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= Big Data Capability in MATLAB

« Big data in industry
New Big Data Capabilities in MATLAB
Access Big Data

Datastore & MapReduce
MATLAB on Hadoop

= Machine Learning
« Overview of Machine Learning
» Clustering and Classification
» Applied Machine Learning in data
» Classification Learner
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Big Data in Industry

ENERGY FINANCE AUTO
Asset Optimization Market Risk, Regulatory Fleet Data Analysis

AERO Medical Devices
Maintenance, reliability Patient Outcomes
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Challenges of Big Data

“Any collection of data sets so large and complex that it becomes

difficult to process using ... traditional data processing applications.”
(Wikipedia)

How to get started

Rapid data exploration

Development of scalable algorithms

Use of algorithms within business systems
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MATLAB and Memory

Best Practices for Memory Usage

\

= Use the appropriate data storage
« Use only the precision your need it :':‘21:::_3::'
. Sparse Matrices 4 ”"":-;:;:_::‘:
- Categorical Arrays Y
- Be aware of overhead of cells and structures 1 TEy

= Minimize Data Copies
* In place operations, if possible

« Use nested functions functimf primaryFx
x = 1;
* |f using objects, consider nestedFx;

handle classes

function nestedf=x
=3 4+ 1:
el

el
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New Big Data Capabilities in MATLA

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

» Disk Variables 5 _ - t t
- Databases rogramming Lonstructs

- SR oo e
Block Processing

Parallel-for loops
GPU Arrays
SPMD and Distributed Arrays

R2014b

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

] R2014b

b & & N o N &

b bbb NS o s N

I I I - )
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Big Data Analysis with MATLAB

Prototype

or k=1l:max
x = fft(dat
v = 20*logl

Share/Deploy

Easily get started on the desktop

Scale capacity as needed
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Access Big Data

Access

/ . Text Files
% local/network drive Datastore
l = Hadoop

’@ Datastore +
Databases
Database Toolbox

Access a subset of data Binary Files
from your desktop local/network drive Memmap

Copyright © 2013 by TeraSoft, Inc. MATLA B(QISIMULINK
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Access Big Data

datastore

= Easily specify data set ,
Organize v Include in library v Share with ¥ New folder =y 1 @
. . . . .
« Single text file (or collection of text files) Moskop % ame Datemodified  Type  Size 2
. “. DOWﬂ|03d‘5 % 1987.csv 8/13/2014 3:37 PM WinZip File 12,356 KB
» Database (using Database Toolbox) TIGoogleDrNe g igmey  1y2014345PM  WinZipFie  48339KB
g Matimwads 7 1989.csv 8/13/20143:44PM  WinZipFile 48,050 KB
= Recenttlaces % 1990.csv 8/13/2014 3:45 PM WinZip File 50,822 KB
-  Libraries % 1991.csv 8/13/2014 3:43 PM WinZip File 48,709 KB |
- 5 bl = % 1992.csv 8/13/2014 3:46 PM WinZip File 48869 KB |7
u P review d ata Stru Ctu re an d fO rm at 2 az:lcmems o 1993.csv 8/13/2014343PM  WinZipFile 48938 KB
S % 1994.csv 8/13/2014354PM  WinZipFile 49926 KB
8 viceos o 1995.csv /13/2014406PM  WinZipFile  73,127KB
) |4 @ 1996.csv 8/13/2014 4:.07 PM WinZip File 74,110 KB
. e o 1997.csv 8/13/2014409PM  WinZipFile ~ 74908KB | |
= S e I eCt d ata to Im po rt . 1998.csv 8/13/2014406PM _ WinZipFile ~ 74887KB _

>» preview(ds) |

using column names ans =

Year Month DayofMonth Day0fWecek
1987 10 21 3
= Incrementally read 1987 10 26 1
1987 10 23 5
subsets of the data 1987 10 23 5

airdata = datastore('*.csv');
airdata.SelectedVariables = {'Distance', 'ArrDelay'‘'};

data = read(airdata);

Copyright © 2013 by TeraSoft, Inc. MATLA B(QISIMULINK
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How to use “DATASTORE” function

» ds = datastore(location,Name, Value)

 Location:

— file direction ( ‘C:\dir\data\file.csv’)

- Read from HDFS ( ‘hdfs://myserver:7867/data/file1.txt’ )
 Name-Value Pair

— TextscanFormats

— SelectedVariableNames, SelectedFormat
— Delimiter

- ReadSize

= Methods of DATASTORE object
* preview, read, readall

Copyright © 2013 by TeraSoft, Inc. MATLAB&SIMULINK
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Analyze Big Data

mapreduce
_ v asmmbce sRoGRESS. | *
] Use the powerful MapReduce programmlng ****;**********; ***** S
. . Map 0% Reduce 0%
technique to analyze big data Map 205 Reduce 0%
Map 40% Reduce 0%
- Multiple items (keys) to organize and process O v
. .. Map 100% Reduce 25%
* Intermediate results do not fit in memory Hep 1008 Reduce 50%
Mai 1002 Reduce 10(;%

