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“High level to low level —
Deep or Wide
— you choose for you”
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Core MATLAB

1. Live scripts and task
2. Stateflow for MATLAB
3. Projects

“Abstraction allows for rapid
development”
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Create executable notebooks for sharing, presenting, teaching

Code + Output + Formatted Text = Executable Notebook

Live Editor - C\MATLAB\SunriseSunset.mix O X
-

Contextual hints N—
. . L =] [QiFindFies 4 %7 = P=| Run Section S S
while coding s B o s ] .| 2 B

New Open Save . e F Section Run Step Stop
A4 i ¥ (= Print \{ Find === = ~ Break @RuntoEnd

FILE NAVIGATE

B Estih;éting Sunrise and Sunset

View Interactive outputs
next to the code

We can calculate sunrise and sunset times from the following equations.

~os—! (— tz and)  SC 05—} (— tz ans)  SC
cos” (—tanghtand) _ SC sunset = 12 4 505~ tangptand) _SC

sunrise = 12 — —
15° 60 15° 60

Add rich text formatting,

lat = 42

equations, images, tinezone - (CRETEEER:

'Eastern (UTC-5)'
d h I_ k sc = solarT| contral (UTC-6)' cimeZone);
delta = asi, 5 R [360%(days - 81)/365));
(UTC-7) (
an yper In S sunrise = 1_Hou|jt_a1n_x_pT eereery—ww) ¥tand(delta) ) /15 - sc/60;

sunset = 12 + acosd(-tand(lat)*tand(delta))/15 - sc/60; - .
150 200

. e > v Day of Year
plot(days, sunrise, days, sunset, 'LineWidth', 4) Y

title('Sunr sunset’)
xlabel( 'Day

Live Editor

MATLAB
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Turn a script into a simple app

|=/ Live Editor - C:AMATLAB\CompressibilityFactor.mlx

Add interactive controls E2HI0 e
to modify script variables e

— Numeric sliders P40 ]
Slider 350

— Drop-down lists P
N Drop: down (g R | |
— Edit fields | Hide Code |

carbon dioxide @ 350 Kelvin

Hide the code to create
simple applications
and dashboards

yressibility Factor, Z

Live Editor

MATLAB
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Complete steps interactively

FIGURE

Mormal » : Run Section [

Use tasks to explore 2 o o B e o
parameters and options

TE

Select data

Input data 0 ) nyiso

Specify method

Automatically generate

Display results

MATLAB code for the e
CO m p I ete d taS k . nt ;'F-If_‘di'f;:g:Ifillmizsingl.'n:v ).DUNMOD, ' Linea

hold o
legend

script

Live Editor

MATLAB
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Design decision logic at a higher level of abstraction

Graphically program, debug —————————————————————— 7
and execute state machines | @=ft ' | }

"‘EE|E":I:iIJr|_E-I:-E|tE
during: [down_th up_th] = calc_thigear throttia): ,

HEE0 S J oA RN

.I. [speed = down_th]

rt=-r TWAIT tick)
paad = || I|
rl:I gear_state. P}

oo oo ey
downshifting ) — UpE h|ﬂ|r|:| J
| I i l
'-5--|"|-|=-= : 3h=-. CWNI

Simulink Function
[down_th,up_th] = calc_thigear throttle)

y
""-.------_-------------_-------------_----..—"

Stateflow
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esign decision logic at a higher level of abstraction —in MATLAB

MATLAB
Stateflow

| %1 C\Users\mcoenmori\Desktop\Reinforcement Learning for Highways\RLRN\Environment\sf_driver_demo.m

EDITOR PUBLISH

g ™ E Lal Find Files « Insert (=} /i - D

- * C t %
oy ey o LTS oo ool o Breakpoints  Run

-~ ~ SiPrint (4 Find = Indent 7] - -
FILE NAVIGATE EDIT BREAKPOINTS
Highway Simulator

ndom N

rngPrev = rng(0):

if ~isempty (fin

%% Create road environment
numCars = 20;

scenario = HighwayScenario(...
'NumCars',numCars, ...

