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Machine Learning in Practice

Gandard Approach

.%

Hand Written Program

If RSI > 70
then “SELL”

then “HOLD”

A

~

Buy

Computer

Program HO I d

Formula or Equation

YTrade
= B1Xrs1 + B2Xmacp

If MACD > SIG and RSI <= 70 T Yo

4

Machine Learning Approach

=y

model: Inputs = Outputs
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Challenges

Seta ElallEres Modeling Documentation Production
J Challenges and Reporting Challenges
4 N ) o L . .
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80-20 rule
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Lack of model
traceability

Model
governance and
reporting

Scalability

Interfacing with
other systems

Cloud-ready
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Consumer Credit Risk Modeling

« Create Credit Scorecard to predict Default

= Build a Challenger Machine Learning model

Al - S LoanAmnt

B C
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Model Review and Validation techniques for Machine Learning

= Review of model training/testing procedure
= Determination of whether model hyperparameters are appropriate
= Calculation of metrics for determining model accuracy and robustness

= Building traditional models to test challenger models against

10
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Summary of Solutions

Rich visualizations to extract insight quickly

= Easily tune/fit logistic and other complex
Machine Learning models H\\\l
= Build prototypes and scale without recoding / T
i [
. 5o —
= Automate reporting .
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Model Governance Lifecycle

Risk management
Board and stakeholders

Regulator
Model Owners

IT, front-office
End-users
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Model developers,

Monitoring,
Reporting and Definition and
Performance Development
Assessment

Model
_ Inventory :
Implementation Review and
and Deployment Approval

Quiality
Assurance,
Pre-
implementation
validation

Model Validation, IT

guants, analysts.
Business lines

Independent model
review and audit
Regulator

e_©O
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Demo: Sentiment Analysis of Tweets

Goal:

= Analyze the sentiment of tweets for several
securities and compare the sentiment

scores to stock prices

Approach

Access data from Twitter

Preprocess to clean-up text and deal with

domain-specific terms

Predict sentiment from word embedding
Compare sentiment scores to prices

ans = string

"Walmart: "you wanna destroy Amazon?" Google: "bet" $WMT $GOOC
"$WMT wants next level customer service w/highly personalized
"Ironic prelude to $DIS buying $TWTR soon IMO $AAPL $GOOG $SP
"$AMZN the $WMT threat grows each and every day https://t.co
"MU Investments Co. Ltd. Sells 38 Shares of Alphabet Inc. $GOC
"Ad $ are going to $GOOG and $FB away from wppgy #Advertising
"Big bullish unusual option activity detected: $SPX, $G00G, $(
"REPORT: Apple to build data center in Iowa: https://t.co/jwHé

"RT @theflynews: REPORT: Apple to build data center in Iowa: F

'Négr?lganies
alphabets chrome seekingalpha
asset  1OUNAUP {3k enhance shares
qets Om]nous W|I Walmart apple

tech netix

— buying search

overlaid & t ia shor o
e stories Se”“"‘ NEW | ciness

1l
unicorn fI get grtly Qad makes Strong raport
invests facebook
O y service

hmdenburg bigOmMen VS startmg Offers wion

mad SAY gdyances overview

stocks inside
engme ot m n position
portfolio Shoppmg O lie ey mllllo_n bullish
cramers correction
youtbe amazon pixel trilion
hope Lhat - investment

aditing ratmg rally

growth goodbye ™™*
forever
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Workflow
Tweets

ans = 508x1 string arra
"Walmart: "you wanna destroy Amazon?" Google: "bet" $WMT $GOO
"$WMT wants next level customer service w/highly personalized
"Ironic prelude to $DIS buying $TWTR soon IMO $AAPL $GOOG $SP
"$AMZN the $WMT threat grows each and every day https://t.co
"MU Investments Co. Ltd. Sells 38 Shares of Alphabet Inc. $GO
"Ad $ are going to $GOOG and $FB away from wppgy #Advertisin
"Big bullish unusual option activity detected: $SPX, $G00G, %
"REPORT: Apple to build data center in Iowa: https://t.co/jwH
"RT @theflynews: REPORT: Apple to build data center in Iowa:

Scoring Algorithm

\ scoreTweet (tweet,emb, svmModel) i Score

-1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'J

Positive + Negative Word List

: | pos = [ neg =
=t 2006x1 string [ 4783x1 string . .
— 1 Machine Learning Model
1 a+ 1 2-faced I n rn I n
2 abound 2 2-faces
3 abounds 3 abnormal
4 abundance 4 abolish
5 abundant 5 abominable
6 accessable 6 abominably
7 accessible 7 abominate

Word Embedding

wordEmbedding with properties:

Dimension: 100
Vocabulary: [1x1193514 string]

17



What is Deep Learning?

= Type of machine learning in which a model
learns to perform classification and
regression tasks directly from images, text,
or sound.

= Usually implemented using a neural
network architecture.

= The term “deep” refers to the number of
layers in the network—the more layers, the
deeper the network.

4\ MathWorks
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Why Is Deep Learning So Popular Now?

30
22.5
2
5 15 Human
= Accuracy
L
7.5
0
2010 2011 2012 2013 2014 2015

machine learning

deep learning

Source: ILSVRC Top-5 Error on ImageNet
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Machine Learning vs Deep Learning

Deep learning performs end-to-end learning by learning features, representations and tasks directly
from images, text, and signals

Machine Learning

I CAR v

I MANUAL FEATURE EXTRACTION CLASSIFICATION

TRUCK X
a pr— —{ MACHINE LEARNING

BICYCLE X

\_ J

Deep Learning

CONVOLUTIONAL NEURAL NETWORK (CNN) CAR v

Fo}’f’] TRUCK X

2%

BICYCLE X

4\ MathWorks
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MATLAB Differentiators for Al / Deep Learning

MATLAB

— makes it easy to learn and use deep learning techniques
— provides complete workflow from research to prototype to production (enterprise or embedded systems)

It enables analysts to

— Access pretrained models from Caffe and TensorFlow-Keras

— Automate ground-truth labeling with Apps

— Visualize intermediate results and debug deep learning models

— Accelerate model training using NVidia GPUs, Cloud and Clusters
— Automatically convert deep learning models to CUDA or C code for cloud or embedded deployment

‘\ MATLAB

Pretrained Models
from Deep Learning Frameworks

Inception-v3
Pretrained Model

VGG:16 VGe:19 m+ Tt Caffe

EEEEEEEEEEEEEEE

GooglLeNet AlexNet

Tensor Caffe Model Zoo

Training & Inference

amazon
webservices™

< NVIDIA. CUDA

>N
intel) intel) ;mﬁll

&\ MathWorks
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With GPU Coder, MATLAB is fast

Single Image Inference (Titan XP, Linux)

250

200

Images/Sec
o
o

—_
o
o

50

ResNet-50

VGG-16

R2018b

GooglLeNet

Faster than TensorFlow,
MXNet, and PyTorch

Intel® Xeon® CPU 3.6 GHz - NVIDIA libraries: CUDA9 - cuDNN 7 - Frameworks: TensorFlow 1.8.0, MXNet 1.2.1, PyTorch 0.3.1

‘ MathWorks:
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Using MATLAB with Python

- Three ways to integrate:

. MATLAB
,@ — Calling Python from MATLAB Python
li
Algorithm MATLAR
Developers — Calling MATLAB from Python Python

— Packaging MATLAB programs for
. MATLAB
scalable deployment with Python Code = Python

29



Price Trend Predictor — Regression Modeling

- Goal:
— Cryptocurrency price forecaster

= Approach:
— Use Python libraries for web scraping
— Rapidly iterate through predictive models

#\ Regression Leamer - Response Plot

i 2

New Al
Session v Quick-To-T.

v History
1 Stepwise Linear Regr.. RMSE 75993 ~
Lastchange: 'Upper boundont.. 38736 features

2 SWM RUSE: 83853
Lastchange: Linear SVM tures

34 LinearRegression  RMSE 7.6034
Lastchange: Linear 6 feature:
32 LinearRegression | RMSE 6.8569
Lastchange: Interactions Linear  36/36 features
3.3 Linear Regression RUSE 7.6772
Lastchange: Robust Linear 6736 teatures
34 Stepw.. Training . x
Lastchange: Stepwise Linear 635 fealtures
35 Tree RUSE: 35,082
Lastchange Fine Tree 6 features
36 Tree RUSE: 35092
Last change. Medium Tree 3606 features ¥

¥ Current Model

Results A
RMSE 6.8569

R-Squared 1.00

MSE 47017

MAE 50378

Prediction speed ~24000 obs/sec v

Data set: trainingData  Observations: 44567

Size: 13MB  Predictors: 36  Response: CoinPrice

&)\ MathWorks

Linear Interactions. Advanced
Linear

@ @l. B B B ¢

Predictions: model 3.2

550

T
o
o
=
3
S
@
3
g
s
8
@
3
‘4

500 |
450 | v ~
400 |

350 |

0 05 1 15 2 25 3 35 4 45
Record number 10*

Use | Train Response Predictedvs. Residuals Expon
|Paraliel Pt ActualPlot  Plot  Model v

"

Plot
* Tre v}
Predicted %]
— Errors
Style
@ Markers

Too many categories

X-axis

X: Record number

How to use the response plot

Validation: 5-fold Cross-Validation
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Sharing MATLAB Applications

MATLAB

MATLAB
Compiler

1+ Standalone
‘ MATLAB Excel

= Share applications with those who do not need MATLAB

- Royalty free

- MATLAB Production Server provides most efficient path

for secure and scalable enterprise applications .
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MATLAB App Designer Apps — Web Browser Deployment