= On the desktop
« Analyze big database tables (Database Toolbox)
 Increase compute capacity (Parallel Computing Toolbox)
« Access data on HDFS to develop algorithms for use on Hadoop

= With Hadoop
* Run on Hadoop using MATLAB Distributed Computing Server
» Deploy applications and libraries for Hadoop using MATLAB Compiler

Copyright © 2013 by TeraSoft, Inc. MATLAB&SIMULINK
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Mapreduce (update for car reg demo)

9 Q\Q &
S &
v O
UA 2356 UA 2356

1503 UA LAX -5 -10 2356

PS 186
540 PS BUR 13 5 186

DL 1876

1920 DL BOS 10 32 1876
1840 DL SFO 0 13 568
272 US BWI 4 -2 359 us 359

784 PS SEA 7 3 176 PS | 237
79 PS LAX 2 2 237 PS 237

1525 UA SFO 3 5 1867 UA 1867 --

632 US SJC 2 -4 245

Uus 245

1610 UA MIA 60 34 1365
UA 1365

2032 DL EWR 10 16 789

2134 DL DFW -2 6 914 -- Uus 359
g

NK
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mapreduce
Data Store Shuffle
and Sort
) - T T T !
Hybrid I Hybrid |
: 0 | I
Veh_typ Q3_08 Q408 Q109 Hybrid X Key:Q3_08 IE WREIGEIRN | ey % rybrid (value)
0 ! 4 : 0.4
1 | 0 1
X 0 | I 0.67
: 1 KeyQ4os ! 075
1 1 I I
1 1 | g |
I I
1 0 1
o0 e | o S
0 1 1
1 1 : 0 :
1 1 : 1 I
0
0 | I
0 KeyiQaos :
1 1 |
. Sl KeyQ1oo
) [Keyoaos | |
| 1
0 I o0 |
1
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Demo: Vehicle Registry Analysis
Using MapReduce

un D ata muni_id veh_zip insp year model year make

- Massachusetts Vehicle Registration yandas
325 1089 2009 2008 'Hyundai’
f - 288 177 2011 2008 'Acura’
Data from 2008-2011 222 1775 2002 2002 cuzal
. 145 2364 2011 2005 'Chevrolet”
° 16M records’ 45 f|e|dS 325 1089 2010 2008 "Hyundai’
325 08 2011 2008 'Hyundai’
28! 2009 2008 'Acura’

= Analysis
« Examine hybrid adoptions

« Calculate % of hybrids registered
— By Quarter
— By Regional Area

« Create map of results

% Hybrid Cars Registered

Copyright © 2013 by TeraSoft, Inc. J.\/lAl‘LAB(\ZbI l\/l U Ll l\' l\
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MATLAB on Hadoop

Two modes of operation

= Execute mapreduce on Hadoop from your MATLAB desktop using
MATLAB Distributed Computing Server

» Extends your desktop environment for use with Hadoop
» Execute algorithms within Hadoop MapReduce on data stored in HDFS

= Create standalone applications or libraries for deploying to
production instances of Hadoop
» Locked down package for use in production environments
 Integration of MATLAB analytics with operational systems

Copyright © 2013 by TeraSoft, Inc. MATLAB&SIMULINK
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MATLAB Distributed Computing Server

with Hadoop MATLAB

Distributed
Computing

ann Figure 2 I
File Edit View Insert Tools Desktop Window Help

‘ - PEEE LRUDRA- 3 08 aD
4\ MATLAB 2014b DaWs B8 S
erver
Hi
B30 g & FlBl=s ¢ p
New New Open Compare  Import ]
ELIR owa v i i
s i Node Data 1 1
<% HE L » H: » Documents * : :
! Editor - F\jobarchive\Bmitbx\2014 0 N N 1 1
AirlineMapReduceExamplem | 1 : :
@ This file can be published to a forma 1 1
179 folder, you can call s e L] M
180 % function, and reducer | B 4 i D t i i
181 2N ARt ala 1
182 - reset(ds); g > 7 2 No d € : 1
183 - ds.SelectedVariableNames 1 1
184 N A 1 1
185 - result = mapreduce(ds, @countFIfghtsMappe: countFligh duce: 1 1
186 - result = result.readall(): a . 1 ]
187 ue® 1 1
Command Window el L) 4
» B ] v
1 1
Node Data i :
1
1 1
N S ] 1
1 1
MATLAB - | ,
e —— | S fl

