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Trend: Data Economy

“Information is the oil of the 215
century, and analytics is the
combustion engine”

K va
i 91918112 table
- 2 3
Date CAPITL CENTRL DUNWOD [
1 01-Jan-2004 00:00:00 1015 1651 618
2 01-Jan-2004 01:00:00 927 1562 568
3 01-Jan-2004 02:00:00 891 1507 541 ol : - -
lan 2004 Apr 2004 Jul 2004 Oct 2004 Jan 2005
4 01-Jan-2004 03:00:00 NaN 1440 517
5 01-Jan-2004 04:00:00 NaN 1434 499 400
6 01-Jan-2004 05:00:00 NaN 1449 496 s 2 .
@ 01-Jan-2004 06:00:00 NaN 1490 524 s ‘ ‘
5 01-Jan-2004 07:00:00 NaN 1525 526 E V] ‘
9 01-Jan-2004 08:00:00 960 1529 518 R ‘
10 01-Jan-2004 09:00:00 1046 1628 541 A e
11 01-Jan-2004 10:00:00 1111 1706 570

Access and P Dat Develop Integrate Analytics
Explore Data reprocess Lata Predictive Models with Systems



4\ MathWorks

Problem Statement

TOXIC EMISSIONS STANDARDS PASSENGER VEHICLES STANDARDS
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* Euro 6c test cycle WLTC: to be confirmed

- Can MATLAB® scale up and meet increasingly demanding fleet test data
analytics requirements?

= Is it possible to build data analytics algorithms in a flexible, scalable manner
and yet satisfy production requirements?
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The Fleet Data Analysis System

http://qoo.ql/EeE5JE

Fleet Data Analysis ot~
Tl

This website tightly integrates MATLAB analytics with web ‘ "

technologies for the visualization, optimization and analysis of ’
various vehicle fleet performance characteristics.

Get Started



http://goo.gl/EeE5JE
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A quick recap of our connected cars

R
5 4
( \ o \ ([ A
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Apache, the Apache feather logo, Hadoop are registered trademarks or trademarks of the Apache Software Foundation
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Fleet Data Analysis System (Test Bed Summary)

= 8-25 Mb per day
= Non-telemetric data files
- Up to 25 operators
= 660Mb of data and counting

Dec Jan Feb Mar Apr May Jun Jul
Time

Name « Instance lD - Instance Type ~ Availability Zone ~ Instance State
Arvind - Fleet Data Analytics... i-837e238a m1.large us-west-2a @ running
FleetWorker i-TeT25a74 m3.large us-west-2a @ running
FleetWorker i-7f725a75 m3.large us-west-2a @ running
FleetWorker i-7c725a76 m3.large us-west-2a @ running
FleetWorker i-7d725a77 m3.large us-west-2a @ running



Insights (Engine Fuel Consumption and Efficiency)
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Insights (8 mile traffic)

= Traffic Patterns (the case for roundabouts)

[ ArvindDriveGreen-2014
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Color by:
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Filters ol |

GPS Time

Type to fiter by text

Device Time

Type to filter by
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M-Apr-2014 0
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Fuel consumed at the & mile exit

Fusl Flow rate in Gals/min

528
Time in mins

0.0351 Gal/car at the Iintersection
12 cars a minute on the average

= Asaving of 121.3 gallons of
gasoline per day Iif the traffic lights
were replaced with a round-about.

= Arough saving of 4.5 million
pounds of CO2 per year.
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What has changed?
What has improved?

What I1s new?



Infrastructure Changes

= Enrichment of incoming streams

Load Balancer
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Non-telemetric data @&HUE

Drag/drop addition and
management of data

MATLAB with visualization tools
Direct Connectivity with MATLAB
Caching of data for performance
Upsized compute resources
Load balancers

Simulation sources
— MATLAB
— Simulink

10
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Location and Methodology changes

- Web enabled dashboards
= Privacy and Security
- Enabling relational query

Database Toolbox

Cloudera Impala

Exchange data with relational databases

= Reference architectures offer
solutions with an emphasis on

selecting the right tool for the task

resulting in more efficient
workflows

TIBC2

@ BigQuery
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“By the way, this is pretty neat data to look
at in MATLAB. Even without the GPS, | can
pinpoint (1) the moment | nearly clobbered a
deer this morning and (2) the merging onto

and off of route 9...”
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Performance
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FILE MESSAGE

Bl Wed 6/25/2014 10:23 AM

RE: Where is Arvind?
To

@ You replied to this message on 6/25/2014 11:23 AM.