Authoring One-time server installation Access

4\ MATLAB_Deployed_Web_Apps Installer - B x 6 ACCQSS the we b app th rou g h
Connection Settings | MATLAB browser (lE 11 or Chrome)
MATLAB_Deployed_Web_Appz 10 SIMULINK

R2017a
‘ MATLAB Web Apps (&0 Diagnostics |

- al s o@D @ e o e
_— e —
) I
. 9 "/_ v -
ks k B

.. - mlapp
P : gt . e answerWorksEscalations BloodPressure rsonal Commute errors
- BT LAY i | FE =1l App by MATLAB AppDesigner Examples rbon Footprint by The Deployment Team

- e . — R R by Ancrei Ursache stimator
=~ T Anyone can install the Web
Th S— - B View open AnswerWorks Blood pressure comparisons of a Calculate the CO2 impact of your
com A escalations and statistics per population sample commute on our environment.
a- pps server
- ‘version 1.0 version 1.0 version 4.0 version 1.0

0 Create application in MATLAB App Designer ‘ o
r—

¢V IEEEE NN NN NN NN NN NN NSNS NN NEENENNNEENEEEEEEEEEENEN, EventLogger FlightLanding Simulator g1698507 g1698507_web
-

4\ MATLAB Compiler SOK - Untitled].pr* * by UX Metrics Team by MATLAB AppDesigner Examples

D .
- -
H
b g [ TR | metm Q H
@O d (] Deployable Archive withExcel Integraton . T WA = = . UX 100l to capture behavioral
New  OpenSave: . . 5 metrics during usabilty testing
] ; : ‘Service Registration ~ Configure and Run -
M FL M : version 1.1 version 1.0 version 1.0 version 1.0
. 7] ~ -
3 (b | .
(= ;
n stop Open Home Page | | Open App Folder | | Open Log Folder o ——
Copy .ctfto : . =
W b A : Port Number ‘Startup Timeout (sec) ‘Session Timeout (min) " % -
.
@ p p S . 9988 | 5 . -
server n Use Secure Connection (SSL) :
.
 — .
- > -
Files packaged with the archive = - H GraphicsCharts_3D MOAPPGraphics_Comet MOAPPGraphics_Comet_ Mortgage
@ rdmesst Ey— ct f O T . by MATLAB Graphics Team by MATLAB Graphics Tea Ey sE R - by MATLAB AppDesigner Exampies
. H . aphics Rendering Team
+ : 5
= .
: [====] Manage the servere.g. :
.
.
. start/stop .
.
. [
H .
. g
0

9 Share app“catlon as aweb app (Creates th) ‘tunssssssssssssEssEEsEEsssEssEsssssssmssnsnnnnmnnunns®
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Enterprise Challenges

Need to provide access to multiple users concurrently

Need to deploy multiple applications

Need to integrate with multiple technologies

Support multiple MATLAB versions

34
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Enterprise Deployment and Scalability of MATLAB

" MATLAB
Compiler SDK |
-\ __

'MATLAB Production Server
Other - _ |
Cod Web | -+ Web - Scenario e 4
=S Applications =~ _~ Server | Generation | s :
| < )4\
<»
n ++ g |
C/C Excel | || Pricing
n Java Add-in B “
Desktop
- C# and NET Applications | Risk
_ Application | o
Python Server J LA,nalyt‘CS : ]
- EXCel Batch & )
] Applications i 4 .
= COM Automation Server Database Server
« RESTful, HTTP, and WSDL web
services

36
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Challenges
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Lack of
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Consulting Services — Analytics

Our products and services cover the entire end-to-end data analytics workflow.

Data | Model | App | Enterprise
Management Creation Development Deployment

gé%{“{s\\\\\
il

00
4‘ (b
S0y

« Map data flows * Analysis * Architecture « Deployment &
+ Connect to data » Predictive modeling * Custom GUIs system integration
* Preprocessing « Scenario analysis « Component « Distributed

« Data products integration computing

 Maintenance

39
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Training Services )
Exploit the full potential of MathWorks products i eas

mathworks.com/training M ane ‘

(® GARP CPE APPROVED PROVIDER: Earn one CPE credit per hour of
content.

Flexible training: Attend classes available around the world, at your own
work site, or on the Web

Expert trainers: Our instructors possess unparalleled knowledge of
MathWorks products, gained through the completion of many successful
projects throughout multiple industries

Effective teaching methods: Benefit from real-world examples and
Individualized attention and customized content

40


http://www.mathworks.com/training
mathworks.com/training

Self Paced Training

= Priced dropped by ~ 60%

- Relevant for Basic, Intermediate, Advanced users

- MATLAB Fundamentals: $500

« MATLAB for Financial Applications: $500

- MATLAB for Data Processing and Visualization: $200
- MATLAB Programming Techniques: $350

= Machine Learning with MATLAB: $350

= Deep Learning with MATLAB: $350

4\ MathWorks
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https://www.mathworks.com/training-schedule/matlab-fundamentals
https://www.mathworks.com/training-schedule/matlab-for-financial-applications.html
https://www.mathworks.com/training-schedule/training_classes/show?class_format=SPO&page=1&url=matlab-for-data-processing-and-visualization
https://www.mathworks.com/training-schedule/matlab-programming-techniques.html
https://www.mathworks.com/training-schedule/machine-learning-with-matlab.html
https://www.mathworks.com/training-schedule/deep-learning-with-matlab.html

‘ MathWorks:

Finance Curriculum

g AY
1
Prerequisites MATLAB Onramp
For engineers who are new to MathWorks tools. (2 hrs) !
) W ’ (1 days)
u
b 4 ]
Risk Management . MATLAB for Financial
For risk analysts, risk managers, portfolio Applications
managers, and other financial professionals who (3 days) (1 days)
analyze, assess, and manage risk. . -
]
"
]
) ]
Portfolio Management H
For portfolio managers implementing asset :
allocation strategies. H
L ]
"
L ]
L )
] i \
: | Machine Learning with MATLAB !
: : s ! i
Time-Series Modeling : i (2 days) i
For professionals performing quantitative data : * ‘
analytics. H
] L)
" .
" =
L] L
"
L]
o o L]
Appllcatl_on Develop'ment - ' (1 day)
For professionals developing and maintaining .
complex, standalone applications. :
L]
o
L
i’ 3 E fTTTTTTTTmmTmmmemmsmmsmmmmmomooeooooo N
i _ ; i o i MATLAB Programming !
H Selfp_aCEdon“necourse_ i \!lulll!lunllllllu!uulll*: Techniques h!’l'
i * All online courses can be offered in a classroom : 1 - (2 days)
\ S n
LELY o Soft Prerequisite :
[ ]
[
** Onsite trainings can be customized H
LTy
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https://www.mathworks.com/training-schedule/statistical-methods-in-matlab
https://www.mathworks.com/training-schedule/training_classes/show?country_facet=US&page=1&state_facet="New+York"&url=market-risk-management-with-matlab
https://www.mathworks.com/training-schedule/time-series-modeling-in-matlab.html?s_tid=tglp_cr_mlcf-tsm
https://www.mathworks.com/training-schedule/machine-learning-with-matlab.html
https://www.mathworks.com/training-schedule/matlab-for-financial-applications
https://www.mathworks.com/training-schedule/optimization-techniques-in-matlab
https://www.mathworks.com/training-schedule/statistical-methods-in-matlab
https://www.mathworks.com/training-schedule/matlab-for-asset-allocation
https://www.mathworks.com/training-schedule/building-interactive-applications-in-matlab
https://www.mathworks.com/training-schedule/object-oriented-programming-with-matlab
https://www.mathworks.com/training-schedule/accelerating-and-parallelizing-matlab-code
https://www.mathworks.com/training-schedule/matlab-programming-techniques
https://www.mathworks.com/training-schedule/credit-risk-management-with-matlab
https://www.mathworks.com/training-schedule/time-series-modeling-in-matlab.html

Q&A

4\ MathWorks
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MATLAB iswoisly ngesktop tool.
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Typical data analytics workflow with MATLAB

Access and Explore Develop Algorithms :
Data Preprocess Data and Models Integrate with Systems

MATLAB Distributed

e - Computing Server
33.7 et CJEUCWYEE M Streaming/OT

Microsoft* :::: . KIHESIS v

. &% SQL Server Cosmos DB MATLAB Productionjerver ' Azure 1 OSl-o' .

mongo 4% Cassandra Request : : : loT Hub g, Pl System
Broker < » . .
Cloud Storage Azure = | «» + | Qlik @ EBES L[S
01 ' .
o Blob e ‘ © Spotfire .,

— MicrosoftPower gl +i+ Tableau

Big Data/ OT cloudera L N ) .4 Embedded
P W .
FRUPR LY sof MATLAB ) & XILINX.
Hﬁm&om @SSéI;é;;m ARM <XnviDIA C/C++
A Azure e waws, @rackspace., n openstack” vmware
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Agenda
= Introduction
= Developing on the cloud —|[=E= S
=
= Scaling to the cloud MATLAB Parallel Server
« Deploying in the cloud r )
I WO.fke;\ |

: Request

- Summary I : — Broker

MATLAB Production Server
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Cloud Computing

T‘
o Definition
Application
= Resource pooling
Collbomin s = Broad network access

= Rapid elasticity
=  On-demand self-service
= Measured service

( |
== a»..o,. ‘ pr— —
% ‘ IRt |
Identity
> Queue
Object Storage Runtime Database

Infrastructure

Block Storage

Tablets Source: National Institute of
Standards and Technology

Cloud computing

Source: Wikipedia 5


https://en.wikipedia.org/wiki/Cloud_computing

@\ MathWorks

Cloud adoption is accelerating

= Increasing appeal in the trade-off between capital vs.
variable expense with pay-as-you go
— Aglility affords more robust solutions with faster time to market

