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Goals

= QOverview of machine learning

= Machine learning models & techniques available in
MATLAB

« Streamlining the machine learning workflow with
MATLAB
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Motivation

= Do you want to create a model of a system?
— Understand dynamics
— Predict Outputs

= How do you create a model?

— Develop an equation
= Takes time to develop, sometimes even years
= Unknown if there is actually an equation at all

— Another option, Machine Learning
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Used Across Many Application Areas

Biology Financial Image & Video Audio Energy
Services Processing Processing

Tumor Detection, Credit Scoring, Pattern Speet_:h Load, Pr.ice
Drug Discovery Algorithm Recoghnition Recogpnition Forecasting,
Trading, Bond Trading

Classification
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Machine Learning

Characteristics and Examples

= Characteristics =
- Lots of data (many variables) e
— System too complex to know T
the governing equation pioiE o= 7N
(e.g., black-box modeling) iR f AW

« Examples
— Pattern recognition (speech, images)

— Financial algorithms (credit scoring, algo trading)A/:

— Energy forecasting (load, price) i
— Biology (tumor detection, drug discovery) e




Challenges — Machine Learning

= Significant technical expertise required
No “one size fits all” solution
Locked into Black Box solutions

= Time required to conduct the analysis
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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

S Regression
Develop predictive

model based on both
input and output data
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Unsupervised Learning

k-Means,
Fuzzy C-Means

Hierarchical

Clustering Neural

Networks

Gaussian
Mixture

Hidden Markov
Model




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

Classification

P

Support Vector
Machines

Discriminant
Analysis

Naive Bayes

Nearest
Neighbor
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Supervised Learning - Workflow
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—

Import Data

\

Explore Data

v

Prepare Data

v

Select Model

Known data
T
Model
>

Known responses

v

=1 Measure Accuracy

r-------

Train the Model Use for Prediction

Model
— —> Predicted

_—7 Responses

New Data
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Classification
Overview .
os S T
- What is classification? R A i
— Predicting the best group for each point Z; ';'?t""' ’ " s
— “Learns” from labeled observations 05 . E[Z:Ei

— Uses input features

= Why use classification?
— Accurately group data never seen before "1 o o1 o2 o3  os o5 oo

= How is classification done?
— Can use several algorithms to build a predictive model
— Good training data is critical
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Clustering
Overview
- - 1“
=  What s clustering? od. -
— Segment data into groups, 0.8l- v
.. . J#Jf‘
based on data similarity | = f;% e
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= Why use clustering? |
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How is clustering done?
— Can be achieved by various algorithms
— It is an iterative process (involving trial and error)

]
0.6
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Deploying MATLAB Applications to Excel

MATLAB

Toolboxes

|
ATLAB End-User
A Applicafion Machine
MATLAB Compiler
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Deployment Highlights

Database Servers % & Desktop Applications
ﬁ Spreadsheets

- <::\ :5 Client Front End
Application Servers @ @ / @ @ Applications
Web Applications & @ % Batch/Cron Jobs

- Royalty-free deployment

=  Point-and-click workflow

= Unified process for desktop and server apps
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MATLAB for Machine Learning

Challenges MATLAB Solution

Time (loss of productivity) | Rapid analysis and application development
High productivity from data preparation, interactive
exploration, visualizations.

Extract value from data Machine learning, Video, Image, and Financial
Depth and breadth of algorithms in classification, clustering,
and regression

Computation speed Fast training and computation
Parallel computation, Optimized libraries

Time to deploy & integrate | Ease of deployment and leveraging enterprise
Push-button deployment into production

Technology risk High-quality libraries and support
Industry-standard algorithms in use in production
Access to support, training and advisory services when
needed

20



4\ MathWorks

Machine Learning with MATLAB

= Interactive environment
— Visual tools for exploratory data analysis
— Easy to evaluate and choose best algorithm

— Apps available to help you get started
(e.q,. neural network tool, curve fitting tool)

= Multiple algorithms to choose from
— Clustering

— Classification
— Regression
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Learn More : Machine Learning with MATLAB

Machine Learning

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

Machine learning algorithms improve
increases

Machine learning algorithms “learn”™ from data.
example, the accuracy of the predictions made b
number of samples available to train the networl

Data Driven Fitting Classification Regression
with MATLAB with MATLAB with MATLAB
mwmmrum‘”“"»\:zﬂ TiTies CRTET——— lssrrnman
:\' ~'\“{ ‘\‘:‘ \ [ \'?-1; g

BT T e e )

Multivariate Classification in Electricity Load and Credit Risk Modeling with
the Life Sciences Price Forecasting MATLAB

