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Fleet Data Analysis

This website tightly integrates MATLAB analytics with web y
technologies for the visualization, optimization and analysis of

various vehicle fleet performance characteristics.

Get started »

Welcome back!

You are currently signed on as: &vind hosagrahara@mathworks.com

Fleet Summary Vehicle Statistics

View fieet performance metrics and summary  View performance characteristics from
about individual vehicles.

Start »

Start
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Forensics
Access engineering data behind the analysis.

Start »



https://www.mathworks.com/content/dam/mathworks/tag-team/Objects/i/86233_92951v00_Engine_Vehicle_Design_Whitepaper.pdf
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Customer Example: Scania

Automatic Emergency Braking

Opportunity

Real-time crash avoidance by detecting imminent
collisions and automatically taking action

Radar and camera for object-detection and real-time
collision warning and braking.

Analytics Use

« Data: 80 TB — 1.5 million km of driving
« Machine Learning: Object detection
« Control Systems: Brake application

« Test and Verify: System model with simulated,
recorded, and live data.

How AEB works

(Advanced Emergency Brake)

Camera
- Object detection
- Road marking detection

Instrument cluster

Collision warning

Sensor AEB

- 5
fusion -Object Brake request
/ selection >

Benefit
 Reduced accidents
 Meet EU Regulations

Perception =——jp  Prediction =————————) Action 4



50 km/h - sudden brake
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Why MATLAB?
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Machine Learning Workflow

Access and Explore Develop Predictive Integrate Analytics with
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What is Deep Learning?

I MANUAL FEATURE EXTRACTION CLASSIFICATION

E — —{ MACHINE LEARNING
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CAR v Machine Learning learns
TRUCK X tasks using features

BICYCLE X

Deep Learning

Deep Learning learns

both features and tasks
directly from data

CONVOLUTIONAL NEURAL NETWORK (CNN)

| End-to-End Learning

extracted manually from data

CAR v

TRUCK X

BICYCLE X
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Deep Learning Workflow
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Develop Integrate Analytics
Access & Explore Preprocess Data Predictive Models to Systems

Training Data Data Augmentation Train from Scratch Share Models
« Large open datasets » Crop, resize and rotate » Configure and train a * Publish models for others
+ Recorded labeled data images — create more deep network with to use
(e.g., images, video) training data massive amount of Embedded Deployment
training data
_ . * Embedded processors
Pre-Trained Models Label Training Data . EPGA

Transfer Learning

* Tune pre-trained model
for a different task with

smaller datasets

* For image data: draw
ROI’s, label individual
pixels with labels

» Access state-of-art
networks already trained
on large datasets

HPC
» Servers (multi-GPU)
* Clusters




How big is big?

What does “Big Data” even mean?
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“Big data is a term for data sets that are so large or
complex that traditional data processing
applications are inadequate to deal with them.”

Wikipedia

11



So, what’s the (big) problem?

= Traditional tools and approaches won't work
— Getting the data is hard; processing it is even harder
— Need to learn new tools and new coding styles
— Have to rewrite algorithms, often at a lower level of abstraction

= Quality of your results can be impacted
— e.g., by being forced to work on a subset of your data

4\ MathWorks
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Big Data workflow

PROCESS AND ANALYZE

Adapt traditional processing tools or

learn new tools to work with Big Data

ACCESS

More data and collections

of files than fit in memory

SCALE

To Big Data systems
r like Hadoop

4\ MathWorks
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Big solutions

Wouldn’t it be nice if you could:

= Easily access data however it is stored
= Prototype algorithms quickly using small data sets
= Scale up to big data sets running on large clusters

= Using the same intuitive MATLAB syntax you are used to

4\ MathWorks
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Tall Arrays 2016

Scaling your code to big data

= Applicable when: e |
— Data is columnar — with many rows
— Overall data size is too big to fit into memory
— Operations are mathematical/statistical in nature

- Statistical and machine learning applications

— Hundreds of functions supported in MATLAB and
Statistics and Machine Learning Toolbox

Tall Data

15
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= Data is in one or more files

= Typically tabular data 1\

= Files stacked vertically

- Data doesn't fit into memory
(even cluster memory)

1

1

N i
Cluster of !