= Decreasing concerns about all aspects of security
— Cloud vendors comply with government regulations and laws powered
_ Ply with g guiatio | 5y AWS
— Internal infrastructure might not be as secure as it was perceived

= Offering continue to evolve
— Quality of service

— Storage and databases /
— Application-specific services, e.g., analytics, machine learning, loT A AZU re
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Increasing demand for MATLAB in the cloud

Four primary use cases:

Co-locating MATLAB with data
stored in the cloud

Computation on specialized
hardware: Multi-core, GPU, FPGA

Scalability to virtual clusters

Deployment to elastic infrastructure,
Integration with enterprise software

Applications:

Data analytics

Machine learning
Condition monitoring
Predictive Maintenance
Health monitoring

Asset Analytics

Industrial Internet of Things
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BuildinglQ

Adaptive building energy management

Managed
Services & NOC

Open Access Platform

3 N\
Running Client Software , e
Optimal ca— .
Control Optimization
4 Strategy Servers Program

Current
Building
Condition

222 s

FErrrrey
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BuildinglQ

Adaptive building energy management

Opportunity é ;
Reduce HVAC energy consumption Building|

Analytics

= Data: Power meters, thermometers, and pressure sensors;
weather and energy cost, comprising billions of data points

= Machine learning: SVM regression, Gaussian mixture
models, k-means clustering

= Optimization: multi-objective, constrained

= Controls: analyze system-response dynamics

= Hardware: Runs on the cloud, schedule is sent to the sogees ¢\ /
building \ _—
Result | \ ; e Y
Typical energy consumption reduced 15-25% | time
0:00 8:00 am 6:00 pm 0:00

Link to User Story 9



http://www.mathworks.com/tagteam/82631_92267v00_BuildingIQ_UserStory_final.pdf

Agenda

Introduction

= Developing in the cloud

= Scaling to the cloud

« Deploying in the cloud

= Summary

#({\_k...‘ni I-

MATLAB Parallel Server

\

Worker
I 4 |
g Request
Broker
| 4 |

J

MATLAB Production Server

&\ MathWorks
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Developing on the cloud

4\ MathWorks'
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MATLAB users want to get things done anywhere, on any device

| ————————

for kml:max

= Instant access o e o
=Rz
/&_\ P L

[

H

= Work and learning to happen
anywhere, unconstrained by location

= Solutions that play well on any device

12
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Access MATLAB from your web browser

MATLAB Online

= Hosted on the MathWorks Cloud

— Latest version of MATLAB - No downloads,
no installs needed

— Access through your browser — anytime,
anywhere

— Supports desktops, laptops, Chromebooks
— Share files with others directly

= Available with many license types

— Including Individual, Total Academic
Headcount, Student, Home, etc.

— Must be current on MathWorks Software
Maintenance Service

https://www.mathworks.com/products/matlab-online.html

“l love MATLAB Online. It’s the most exciting addition I've
seen since | started using MATLAB twenty-five years ago.”
-Dr. Mike Fitzpatrick, Vanderbilt University

13


https://www.mathworks.com/products/matlab-online.html
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Explore and analyze problems in a single, interactive environment
MATLAB Live Editor

[=] Live Editor - CAMATLAB\liveeditor\ SunriseSunset.mbx * - a X

= View, create and run Live Scripts B e —r—

[zl compare o GoTa [ Run and Advance

New Open Save Text Section Run
- T ~ =Pt 4 Find ~ Break |54 Runto End Al
CODE SECTION RUN =

— Interactive documents that combine

SunriseSunset.mbc *

Solar Declination

code with formatted text, equations,

sun relative to the earth's equatorial plane.

-
. . i1 - - Find Fles. = e | v
and II I la eS Solar Declination CERw }’&;' =/ s B =
New Open Save = ot | L, BILUM R Swp Stp
v e e Sem L Fnd v sSus s s 4
e tAvisATE = R
\
= J Estimating Sunrise and Sunset
set(groot, 'defaultfigureposition’, [680 678 650 350])
Declination = 0 at Declination
Vernal and Autumnal Equinox Summer

iatitude, longitude, and UTC offset. To estimate sunrise and sunset for any day of the year
(In minutes) between
y of the year (d)

Ve can estimate sunfise and sunset times if we kno,
e solar time con

. . .
. ; 5 we need to calculate two values -
[ | The solar declination is 0° at the vernal and autumnal equinoxeg solar time and local time. The tion (&) is the angle of the sun relative to the earth's equatorial plane. On any given d:
solar declination (&) can be calculated from

a
hemisphere rises to a maximum of23.45° at the summer solstice the following formula
year (d), solar declination (5) can be calculated from the followir| =sin"! [sin(2345 »m\‘%“;’ d-81))

. .
t r | | I I t t I I | tI - E & = sin~" [sin(23.45) sin (‘360 (d—81) Using the latitude (¢). the sun's declination () and the solar time correction (SC) we can calculate sunrise and sunset times.
E p E y : - I p u El' C g 309 sunrise = 12— €05 (—tang tand) _ SC sunset = 12+ 05~ (Ctmuand) _ SC
- 60 5 0

Live Editor #8314, 23EAAND S 3B Th A BA A T E o I
lat - a2

code that creates it

solarCorr =
delta = as
sunrise = 12

and the solar declination. The solar time correction is the differenc

lon - -71 UTCoff = .5 =

Coff) + equation0fTime(days);
nd(360* (days - 81)/365));
at)*tand(delta))/15 - solarCorr/60;

acosd(-tand
sunset = 12 + acosd(-tand(lat)*tand(delta))/15 - solarCorr/6e;

— Add text, equations, LaTeX e

title( 'sunr
x1ab:
hold
patch([days flip(days)], [sunrise flip(sunset)], [0.97 .69 0.34])

et’)
) ; ylabel('Time of Day')

Sunrise and Sunset

= Available on desktop MATLAB and h ' e
MATLAB Online

14



@\ MathWorks

Demo: Using Live Scripts in MATLAB Online

d\ MATLAB Online - MATL: X 4\ MATLAB Online R20172 % a = >

C | @& Secure | https://matlab.mathworks.com ¥ & 5

.-':Ei

GCEEETY Q

I—'—'E-l' ED:I 1] Upload ELZJJ &l |_—|§9 |_'\_.\/| Lé& E @ Q/] % Community

(=5 Feedback
Mew Hew | Download Find Files Import Clear Show Clear Layout Preferences Help
Script - - Dala Workspace  Hislory Commands~ - ¥  [E] Leam MATLAE
FILE WVARIABLE GODE ENVIRONMENT RESOURCES =

B & /v MATLABE Drive *

==

CURRENT FOLDER

WORKSPACE

15



’ &\ MathWorks:

Connect to MATLAB from your iPhone, iIPad or Android device
MATLAB Mobile

= Create, edit, view and run MATLAB
files, visualize data

>> fmesh(@(x,y) sin(x)+cos(y))

= Acquire data from device sensors like
accelerometer, GPS etc.

— Lightweight exploration on your device, or
analysis on MATLAB

= Connect to the cloud and to MATLAB

E D E D E D D
Tlzlegédpelagvleje|n
T T 1

running on your computer o

= Lightweight app suited for teaching,
learning and quick prototyping

“To someone who thinks in MATLAB, it is great for
allowing you to explore a problem on the move.”
https://www.mathworks.com/products/matlab-mobile.htmi 16



https://www.mathworks.com/products/matlab-mobile.html

Store, access and manage files from anywhere

MATLAB Drive

= Cloud-based storage for your files

— Access from MATLAB Online and MATLAB
Mobile

— Access from your desktop with the MATLAB
Drive Connector

— Browser-based access at drive.matlab.com

= Two storage quota options
— 250 MB free storage with MathWorks Account

— 5 GB with MATLAB license current on
MathWorks Software Maintenance Service

https://www.mathworks.com/products/matlab-drive.html

' 4\ MATLAB Drive

- |

&\ MathWorks

&« C 1} | & Secure | https//drivematlab.com/files

4 | MATLAB Drive

Pradeep's Files

# Upload W New Folder
MATLAB Drive *
Name
r [T tmp
¥ [ CN112_Computational_Finance
v [3] CS102_ MATLAB Fundamentals
» [3] CT213_Control_System_Design
» [ EE401_Signal_Processing
¥ [ Examples
¥ [3 MA205_Computational_Mathematics
v [ ME314_Numerical_Methods
» [ PHYS134_Computational_Physics

* [ Published

' MATLAB Drive Connector EI =] IEI
MATLAB Drive o

@ Allfiles are up to date.

