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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

MATLAB EXPO 2018
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Integratewith

Production A quick Intro to Stream Processing

Systems

= Batch Processing applies computation to a finite sized historical data set
that was acquired in the past

Historical Data Configure Resources Scheduleand Run Job Output Data

* Reporting
» Data Exploration

~— * Training Models
Storage Storage

= Stream Processing applies computation to an unbounded data set that is
produced continuously
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Near Rea! time decisions

Edge :
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Value of data to decisionmaking

Real-
Time
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Example Problem — How’s my
driving?

= Agroup of MathWorks employees
iInstalled an OBD dongle In their car
that monitors the on-board systems

Data Is streamed to the cloud where it
IS aggregated and stored

We would like to use this data to score
the driving habits of participants
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Example: Fleet Analytics with MATLAB
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Fleet Analytics Architecture
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AccessandExploreData -~ The first step Is to clean up the incoming data
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Accessand ExploreData = | he Data: Timestamped messages with JSON encoding

[tine” : ("$date":"2015-67-13T18:01:35.0002"},] Timestamp
[fec> : 1975.0, "kff1225" : 10065293, "kffi25a” : 110.36619, .| Values

"vehicles id": {"$01d"'"55a3fe3569762d5cSCGGOOZG"}

ke 2000 9, "kf'F1225" : 109. 65293 "kff125a" : 115.36619,

.,))

S/
by — Y "vehicles id": {"$oid":"55a4193569702d115b000001" }
| = ime": {"$date":"2015-07-12T719:04:04.000Z"

"KC":2200.0, "Kffl225" : 112.65293, "kffl25a" : 112.36619,

MATLAB EXPO 2018
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Access and Explore Data ACCGSS a Sample Of Data

Raw Data v' Decode JSON data
1 2 v" Create Timetable
timestamp value key
1 15-]an-2015 22:12:23'{ " _id" : { "$oid" : "55a41cb069702d115b059ee0" }, "trip_id" : { "$oid"... '55a41cb069702d115b059ede’
2 | 15-]an-2015 22:12:24'{ "_id" : { "$oid" : "55a41cb069702d115b059ee1" }, "trip_id" : { "$oid"... '55a41cb069702d115b059ede’
3 lEjan—EDlEEE:lEQE'{"Jd“:{"$0M":"55341cb059?02dllEbDSQEEE”},%ﬂpjd":{"$DM"”H5534lcb059?02d115b0593de
4 lSjan-EDlEEE:lEQG'{"Jd":{"$0M":"55341cb059?02dllEbDSQEEB”},%ﬂpjd":{"$DM"”H5534lcbDEQ?DEdIISbDSQEdE

Timetable
t = 4647x40 timetable
| trip_id VIN k1001 k1005 ktt1008 kff1220 kff1221 kft1222 kff1223 kff125a
1 Sun Jul 12 16:18:41 UTC 2015 | 55a3(€356... | 55a3(e356... 17.1000  -84.9323 45.4704 NaN NaN NaN NaN 59.0434
2 Sun Jul 12 16:18:42 UTC 2015 | 55a3(e356... | 55a31e356... | 171000  -84.9322 45.4704 NaN | NaN | NaN | NaN | 57.8609
3 Sun Jul 12 16:18:43 UTC 2015 | 55a3fe356... | 55a3(e356... | 18.9000  -84.9322 454705 NaN | NaN | NaN | NaN| 527147
4 Sun Jul 12 16:18:44 UTC 2015 | 55a3(e356...  55a3fe356... | 18.9000  -84.9322 45.4705 NaN | NaN | NaN | NaN | 51.1983
5 Sun Jul 12 16:18:45 UTC 2015 | 55a3(€356... | 55a3(e356... | 18.0000  -84.9321 454706 NaN | NaN | NaN | NaN | 49.1095
& Sun Jul 12 16:18:13 UTC 2015 | 55a3(e356... | 55a31e356... | 58.5000  -84.9305 45.4686 NaN | NaN | NaN | NaN | 73.2005
7 SunJul1216:19:14 UTC 2015 | 55a3fe356... 55a3fe356.. = 56.7000,  -84.9304  45.4685 NaN | NaN | NaN | NaN|  75.3612
& Sun Jul 12 16:18:15 UTC 2015 | 55a3(e356...  55a3fe356... | 57.6000  -84.9304 45.4683 NaN | NaN | NaN | NaN | 70.7542
8 Sun Jul 12 16:18:16 UTC 2015 | 56a3(e356... 55a3f€356... | 56.7000  -84.9303  45.4682 NaN | NaN | NaN | NaN | 62.8340