Uh-oh, | think Arvind may be in a ditch:

Road =~  Birdseye ~ | Traffic P iFullscreen SPrint  [AShare | £
3, You must Sign in to save your list of
* places
Unsaved places

Arvind Hosagrahara
EngineSpeed:1509.0
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|
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< |
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Online | A Details.
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Filters 4%

% Fetch the data
dataFile = urlwrite('http://ec2-54-187-132-60.us-west-
2 .compute.amazonaws.com/upload.csv', 'trackdata.csv');

% Read the data into MATLAB
trackData = xlsread(dataFile);

% Isolate area of interest
idx = timeVec>1403714100426 & timeVec<1403717061373;

% Gather statistics
topSpeed = max (trackData (idx,7)); % in kmph.

% topSpeed =

% 167.4000

% Compute fuel usage

ccMin = trackData(:,17);

fuelUsedInCC = trapz(ccMin (idx))/ (60);
fuelUsedInUSGal = 0.000264172052*fuelUsedInCC;
fuelCostInUSD = fuelUsedInUSGal*3.91;

% fuelCostInUSD

Colum 25 280
unknownt 949,40
Unknown2 1.00
Colum 28 22350942
Colum 29 1029768

bsi index:

index upload

upload
Fiftered outat... No

1403717000000

3555 0f 44,034 rows | 1marked | 33 columns

14
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Discovering problems in veracity of collected data

pekpelbitresretart s Stock . Software

modifications to give

higher peak ft-lbs of
torque

= Increased boost
pressure and
optimized ignition
timing

= Aftermarket software
was conditioning the
data to ensure
proper operation

15



Operationalization of Analytics

File Edit View Inset Tools Help
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|| Include empty values

Accelerator PedalPos...
14.51 86.27
» 4

Absolute Throttle Po...

10.20 89.02
» 4

Accelerator PedalPos...

14.51 85,67
» 4
Ambient air temp(A*C)

@ -

@ 10

@ 1

Catalyst Temperature...
42510 804.30
» 4

Commanded Equivale...

0.80 2.00
» 4

Throttle Position(Man...

11.37 88.24

» q |2
Turbo Boost & Vacuu...
-12.95 39.31

» [

Filtered out at 9:39:27 AM
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Product Changes (1) - Big Data Capabilities in MATLAB

Memory and Data Access
= 64-bit processors
= Memory Mapped Variables
= Disk Variables
= Databases

- Datastores R2014bH

b bbb NS o s N

Programming Constructs

Streaming

Block Processing

Parallel-for loops

GPU Arrays

SPMD and Distributed Arrays

MapReduce R20145H

Platforms
= Desktop (Multicore, GPU)
= Clusters
= Cloud Computing (MDCS on EC2)

» Hadoop  R2014b

4\ MathWorks
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Product Changes (2) — Datastores and MapReduce

Datastore

Incremental data processing
feature for reading collections of
data containing tabulartext or
keyvalue pairs.

Example; "£ilel.cav’

Example: ../ /dir/data/filel.cav’

Example: [ 'C: /dirfdatas£filel.cav", "C:/dir/datasfiled. . cav"}
Example: "'C: /dir/data/*.mat’

@ample: "hdfa://myserver: 7867 /data/filel. :E:D

Enables access to relational
databases using Database
Toolbox™

MATLAB® MapReduce

= Allows analysis of out-of-memory
data.

= Deployment of mapreduce
algorithms to:
— Serial Mapreduce using local workers
— Parallel Computing Toolbox™

— MATLAB® Distributed Computing
Server™

— Hadoop® using the MATLAB
Compiler

&\ MathWorks:
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Out of memory processing using Datastores

Visualize Torque Speed Data from Morning Commute

This script will visualize the torque speed scatter using the datastore.

% Luth/Bevision:
S

Arvind Hosagrahara
Copvright 2014 The MathWorks Consulting Group

% £I1ds

% Load our logged data
fleetDS = datastore ("tracklog*.cav');:

ifleetDS = datastore('hdfs://ec2-54-186-203-200.u3-west-2.colpute . aMazonaws.com: 7867 /data/0BD2 /Aztek/tra

% Select columns of intereat and chunk the data

fleetDS.RowsPerRead = 1000;

fleetD5.SelectedVariableNames = ['Torgque Nm ', "EngineRFM rpm ', "FuelFlowRate minute gal min "};

% Preview the data to inspect for correctness
preview(£leetDS) ;

% Bead the data and prep for plotting
plotData = read(fleetDS):

plothrray = tablelarray(plotData);
plothrray=strrep (plothrray, '-', "Hall') ;

% Visualize the data

Xlabel ('Speed (rpm)'):

vlabel ("Torque (Hm)');
title({'Torque-Speed Distribution®):
grid on;

scatter(cellfun(@str2num, plotArray(:,2)),cellfun (@str2num, plothrray(:,1)),".")

