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What is Data Analytics?

Turn large volumes of complex data into actionable information

Descriptive What happened?

Diagnostics

Why did it happen?

Data = DecisSions

Predictive What will happen?

What should be done?

Prescriptive
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Data Analytics Workflow
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Data Analytics Workflow

MATLAB Analytics work
with business and
engineering data

Access and Explore Preprocess Data

Data
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Data Analytics Workflow

MATLAB enables
Preprocess Data domain experts to Models
do Data Science

Develop Predictive

Working with Language Model Creation e.g.
Messy Data e = == Machine Learning
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Data Analytics Workflow

Develop Predictive Integrate Analytics with

Models Systems

Model Creation e.g. Challenges Desktop Apps
Machine Learning

» End user: Operators, Analysts,
Administrative Staff, customers etc.

‘) = Different target platforms:

—  Cluster or Cloud environment

A|lB|C

Parameter —  Standalone desktop applications Enterprise Scale
Optimization —  Server based Web and enterprise systems Systems
[ —  Embedded hardware MATLAB gl
b i N _e;::T C/C'|"|'
= » Different Interfaces: C++, Java, Python, Java Jdil
.NET etc.

Model Embedded Devices
Validation = Need to translate analytics to production and Hardware
"'”‘ environment “J B
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Integrate analytics with systems

MATLAB Analytics
4 n { run anywhere
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Key Takeaways

MATLAB Analytics work MATLAB enables
with business and domain experts to do
engineering data Data Science

MATLAB Analytics
run anywhere




Machine Learning is Everywhere

= Image Recognition
= Speech Recognition
= Stock Prediction

« Medical Diagnosis
- Data Analytics

« Robotics

= and more...
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Machine Learning

Machine learning uses data and produces a program to perform a task

Task: Human Activity Detection

Gandard Approach A \

A . Machine Learning Approach

®
A},
[
Machine “5
Learning

= )

Computer “:%

Program

e
Hand Written Program Formula or Equation
model: Inputs = Outputs
If X_acc>0.5 Yactivity
then “SITTING” —B.X. 4 B.Y
If Y _ acc<4and Z acc>5 n gl Zacc n PaYace del = Machize d .
then “STANDING” 3Zacc model = < ,f{jl,‘f,i'liﬁi’n >(sensor_data, activity)
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Example: Human Activity Learning Using Mobile Phone Data

X‘ .

Machine
Learning

Data:
» 3-axial Accelerometer data
» 3-axial Gyroscope data

=
A\ Classification Learner - Scatter Plot

== Advanced [ Scatter Piot
o ¢ [¢] ¢« > @ 4
- - [ confusion Matrix
Import Feature Boosted Bagged Subspace  Subspace Train Export Model
Data Selection Trees Trees Discriminant KN E ROC Curve -
FILE FEATURES CLASSIFIER TRAINING PLOTS EXPORT
Data Browser @ | Scatter Plot |
w History Variable on X axis: |
E ! Scatter Plot of humanActi
SVM —| ||ava_body_gyro_x_test - L
Linear SVM 86.4% : 0.35 %
SVM Variable on Y axis:
BoxConstraint = 3 871% . 03t
stdv_total_acc_y_test - -
KMMN . ¢
Fine KMNM 94.9% " - [
KNN caen o Ly
. =
NumNeighbors = 2 90.7% Correctly classified 8 *ol,
3 *  Walking | -
KNN T ClimbingStairs Z] 02k X < * %
NumNeighbors = 1 941% Sitting g o ; '
KNN al »
NumMeighbors = 2 91.7%| N, s 015 . %
= > -
Ensemble Misclassified - true class is: ! x 9%
MumLearners = 100 95.9%( - X Walking E
ClimbingStairs 01r
w Current model Sitting *
Type: Ensemble §
Preset: « Custom > 0.05
Data Transformation: None -
Status: Trained Show Classifier Results o F.
Classifier Results
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“essentially, all models are wrong,
but some are useful”
— George Box
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Machine Learning Workflow

Train: Iterate till you find the best model
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Parallel Computing Paradigm
Multicore Desktops

Multicore Desktop

MATLAB multicore

4\ MathWorks
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http://www.mathworks.com/discovery/matlab-multicore.html
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Parallel Computing Paradigm

Cluster Hardware

B Cluster of computers
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Migrate execution to a cluster environment

—

4 (bbb

= = EE| &3
m - = - Multi-core CPU

MATLAB MATLAB Distributed Computing Server

|

f

Parallel Computing Toolbox
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Parallel Computing Paradigm
NVIDIA GPUs

Using NVIDIA GPUs
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Cluster Computing Paradigm

Prototype on the desktop N e

Integrate with existing W tﬁi_"-q.:,“i‘\ |
infrastructure gl
User Desktop Headnode i CI(\)Igndpeu;e
Access directly through ti:-i‘..k«d\"\ ]
MATLAB MATLAB P
Parallel Computing Toolbox MATLAB Distributed Computing Server

4\ MathWorks
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Parallel Computing with MATLAB — Beyond PARFOR