MATLAB EXPO 2018
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Develop a Preprocessing Function

Timetable
t = 4647x40 timetable

trip_id | VIN ‘ Kft1001 ‘ Ktt1005 ‘ kit1008 ‘ Kft1220 | Kit1221 | kft1222 ‘ Kft1223 ‘ kff125a ‘
1 Sun Jul 12 16:18:41 UTC 2015 | 55a3fe356... |55a3(e356... | 171000  -84.9323  45.4704 NaN | NaN | NaN | NaN | 59.0434
2 Sun Jul 12 16:18:42 UTC 2015 | 55a3fe356... | 55a3fe356... 17.1000 84,9322 45.4704 NaN | NaN | NaN | NaN | 57.8609
3 Sun Jul 12 16:18:43 UTC 2015 | 55a3fe356... | 55a3(e356... 18.9000  -84.9322 45.4705 NaN | NaN | NaN| NaN 527147
4 Sun Jul 12 16:18:44 UTC 2015 | 55a3(e356... | 55a3fe356... 18.9000 -84.9322 45.4705 NaN| NaN | NaN | NaN | 51.1983
5 Sun Jul 1216:18:45 UTC 2015 | 55a3(e356... |55a3(e356... 18.0000  -84.9321 45.4706 NaN | NaN | NaN | NaN —  49.1095
& SunJul 1216:19:13 UTC 2015 | 55a3fe356... |55a3fe356... = 58.5000  -84.9305  45.46P< man Miant nant N
7 Sun Jul 12 16:19:14 UTC 2015 :55asfe356... 55a3e356... 56.7000 -84.9304 45.461 Preprocess data
8 Sun Jul 1216:19:15 UTC 2015 | 55a3fe356... | 55a3fe356... 57.6000 -84.9304 45.461
9 Sun Jul 12 16:19:16 UTC 2015 ‘5533fe356... | 55a3fe356... . 56'?000. -84.9303 . /45-.46i = sortrows ( t) ;

t = rmmissing(t, '"MinNumMissing',width(t)-2);

Perform windowed calculations

v' Clean up
v Enrich '< t.Speed = movmedian(t.SpeedGPS,3);
v' Restructure t.D1 = [0;diff(t.SpeedGPS)];

[tmin,tmax] = bounds(t.time);
tnew = tmin:seconds(10):tmax;
N countsByTime = retime(t(:, 'Event'),tnew,@histcounts);

MATLAB EXPO 2018
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AccessandExplorebata - A HOC Access to Data from MATLAB

| athenaQuery.mix ¢ | + |

: MATLAB
Access the data in S3 | | P
Bring up the AthenaClient
athenaClient = aws.athena.Client(); AV\:/))S — v\

athenaClient.Database = 'trainingdata’; S
athenaClient.initialize();

7

o e

)
e [

Create a query and submit

athenaClient.submitQuery('SELECT * FROM "trainingdata"."sampledata” limit 1@9','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

MATLAB EXPO 2018
13



4\ MathWorks'

3
Develop Predictive At
Models Develop a Predictive Model
(" ‘.’.. Production System ) Analytics Development )
l amazon
we bservicesw MATLB ItSrlebrl\J/te == MATLAB —
MATLAB 4 -
SDK =
VAR Algorithm
Developers
API AWS

