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Data Analytics Workflow

4 )

Business
Systems

Smart Connected

Systems
Data Acquisition Data Analytics Analytics Integration
* Engineering, Scientific, and Field * Data Pre—procegsmg * Integrate algorithms with IT
« Business and Transactional * Feature Extraction « Analytics run on Embedded targets

* Building algorithms, math mo{els
* Making business decisions

\ MATLAB: Single Platform
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Key Takeaways

1. Distribute applications to non-MATLAB users royalty-free.

2. Integrate MATLAB functions into existing workflows and development platf
orms.

3. Deploy MATLAB Analytics for Big Data on Hadoop enabled Spark Clusters

4. Deploy MATLAB applications to service simultaneous user requests enterp
rise-wide via web or cloud frameworks.
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Challenges

= Multiple internal and external consumers of MATLAB algorithms

= Challenging and time consuming to re-code MATLAB algorithms for integrat
lon into IT frameworks
— Development resources are scarce and time-to-market is short

« Company priority to deploy solutions to enterprise scale web or cloud frame
Works
— Scale application to serve large numbers of simultaneous requests
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MATLAB Programs Can be Shared With Anyone

Share With Other MATLAB Users

Share With People Who do Not Have MATLAB

_ Suppliers

MATLAB User
Organization

Collaborators
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Write Your Programs Once
Then Share To Different Targets

MATLAB

MATLAB MATLAB

Compiler Coder

1+ Standalone | :
& oo
A 4
With MATLAB With People Who Do Source Code

Users Not Have MATLAB



4\ MathWorks:

Share with People Who Do Not Have MATLAB

MATLAB MATLAB

Compiler Compiler SDK

Standalone | E MATLAB
@ @ @ @ o
\ J | }
| !
Share Applications with No Integrate MATLAB-based Components
Additional Programming With Your Own Software

* Royalty-free Sharing
« |IP Protection via Encryption
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Share Applications Built Completely in MATLAB

[ Application Author j

MATLAB

Toolboxes

MATLAB Compiler [ End User ]
dd

‘

MATLAB

iRuntime




4\ MATLAB R2016a
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Integrate MATLAB-based Components With Your Own Software

Gpplication Authoa

MATLAB

Toolboxes

= H F'
F-hlsprica
PeC-S+K# e#

[Software DeveloperJ

» £ (default package)
I it test
4 {3 testMath
b [1] MatlabPlotTestjava

{2 Package Explorer £2
4 (2 JavaUseMatlab
4 (8 src

MATLAB
Production
Server

1 =4 JRE System Library [[dk1.7.0_67]

4 m=), Referenced Libraries
b g SimpleKFjar - £\ TestCode\01\SimpleKF\
b 8 matlabplotjar - D:\Program Files\MATLAE
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4\ MATLAB R2016a

Name «
= Basic
[C3] Detailed

Git

Details
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Using MATLAB Compiler SDK to create Python Packa

4 MathWorks:

4\ MATLAB R2016b

HOME PLOTS APPS SHORTCUTS EDITOR PUBLISH VIEW (A0 A E L B L
‘EE? L B [E::z:s ;G:T” m:::‘y B~ . LZ @ [ Run Section &
e e e g
FLE HAVIGATE BREAKPOINTS RUN
EHpEHA » C: » Users » pkar » Pallavi » Work » Deployment » Python Deployment » DemoFinal »
_ Editor - C:\Users\pkar\Pallavi\Work\Deployment\Python Deployment\DemoFinal\SolarAnalysisFcn.m
| SolarAnalysisScriptm  ¢| SolarAnalysisFcn.m % | + |
N < unction model = SolaranalysisFcn (filename)]
2 I3
3 [/% Predicting Global Solar Radiation
4 % This demo creates and tests a temperature- and humidity-based model to
5 % estimate mean daily global solar radiation. As the sun's radiation
6 % penetrates the atmosphere, a portion of the radiation is scattered,
7 % reflected or absorbed. The amount reaching the Earth's surface (either
8 % directly or through scattering) is known as global solar radiation.
9 % Maximum daily temperature, minimum daily temperature, and average daily
10 % humidity are used to estimate the ratio of global solar radiation to
11 % extraterrestrial radiation (i.e. the ratio between the amount of radiation
12 % that hits the surface of the Earth and that which hits the top of the
13 % atmosphere) .
14 %
15 % One of the motivations of this analysis is for designing photovoltaic
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MATLAB and MATLAB Production Server

IS the easiest and most productive environment to take your enterprise
analytics or loT solution from idea to production

—

ldea Production

16
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wWhy MATLAB Production Server Matters to You