%% Run simulation
for i = 1:5000

E:enaxlo.s\:ep():
end
%% Clean up
for i =1 mCars

delete (scenario.Driversil});
delete (scenario) ;

rng (rngPrev) ;

4 usages of "scenano” found

— O

FEE =10l

Lg [&] Run Section

Runand [3
EQ advance
Advance

RUN

4
File Edit View
Dsds | 3

Insert  Tools

OE| K

Desktop  Window

Help

Symbols

i) %) €@ ||

IWidth
target
me
deftalane

laneCenters

zoneCar
isZoneQccupied
positions

frontF

errLane
topLane
isLaneChanging
delay

numCars

maxSpeed

velocities
slowCar
checkZone
getLane

getvel




<) MathWorks

Manage system complexity with projects

Projects in MATLAB help you
to organize, manage, and
share your code and models

Simulink

MATLAB © 2020 The MathWorks, Inc. 10
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Explore file dependencies and impact analysis

View: Class Hierarchy X

Explore and visualize
project structure

timesTableGame.m

absTimesTable.m subTimesTableGame.m

subAbsTimesTable.m sub1TimesTableGa... .m subZTimesTableGa... .m

enumTimesTable.m tAnswerlsCorrect.m

tCurrentQuestion.m tNewTimesTable.m

Simulink
MATLAB
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Use source control systems (Git, Subversion) with projects

1 Push

Git  Refresh Commit °
Details

3J_=-. @- : if "“c’.;'* Fetch

, =| Remote

. U Push
Git  Refresh Commit gf- Branches

Details =L Pull

Simulink
MATLAB
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Server Products

1. Overview of our server products _ _
2. New WebApp Server “Server suite scales with

3. Scaling with reference your needs”
architectures

4. Support DevOps workflows



Big picture of our server products

W

| want to....

Integrate with
enterprise Publish
computation applications Web Apps

MATLAB MATLAB MATLAB
Parallel Production Web App
Server Server Server

<) MathWorks

Use MATLAB
In a browser

MATLAB Online
Server
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Share MATLAB apps as browser-based web apps

Create apps using App Designer
and host them using
MATLAB Web App Server

For IT: full authentication support

For domain experts: upload your app
on demand

MATLAB Web App Server | NEW PRODUCT
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Scale as you need

<

Public Clouds On-Premise/Private Cloud Hosting Provider MathWorks Cloud
Architectures
NIMBIX
Cloud Data Services EEMNP(SH”*GI -
Cloud Center ¥ Hrescale MATLAB Online

MATLAB Dockerfile

SABALC®RE MATLAB Drive

S
(Uber
\Cloud

: |

.@2 A\ VaWNel Deep Learning Container

MATLAB Online Server
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Reference Architectures on GitHub

« Official MathWorks guidelines

= One click to deploy
— After some initial setup

= Monolithic Architectures
= Connectors/Utilities
= Containers

https://github.com/mathworks-ref-arch



https://github.com/mathworks-ref-arch

<) MathWorks

Scale Out Production Server with Parallel Server

1 User submlgsa_request Eggerpnslg i T , Long-running calls (jobs) can
(recorrr\]men U?'ngll e orany hro uction derver ?10 s as execute as serial or parallel.
asynchronous for long — the request dispatcher, Parallel jobs will use parallel

running calls sending long running calls to
el T vl e e d rur?ning LA language and a parallel pool

Parallel Server

Firewall
Enterprise [T 4\
app Client library* Load |
OR RESTful [ balancer

I 4

-
..
External user @

High availability configuration

Cluster or Cloud

App periodically polls
using the correlation

ID to determine if MATLAB MATLAB

request is complete. Production Server Parallel Server
The results are

displayed when

complete Intranet

* Provided by MathWorks https://www.mathworks.com/products/matlab-production-server/client-libraries.html
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Automated Testing with Continuous Integration (CI)

« A system to automate the building, testing, integration, and deployment of
code as it is being developed and maintained

« Popular Cl systems: Jenkins, Travis, CircleCl , Azure DevOps, and others...

- Benefits:
— Detect integration bugs early /\ \/

— Allow you to stop bugs from being accepted
— Track and report testing history @
— Flexible testing schedules and triggers <



MATLAB Plugin for Jenkins

« Install MATLAB Plugin for
Jenkins directly from the
Jenkins Plugin Manager

« Easily connect and configure
MATLAB with Jenkins

= Schedule automatic code and
model testing
— MATLAB Unit Test Framework
— Simulink Test

&«

WE J enkins Adam Sifounakis | log out

Jenkins = Plugin Manager

% Back to Dashboard

o Manage Jenkins

Filter: | . MATLAB

Available

Install | Version

MATLAB

(R) with Jenkins and 112
n MATLAB and

Install without restart Download now and install after restart
Update information obtained: 4 min 43 sec ago m

Page generated: Feb 20, 2020 4:13:08 PM EST RESTAPI| Jenkins ver. 2.204.2

<) MathWorks




Testing Reports in Jenkins

= View testing results

« View code coverage

« View testing reports

Test Result

1 failures (+1)

