. such as the vector below
=y = [567 8]

y =
5 B 7 8

Try creating & row vector named x| that contains the values

2 and 3, in that order

» MATLAB academy

4\ MathWorks

51



Student Competitions

= Formula Student India 2016
— 50 Teams

= ABU Robocon India 2016
— 105 Teams

— MathWorks Innovation Prize Winners

1. College of Engineering, Pune {Competition
Runners Up}

2. Mukesh Patel School of Technology
Management and Engineering (MPSTME),
Mumbai

3. VSSUT, Sambalpur

= Complimentary software offering,
workshops, online training, and
technical guidance

Support and Services

4\ MathWorks
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Performance

Support and Services

4\ MathWorks

Modeling
and
Simulation

Sharing
and
Collaboration
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