Solution
Architect

Domain
Expert

v MATLAB Production Server allow v MATLAB Production Server integr

you to continue to work in the envi ates MATLAB code into the enterp

ronment that you love rise IT fabric that you are comforta
v No need to learn another program ble with

ming language v No need to re-code into another p
v MATLAB Production Server integr rogramming language

ates with enterprise IT infrastructu v Web and cloud friendly architectur

re e
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Scale Up with MATLAB Production Server

= Directly deploy MATLAB programs into production
— Centrally manage multiple MATLAB programs and runtime version

S
— Automatically deploy updates without server restarts

— Most efficient path for creating enterprise applications

= Scalable and reliable
— Service large numbers of concurrent requests
— Add capacity or redundancy with additional servers

- Use with web, database and application servers
— Lightweight client library isolates MATLAB processing

— Access MATLAB programs using native data types

MATLAB Production
Servel(s)

N
R\l _:"“" h

Server(s)

- HTML
XML
’ Java Script
Web i 2

4\ MathWorks
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Customer examples: Financial customer advisory service

[
| MATLAB _
._ Compiler SDK |
Algorithm { ———
Developers MATLAB

----------------------------------------------
““““
.

#MATLAB Production Server

— 2
e 4
Request ¢ » .
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ap 4

|8 —

SR E——
«» 4
Request ¢ » .
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ap 4
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Request ¢ » .
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(8 —

*
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--------------------------------------------

o cov?
financial
l l I institution with

o European HQ

o0 Saved € 2 million

annually for an

external system

Quicker
implementation of
adjustments in source
code by the
guantitative analysts

Knowledge + MATLAB
= Build your own
systems
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Industrial loT Analytics on AWS

Global industrial
. equipment
B 3 manufacturer

‘“"amazon .
Business @
. I Systems —
Industrial Equipment I%"_ MATLAB Production Server y .

B i "7 webservices
+ Networked = g i f | Users
communication I% — Request .-

----------------------------------------------
. 7
. ‘e

<>

. : < »
Embedded §ensors - 5 Broker <
 Data reduction : P
I%-%

MATLAB :
Compiler SDK |~

lw e e e Algorithm
Developers
MATLAB
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Building Automation IoT Analytics on Azure

Building/HVAC &

automation él‘ ,
control system -

« Variety of
sensors and
controls

* Networked
communication

« Data reduction

<

IS

1

—

—

N pa—

Global heavy duty
electrical equipment

-----------------------------------------------------
“““““
o ‘e
* *

. manufacturer
Hl \icrosoft
Hll Azure °
Business :M
: Systems —
MATLAB Production Server .
. : Users
r— o> 4
a— Request € »
1 Azure Broker ‘ » .
§EventHub "  — B
: MATLAB —
Azure Compiler SDK Sv—
Blob 01 P
r e e Algorithm
Developers

MATLAB

. Re
LR o*
v, .
------------------------------------------------------
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MATLAB Production Server

Enterprise Class Framework For Running Packaged MATLAB Programs

Server software

— Manages packaged MATLAB progr
ams and worker pool

MATLAB Runtime libraries

— Single server can use runtimes fro
m different releases

RESTful JSON interface and lightweigh
t client library (C/C++, .NET, Python, an
d Java)

.......
e
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UL MATLAB Production Server
Application
MPS Client »~ SN (
Library : : .L ‘ ‘
)~ - Request Broker
PR .
Program °
Manager - .
Enterprise e
Application . N “ ‘ ’
JSON L '
>

MATLAB
Runtime
|
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Calling Functions

Enterprise Application

MWHttpClient
object

MATLAB Production Server

Calculation
Request Process
Broker
&
Program -
Manager —>| Calculation
Process
L5
{ ‘ ‘ 4 Worker Pool }

4\ MathWorks:
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Technology Stack
Data Analytics Business System
MATLAB [ =
Qneozd Distributed = Qllk@
Databases §”(3°|"_Server computing I8 ftableau Visualization
.mongo | © Spotfire
1 A W Microsoft
Azure MATLAB
Cloud Blob _ N <==P | Production Server | <Gl 5
WEnR che
Sto rage :'15%.5%3 g ?g::c:t
Request : : ‘.
Broker > > N ﬂ ]
loT §€ kafka 2 2 G - Custom App
- python
> |
am Microsoft “»'amazon @ rackspace n openstack vmware

Sl Azure

Public Cloud

Private Cloud

Platform
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Example - Integrating with IT systems

Web a “

Applications a

yo

Applications

Excel a
N
Desktop

" MATLAB 1
. Compiler SDK

Web
S —
e

(>

Application
Sever |

Portfolio ’—‘_ -
Optimization “ :