Torque-Speed Distribution

4\ MathWorks
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4\ Plot Catalog G=HEEE
{Searchforall plots p}lﬁ w
Line Plots -

Stem and Stair Plots
Bar Plots
" Scatter Plots
Pie Charts
Histograms
Polar Plots
Contour Plots
Image Plots
B-D Surfaces

Valiimetrice

~ surf(FIit1166.£1(1:28)) Plotted Variables:
. Display a matrix as a surface
surfc(Fit1166.E1(1:28))
Combination surf/contour plot
~ surfl(Fit1166.£1(1:28))
3-D shaded surface with lighting
i .",\T.. mesh(Fit1166.E1(1:28))
d*‘“‘t‘?‘ 3-D mesh surface

|FIt1166.E1(1:28)
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Studying ride quality using MapReduce

Mapper Function
function SimpleMapBReduceDemo (varargin)

$ Ruth/Revision: Arvind Hosagrahara function RldEHapFun{data,. ~, intermKVStore) . . .
% Copyright 2014 The MathWorks Consulting Group %.Assemble the ride data and compute ride metric based on & 3enaors
% £Ids rideData = [data.G x data.G y data.G z ];

ridelenValue = [sum({rms({rideData,Z)), size(rideData,l)]:

% Load our logged data - —
fleetDS = datastore('tracklog-2014-Apr-11_09-17-32.cav'): | SERE BIE ED TRLOE OID B DRI
$flestDS = datastore('hdfs://ec2-54-186-203-200.us—we vore, 'rided’, ridelenValue);

Analyzing Fleet Test Data Using MATLAB

% Select columns of intereat and chunk the data

_ 4:00-5:00 p.m. )
fleetD5.5electedVariableNames = {'6 x ','G v ','G 2 Seth DeLand. MathWaorks ion
fleetDS.RowsPerBead = 10007 ’
"« Trip Viewer t=loal 3
3 File Edit View Insert Tools Deskiop Window Help .if~, ridelenIter, ocutEVSitore)
% Bun the MapReduce on serial MATLAB DSW&|: R 09eL-A/0H (=0 ]
= = = = Trip Data g
rldE DS ]I]EprEdul:E {flEEtDS r @RldEHapEmr @RldERE 14-Jan 21:22:19  14-Jan 21:23:02  14-Jan 21:23:45 14-Jan 21:24:28  14-Jan 21:25:12 nI ter?
rideTakle = readall {rideD3) %#ock<NASGU> £50 [ e E— )
{ ) %% —~ Ewp  / 2 2L n + getnext(ridelenIter):
end B2k / a0}
@10F \ / 130} . .
m 1° & ool e & Senzor Mean', ridelen(l)/ridelen{2)):
{WNI"’W o g%
Trial>> mapreducer (parpool) E EE ,é”"' 0
Starting parallel pool (parpool) using the 'local' pr Em I 2" 420 )
Trial>> SimpleMapReduceD gamor [y 2 o -\ ‘\\\\
rial>> 51 eMapReduceDemo 2 | " MAM fn 6015,
mnp. ) s} ; 52000 f‘ ‘Iy | M) MMJV‘{ |‘r‘ |“| \W"'L'M'r"' _“\J.f\-ﬂi’l‘w\,n.‘ L g 20l AR \\\‘\\\\\\‘:
Parallel mapreduce execution on the local cluster: u oy o1 = \\ “.sﬁ\\._\\\i\_\‘
‘ 7ot N NN
Map Stage 0% complete g‘gggré: » \\}‘i“lﬁ,‘:&i@"“
T E B QO 600 .
aap Srage loo comeiere i Ui ey e 2 RIS ratue
Reduce Stage 0% complete £ 150 ” ‘ wol ‘\‘ﬂf\\\
Reduce Stage 100% complete ?100[ |U|f”\ ‘ B P “_m o s s e 1 [5.T7838] 4\ Compiler el
rideTable = EFaf JTHI™ - s T N Speed (rpm) Qg Appicaton Compier
Fey Valne 14-Jan 2122119 14-Jan21:23.02 14-Jan21:23:45 14-Jan 21:24:28  14-Jan 21:25:12 Package MATLAB programs for deployment as standalone applications
Library Compiler
ﬁ Package MATLAB programs for deployment as shared libraries a
'Ride G Sensor Mean' [5.7838] broduction Server Commile
Trial>»> ﬁ PackageMATLABprogral:nsforde 0 MATLAB Production Server
ﬁ Hadoop Compiler
Package MATLAE pragrams for deployment to Hadoop clusters as MapReduce programs

20
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Conclusion

= Single stack, open and extensible analytics toolset that plays well with other
technologies

= New features support clean workflows for use in production systems and
with Big Data

= A capacity for complexity
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