Recent Activity

\ E‘ testim

N E‘ test.m

\ E‘ new_727.m
3 E‘ input_sigs.m

N tl hdlc cderfirreg_m.m

N tl compile_hdl_design_rcosflt_rtl.m

I MATLAB Drive folder [4 MATLAB Drive Online

17


https://www.mathworks.com/products/matlab-drive.html

&\ MathWorks

Built-in MATLAB Language Support for Cloud Data Services

Datastore Blob Storage
(read, out of memory data)
Database Toolbox Azure SQL Database Azure Database for SQL Data Warehouse |SQL Server Stretch
/’ AZ u r- e (standard ODBC/JDBC) MySQL/PostgreSQL Database
Support Packages Blob Storage: Blob, Data Lake CosmosDB: MongoDB,
(provided via pilot engagement) | Table, File (read/write/delete, Cassandra, Table
(read/write/delete, encryption, access control) | interfaces

encryption, access control)

Datastore Amazon S3
(read, out of memory data)
Database Toolbox Amazon Aurora Amazon RDS for
aW S (standard ODBC/JDBC) PostreSQL/MySQL/Mar
iaDB/Oracle/SQL
Server
Support Packages Amazon S3 Amazon EFS Amazon Athena
(provided via pilot engagement) | (read/write/delete, (NFS/Linux) (Query of S3 data)

encryption, access control)

18


https://www.mathworks.com/help/matlab/import_export/read-remote-data.html#mw_11daa39e-c1f6-475d-927b-87dc94718b99
https://www.mathworks.com/help/database/ug/configuring-driver-and-data-source.html
https://www.mathworks.com/help/database/ug/configuring-driver-and-data-source.html
https://www.mathworks.com/help/database/ug/other-odbc-or-jdbc-compliant-databases.html
https://www.mathworks.com/help/database/ug/other-odbc-or-jdbc-compliant-databases.html
https://www.mathworks.com/help/matlab/import_export/read-remote-data.html#bvn_hcu-2
https://www.mathworks.com/help/database/ug/other-odbc-or-jdbc-compliant-databases.html
https://www.mathworks.com/help/database/ug/configuring-driver-and-data-source.html

Example: Access Data in S3 from MATLAB

J athenaQuery.mix < l + 1

o e e e s

Access the data in S3

Bring up the AthenaClient
athenaClient = aws.athena.Client();
athenaClient.Database = 'trainingdata’;
athenaClient.initialize();

Create a query and submit

p
MATLAB
— em | 4 =
Q [F==4]
AWS o patastore /N
S3
\_

athenaClient.submitQuery('SELECT * FROM "trainingdata"."sampledata” limit 100','s3://fleettrainingdata’)

Fetch data as a table for easy analysis
ds = datastore('s3://fleettrainingdata/*.csv');

ds.NumHeaderLines = 2;
data = table(ds);

Your usual MATLAB workflow goes here

‘ MathWorks

19



&\ MathWorks

MathWorks provides an ecosystem to develop on the cloud

ATLAB Online & \ / MATLAB Mobile
Browser-based access to MATLAB Access to MATLAB from iOS or Android devices

Get started instantly (no downloads, . . ) )
. A . .. Quick, lightweight prototyping, follow along
no install, no platform restrictions) . .
from your mobile device

MATLAB Drive

Cloud storage for your files
Access files anywhere (your computer,
MATLAB Online, MATLAB Mobile)

@ Live Editor
20



&\ MathWorks:

Cloud Reference Architectures

GitHub

= Published on GitHub, by MathWorks
— Cloud templates

— Architecture diagtam = LY -
— Step-by-step instructions &
= Automates the process of launching R =[1 | = I
MathWorks platform products in the cloud = || B |l
— MATLAB i

— MATLAB Distributed Computing Server
— MATLAB Production Server

= Supports Azure AWS and Microsoft Azure
out of the box

21


http://www.github.com/mathworks-ref-arch

&\ MathWorks

MATLAB & Simulink

Cloud Reference Architecture

Use cases: Benefits:
Data analytics on cloud-stored data - Quickly get up-and-running in AWS or
Access to high-end hardware Azure
Multi-core VMs - Leverages MATLAB installed on
- GPUs Instances in AWS/Azure, eliminating
FPGAS Installation process
Prototyping parallel algorithms on «  MATLAB language can access pre-built

capabilities that cloud services provide (e.g.,
data storage)

Incorporates IT best practices
Adapt or extend for your specific needs

one VM before scaling to a cluster

On-server algorithm testing before
production deployment

22



Scaling to the cloud

il
!

MATLAB Parallel Server

4\ MathWorks'

23



Parallel Computing Paradigm

= Prototype on the
desktop

= Integrate with
Infrastructure

= Access directly
through MATLAB

g —

g —

I

i °

X ry=

4
e
7— N

MATLAB

Parallel Computing Toolbox

MATLAB Parallel Server

Multi-core CPU

4\ MathWorks'

24



@\ MathWorks

Speeding up In the cloud

Same code, three different environments

MATLAB: ol

;;;;; 8 local workers:
4000 seconds

925 seconds

256 cloud workers:
41 seconds

s ¥ 8 &8 8

25



MATLAB Parallel Server
MathWorks Cloud Center

4\ Create Cluster - Cloud C= X

@\ MathWOTKS® | scceersig e pace o enivsring ar sciece

Cloud Center

My Clusters Create Cluster

Create a Cluster

Preferences * Give this cluster a name

User Preferences

Cluster Access MATLAB Version

S rt Tool
tpport faols Automatically terminate cluster

Search Logs

Search Events Cluster Log Level
Cluster Pools

w Location & Network

Region
Network

Subnet

w Machine Configuration
Use a dedicated headnode

Headnode Machine Type
Worker Machine Type

Number of Workers

Maximum Workers per Node

https://cloudcenter.mathworks.com/login

- 1 mactar Charad Starano

& C () | & Secure | https://cloudcenter.mathworks.com/cluster/create

R2018z
When cluster is idle

Low v

EU West {Ireland)
vpc-e2eb8ad6 (172.30.0.0/18)

subnet-97dfacel (172.30.2.0/24) | eu-west-1b

¥ @

Standard (m5.xlarge, 2 core)

Standard (c4.8xlarge, 18 core)

Max: 1024, (Modes in cluster: 2)

18 v

Iss - [} X

w310 8@

Help | jos.martin@mathworks.co.uk | Log Out

4\ MathWorks'

26


https://cloudcenter.mathworks.com/login

Demo: Using MathWorks Cloud Center

‘ MathWorks

| Command Window

Jx >>

27



MATLAB Parallel Server
MathWorks Cloud Center

Requirements:

=  Workstation that can connect outside of
your network

- MATLAB and Parallel Computing Toolbox
=  Amazon Web Services account

= MATLAB Distributed Computing Server
License

— Configured for MathWorks Hosted License
Manager

@\ MathWorks

L atest functionality:

Dedicated head node
1024 workers per cluster

Pretrained convolutional neural
networks (CNN) for deep learning

>>>>>>

28



| 4\ MathWorks'

MathWorks Hosted License Manager
Just clicks away from previously activated licenses

Contact Us How to Buy MyLogin® ~
4\ MathWorks:
License Center
Licenses  Trials Users  Master Licenses t, Contact support
License: 1234567890123 Use-Option: Standard - Concurrent Master License: 1234567890123
Term: Perpetual
Manage Products Manage Users Install and Activate Contact Administrator(s)

. Plan My Network Installation Guide
License Manage Cl I C k h ere tO C h an g e Learn more about MATLAB Distributed Computing Server Licensing

Activated Servers Advanced Options
Activation Label Host ID Date Activated 4 Operating System Activated For Get License File Deactivate
MyLabel 123456789012 17 May 2018 Windows Me § X (x]

For help with converting trials,

www.mathworks.com/licensecenter contact MathWorks Support



http://www.mathworks.com/licensecenter

MATLAB Parallel Server

Reference Architecture

4\ MathWorks'

Virtual Network

Head node VM

with MATLAB job scheduler
4 ||=
° LT
— = | T | I
Client with MATLAB and | ::: :::
Parallel Computing Toolbox I | (‘ oo ‘)_

Compute node
VMs

o3 QWS
\/7

/ 4\ MathWorks

MathWorks Hosted
License Manager

AAzu re

30



@\ MathWorks

MATLAB Parallel Server

Reference Architecture

Use cases: Benefits:

- Parameter sweeps - Quick infrastructure setup in the cloud

- Monte Carlo runs - MathWorks software pre-installed

- Optimization - Incorporates best practices

- Distributed array calculations - Adapt or extend for your specific needs

Azure ARM Template AWS Cloudformation Template

Projects v Groups  Activity  Milestones  Snippets B3+~ | Thisproject Projects ¥ Groups  Activity Milestones  Snippets [+ N T

The following guide will help you automate the process of launching MATLAB Distributed Computing Server and MATLAB job scheduler (MJS)

M  MDCS The fallowing quide will help you automate the process of lsunching & compute cluster running MATLAR Distributed Computing Server and G MDCS on Amazon EC2 resources in your Amazon Web Services (AWS) account. For information about the architecture of this solution, see Learn About
e e e - I e - MJS Cluster Architecture.

MATLAB job scheduler (MJS) on Azure using your Azure account. The MIS cluster and the resources required by it are created using Azure

& Overview Resource Manager (ARM) templates. For information about the architecture of this solution, see Learn About MJS Cluster Architecture. € Overview
Deployment Steps
Details Details
Deployment Steps
Activity Activity Step 1. Launch the Template
vl Step 1. Launch the Template ycle Analyti
&% P P Crceie i Click the Launch Stack button below to deploy the cluster on AWS. This will open the AWS console in your web browser. [
BE Click the Deploy to Azure button below to deploy the cluster on Azure. This will open the Azure Portal in your web browser. © Reposiiory ==
Repasitory
) Issues 0 [ 07 tssues 0
i) MopeRmess . Cluster Platform: Window 6 1 Merge Requests 0
JATLAB 8a
iy creo X
asco © Step 2. Configure the Cluster
W i W
O wiki Step 2. Configure the Cluster 0 wid After you click the Launch Stack button above, the “Create stack” page will open in your browser where you can configure the parameters. It is
! easier to complete the steps if you position these instructions and the AWS console window side-by-side.
% Srippets After you click the Deploy To Azure button above, the “Custom deployment” page will spen in your browser where you can configure the & Snippets 31
parameters. It s easier to complete the steps if you position these instructions and the Azure Portal window side-by-side. 1. Specify and check the defaults for these cluster parameters:

& Members & Members

e




&\ MathWorks:

MATLAB Parallel Server

Reference Architecture

Requirements: Deployment steps:
MATLAB and Parallel Computing 1. Launch the template |_Launch Stack @)
Toolbox (R2018a) on your desktop 2. Configure the cloud resources, e.g.
MATLAB Distributed Computing Server —  Cluster name

. Amazon Web Services account — Number of AWS instances, workers per instance

— Instance type for the head node
< creation may take up to 10 minutes>

3. Connect to the cluster from MATLAB

- SSH Key Pair for your AWS account In
the US East (N. Virginia) region

32



@\ MathWorks

Aberdeen Asset Management Implements Machine Learning
Based Portfolio Allocation Models in the Cloud

Challenge
Improve asset allocation strategies by creating
model portfolios with machine learning techniques

Solution

Use MATLAB to develop classification tree, neural
network, and support vector machine models, and
use MATLAB Distributed Computing Server to run
the models in the cloud

Results
= Portfolio performance goals supported
= Processing times cut from 24 hours to 3
= Multiple types of data easily accessed

Link to user story

Interns using MATLAB at Aberdeen Asset Management.