Well-known features
- parallel-enabled toolboxes

= parfor

gpuArray

Full spectrum of support

= batch submission, jobs and tasks
batch, createJob, createTask

= asynchronous queue for feval
parfeval

- parallel support for big data
tall, mapreduce

= distributed arrays (“global arrays”)
distributed, codistributed

= MmesSsage passing
labSend, labReceive

tutorials 20


http://www.mathworks.com/videos/series/parallel-and-gpu-computing-tutorials-97719.html
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Parallel-enabled Toolboxes (MATLAB® Product Family)

Enable parallel computing support by setting a flag or preference

Image Processing

Batch Image Processor, Block
Processing, GPU-enabled functions

Original Image of Peppers Recolored Image of Peppers

Signal Processing and
Communications

GPU-enabled FFT filtering,
cross correlation, BER

LTE Tumo Gooing Bt Emor Rade
# -~ CPU 54 kbps
1 P

—E-GPU 127 K
_ —&— Optimized GPU 366 kbps.
-— —a a - —

BER

Statistics and Machine Learning

Resampling Methods, k-Means
clustering, GPU-enabled functions

Computer Vision

Parallel-enabled functions
in bag-of-words workflow

extract keypoints feature descriptors clustering wvocabulary visual words

feature detection
feature vector

& - O me
ol —— i — %’q; 0 -5

grid .

Hox

Neural Networks

Deep Learning, Neural Network
training and simulation

' 4 Function iting Neurl Network (view) = Eon |
]
Hidden Output
Input Output
3 1
10 1 |
v

Optimization
Parallel estimation of
gradients

Other parallel-enabled Toolboxes
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http://www.mathworks.com/products/parallel-computing/parallel-support.html

Speed-up MATLAB code with NVIDIA GPUs

> ldeal Problems

« Massively Parallel and/or Vectorized operations Transfer Data to GPU ‘\ﬁ

« Computationally Intensive

. |

NVIDIA

A = gpudrray(A); nm
AERRERRRNEEEEEER
_ Perform Calculation on GPU ::: GPU cores :::
» 300+ GPU-enabled MATLAB functions Tp———— TS
- Enable existing MATLAB code to run on GPUs Sather Data RERNRRANANERNRAR
« Support for sparse matrices on GPUs p—— J
> Additional GPU-enabled Toolboxes
* Neural Networks Create a Sparse gpuArray
* Image Processing
: , i = [900 1000];
« Signal Processing j = (900 1000];
v = [10 100];
----- Learn More s = sparse(i,],v,1500,1500);
g = gpuArray(s);

4\ MathWorks
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http://www.mathworks.com/products/parallel-computing/parallel-support.html
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Run Same Code on CPU and GPU

Solving 2D Wave Equation

. Wave Eqn

(oo

Solution of 2nd Order Wave Equation

© CPU 13074.0sec

o GPU 18441 sec

Grid Size
512

44
Change in Solution Over Last Time Step

Iteration: 60000

Stop at | 60000

PR
R e 52
2“2“\‘ v

Start

Elapsed Time: 30 min44.1 s

~N
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20x
faster
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23X
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18 x
faster
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N W g g o
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A

0 512 1024 1536 2048
Grid size

o

NVIDIA Tesla K20c
706MHz
4 cores 2496 cores
memory bandwidth 25.6 Gb/s | memory bandwith 208 Gb/s

Intel(R) Xeon(R)
W3550 3.06GHz
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Big Data capabilities in MATLAB

=

Datastores
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Apache Spark™ on Hadoop
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Big Data capabilities in MATLAB

PROCESS AND ANALYZE

Adapt traditional processing tools or

learn new tools to work with Big Data

Statistical analysis
- tall arrays
» distributed arrays and overloaded functions

Signal processing
» distributed arrays and overloaded functions

Deep Learning
. GPU

ACCESS

Access more data and collections

of files than fit in memory

Large collections of data files
* datastore SCALE

* support for HDFS
Scale to compute clusters and
Hadoop/Spark

Analysis of large tabular data
« tall arrays

l Large simulations of environmental data
« distributed arrays and overloaded functions

‘ Advanced techniques for power users
*  MATLAB API for Spark
* mapreduce

é (= « labSend / labReceive
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MathWorks Services

= Consulting
— Integration

— Data analysis/visualization
— Unify workflows, models, data

www.mathworks.com/services/consulting/

Fleet Data Analysis

0 Bk
This website tightly integrates MATLAB analytics with web ) 3¢ LB
n and analysis of

Get started »

Welcome back!

indt hosagrahara@mattmorks.com

Fleet Summary Vehicle Statistics Forensics
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View performance characteristics from Access engineering data behind the analysis.
E | Non-functional requirements | Reviews
o 7 |Emc1|onal requirements | Use Cases 7| = Unit Functional
S | Testing
= System Acceptance Etc.
| Software Design |
£ Application Architecture | Defect Tracking and Management
4@\ MathWorks' I Usability |
©1984-2014 The MathWorks Inc H |
]

Migration  Legacy / Integration with other tools

Security

= Training

— Classroom, online, on-site

i Backup and Failover
| Sule guidelines 1 |- Data Management
< E Application
£ | Performance | g Dopioyment || T Remote Access
£ g
£ || Best Practices | Readability/ Maintainability | a Virtualization
5 | Compatibility | Infrastructure design
Etc.
] Documentation |
o Development Process
2 Configuration Management

Project Planning, Management and Measurement |

Support and Maintenance |

Foundati

— Data Processing, Visualization, Deployment, Parallel Computing

www.mathworks.com/services/training/
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