Machines }
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tall arrays R2016b

- Automatically breaks data up into
small “chunks” that fit in memory

Machine li

Memory i:

]
Cluster of i
Machines }
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tall arrays R2016

= "Chunk” processing is handled
automatically

= Processing code for tall arrays is
the same as ordinary arrays

Single |}
Machine 1

Memowi

B
E=H

Memowi

‘ Machine |
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Single |
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2016

tall arrays

=  With Parallel Computing Toolbox,
process several “chunks” at once

= Can scale up to clusters with
MATLAB Distributed Computing
Server

Single

Memory

Cluster of
Machines

tall array

B
E=H

&\ MathWorks

Single i_
‘ Machine |

Memory i

Machine |

Memory i

X |
Single |}
Machine |
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Example: Running on Spark + Hadoop

% Hadoop/Spark Cluster
numWorkers = 16;

setenv('HADOOP_HOME', '/dev_env/cluster/hadoop');
setenv('SPARK HOME', '/dev_env/cluster/spark');

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

% Access the data
ds = datastorek'hdfs://hadoop@l:5431@/datasets/taxiData/*.csv');
tt = tall(ds);

4\ MathWorks
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/Access Data

Big Data Workflow With Tall Data Types

~

Text

Spreadsheet (Excel)
Database (SQL)
Custom Reader

Datastores for
common types of

¢

structured data

/Tall Data Types \

table
timetable
cell
double
numeric
cellstr
datetime
categorical

(R2017a)

Tall versions of
commonly used

—

MATLAB data types

/Exploration & \

Pre-processing

* Numeric functions
Basic stats reductions
Date/Time capabilities
Categorical
String processing
Table wrangling
Missing Data handling
Summary visualizations:
* Histogram/histogram2
» Kernel density plot
* Bin-scatter

Hundreds of pre-built
functions

Y

/I\/Iachine Learning\

Linear Model

Logistic Regression
Discriminant analysis
K-means

PCA

Random data sampling
Summary statistics
Decision trees (R2017a)

Key statistics and
machine learning

algorithms

MATLAB programming for data that does not fit into memory

4\ MathWorks
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Big Data Capabilities in MATLAB

Access data and collections of files

l that do not fit in memory
Datastores
* Images * Tabular Text « SQL
%  Spreadsheets  Custom Files  Hadoop (HDFS)
Purpose-built capabilities for domain |l Scale to compute clusters and
experts to work with big data r Hadoop/Spark for data stored in HDFS
Tall Arrays
:I'al\l/lgtﬁ rays « Visualization — : * Math, Stats, Machine Learning on Spark
» Statistics * Machine Learning : Distributed Arrays
GPU Arrays P * Matrix Math on Compute Clusters
* Matrix Math * Image Processing MDCS for EC2

* Cloud-based Compute Cluster

Deep Learning
* |mage Classification

MapReduce
MATLAB API for Spark

22
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MathWorks Products for Operationalizing Analytics

™

MATLAB Compiler MATLAB Coder

o* Standalone
# Application

C, C++
Desktop Users Enterprise IT Systems Embedded Systems (Including Edge Devices)
: *  Microcontrollers
« DSP chips
*  FPGAs

+ ARM-based
 Low-cost:
o Arduino
o Raspberry Pi
o BeagleBone

cloudera Hﬂﬂﬂ

ORTONWORKS'

EEEEEEEEEEEEEEEEEEEEEE
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Why MATLAB?

[ -
= - MATLAB lets
Data E— engineers do
Analytics . Data Science
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themselves
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MATLAB Analytics work

with business and * Engineering, Scientific, and Field
engineering data * Business and Transactional 7
~
I s runin (VATLAB Analyt
MATLAB Analytics run in MATLAB Analytics
P -~ embedded systems deploy to
&‘ developed with enterprise IT
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— | .
Embedded Systems Enterprise
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Summary

- MATLAB makes it easy, convenient, and scalable to work with big data
— Access any kind of big data from any file system

— Use tall arrays to process and analyze that data on your desktop, clusters, or on
Hadoop/Spark

‘ MathWorks
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Resources to learn and get started

mathworks.com/machine-learning

' | MathWorks:

Introducing
Machine Learning

Choosing the Best Classification Model and
Avoiding Overfitting

Download white paper

Machine Learning with MATLAB Webinar

Learn how fo get staried using machine learning fools fo defect

tterns and build predicive models from your data sefs. ! .
e £ X Explore Products for Machine Learning

® Watch video - ‘ Statistics and Machine Leamning Toolbox™
Neural Network Toolbox™

Computer Vision System Toolbox™

Fuzzy Logic Toolbox™
Engineers and data scientists work with large amounts of data in a variety of formats such as sensor, image, video,

telemetry, databases, and more. They use machine learning to find patterns in data and to build models that predict

future outcomes based on historical data. With MATLAB , you have immediate access to prebuilt functions,

extensive toolboxes, and specialized apps for classification, regression, and clustering. You can:

* Compare approaches such as logistic regression, classification trees, support vector machines, ensemble
methods, and deep learning.

* Use model refinement and reduction techniques to create an accurate model that best captures the predictive
power of your data.