“The widespread use of MATLAB in the finance community is a
real advantage. Many university students learn MATLAB and
can contribute right away when they join our team during
internship programs. In addition, the strong MATLAB libraries
developed by academic researchers help us explore all the
possibilities of this programming language.”

- Emilio Llorente-Cano, Aberdeen Asset Management


https://www.mathworks.com/company/user_stories/university-college-london-improves-computational-literacy-with-online-and-onsite-matlab-training.html
http://www.mathworks.com/company/user_stories/aberdeen-asset-management-implements-machine-learning-based-portfolio-allocation-models-in-the-cloud.html?s_tid=srchtitle

<\ MathWorks

Aberdeen: Modeling on Azure Aberdeen

Asset management

l I i I ; .
Aberdeen = | Cayy"ie" |\ MathWorks
Investm ent. Strategy ( Aberdeen AD Domain ) : : f Separate AD Domain (non-trusted) \ |
and portfolio |
construction e [ _ g 7. st |
o IT team not able to é |
implement large T Qg > SR SRS . .g ......... R e
scale cluster in-house | B povershe | | l ,
. Client Node: ¥~ | | Head Node: 5 x Worker Nodes: Hosted License
o Needed elastic Standard AAM A A2 VM (2 CPU, Al1 VMs (16 CPU | Manager
2 1
resources for \ DeSktop PC il R j : : \ 3.SGB RAM) Buy/L:ng.l/Zv:rwgg.hlpU?Ghoce\mmem Index
Sporadic usage - - US Government Index, in relative performance vs. rest of G7 Government Index

1.5%
1.0%
0.5%
0.0% -
-0.5%
-1.0%
-1.5%
-2.0%

-25%
May-14 Jul-14 Sep-14 Nov-14 Jan-15 Mar-15 May-15

Source: Bloomberg




Deploying in the cloud

4 ™
Worker processes
(L 4
: Request
Broker
I 4
\ J

MATLAB Production Server

4\ MathWorks'
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4\ MathWorks

Share Programs Outside of MATLAB
Application Deployment

ﬁ el A

MATLAB User

Organization

Collaborators

* Royalty-free

« Encryption to protect
Intellectual property

36



4\ MathWorks'

MATLAB Production Server is an application server
Publishes MATLAB code as APIs that can be called by other applications

7

N
Data sources /
applications

% Integrate
=Hs
b / Access
Enterprise (
Application ( {REST}L“(AP'}
= ava ++
4 Analytics Development B _ \ = ]!9 ’[E/ C —
MATLAB Production Server python /W NET
—
Worker processes \\
‘ —] LILYIIY 4 @
= Request Mobile / Web
g —_k : Application
/ﬁ ©Spotfire”
‘ LT ‘ +++ TIBCO Software
“MATLAB \ y A i tab leau
rackage ) Power BI
\ Compiler SDK y Scale and secure 3 party nj|
Deploy dashboard Qllk @

37



MATLAB Production Server

Reference Architecture

https://github.com/mathworks-ref-arch/mps-on-aws
https://github.com/mathworks-ref-arch/mps-on-azure

Virtual Network

Management /
License Server VM

Management
e dashboard

\

Worker processes
HHINE 4
: Request
Broker
HHINE 4

<3 QWS

MATLAB Production
Server VMs

\—;7

Load
Balancer

endpoint

MATLAB
— Production Server
request endpoint

/AAzure

4\ MathWorks'
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https://github.com/mathworks-ref-arch/mps-on-aws
https://github.com/mathworks-ref-arch/mps-on-azure

&\ MathWorks:

MATLAB Production Server

Reference Architecture

Use cases: Benefits:
Scalable deployed algorithms and - Quick infrastructure setup in the cloud
analytics . MathWorks software pre-installed
Application server for MATLAB . Incorporates best practices
algorithms

- Adapt or extend for your specific
loT / streaming data analytics needs

39



&\ MathWorks:

MATLAB Production Server

Reference Architecture

Requirements:
MATLAB Production Server license
- Amazon Web Services (AWS) account

- SSH Key Pair for your AWS account in
the US East (N. Virginia) region

Deployment steps:

[ Launch Stack 0)

1. Launch the template

2. Configure the cloud resources, e.g.
—  Number of AWS instances
—  Workers per instance
< creation may take up to 10 minutes>

3. Log in to the Cloud Console
4. Upload license file

40



@\ MathWorks

Configure and manage server instances on the cloud
MATLAB Production Server Cloud Console

) MathWorks

n Log |n to the CIOUd ConSOIe MATLAB Production Server Cloud Console

Log In

= Download MAC address

— Go to MathWorks License |

Center and get the MAT/ ) MathWorks Home
Production Server licens

— Upload the license file Status: Running
Number of MATLAB Production Server VMs: 2
Number of MATLAB Production Server Workers per VM: 4
- Upload th flIeS, Total Number of Workers: 8
1 1 HTTPS S Endpoint: & https://mps23ikwokzajmxa.eastus.cloudapp.azure.com:9910
monitoring logs, etc. arver Endpolr poc//mpe28icwolza) ua.cloudapp.azu

Additional Information

To start LSing tha sarser:

1. Get a license from the Math\Works License Center and upload it in the Manage License secthon
2. Usa tha HTTPS server endpoint 1o make requests 10 the sener,



MATLAB Production Server cloud deployment in [oT scenario

Edge

Generate
telemetry

{

/i\

»

Event Hub /
loT Hub /
Kafka

Production System

Management / License Server VM

-
MATLAB Production Server
Worker processes
i 4\
5 Request
. Broker
i 4\
\

\

Compiler SDK

—

|

Storage Layer —

Load
Balancer,

Analytics Development

MATLAB MATLAB

. — N
Modelt
=

Package

] &

Algorithm
Developers

Business Decisions

©Spotiie. i) Power Bl

+

Re—

T@ﬁ !

o
o
[har]

iy +tableauv Qlik@

@

PISYSTEM
osl

i
%_

End Users

4\ MathWorks'
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Customer Example: Healthcare Device Vendor

Sensors

5 AWS
\/‘7

CUAS
ﬁ <

CLAS

Persistence
Layer

4\ MathWorks'

N
. Analytics Development
Messaging o
Service . MATLAB @ Algorithm
Compiler SDK . Developer
4
ENPEEN 0o ko /
L)
i - . In-Operation
AWS ,,FMATLAB Production Server
: o> 4 &L
Elastic MATLAR > . Custom — E
Load Analytics > : L]
Balancer L > 4 End Users
L4 >
- ’
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| &\ MathWorks

Typical data analytics workflow with MATLAB

Access and Explore Develop Algorithms :
Data Preprocess Data and Models Integrate with Systems

MATLAB Distributed

e - Computing Server
33.7 et CJEUCWYEE M Streaming/OT

Microsoft* :::: . KIHESIS v

. &% SQL Server Cosmos DB MATLAB Productionjerver ' Azure 1 OSl-o' .

mongo 4% Cassandra Request : : : loT Hub g, Pl System
Broker < » . .
Cloud Storage Azure = | «» + | Qlik @ EBES L[S
01 ' .
o Blob e ‘ © Spotfire .,

— MicrosoftPower gl +i+ Tableau

Big Data/ OT cloudera L N ) .4 Embedded
P W .
FRUPR LY sof MATLAB ) & XILINX.
Hﬁm&om @SSéI;é;;m ARM <XnviDIA C/C++
A Azure e waws, @rackspace., n openstack” vmware
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Using the Cloud for Deep Learning

4\ MathWorks'
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‘ MathWorks
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“Bell Pepper”

‘ MathWorks
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Quickly prototype
and test your idea

Train the Neural

Net model

Deploy algorithm for
everyone to use

‘ MathWorks
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Quickly prototype
and test your idea

4

| g A __ 4 y)

MATLAB Online,
MATLAB Drive,
MATLAB Mobile

Train the Neural

Net model

o dh

|

MATLAB Distributed
Computing Server

&

&

Deploy algorithm for
everyone to use

MATLAB Production
Server

«‘ MathWorks
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Quickly prototype
and test your idea

‘

| g A __ 4 y)

Train the Neural
Net model

o dh

[l=%e

Dep

eve

algorithm for
ne fo use

MATLAB Online,
MATLAB Drive,
MATLAB Mobile

MATLAB Distributed
Computing Server

MATLAB Production

Server

‘ MathWorks
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Prototyping in the Cloud with
MATLAB Online

4\ MathWorks'
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Intensive Computing in the Cloud with
MATLAB Parallel Server

4\ MathWorks'
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Food
categories-

Category

&\ MathWorks

MATLAB
Distributed
Computing

= = = Server

’, o000 \

(-4

Hours fo minutes
to tfrain network

‘ ©

& &

— ~,  Days to train network
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Deploying in the Cloud with
MATLAB Production Server

4\ MathWorks'
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Take
picture of

your food

BELL
|PEPPERS

&\ MathWorks

MATLAB Production Server
Image preprocessing and deep

learning model to classify food
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Quickly prototype
and test your idea

4

| g A ___ 4 y)