Pricing I
Risk
Analytics

W
Database Server

= 1 |
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Production Deployment Workflow

Development

MATLAB Initial Test | Debug Algorithm .|  MATLAB
Developer Application |~ “l Algorithm
=
Verify data —SSS—
handling and MATLAB
initial behavior ,. Compiler SDK
Deployable
Archive
Enterprise ( _ ‘
Application e
Developer Web
Application P Function Call
Production :
fﬁg \ MATLAB Production Server
. P Function Calls N ‘ '
: /v Web 2 ; , I Deployable |
ﬂg / Application < > I Archives ‘ ’

4\ MathWorks:
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Develop and Test with MATLAB Compiler SDK

MATLAB
. . = === =
Application T

- "
T Sy

HTTP

MATLAS Frcncsos Besves famt

] T - RiedScvstes REeh. o 1t %n U1 e MomPalies s on B Vot 14y
1 Demomeie]RisckSehates Redi 4 Fel ot ke MomPatien s KT Vet )

e

D Corpten
T e« Rieckchwies Mewdi ¢ el s e MomErtiea s oy BTV dmal 44| @ Cvreses

D Corpen

@ Corgtew

i

= Test environment for MATLAB Production Se
rver

« Test and debug in MATLAB desktop
— Details on request transactions
— MATLAB debug and profiling with end to end testin
g

27



Web Management Dashboard — New in R2017a

i C O @ localhest

) MathWorks' MATLAB Production Server Dashboard

4\ MathWorks
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Load Forecasting Demo

MATLAB Production
: ver(s)

Energy load forecasting demo

j Java Script

29
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MATLAB at Scale

MATLAB Production Server MATLAB Distributed Computing Server
Application server for MATLAB Cluster framework for MATLAB/Simulink
Front-end scalability - Back-end scalability
Manage large numbers of requests to run =  Speed up computationally intensive programs
short-running deployed MATLAB programs on computer clusters, clouds, and grids

—ll==ll&
= = = GPU
I:—{;i\-ﬁ---I;F é

Multi-core
CPuU

W e e = e w e e
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Distinct Offerings Scale Application Access and Computation

MATLAB Compiler SDK

Deployed Application

Request
broker

}
% 4 Deployed

Application

&

MATLAB Production Server

"

MATLAB
Desktop
(client)

Parallel Computing Toolbox

MATLAB code with

batch, parfor, or other
parallel constructs

_(4 dooe d
[in [ [

Multi-core
CPU

MATLAB Distributed Computing Server

4\ MathWorks:

31



Distinct Offerings Scale Application Access and Computation

MATLAB Compiler SDK Parallel Computing Toolbox

MATLAB
Desktop
(client)

MATLAB code with

Deployed Application batch, parfor, or other

parallel constructs

MATLAB Compiler SDK

" (ool

/
Request -g? ’ e
broker -g? /  Deployed
a2, . Application i [ [ .
“‘ i n un un Multl-core

CPU

l

MATLAB Production Server MATLAB Distributed Computing Server

Parallel workers on remote hardware

4\ MathWorks:
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Online Resources

« Documentation — Create and
Share Toolboxes

 Website — Desktop and Web
Deployment

* Free White Paper — Building a
Website with MATLAB Analytics

« Website — Using MATLAB With
Other Programming Languages

4\ MathWorks:

MATLAB developer:
" Develop F F =
Rite S pr s copue
e | &
‘ I - » in Web Project " Deploy Model
& L a 0 |
A
MATLAB
Production Server MATLAB
Test Environment Production Server
Web developer: 4 A
| Deveop w ( T T . b [ Deploy Web Project |
Website Debug & Verify Call Compiled

> ﬂ“v'v'.ﬁﬂ“' P MATLAB model —p =
== g Rt g ot gl i

MATLAB Other

MATLAR
Code
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Supplemental Slides

Use the following slides for more detailed discussions on various
Implementations using MATLAB Production Server.