MapReduce
Code Hadoop
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MATLAB Compiler

with Hadoop

MATLAB
e runtime

Node Data

MATLAB
Compiler
Runtime
[MCR)

Node Data

MATLAB
Compiler
Runtime
[MCR)

Node Data

N S
—
Lexe

Hadoop

MATLAB
Compiler
Runtime
[\ (MCR}

<% @ E L > H: » Documents » MATLAB *
! Editor - F:\;cbarcmve\smIlbx\2014_05_21_h10m4454SJob11f2928_pass\mallab\loolb
AirlineM m maxTimeM. m maxTimeReducer.m

@ This file can be published to a formatted document. For more information, see the p

179 s [ e| using the |datastore|, mapper
180 % rt

181

182 -  reset(ds);

183 -  ds.SelectedVariableNames = {'Year', 'Month', 'DayefMonth' g
184

185 -  resulc = (ds, @countFli , @countFl

186 =  result = result.readall();

187

Command Window

Copyright © 2013 by TeraSoft, Inc. MA AB(QZSIMULINK
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Machine Learning
Characteristics and Examples

= Characteristics
» Lots of data (many variables)

Day-ahead System Load Forecaster

- System too complex to know e e e S |
the governing equation bl

(e.g., black-box modeling)

= Examples
« Pattern recognition (speech, images)
« Financial algorithms (credit scoring, algo trading)
« Energy forecasting (load, price)
- Biology (tumor detection, drug discovery)

BESSREGERFUREIRUERRETANE
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Challenges — Machine Learning
= Significant technical expertise required

= No “one size fits all” solution

= Locked into Black Box solutions

= Time required to conduct the analysis

Copyright © 2013 by TeraSoft, Inc. MATLA B(QISIMULINK
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Why is it called “learning”?

= “Train” algorithm with initial data

= Use resulting model (or knowledge) to predict outcomes for (or
classify) new data sets

> Select Model

I

I

I

Data : Train the Model Use for Prediction
Import Data I
y i Known data Model

1 — > Predicted
EXIO|OE1,9 Data i ___—> Model —7 Responses
Prepare Data : Known responses New Data

I ;

I

L - Measure Accuracy

Copyright © 2013 by TeraSoft, Inc. MATLAB&SIMULINK
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Overview — Machine Learning

Type of Learning Categories of Algorithms

Unsupervised
Learning

Clustering

Group and interpret
Machine data based only
Learning on input data

Classification

Supervised
Learning

o Regression
Develop predictive

model based on both
input and output data

Copyright © 2013 by TeraSoft, Inc. MATLAB&SIMULINK
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Unsupervised Learning

k-Means,
Fuzzy C-Means

Hierarchical

Clustering Neural

Networks

Gaussian
Mixture

Hidden Markov
Model

Copyright © 2013 by TeraSoft, Inc. MATLA B(QISIMULINK
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Supervised Learning

Regression
Neural Decision Trees Ensemble Non-linear Reg. Linear
Networks Methods (GLM, Logistic) Regression

Classification

P e

Support Vector Discriminant Naive Baves Nearest
Machines Analysis y Neighbor

Copyright © 2013 by TeraSoft, Inc. MATLAB&SIMULINK
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Clustering : k-means

= Clustering by k-means

« kmeans(Inputs, k)
— Inputs : Rows of Inputs correspond to points, columns correspond to
variables

—k : number of cluster centroid locations

« kmeans(Inputs, k, 'distance’, 'correlation’),

. *  Lluster . y
— The parameter change the distance measusg t§) ccetrelation
Centroids : .
2_ - ' :.0 Ot *
P *‘.: . .
1r . .:*:,gz “‘:0®"" :0‘
L wap et A
- * ’:;’. ’ “* *
1 St @
000 i@.,” s
2 :‘» LR -
At
>> |oad kmeansdata W
-5 -4 -3 2 -1 0 1 2 3 4 5

Copyright © 2013 by TeraSoft, Inc. MATLA B(QSIMULINK
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Classification : Classification tree

= Train a tree

 tree = ClassificationTree.fit(x, y);
— X : predictor values
-y : Each row of y represents the classification of the corresponding row
of Xx.