Train the Neural

Net model

{44...4

|

&5

&5

De

eve

algorithm for
ne to use

MATLAB Online,
MATLAB Drive,
MATLAB Mobile

MATLAB Distributed
Compute Server

MATLAB Production

Server

‘ MathWorks
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Deploying in the Cloud with Kafka

4\ MathWorks'
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4\ MathWorks

The Need for Large-Scale Streaming

Predictive Maintenance

Increase Operational Efficiency
Reduce Unplanned Downtime

More applications require
near real-time analytics

Medical Devices

Jet engine:; ~800TB per day Patient Safety
Turbine: ~ 2 TB per day Better Treatment Outcomes

Connected Cars

Safety, Maintenance
Advanced Driving Features

Car: ~25 GB per hour

65



@\ MathWorks

Example Problem: Develop a machine learning model to predict
failures in industrial pumps

= We did this for the customer

- We wanted to go further:
— Create a streaming application based on this real customer request
— Develop application in a 3-4 week sprint

= We believe this represents a realistic customer situation

66



Our Project: Develop and operationalize a machine learning

model to predict failures in industrial pumps

v g
B Q
+ g
D .
N
¥

Process Engineer System Architect Operator
Develops models Deploys and Makes operational
in MATLAB and operationalizes model decisions based

Simulink on Azure cloud on model output
‘»ﬁ /\ Azure K kibana
on)

4\ MathWorks:
Pump Summar y

Pump Selection

eeeeeeeeeeeee

PPPPPP

sssssssssss

aaaaaaaaaaaaaaaaaaa

rrrrrrrr

Current system requires Operator to manually monitor operational metrics for

anomalies. Their expertise Is required to detect and take preventative action

4\ MathWorks'
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4\ MathWorks

Project statement: Develop end-to-end predictive maintenance
system and demo in one 3-4 week sprint

Monitor flow, pressure, and current of each pump so | always know their
operational state

Need alert when fault parameters drift outside an acceptable range so | can

£

| take Immediate corrective action
Plant

Operator
Continuous estimate of each pump’s remaining useful life (RUL) so | can

schedule maintenance or replace the asset

69



| 4‘ MathWorks

Challenges of Al Deployment

O s T oo ™

Process
Engineer

Solution: Use an accurate physics-based software model for the — EFyyanwaes
pump to develop synthetic training sets
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| «‘ MathWorks

Challenges of Al Deployment

L i o oo

System
Architect

Solution: Leverage cloud platform to quickly configure and

provision the services needed to build the solution, while A\ MathWorks

minimizing lock-in to a particular provider
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| ‘ MathWorks

Challenges of Al Deployment

Process

SELESEN Solution: Use MATLAB and integrate with OSS

‘ MathWorks’
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Predictive Maintenance Architecture on Azure

4 A 4 N\
Edge Production System Analytics Development
MATLAB MATLAB
s || /A Azure r _ Y| comrereo
MATLAB Production Server =]
Worker processes /’) ‘ |
\ e
! ‘.‘ =
“N = : Request | <ummmmmmmm am A\ 4
m Broker Process
Engineer
Connector ‘\ . g
\. Package
& e \ y & Deploy
t x J
* Business Decisions
@ Apache System ( ) ] H
B State Persistence
)> % elastic ‘ kibana D ——
‘T R Operator
Storage Layer \_ Presentation Layer ) T@%
J

4\ MathWorks'
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|
g Modeling approach

Process Engineer

Access and Explore Data

3 Integrate with S

Develop Predictive

Production Visualize Results
Models

Systems

a

Files Working with Model Creation e.g. " Desktop Apps 3 party
Machine Learning dashboards
A
©Spotfire’
TIBCO Software
N
{i-j}+q bleau
Databases Data Reduction/ Parameter Enterprise Scale Qlik Q
Transformation Optimization Systems
_ ptimizati AwS m]) Power BI
— T i T+ Kinesis
J 1
, . —_—
Web apps
Sensors Feature Model Embedded Devices 000 |
% = Extraction Validation and Hardware
EE < B
A ul
= = = .
: 3 L <
- % i
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N

™ Review model requirements

Process
- %

Engineer

ahi'a
Requirements From Requirements From
Operator System Architect

Define window for streaming

= Continuous predictions of type of fault

— “Blocking’” = Define format of results,
- ‘"Leaking’ intermediate values
— “Bearing”
— Combination of above + Testcode
= Scale code

= Continuous predictions of Remaining
Useful Life [RUL]
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|
, Physics of Triplex Pump

Process
Engineer

= Crankshaft drives three plungers
— Each 120 degrees out of phase
— One chamber always discharging

— Three types of failures

B
=

(%]
o

Volumetric Flow Rate at Output
== Plunger 1

= Plunger 2|
Plunger 3'
—Pump

06 062 064 066 068 0.7 072 074 0.76
Time (s)

Flow Rate (lpm)
[,
o
————

-
=

Pressure
Sensor

Crankshaft
Bearing Friction

/ Inlet

Blocking Fault
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Process
Engineer

Q Access and Explore Data

4. Pressure with Noise — O X

File Tools View Simulation Help ‘N

- BOPE® -\ H-FH-

% sm_pump_triplex * - Simulink — O e

File Edit View Display Diagram Simulation Analysis Code Tools Help

sm_pump_triplex

i‘mvr__,'v EE-EH-@ g e b N~ 5 » @~ @

@

E U E e

&

EX

»

@—» pMeas @

Diagnostics: On

No Fault Blocked Inlet Seal Leak Worn Bearing

>

v}

anifold

Ready

219% auto(ode23t)

Simulate faults

Pressure (bar)

Use sensor data from pump to identify levels of failure

i)
7.25 1
7.2
7.15
7.1
7.05
Initial
7 Measured | -
Tuned
6.95 . . . .
0 0.02 0.04 0.06 0.08 0.1

Time (s)

Pump sensor data
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Q Access and Explore Data ~ BUIld digital twin and generate sensor data

Process [+ Py
En g I neer ble, ‘tdic. View; Deplay: Diagram:_Simulation: Analysis_Coce: [Toos Help File Explorer Simulation View Tools Window Help |2 x
= e > = < [1E Nl R W& Q@I IE T | H $) (] |View convention: | v || @ | & ®v & o Q L4 | 210
— Mechanics Explorer-sm_pump_triplex
sm_pump_triplex ,” sm_pump_tr:
@® Drive <
- Out1 g#'s Pump -~
& Hi —Fa Out2
= +
= <+> Out3
CIIS In1
¢ B J& In2
- In3 < >
Driver: Motor Pump

s |
4\ Pressure with Noise = O X

= oo ver so ViFtual Sensor Data a1

‘\O) ~| 49 UQ I )

Simulation

@ e)[] ‘ @) 132x ~_f—— | Time 0010807
pMeas » pMeas

Diagnostics: On

000

No Fault Blocked Inlet Seal Leak Worn Bearing

79

{Running Sample based T=0.006

211% T=0.012 0% auto(ode23t)



4\ MathWorks

, Access and Explore Data ~ SImMulate data with many failure conditions

e

Process

Engineer B T % s o s ;
o8 e Be-E-wqgOb = A- -~
B e = Leak Area =[1e-9 0.036]
o8 out3 | —]
f) , I8 in1 |—(]]
o Bearing Friction = [0 6e-4]
® lotor Pump Inp

Blocking Fault = [0.5 0.8]
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, Access and Explore Data - SImulate data with many failure conditions
N7

Process
Engineer T T
B-o-8 <« He-B-eo4®P = [-05 -9~ A
- ccess Data
{
E ens = simulationEnsembleDatastore(location)
0
ens =
- simulationEnsembleDatastore with properties:
g Cluster Desktop SyStem_\ DataVariables: [25x1 string]

IndependentVariables: [@x@ string]
ConditionVariables: [0x@ string]
SelectedVariables: [25x1 string]

Workers _ _ Workers
N Simulation 1 :
‘ ReadSize: 1
N )\ y Simulation 2 L )\ ) NumMembers: 702
- i N _ — LastMemberRead: [@x@ string]

Files: [702x1 string]

Spofl’g

- J - J

Run parallel simulations Store data on HDFS o
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g _ Represent signal information

P rocess <\ Signal Analyzer - PumpSignals.midatx

Engineer . )
Signal processing

[Spectrum,Frequencies] = pspectrum(data.Flow); T
[pLow,pHigh] = bounds(Spectrum); o VA —
fPeak = Frequencies(Spectrum==pHigh); T W T R—— -
gPeak2Peak = peak2peak(data.Flow);

50
3500
gCrest = peak2rms(data.Flow); 0
3000 30 _
gRMS = rms(data.Flow); 2
20 m
2500 &
gMAD = mad(data.Flow); . o E
I = d
NAME & SZE CLASS % 2000 0 =
i alifauts 1000x3 timetable 2] 5
fS bearingPump 1000=3 timetable § 40 1500 -10 g
8 blockedPu... 1000<3 timetable g 0 &
HS healthyPump 10003 timetable g 20 1000 -
E leakingPump 10003 timetable = -30
B s 500 i
Time (ms)
0 F T 0 0.2 0.4 0.6 0.8 1
W'Y  ». V' WWVWVW Normalized Frequency (<= rad/sample)
5 . , . , I - -
0 100 200 300 400 500 600 700 800 900
Time (ms) 82




3

Develop Predictive
Models

Develop Predictive Models in MATLAB

Process
Engineer
1 3 4
Time LeakFault  BlockingFault  BearingFault FaultType
1 0 sec 2.8472 -0.1477 1.8000 All
2 0.001 sec -0.1498 -0.4207 1.3103 Bearing & Blocking
3 0.002 sec 0.6511 1.6521 -0.5557 Leak
4 0.003 sec 0.1469 -0.2775 1.0074 All
5 0.004 sec -0.6480 0.7065 -0.8878 Blocking
6 0.005 sec -0.8165 -0.5434 -0.3079 Blocking
7 0.006 sec -1.0061 1.2083 0.0661 Bearing
8 0.007 sec 1.0125 -1.9098 -0.7027 Leak & Blocking

tt = tall(ds)