A

—4—

\_

Gateway Lambda

L~

\

Storage
Layer

MATLAB EXP

0 2018

14



3

Develop Predictive
Models

Al Quick-To-

Train

Develop a Predictive Model in MATLAB

All

- Current Model
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Integrate Analytics with Production Systems
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Integratewith

Production Streaming data is treated as an unbounded Timetable

Systems

Input Table Output Table
----- == _--
18:01:10 55a3fd 1975 100 MATLAB
F tion
18:10:30 55a3fe 2000 109 115 unc
18:00:00 18:10:00 | 55a3fd 5
18:05:20 55a3fd 1980 105 105 55a3fe
18:10:145 55a3fd 2100 110 100 55a419
18:10:00 18:20:00 | 55a3fd 7
18:30:110 552419 2000 100 110 MATLAB
SN : 55a3fe Z
18:3520 55a419 1960 103 105 Function 552419
18:20:40 55a3fe 1970 112 104 LEZUOL | LB | Seein
55a3fe 4
18:39:30 552419 2100 105 110
552419
18:30:00  55a3fe 1980 110 113 MATLAB 18:30:00 18:40:00 55a3fd
_> . _>
18:30:50 55a3fe 2000 100 110 Function 55a3fe 5

55a419 8

MATLAB EXPO 2018
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Production Develop and Deploy a Stream Processing Function
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Production Debug a Stream Processing Function in MATLAB

Systems
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Integratewith

Production Debug a Stream Processing Function in MATLAB

Systems

HOME LOTS APPS EDITOR PUBLISH

BHs bEee B0 g oo

o (9 % Ll Find Files < Insert =1 fx - i3 b r=

Joss
&  [3jrun section (L
Ll Compare * 0 GoTo v Comment 9% ¢ 7J

New Open Save g Breakpoints Run Run and | Advance Run and

= - > = Print = Ll Find Indent (=] &z |Fa - - Advance Time _

FILE NAVIGATE EDIT EREAKPOINTS RUN -
=] ] =1 2/ » home » demouser » work » fleetserver » client » CompilerSDKDemo » v R
Current Folder [GM FZ Editor - fhome/demouser/work/fleetserver/client/CompilerSDKDemo/machine_learning/calculateSco... ® x
Name Git consume.m calculateScores.m +

e R - = — - : —

®) jSONParser.m ® ; function new_state = calculateScores{car_id, current_data, old_state, resultsStore) j

) kafkaMessagem @ |

f]q Messa eParzerm ° 3 %% Preprocess and perform calculations

_| Messag ’ 4 - current_data = preprocessDatalcurrent_data);

) Utils.m = | | : - =

# : —

'r:-,j ;onskume.m _ 5 %% Predict driving events

=l invokeUserFuncti.. ® 7 - | current_data = predictEvents{current_data);

=) jsonPreProcessor... ® 5

FL -~ — T

;'JL queryDemo.m g %% Count events for each ten second window

—l queryDemoSnap... O 10 - countsByTime = countEvents({current_data);

i drivingScoreData... @ 11

4 machineLearning... ® 12 %% Write discrete data to mongodb

aa kafkaconsumer.prj ® - | 13- updateResultsStore(car_id,countsByTime, resultsStore); ||
Details A 14 -l
Workeooco = Command Window (®
Name - Value e >>
o curDir ‘thormefdemou

= |

4 ‘ T

calculateScores Lh 17 Col 1

30



4\ MathWorks'

4

Integratewith

Production Tie in your Dashboard Application

Systems

4 Production System )

.I’I
' amazon
webservices™ :
ATLAB Production Server

- | MATLAB
| Analytics

API AWS
Gateway Lambda

"I*_’G» Business Decisions )
Storage
Layer mp) Power Bl -
Qlik@ 5
@Spotfire End Users
Business t,_+++ab|eau
Systems +t
- L ,