All Failed Tests

Test Name

Than failed.

lue must be

File Coverage summary

Name Classes

simulateSystem.m 1002 n

Coverage Breakdown by Class

function t) simula
springMassDamperDes

2 if isstruct(design)

error('simulateSystem:Invali

% Initial Positi

% Mass

)

45 (odefu

column

1);

Conditionals

0/0

Project Mass-Spring-Damper

TAP Tests Col

Packages

100%

<) MathWorks

TAP Tests

— Classes — Conditionals Files Lines Packages

Test Result Trend
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Al: Machine and Deep Learning

The MATLAB Advantage

Deep Network Designer App “« : _
Experiment Manager App Apps to simplify your dev

AutoML cycle with code to scale

S



S
.’:\7“. Artificial Intelligence (Al)
W

MATLAB

Access Data Preprocess Data

@i%\\*g Jil O ¢

Develop

Deploy

s

2 e
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. . o-®
Interactively access models, and develop and train networks  «Ye

Mew | Duplicate

PROPERTIES

convolution2dLayer (2

imagelnputLayer Mame
FilterSize

image3dinputLayer
NumpFilters

sequencelnputLayer Stride
DilationFactor
roilnputLayer E—
all I
OM AND FULLY CONNEC
convolutio
L mRateFactor
convolution3dLayer
groupedConvolution2dLayer

transposedConv2dLayer

transposedConv3dLayer

Deep Network Designer App

Deep Learning Toolbox
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Interactively access models, and develop and train networks  «Ye

4 Deep Metwork Designer

MATLAB

] Started Compare Pretrained Networks Transfer Learning

Import pretrained
networks for transfer
| e a. r n i n g Blank Network From Workspace

v Pretrained Networks

[N
0ooad

Oooan
|

ooad

HHHHHHHHHT

LOooo

SqueezeNet GooglLeNet ResNet-50 DarkNet-53 DarkNet-19 ShuffleNet

O

| |
oo |0onio
|

0o

Oooan
|

000
Qooo

NasNet-Mobile NasNet-Larae Yception Places365-Gooale... MobileNet-v2 DenseNet-201

Deep Network Designer App

Deep Learning Toolbox
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Interactively access models, and develop and train networks  «Ye

Import pretrained Aldhd

15 -
Training Progress (15-Jan-2020 16:03:36) Results

networks for transfer o
learning e

Training Time
Start time:

Elapsed time:

Training Cycle

Epoch:

Train networks and -
generate MATLAB code )

Frequ

Other Information

Epoch 2 3 Epoch 4 ) 7 Epoch 8 Hardware resource:

20 Learning

lteration - Learning rate

Accuracy
Training {(smoothed)
Training

— —@— — Validation

Loss
Training {(smoothed)
Training
— —@— — Validation
lteration

Deep Network Designer App

Deep Learning Toolbox
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. . . o-®
Manage multiple deep learning experiments o

EXPERIMENT MANAGER [2]

Keep track of training v PP T S
parameters

. . |
I t e u S e tra-l n I n g ata Status Progress Elapsed Time mylnitialLearn... Training Accu... Training Loss Validation Ac... Valida

0 hr 0 min .002 100.0

across multiple networks = o omae e

OhrOm

0 hr 0 min 2

Analyze and
compare results

Training Plot (Trial 4, Result1, Experiment1)

Iteration

Iteration

Experiment Manager App

Deep Learning Toolbox
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Machine Learning — AutoML

« Automated machine learning

— Choose a classification model automatica”y, Min objective vs. Number of function evaluations
across a selection of classifier types and = Vinchserved abfctve
slimated min oDectve

hyperparameter values (£itcauto)
— Uses Bayesian optimization

o
.:'=
=
o
T
[=]
=
S

100
Function evaluations

Statistics and Machine Learning Toolbox
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Industrial Tools

1. OPC UA “Secure data connectivity
2. Feature Extraction with MATLAB analytics
drives your insights”
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Access plant data securely from OPC UA servers

HOME PLOTS LIVE EDITOR INSERT

= _'_)ol;.-l - ) H:»
B Live Editor - C:\Docs\opcua_demoscript.mix
opcua_demoscript.mix +

If you have previously discovered the server using the |jopcuaserverinfo] command, you can cons

Workspace 4

= Establish secure OPC UA connections

|opcuaserverinfo| results

uvaClient = opcua(sampleServerInfo)