\’ i |
| Historical Data |

(" Portfolio Data |

f

Rating System

[ Modeling data
ransition

[ MarketData |

Interest rates

Recovery rates Time horizon

-

J L J L

Credit Value at Risk
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http://www.mathworks.com/wbnr51468
http://www.mathworks.com/wbnr51468
http://www.mathworks.com/wbnr49601
http://www.mathworks.com/wbnr39628
http://www.mathworks.com/wbnr51423
http://www.mathworks.com/discovery/machine-learning.html
http://www.mathworks.com/wbnr56627
http://www.mathworks.com/wbnr62657
http://www.mathworks.com/wbnr62657
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Training Services
Exploit the full potential of MathWorks products

Flexible delivery options:

Public training available worldwide ENHANCE
YOUR SKILLS

Onsite training with standard or
customized courses

Web-based training with live, interactive
instructor-led courses

Self-paced interactive online training

More than 30 course offerings:

Introductory and intermediate training on MATLAB, Simulink,
Stateflow, code generation, and Polyspace products

Specialized courses in control design, signal processing, parallel computing,
code generation, communications, financial analysis,
and other areas
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http://www.mathworks.com/training
http://www.mathworks.com/training
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Consulting Services

Accelerating return on investment

A global team of experts supporting every stage of tool and process integration

Process and Technology
Automation

Process and Technology \

Standardization .
\ Full Application

Process Assessment . Deployment

\ Component
Deployment

Advisory Services .

N

Jumpstart

LContinuous Improvementj

Migration Planning

\.

Research Advanced Engineering Product Engineering Teams Supplier Involvement
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Technical Support

Resources
= Over 100 support engineers
— All with MS degrees (EE, ME, CS)

— Local support in North America,
Europe, and Asia

= Comprehensive, product-specific Web
support resources

High customer satisfaction

= 959% of calls answered
within three minutes

= 70% of issues resolved
within 24 hours

= 80% of customers surveyed
rate satisfaction at 80—-100%

Fmmmmmmm e - -

Select a produt = [Entire Support Site = * Support for Mac OS5 ¥
104 (Tiger]

for:
Installation and Licensing
Installation Truubleshuugng . Get the Latest Release
Get My Passcode(PLP)/License File My Account R145P3 provides quality
System Requirements enhancements across the

My Profile entire product family.
License Manager Errors My Licenses

d_ L MearbanasnFana J =1 - T S My Onctes_and Ordees - — — — — — — — — — » Service Pack 3 Details | _

/3 The MathWorks - Support - Microsoft Internet Explorer provided by The Mathworks, Inc.

Fle Edt Vew Favortes Tools Help H & - ‘ o
QBack - ) v [ 2 (h] Psearch FrFavorites @ |- L E-CIMDE & 3
Adtiess [(&] httosj i mathworks.comfsupporty B |J Google - | Bl
Links &) Event Cantent Library ] Google News (& newsmap (& Password Change (& TMW External Page ] Vacation Enabler "¥7 Yahoo! Mall >
Home | Select Country b | Contact Us | B store [N [5=at]
< "l The MathWorks

Accelerating the pace of engineering and science

James McCabe | My Account | Log Out

user Community

Support

'®' contact support
E= E-mail this page
Eb print this pags

Support

Hot Topics
= Supportsd Compilers
search = Supported Fils Types

Browse by Product Search Support

view All Product Support Resources

Browse by Resource

Documentai.on User Commun ¢y
Product Documentation
Index of MATLAR Examples
Function List - all Products
Tech Mates / How-Tao Guides

File Exchange
MATLAR Mewsgroup
Link Exchange

Additional Resources

Bug Reports MATLAE and Sirnulink Based Books
Wiew and Report Bugs {Login required) Training
Consulting

Downlouds
Download Product Updates and Trials

Third-Party Products and Services

Meed More Help? Contact Support
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MATLAB Central

= Community for MATLAB and Simulink SMATLAB e @
USErs

= Over 1 million visits per month

= File Exchange

) MIATLAB
— Upload/download access to free files il

including MATLAB code, Simulink models, ~%%)
and documents

TRIAL SOFTWARE

4

— Ability to rate files, comment, and ask questions  wahvei

— More than 12,500 contributed files, 300 —

submissions per month, 50,000 downloads
per month

= Newsgroup

— Web forum for technical discussions about
MathWorks products

— More than 300 posts per day
- Blogs
— Commentary from engineers who design, build,
and support MathWorks products
— Open conversation at blogs.mathworks.com

Recent Links Active Threads

n objects trajectory in
ith HGtransform 02 Fe:

Based on February 2011 data

26


http://blogs.mathworks.com/

4\ MathWorks'

Questions?