MATLAB EXPO 2018
31



5

VisualizeResults Complete Your Application
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Visualize Results

Tableau

% €>E886-
Pages i Cotumns
= Rows

> C b Wok .' Filters.
GetlatlongVectorm + . o - R

%% Linear programming solution with subtour|
A = spalloc(0,lendist,0); % cate a spar| Marks

b= [} v Al 8
while numtours > 1 %
8 254 'the subkodt in v AVG(Latitude)  ~/
b = [b;zeros(numtours,1)]; ~ AVG(Latitude. O
A = [A;spalloc(numtours, lendist,nStops) —
O Astomatic - 7

for stopCount = 1:numtours
rowldx = size(A,1)+1; % & @

4 Compies
i ricaton Compler o2 Q
- Detad Tooltip
(" Bowsntion o ] ShortestPath A
ey it COD
88 oo o8 shared e

miz teger linear program

* optimize using integer
[x_tsp,~,~,~] = intlinprog(dist, intcon,

Command Wndom,

& >> deploytool 6 Data Source Shortest Flight Path
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Scalable Analytics with Enterprise Bl Tools

CLIENT TIER

TIBCO Spotfire web s spolfrs Analy

B O]]0

SECURITY AND ROUTING TIER

Load Balancer

Pt TN

>
=]

Spotfire Servers
Shortest Flight Path

WORKER SERVICE TIER

Load Balancer

N
MATLAB I

1 4 Production
Server | I |—

Spotfire Web Players

11

10 United
States

Resuits are computed along Table (across).
SCRIPT_INT('TSP/GetLatLongVector ',
AVG( [Longitude]),AVG( [Latitude]))

DEVELOPMENT TIER DATA TIER

o3 SEE!

Archive
; Data Sources

| Default Table Calculation

o E

@- 0][I0

33



&)\ MathWorks

Key Takeaways

» MATLAB connects directly to your data so you can quickly design and validate
algorithms

» The MATLAB language and apps enable fast design iterations

> MATLAB Production Server enables easy integration of your MATLAB
algorithms with enterprise production systems

> You to spend your time understanding the data and designing algorithms

MATLAB EXPO 2018
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Resources to learn and get started

Data Analytics with MATLAB

MATLAB Production Server

MATLAB Compiler SDK

Statistics and Machine Learning Toolbox
Database Toolbox

Mapping Toolbox

MATLAB with TIBCO Spotfire
MATLAB with Tableau
MATLAB with MongoDB

MATLAB EXPO 2018
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‘\MchWOI'kS' Products Solutions Academia Support Community Events

Reference Architecture

Scalable Analytics with TIBCO
Spotfire and MATLAB Production
Server

Resources and Spotfire extension to scale MATLAB analytics for
use with Spotfire applications

MATLAB Production Server™ Interface for TIBCO®
Spotfire® Software is a Spoffire extension that provides a

DESKTOP

Mathworks
MPSExtension

link to a robust and scalable MATLAB® analytics engine.
This extension supports advanced analytics processing for
multiple concurrent users within the Spotfire environment.

Request the Extension &
Getting Started Guide

Submit request

MATLAB
PRODUCTION
SERVER

4
WEB PLAYER MATLAB
Mathworks MPSExtension el 4

TIBCO SPOTFIRE
Download the Free

Technical Brief
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https://www.mathworks.com/solutions/data-analytics.html?s_tid=srchtitle
https://www.mathworks.com/products/matlab-production-server.html
https://www.mathworks.com/products/matlab-compiler-sdk.html
https://www.mathworks.com/products/statistics.html
https://www.mathworks.com/products/database.html
https://www.mathworks.com/products/mapping.html
https://www.mathworks.com/products/reference-architectures/tibco-spotfire.html
https://www.tableau.com/about/blog/2017/8/put-your-matlab-models-and-algorithms-work-tableau-74016
https://www.mathworks.com/help/database/ug/import-and-analyze-data-from-mongodb.html