— Authenticate with username and password
or X509 user certificate credentials

Server Infor

— Sign and encrypt messages

Initially the client is disconnected from the server, and shows a brief summary of the client prope
disconnected by querying the Status property, or calling the [isConnected| function

status = uaClient.Status

isConnected(uaClient)

ans =

OPC Toolbox



<) MathWorks

OPC Data Access Explorer App

4\ OPC Data Access Explorer - [Untitled.osf*]

ient  Group Item  View
Hosts and OPC Servers OPC Toolbox Objects

g g‘ g | :B | E: .;:ZCE:::- MATLAE OPC Data Access Clients
T OPC Network < ): MATLAB OPC Data Access Cliel

EE 17216.86.15

« Rapidly connect
« Visually browse data

« Export data to the workspace

OPC Toolbox
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OPC UA drives IoT

Internet of Things

= OPC UA Is vendor neutral

Data Aggregator
* Online analytics

= Visualization and reporting

« Access PLCs or data aggregators
directly from MATLAB and Simulink

Edge Nodes

« Local embedded Exploratory Analysis
algorithms « Historical analytics

= Data reduction = Algorithm development

Enables predictive maintenance workflows
OPC Toolbox
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Diagnostic Feature Designer

Bin Width | auto Bin Limits | auto
Binning Method |auto ~ | Normalization probability

Show Group Distance  yymber of Bins Shia

« Import multiple data sources N — ey Ay

« Interactively visualise base features B Vit " " "

» Generate new features, e.g. | R FraR
timeseries —

= Prognostic ranking to estimate s | m | -
remaining useful life = i ™ o et Paakiai 2 e sbar e

- Automatically generate code o ' m

Predictive Maintenance Toolbox
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Financial Tools

1. Object Framework for Pricing “Object Orientated
2. Econometrics Models framework encourages
speed and code reuse”



Pricing and Valuation

= Price various types of financial instruments
iIndividually or collectively as a portfolio
using new object-oriented framework

= The object-based workflow is an alternative
to pricing financial instruments using functions

= Modular objects can easily be reused to
compare instrument prices for different
models and pricing engines

Financial Instruments Toolbox

<) MathWorks

Price an Instrument

ratecurve

object —
! \l Pricer T Tnatrument
object object
F
Model ~
object

For insfrument with opfionalify

price(PricerObj,Instobj ...) T

Price the instrument
Price a Portfolio of Instruments

ratecurwve

object \ __..___—-

d Pricer Instrument
Model »* - i
iz - objects objects
object

For inztrument with opfionality
finportfolio I pricePortfolio{finportfolicObj ...
Create financial Frice the porticlio
portfolio object of instruments



Econometrics Toolbox

« Bayesian vector autoregression models

« Markov-switching autoregression models

« Granger Causality Test

<) MathWorks

4\ Econometric Modeler - Time Series Plot(DJI)

ECONOMETRIC MODELER

,-‘ :] /\ Difference || Defrend B i 18
AR Ma v
Import  New A, Seasonal =~ 124 L] Log AR A Residual Export

- Test = Diagnostics + -

IMPORT TESTS TRANSFORMS MODELS DIAGNOSTICS EXPORT

Data Browser ® Time Series Plot(DJI) ADF(DJI)
. +) =) ¥
Time Ser — J E BEE

¥ Time Series «10%

DIl 125 .
_ oJi)’
v
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Risk Management Toolbox

= Support for constraints in credit
scorecards

« Predictor screening for credit
scorecards

— Support for data that is too big to fit in
memory (Big Data)

I ~ & m |ifs} Piot Labels | g} Table Options
[¥]  Selected Predictor Predictor Type b {a} i None Odds I Entropy

import  CustD ~ Numeric + Apply Algorithm Manual WOE curve WOE M Members
Data Monotone v Options. Binning Info\alue

DATA PREDICTOR AUTOMATIC BINNING MANUAL BINNING LOT OPTIONS TABLE OFTIONS
Overview

CustiD CustAge

@g@%ﬁa

[HInf,121) [121,241) 241,1081) [1081,Inf] ) [3740) [4046) [4648) [48,58) [58.Inf]

TmAtAddress ResStatus

Predictor Infermation: CustlD
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Summary

1. Core MATLAB
1. Live scripts; Stateflow; Projects

2. Server Suite
1. Four core products; Web Apps Server; Reference architectures

3. Al Applications
1. Deep Network Designer; Experiment; AutoML

4. Industrial Tools
1. OPC UA, Diagnostic Feature Designer

5. Financial Models
1. New object framework