= View a classification tree Ty

. V|ew(tree) JCIicktodisplay: dentity ~| Magnification: [100%  +| Pruning levet: ’F‘_
« view(tree, 'mode’, 'graph’)

= Predict by the trained tree
* Ypred = predict(tree, newX)

x®1 =04 8'%59 Al »= 0428759

>> |oad ionosphere 9o

groupgrbup_6

Copyright © 2013 by TeraSoft, Inc. MATLAB&SIMULINK
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Example — Bank Marketing Campaign

= Goal:

 Predict if customer would subscribe to bank
term deposit based on different attributes

= Approach:

Train a classifier using different models
Measure accuracy and compare models
Reduce model complexity

Use classifier for prediction

[ J
S 8 8 8 3
T 7 T T

Data set downloaded from UCI Machine Learning repository
http://archive.ics.uci.edu/ml/datasets/Bank+Marketing

Copyright © 2013 by TeraSoft, Inc. MATLAB&SIMULINK
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Example — Bank Marketing Campaign

= Numerous predictive models with rich
documentation

= |nteractive visualizations and apps to aid
discovery

= Built-in parallel computing support

= Quick prototyping; Focus on modeling not
programming

Copyright © 2013 by TeraSoft, Inc. MATLAB&SIMULINK
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Machine Learning

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

Task: Human Activity Detection

/Standard Approach k. Aﬂ \
C [ ]
omrpute m
Program .
o]

Formula or Equation

Hand Written Program

If X_acc > 0.5 Yactivity
then “SITTING” —py -
If Y_acc<4and Z_acc>5 B1Xace + B2Yacc

then “STANDING” + B3Zacc +

- /

Machine Learning Approach

A
Machine Iﬁ

Learnin
()

e

model: Inputs = Outputs

§

Machine o
model = < Learning >(Ssensor_data, activity)
Algorithm

MATLAB&SIMULINK
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Example: Human Activity Learning Using Mobile

Phone Data

Machine
Learning

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

Copyright © 2013 by TeraSoft, Inc.
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4\ Classification Learner - Scatter Plot

CLASSIFICATION LEARNER VEW cce
= Advanced | [ Scatter Piot
=+ 4 [9] ¢« « > @ 4
- - @ Confusion Matrix
Import Feature Boosted Bagged Subspace  Subspace Train Export Model
Data Selection Trees Trees Discriminant KNN E ROC Curve -
FILE | FEATURES | CLASSIFIER | TRAINING | PLOTS | EXPORT
Data Browser ® | ScatterPlot |
¥ History Variable on X axis: ]
E Scatter Plot of humanActi
SVM —| | avg_body_gyro_x_test -
Linear SYM 864% L x
SVM Variable on Y axis:
BoxConstraint = 3 871% , 03
stdv_total_acc_y_test - - []
KNM :
Fine KNM 94.9% 0 " *
KNN egen ” 5 025
NumNeighbors = 2 907% Correctly dassified 8 ‘e o
. *  Walking | -
KNN 1 ClimbingStairs > 02 x <%
NumNeighbors = 1 941% *  Siting 8  d
@ x J
KNM _| e
5]
NumNeighbors = 2 91.7%| M 015 . *
&% s
Ensemble Misclassified - true class is: = X eﬁ‘-“?
NumlLearners = 100 95.9%( - | X walking E
ClimbingStairs 0.1
¥ Current model » Sitting *
Type: Ensemble 0.05 »
Preset: < Custom > - .
Data Transformation: None s *
Status: Trained Show Classifier Results 2
]
Classifier Results.

MATLAB&SIMULINK
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“essentially, all models are wrong,
but some are useful”
— George Box

MATLAB&SIMULINK
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Learn More: Machine Learning with MATLAB

mathworks.com/machine-learning

Classification Examples

ne Learning with MA

Basket Selection Using Stepwise Classification in the Presence of Classification Probability
Regression Missing Data Machine Learning with MATLAB

S - = Build predictive models and discover useful patterns from

h15 %E 18< /S

Digit Classification Using HOG Handwriting Recognition Using Bagged  Visualize Decision Surfaces for
Features Classification Trees Different Classifiers

observed data.

© Watch video

Machine learning algorithms use computational methods to “learn” information directly from data without assuming a predetermined equation
as a model. They can adaptively improve their performance as you increase the number of samples available for learning

Regression Examples
Machine learning algorithms are used in applications such as computational finance (credit scoring and algorithmic trading). computational
biology (tumor detection, drug discovery, and DNA sequencing), energy production (price and load forecasting), natural language processing

e

speech and image recognition, and advertising and recommendation systems

! ﬂ A S
i L
! lﬂm . Machine learning is often used in big data applications, which have large datasets with many predictors (features) and are too complex for a
- o R e o simple parametric model. Examples of big data applications include forecasting electricity load with a neural network. or bond rating
Electricity Load Forecasting Lasso Regularization Regression with Boosted Decision classification for credit risk using an ensemble of decision trees

Troac

Clustering Examples

5, - e Classification Regression Cut Clustering
A T — -
e 1 T | e Build models to classify data Build models to predict Find natural groupings and
- @ into different categories continuous data patterns in data

ek

Cluster Genes Using K-Means and Color-Based Segmentation Using

MATLAB&SIMULINK



http://www.mathworks.com/machine-learning