S Using Analytics and Machine
achine rning alienges: . . .
* Integrate machine learning models into enterprise systems, clusters, and clouds, and target models to real-time Choosing 'he Best Mode| und I'ea""ng '0 BUl'd lnte"lgent

embedded hardware. Avoiding overﬁ“ing PrOdUC'S ONd Services

o ay ®
b

way, This paper thee

challenges using MATLAK"

Machine Learning with Maschine Leaming with Deep Learning in 11 Lines of Deep Leamning with MATLAB
MATLAB AAT MATLAB Code WHITE PAPER ) MathWorks

Bl Contact ssles § GCetatral =] Read: The Netfiix Prize and Production Machine Learning
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Learn More

Big Data with MATLAB

http://www.mathworks.com/discovery/big-data-matlab.html

MapReduce and Hadoop

mathworks.com/discovery/matlab-mapreduce-hadoop

cloudera

Why Cloudera Products Services & Support  Solutions ~ Get Started

Find a partner

More partners means more choice. And with the largest ecosystem of
companies developing. integrating and depioying technology on Apache
Hadoop (via our open-source CDH distribution) than any other vendor in
the Big Data market. you're sure to find a solution that suits your business
needs

FEATURED SOLUTIONS
e MATLAB® is the easiest and mest produetive software for engineers and scientists. Whether youTre analyzing data, develaping
algerithms, or creating models, MATLAB provides an envirenment that invites expleration and discovery. It combines a high-level
langusge with 2 desktop environment tuned for iterative engineering and scientific workfiows It is used for machine learming, signal
processing. image processing. computer vision. communications. camputational finance. contral design, robatics. and much mare.

= Partner Category - Analytics & Business Intelligence
*  Partner Type : Software Vendor (SV)

I8 certified

e e T [T ey [y Yy PRy
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Big Data with MATLAB

How to work with huge|

Big data refers to the dramai
analysis.

A primary driver of this trend |
acquisition devices and othe|

Big data sources include stre
from security cameras, as we
these sources can contain gil
gigabytes per day.

Big data represents an oppor
informed decisions, but it als(
memory, may take too long tc
not designed to process big ¢
to big data. Therefore, MATL)

Working with Big Data in

1. 64-bit Computing. The
in memory - typically up
addressing only 2 GB of
the OS. For Windows 8,

~

Memory Mapped Varial
file, to a MATLAB variab
too large to hold in mem

w

Disk Variables. The mat
using MATLAB indexing
do block processing on

=

Datastore. Use the dati
from files, collections of

[ Contactsales 5 Trial Software

MATLAB MapReduce and Hadoop :."\

[ Contactsales = Trial Software

MATLAB MapReduce and Hadoop

MATLAB® has numerous capabilities for exploring and analyzing big data sets. Among them is MapReduce, a powerful, and established
programming technique for applying filtering, statistics and other general analysis methods to big data

The MapReduce functionality built into MATLAB lets you analyze data that does not fit into memory. By running your MapReduce based
algorithms in parallel (using Parallel Computing Toolbox™), you can better utilize the processing resources on your desktop without changing
your algorithms.

To analyze data in MATLAB using MapReduce

1. Specify the data you want to analyze using datastore

2. Create your map and reduce functions in MATLAB

3. Execute your map and reduce functions using mapreduce

While MATLAB Mapl is for based analysis, itis fully compatible with Hadoop MapReduce, so you can run your
MapReduce based algorithms within the Hadoop MapReduce framework:

= Execute MapReduce based algorithms on Hadoop directly from the MATLAB desktop, using MATLAB Distributed Computing Server™

= Package MapReduce based algorithms for deploying to production Hadoop systems, using MATLAB Compiler™

MapReduce on the Desktop

MapReduce on Hadoop ’g"}

Explore and analyze big data sets on your desktop with Execute MATLAB MapReduce based algorithms within

the MapReduce programming technique built into Hadoop MapReduce to explore and analyze data that is

MATLAB stored and managed on Hadoop, using MATLAB
Distributed Computing Server

Creating algorithms using MapReduce: max, mean, mean by group,
histograms, covariance and related quantities, summary statistics by
group, logistic regression, tall skinny QR

» Run MATLAB MapReduce on Hadoop

Create applications and libraries based upon MATLAB MapReduce
for deployment within production instances of Hadoop, using
MATLAB Compiler.

» Get started with MATLAB MapReduce

» MapReduce design patterns

» Use MATLAB MapReduce with relational databases
» Deploy MATLAB MapReduce applications to Hadoop

4\ MathWorks

29


http://www.mathworks.com/discovery/matlab-mapreduce-hadoop.html
http://www.mathworks.com/discovery/big-data-matlab.html

" MathWorks

@\ MathWorks
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