34
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Challenges of Big Data

“Any collection of data sets so large and complex that it becomes difficult to process using ... t
raditional data processing applications.”  (wikipedia)

Deploy
Develop ‘ Integrate
‘ Big Data
Visualize Scalable Applications
Algorithms

Rapid Data
Exploration

46



Hadoop: The Big Data Platform

. Reduce

E

4\ MathWorks:
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Matlab Integration with Hadoop clusters

s
cloudera

i Can Vs mwn Toss Onisss Wedow Aep
N4 & \A09W4- 3 D2 D

Datastore

HDFS

| @ % @ 4 s R Documents » MA
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Data |

‘ | s
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L Rida- 1 ST
| ® This file can be published 1o 3 formaties | St
7 ¥ folaer, yow SAn oAl (mep ‘\ :;s&vé .
* . . AL
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2 .
102 - reset (de) \\ "1"‘:

= ds, SelectedVariablelianes =

.
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ne?®

map.m
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Deploy Applications with Hadoop

Datastore

MATLAB

- runtime

..
.
®
L]
L]
a
‘e
a,

HDFS

o
L2S Yy
L] ,
......
......
. .
.
.
L]

Node Data

]

Reduce

t Compile MATLAB
Map Reduce

Code

r s T = =

SSEESEERES
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Use MATLAB with Spark on Gigabytes and Terabytes of Data

Access data from HDFS

———4 13
131

=1

. tt = tall(ds):

B fitlm(ttTrain,
‘fare amount ~

Run algorithms on Spark

3
]

tall array [FH
or [

[

tall tables |+
IESE

ISSE

[

EEEEEEEEE
T
Lo
A
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|
Run MATLAB scripts on SPARK & HADOOP

MATLAB workers on worker nodes in the cluster
MDCS workers (working from MATLAB)

;. (44 dh)
?gg& - < | — | .... m
- ) o D | — (=
N m —) | m m

Worker Nodes

Master Name Node

Edge Node
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Example: Running on Spark enabled Hadoop

% Define the Execution Environment.
bt Desktop Code

mr = mapreducer(gcp);
PCT, Datastore, tall
% Access the data.

ds = datastore(‘C:/datasets/taxiData/*.csv');
tt = tall(ds);

%% Define the Execution Environment.

Spark + Hadoop COde % Hadoop/Spark Cluster

S k C t] setenv('HADOOP_HOME', '/dev_env/cluster/hadoop');
par onnection setenv('SPARK_HOME', '/dev_env/cluster/spark');

numWorkers = 16;

Cluster Confid for S K cluster = parallel.cluster.Hadoop;
uster Lonfig ror spar cluster.SparkProperties('spark.executor.instances') = num2str(numWorkers);

mr = mapreducer(cluster);

% Access the data
Hadoop Access ds = datastore('hdfs://hadoop01:54310/datasets/taxiData/*.csv');
tt = tall(ds);
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Example: Running on Spark and Hadoop

picku

passenger count, trip distance, pickup longitude,
9.12
.12,

’

@
6
1
1
1
1,
1,
l

739953820301 T P

Set up execution environment
numWorkers = 16;

setenv('HADOOP HOME', '/mathworks/test/hadoop');
setenv('SPARK HOME', '/mathworks/test/spark');

cluster = parallel.cluster.Hadoop;
cluster.SparkProperties('spark.executor.instances') = num2str(numWorkers);

HOME LOTS APPS LIWE EDITOR VIEW el
‘;;1] B Ea Find Files  4p {} BIUM =} u 2 Equation w l> E} Run Section
= = — = ; AaBbCc
1= C Go T Yo' Hyperlink R d Ad
Heaenen Save, |iz| Compare g‘gﬂ oTo % _g - Code Text Section e iyperlin i @ un and Advance
- - B Print g Find « E wi i Break ulmagp Mormmal  Heading Title All @ Run to End
FILE NAVIGATE | FORMAT : INSERT TEXT STYLE RUN
5 - e Edito 3 0 ome/hgao pred = are H] =
% | predictTaxiFare.mix | =+ %
wg— = @
£ . S g = 2|2
s| tall Arrays for Big Data in MATLAB 3
=
L]
Predict Cost of Taxi Ride in New York City
Analyze data from .csv files containing taxi trip information, separated by month. The data set is available from the City of New York. A

.ﬂ MathWorks:
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Run MATLAB scripts on SPARK & HADOOP

H

Compile
MATLAB

jCOde

Hadoop & Spark
Library

4 MathWorks:

MATLAB workers on worker nodes in the cluster
« MATLAB Runtime (deployed applications)

—

-----
< | —

D | m— |||
) |||
Resource E Data Nodes :

Manager — J L )L

| HDFsS

Master Name Node

Worker Nodes
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Deploying Spark Applications

plot(result);
legend('Actual Fare', 'Predicted Fare', 'Difference');
savefig(fl, 'Predicted-vs-Actual.fig');
60
—— Actual Fare
—— Predicted Fare
50 Difference |
40
30
W
—
o
w
20 ¢ f 1
o / \/\'/\/ M Lf L \//\/\/-A/\\f\'\,‘\/\ \ﬁL V\AN
0F — J
-10 . - .
0 20 40 60 80
Trips
ETITH

100
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