Label Faults

Scale

s
2

tt = preprocessData(tt);
model = TreeBagger(50,tt, 'Event’);

(=

Evaluating tall expression using the Spark Cluster:
- Pass 1 of 2: Completed in 11 sec
- Pass 2 of 2: Completed in 2.3333 min
Evaluation completed in 2.6167 min

' blockedPump.Flow

Power Spectium (dB)

Frequency (Hz)

° M V\/\
20 WWWV\( WW
50 200 250 300 350 400 450 500 550 800 850 700 750 800 850
:

Time (ms]

ey
nnnnn Caarse Tree 14714 featr Blacking

34 NN Aceuracy. 64.6% 2 ) wh nfusian marix?
Lastonange: Fine KN 144 st e

35 Aczuracy. 61.9% B Bearing

Lastcnance: Medium kNN 1nsteatnes |

38 hearacy 50.8% B

Last change: Coarse KNN 144 foabures Bearing & Blocking
¥ Current Model All < <1% 38

Model 2 Trained %)’(SQ} %eteﬂf &%:%%a%:

Results % s, 2, ¢,

Accuracy 718% “-x% (s*‘

Prediction speed  ~13000 obs/sec.

Tranngtime  1076sec Pradicted ass

Model Type b

Data set: dataTrain  Observations: 5366  Size: TE3 kB  Predictors: 14 Response: FaulType  Response Classes: B Validation: 5-fold Cross-Validation

Validate Model

4\ MathWorks

Represent
Signals

Train Model
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3 . .
, gt Develop Predictive Models in MATLAB

Process
Engineer

Fault Cassification Estimated Remaining Useful Life ~ 18 hrs

5
Fault -
Codes - M
= of
- i Real Data
o 8
[ he)
& 8 Failure Threshold
0
Health Indicator \
N Forecast Dat&
Confidence Interval
15 1 | | |
0 10 20 30 40 50

Feature 1

Type of Fault k _~ Remaining Useful Life

(Classification) o (Regression)
A4

Plant
Operator 84
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3

LRI, Develop Machine Learning Models

Models

Process
Engineer

Classification Learner - Scatter Plot

All Linear

Data Browser v ! | ScatterPlot 3

|w History
Plot
11 Tree Predictions: model 1.1
Last change: Fine Tree 14714 features O Data
1.2 " Tree Accuracy: 64.9% ® Model predictions
Last change: Medium Tree 14/14 features ® Correct e
1.3 {7 Tree Accuracy: 59.3% % Incorrect ™
Last change: Coarse Tree  14/14 features 135}
1.4 |/ Linear Discri... Accuracy: 59.5% [~ Predictors
Last change: Linear Disc... 14/14 features
1.5 7 Quadratic Di... Accuracy: 64.6% X: fPeak ~|
st change: ic.. 1474 f L
Last change: Quadratic 11 eaturef 1.3 Y: lgCrest v
1.6 77 .. Training [N &)
Last change: Linear SYM 14/14 features
17 7 ... Tranng EINENNN ® | | § o)W
Last change: Quadratic .., 14/14 features “g_ 1.25 Show| Order |
1.8 77 ... Training IINEENNNNN & o
Last change: Cubic SYM 14114 features B Leak
A G |4 X Blocking
w Current Model 1.2k S 2 Laak.& Blockit
- § X o - Bearing
Model 1.1: Trained ‘ g Bearing & Les
Results S %) Bearing & Blo
Accuracy 66.8% ’ v All
Prediction speed ~310000 obs/sec Z 1.15: L4 e
Training time 1.4905 sec
°
Model Type 3 A 3 5 2 : s : s
Preset: Fine Tree 10 20 30 40 50 60 70 80 90 How to investigate
Maximum number of splits: 100 fPeak features
Split criterion: Gini's diversity index
nnate de nn cnlite: Off ~

I Data set: data  Observations: 7665  Size: 1 MB  Predictors: 14  Response: FaultType  Response Classes: 8 ” Validation: 5-fold Cross-Validation
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Develop Predictive Estimate Remaining Useful Life

Models

Process
Engineer Model Coeff: ¢ = 2.1396 ¢ = -0.038836 3 = 0.13184

Health Indicator
o
T

A0

Health Indicator
Threshold

Confidence Interval
| | | | | |

0 10 20 30 40 50 60

Est. RUL ~ 18 hrs

-15

0.04 —
pedf of RUL
0.03 e Estimated RLL
True RUL
é 002 Confidence Interval
g0
0.01
0 | | | | | |
0 20 40 60 80 100 120

Time (hours)

S() = ¢+ 06(b) p(BDt+e(®) —%)
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Integrate with

, POl Develop a Stream Processing Function
[ Systems

Process

Engineer

- Batch Processing: Build and test model on simulated data

Historical Data Train Model Scale Up Predictions

Storage ‘ e' lII

Dashboard

Storage

= Stream Processing: Apply model to sensor data in near real-time

- | - Streamin "’ ol
Continuous Data Messaging Service Functiong Update State
f \ Dashboard
| J
= e = f
@ @ @ [ X Alerts
Pump Sensor Data [ ]
U J
Storage

Make Decisions

4\ MathWorks'
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Process
Engineer

4\ MathWorks

Integrate with

Production Develop a Stream Processing Function

Systems

Streaming Function

Process each window of
data as it arrives

function new_state = streamingFunctionfdata

Preprocess signals

[data,features] = preprocessData(data);

] Previous state
Predict faults

[Leak,Blocking,Bearing] = predictFaultValues(features);

FaultType = predictFault(features); .

[RUL,Model] = predictUpdateRUL(data.Timestamp,data.Flow,500); Current window of data to
be processed

Update state

new_state = updateState(data,old_state);

Write results

writeResults(Leak,Blocking,Bearing,FaultType,RUL,Model)
end 88



Process
Engineer

Integrate with

Production
Systems

results = runtests('predictFaults tests')

Running predictFaults_tests

Done predictFaults_tests

results =
1x4 TestResult array with properties:

Name
Passed
Failed
Incomplete
Duration
Details
Totals:
4 Passed, © Failed, © Incomplete.
©.01614 seconds testing time.

Test Stream Processing Function

4\ Production Server Compiler - untitled1.prj*

4\ MathWorks

Server Address

Accepting client connections on: http://localhost:9510/streamingFunction

Server Requests @

Server started. Start client.

Clear All Requests

¥ Server Log

22 [Sat Nov 03 18:54:15 EDT 2018] binding to endpoint '[::]:9910 ~
23 [Sat Nov 03 18:54:15 EDT 2018] using '[:):9910"

24 [Sat Nov 03 18:54:15 EDT 2018] bound to '[:]:9910"

25 [Sat Nov 03 18:54:15 EDT 2018] [SERVICE:date_clock] Starting

26 [Sat Nov 03 18:54:15 EDT 2018] [SERVICE:date_clock] Started successfully

27 [Sat Nov 03 18:54:15 EDT 2018] [SERVICE:http] [endpoint:[::]:9910] Starting

28 [Sat Nov 03 18:54:15 EDT 2018] [SERVICE:http] [endpoint:[::]:9910] Waiting for a connection on port 9910

29 [Sat Nov 03 18:54:15 EDT 2018] [SERVICE:http] [endpoint:[::]:9910] Started successfully

30 [Sat Nov 03 18:54:15 EDT 2018] [SERVICE:http] [endpoint:[::]:9910] Listening for connections v

SavelLog Clear Log
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Integrate with

Production
Systems

Share with the team

Process
Engineer
Review results with
Operator

Analyze and Compare Pump Data

Piot the simulated datn 1o compare the signals based on the
types of faults: laking, blockang, and bearnng frchion

1 stackedplot (healthyPusp);

2 eitle( ' Mealthy Pump')
stackedplot(leakingPusp),
title( Leaking Pump')
stackedplot (blockedPump);
title( Mlocked Pump')
stackedplot(bearingPump);

8 title( feacing Friction')

From the visuakzations, you can 500 the dfeconces n the
wonad peofiles for these differont types of taults. The machine g Puny

oameng model will predct these faults based on these
'--
Snficant dala can De simulalod with sendar Condaons 10 " | | |

bulld thesa models. Thass are adusted by selectng the

POramelars in (h model

wnpt

(O )

pdf, html, LaTeX

Share code with

System Architect

4 Eranches =
s
= ol ¢ | S
S s -
=  StreamingCode mb
) predictFault.m o .
) predictFaultValues.m | .
] predictUpdateRUL.m i
5] StreamingExample.mix o
%) streamingFunction.m m T
(] testData.mat “ A
@B & test e
) consume.m »

Source Control

«‘ MathWorks
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Process
Engineer

Integrate with

Production

classifyData

@ helperFunctionm m PredictiveModels....

E] classifyData.ctf :‘J readme.txt

Add ar create a ﬁinrﬁm sionature file in help clients use vour MATI AR functions,
< >

v

4\ MathWorks
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Integrate with

Production Review System Requirements
: \ stems
System
Architect
« Requirements from the Process Engineer
— Every millisecond, each pump generates a time-stamped record of
flow, pressure, and current —
— Model expects 1 sec. window of data per pump Process Engineer

— Initially, 1’'s — 10’s of devices, but quickly scale to 100’s

= Requirements from the Operator -
— Alerts when parameters drift outside the expected ranges ANa

— Continuous estimating of RUL for each pump Operator

92



System
Architect

Integrate with

Production
Systems

J\ Azure

Production System

7

Worker processes

]

\ Connector )

‘.‘

Apache
Kafka

87

.

MATLAB Production Server

Request «

Broker

$
i

State Persistence

L} .
%* elastic | m

Storage Layer

4\ MathWorks

Integrate Analytics with Production Systems
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Integrate with
Production

Systems

Architect ,

4\ MathWorks'

MATLAB Production Server on Azure

r

<P

Connectors for
Streaming/Event
\ Data

J

- o . S B S S S B S S S B B B e e Sy,

Production System

MATLAB Production Server Cloud Console

__________________________________ -
<'" Virtual Network Management Server\I
Ll —
]
r N I
I
r‘ MATLAB
\ r‘ Production am——
3 _ﬂ Server(s)
- scaling group Application
J [ Gateway Load
Balancer

!

1
o | &

State Persistence

@ .

Connectors for Storage & Databases

» https management endpoint

- Ln

Enterprise Applications
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Integrate with

Production Connecting MATLAB Production Server to Kafka

‘ \ Systems
System
Architect

= Connector feeds single Kafka topic to a MATLAB function

= Publisher library for MATLAB for writing to a results stream

= Connector Features:

— Deploy as a micro-service with Docker §8 .
pump_fleet f MATLAB Production Server A
_ H 1 1 Worker processes
Drive everything through config R T R
Connector Request
g Broker
— Group data into time windows and pass to pump_results 4
MATLAB as a timetable - -

—)

— Use Kafka’s check-pointing (i.e. at-least-once)

95
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4 Integrate with

Production Messaging adapter for Production Server

Systems

System
Architect

= Bridges streaming data and Production Server Async Java Client

= Batches incoming messages and sends them via HTTP request/response
— Time windows, event time processing, and out-of-order data

= Uses Asynchronous pipeline model with back-pressure
— Kafka consumers are automatically paused when server is busy

= Supports sequential (stateful) and unordered (stateless) processing
— Provide unique stream ID/topic/partition info for persistence layer

= Pass data as MATLAB timetables

= Partition aware — enables full exploitation of partition-based parallelism
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Integrate with

Production
Systems

System
Architect

subscribe

Committed
Offsets

Kafka connector architecture

a
P
o
add Wn W1 W0 add

B

‘ MathWorks

Async
HTTP
to
Server

-

Networking
Threads
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Integrate with

Production Streaming data is treated as an unbounded Timetable
Systems
System
Architect Input Stream Output Stream
----- =+ _--
18:01:10 Pumpl 1975 MATLAB
= tion
18:10:30  Pump3 2000 109 115 Lo
18:00:00 18:10:00 | Pumpl 5
18:05:20 Pumpl 1980 105 105 Pump3
18:10:45 Pump2 2100 110 100 Pump4
18:10:00 18:20:00 | Pump?2 7
18:30:10 Pump4 2000 100 110 MATLAB
s : Pump3 3
18:35:20 Pump4 1960 103 105 Function Sl
18:20:40 Pump3 1970 112 104 BEACHO | AEEORE) | R le
Pump3 4
18:39:30 Pump4 2100 105 110
Pump4
18:30:00 Pump3 1980 110 113 MATLAB 18:30:00 18:40:00 Pump5
—— : —
18:30:50 Pump3 2000 100 110 Function Pump3 5
Pump4 8
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Integrate with

Debug your streaming function on live data

/g Production
Systems
System
Architect
4 N N\
Production System Analytics Development
MATLAB MATLAB
A AZU re ( . A Compiler SDK
MATLAB Production Server =
) 4 |=
\ e

Worker processes
~\
‘ Debug =N
A =
J

(
m = : Broker
. Connector 4 .

Package

——— \ y & Deploy
/ ‘ > 2

5
Kafka
State Persistence

L} .
% elastic

Storage Layer
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Integrate with

Production Debug a Stream Processing Function in MATLAB

System

EDITOR PUBLISH VIEW | U L e : - Search Documentation

Architect g} - E@“‘“‘“ T L M Binasesn &
|-/ Compare ¥ yso'rov camnemﬁx:j )
New Open Save A ‘Breakpoints
i NAVIGATE { BREAKPOINTS
<P EHE » C » Users » jstewart » Projects » Kafka » Connector » StreamingExample » v p
Current Folder ® u Editor - C:\Users\]stewad\Pro)ects\Kafka\Connector\ ple\Stri E: ple‘streamingFunction.m ® x Workspace ®
Name - | streamingFunctionm | analyzeResultsm | 4 | Name - Value
1] +mps S s§Frunction mmﬁwTTWWﬂ Dctrl o Corinas
[ PumpFault_Linux 14 $#function mlearnapp.internal.model.adapterlayer.TrainedLinearRegressionModel
# StreamingExample 45
L test 16— if nargin < 2
gconsume.m 1 old_state = [1;
A :onsumeResuIts.m 19— ahid =
akeResultsToKafka.m 19
] make cache name.m
Im_ 29
=] TheKnowledge.txt 21
22 % Model doesn't work well with too few data points. =
23= limit = 100;
24 if height(data) < limit
05 = fprintf ("Too few rows (%d < %d) to generate effective model.\n",
26 height(data), limit);
27 new_state = old_state; =
28— return;
g end
30
31
32 % Get the keys present in the data, use categorical for performance
33— data.key = categorical (data.key) ;
34 pumps = string(categories(data.key)):;
35
a8 % Load models
37 = persiit:ent leakModel bearingModel blockingModel trainedModel
38
A = if isempty (leakModel)
40— x = load('MIModels.mat') ;
41 leakModel = x.leakModel;
a2 = bearingModel = x.bearingModel;
43— blockingModel = x.blocki 1;
44 trainedModel = x.trainedModel;
25—l ang 2
I >
Command Window ®
New to MATLAB? See resources for Getting Started, X,
Jr>>
PumpFault_Linux.prj (Production Server Compiler Project) &
No details available
nm
i 100
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Integrate with

Production Complete your application

Systems

Architect

Business Decisions
( ) e
R
. . . kibana
¢ elastic | pmm—)
Storage Layer \_ Presentation Layer ) T@%
. J
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Plant
Operator

5

Visualize Results

4\ MathWorks:

Pump Summary

Complete Your Application

HOME REPORTS ABOUT

Add a filter +
Pump Selection Fault Events Leakage Analysis
Pump Selection o0
Pump24 X | | ~ LA
@067
®0.528
®0.69
I Clear form ] Cancel changes .0;
Fault Events -' T
' 0072
‘ ®0.73
Pump Average results .
a
Max Average Average \/
Timestamp date ranges Bearing Blocking Leak
October 28th 2018, 17:00:00.000 to November 8th 2018, 0.004 0.698 0
22:52:59.697
-

Current / Energy consumption

. WM‘VMW-WNA § et
0.4

£
g
5
)
u
&
g 02
H
H
E]
0
O I LU P G e T T T =T L~ B P P B P ST
e e it e e
Pressure
Leakage per Day Remaining Useful Life

@ Max Leak

20181103

2018-11-10 0%

lestamp per day

4\ MathWorks'
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http://pumpdemo.mwlab.io:3000/

&\ MathWorks

Team Retrospective

» Completed demo of full system in 3 week sprint
» Successfully used digital twin to generate faults and train models

» Fast prototyping of physical and Al models with MATLAB and Simulink.
Easy integration with OSS

» Cloud platform enabled faster IT setup

> Next steps:
» Make model adjustments
» Test against real pump
» Customize dashboard for Operator’s needs
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Resources to learn and get starte

Products  Solutions

4\ MathWorks

Enterprise and IT Systems

GitHub: MathWorks Reference
Architectures

Working with Enterprise IT Systems
Data Analytics with MATLAB
Simulink

) ®

MATLAB Works with Your IT Systems

MATLAB" code is production ready and can be securely deployed and integrated with enterprise
IT systems, data sources, and operational technologies. IT can partner with engineering teams to:

+ Run reliable, secure, and scalable production applications on Windows™ and Linux’, either on-
premise or on public clouds like AWS" and Microsoft” Azure

Zsecurity mechanisms to authenticate, grant access to, and encrypt

Pull requests Issues Marketplace Explore

ting systems and data. including modern analytics systems like
2", and Power Bl

15 workflows and tools, and enable engineers to self-deploy their
1 applications to production systems without having to recode.

MathWorks Reference Architectures

Reference Architectures

itry-specific MATLAB and Simulink toolboxes, so users can get

https://m

s.com/cloud Verified enti hoose MATLAB

[ Repositories 6 People 1 Projects 0
Deployment

Type: All ~ Language: All ~

thms, and models can run on s QWS
5 either on-premise or on the

ence architectures for AWS and

quickly. Use MATLAB

ement large-scale, high-

p to many computers with

iting Server™

mdcs-on-azure

Stand up a MATLAB Distributed Computing Server cluster using Azure

Deployment

ud

4

Linux

/S Azure

mps-on-aws

Stand up a MATLAB Production Server using CloudFormation

104


https://github.com/mathworks-ref-arch
https://www.mathworks.com/solutions/enterprise-it-systems.html
https://www.mathworks.com/solutions/data-analytics.html?s_tid=srchtitle
https://www.mathworks.com/products/simulink.html

Summary: MathWorks Cloud Offerings

Pre-Built Pre-Built Build
Solution Platform your Own
MATLAB Online
MATLAB MATLAB Mobile Reference
MATLAB Drive Architectures
- DM'?le‘AtB q Virtual Machine
E(h 4 4 Cfmrguutiﬁg Cloud Center Formation
Server Scripts
Networking
MATLAB Documentation
wee | Production
Server

&\ MathWorks
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Learn more

www.mathworks.com/cloud

0 h AWS /A Azure
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