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What is Machine Learning ?




Machine Learning
" S
Study of algorithms that

m improve their performance
m at some task
m with experience

Data == Machine

== Understanding
<

'\

Learning

Classification

from data to discrete classes




Spam filtering

©Osman Khan to Carlos show details Jan 7 (6 days ago) 4 Reply | ¥
sounds good woy Jj
ok — . . )
.

Carlos Guestrin wrote: 1N g

Let's try to chat on Friday a lttle to coordinate and more on Sunday in person? /

Carlos

Welcome to New Media Instaltation: Art tat
Carlos Guestrin to 10615-announce, Osman, Miche show details 3:15 PM (8 hours ago) 45 Reply ¥ \/
Hi everyone,

Welcome to New Media Installation:Art that Learns

The class will start tomorrow. e 2 # 5 o
***Make sure you attend the first class, even if you are on the Wait List ***

The classes are held in Doherty Hall C316, and will be Tue, Thu 01:30-4:20 PM.

By now, you should be subscribed to our course mailing list: 10615-announce@cs.cmu.edu. - ‘/
You can contact the instructors by emailing: 10615-instructors@cs.cmu.edu -

Natural _LoseWeight SuperFood Endorsed by Oprah Winfrey, Free Trial 1 bottle,
pay only $5.95 for shipﬁ%?ﬂw rlk soam [x

Jaquelyn Halley to nherrlein, bec: thehorney, bee: ang show details 9:52 PM (1 hour ago) | 45 Reply | ¥

Natural WeightL0SS Solutior

Vital Acai is a natural WeightLOSS product that Enables people to lose wieght and cleansing their bodies _{} \

faster than most other products on the market.

Here are some of the benefits of Vital Acai that You might not be aware of. These benefits have helped -
people who have been using Vital Acai daily to Achieve goals and reach new heights in there dieting that
they never thought they could.

* Rapid WeightL0SS

* Increased metabolism - BurnFat & calories easily!
* Better Mood and Atttude

* More Self Confidence

* Cleanse and Detoxify Your Body

* ANatural Colon Cleanse

Text classification

>, L
=

Global Activities
Corporate Structure

e Company home page

all about the
company
Our energy exploration, production, and distribution

operations span the globe, with activities in more thy
couniries.

VS

Personal home page

AtTOTAL, we draw our greatest strength from o
fast-growing ol and gas reserves. Our strategic
on natural gas provides a strong position in a r:
expanding market

vt oty s Univeristy home page

VS

VS
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Example training images

for each orientation

©2005-2013 Carlos Guestrin
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Weather prediction

The classification pipeline
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Regression

_—

predicting a numeric value
—_

Stock market
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Weather prediction revisted
" JEEE—

Temperature

gt
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m Measure temperatures at
some locations

m Predict temperatures
throughout the environment

U) & { _Z\(\}"t)) -9 -‘(n\?Q lo caon
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temperature (C)
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[Guestrin et al. '04]
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Similarity

finding data

Given image, find similar images
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Similar products

Processing: A Programming Handbook for Visual Designers and Artists (Hardcover)
by Casey Reas (Author), Ben Fry (Author), Jonn Maeds (Foreword)
et () (13 customer reviews)

hvailable from these seller:
pecial extended free trial of Amazon Prime™. Add this eligible textbook to your cart to qualify. Sign up at checkout. See detals.

‘Share vour own customer images

Pubisher: learn how customers can search
inside this booc

Please tell the publisher:
s, 1'dlike to read this book

Don't have 2 Kindle? Get
yours here.

Related Education & Training pervices in Pi
Learn HTML Coding
www.FullSail.edu « Earn Your Bachefbr's Degree in Web D&sign and Development.
Create Websites with HTML
http://wwiw.unex.Berkeley.edu - Lflam HTML Online, Start Anytime! with UC Berkeley Extension

Intensive XSLT Treining
wiww.objectdatalabs.com/coursef0.2sp - OnSite or in NYC,

Customers Who Bought fhis Item Also Bough!

s Tak: Practical Physical Computing: Sensin Learning Processing: A

Visualizing Data: Exploring Makin
d Computational 2nd Explaining Data... by onne... by Tom 2nd Controlling the... by Tom Beginner's Gude to... by
Ire Greenberg Ben Fry Igoe Daniel Shiffman
) $43.99 ededctorc (11) $26.39 519.79 et (20) $19.00 et (7) $44.95
17
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Clustering

discovering structure in data

©2005-2013 Carlos Guestrin




Clustering Data: Group similar things
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Clustering images

Set of Images
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Cluster Human contains 8 documents.
clusters LN ST

Clustering web search results

All Results (235) L 1. Race (classification of human beings) - Wikipedia, the free ... & A &

© Carn) ‘The term race o racial group usually refers to the concept of dividing humans into populations or groups on the basis of various sets of characteristics. The most widely used human racial
categories are based on visible traits (especially skin color, cranial o facial features and hair texture), and self-identification. Conceptions of race, as well as specific ways of grouping races, vary
by culture and over time, and are often controversial for scientific as well as social and political reasons History - Modern debates - Political and ...

© Race cars ()

© Photos, Races Scheduled (5) en.wikipedia.org/wiki/Race_(classification_of_human_beings) - [cache] - Live, Ask
SjGame 8 2. Race - Wikipedia, the free er ia 8 2 &
@ Track (3) General. Racing competitions The Race (yachting race), or La course du millénaire, a no-rules round-the-world sailing event; Race (biology), classification of flora and fauna; Race (classification

of human beings) Race and ethnicity in the United States Census, official definitions of "race" used by the US Census Bureau; Race and genetics, notion of racial classifications based on
genetics. Historical definitions of race; Race (bearing), the inner and outer rings of  rolling-element bearing. RACE in molecular biology "Rapid ... General - Sumames - Television - Music
rature - Video games.

en.wikipedia.org/wiki/Race - [cache] - Live, Ask

© Nascar(2)

© Equipment And Safety (2)
© Other Topics (7)

© Photos ) 3. Publications | Human Rights Watch & & &
o The use of torture, unlawful rendition, secret prisons, unfar trials, ... Risks to Migrants, Refugees, and Asylum Seekers in Egypt and Israel .. In the run-up to the Beijing Olympics in August 2008,
ame (14) .
© Definition (13) ‘wwwhrw.orglbackgrounder/usalrace - [cache] - Ask
© Team (15) 4. Amazon.com: Race: The Reality Of Human Differences: Vincent Sarich ... & Q &
© Human ) Amazon.com: Race: The Reality Of Human Differences: Vincent Sarich, Frank Miele: Books ... From Publishers Weekly Sarich, a Berkeley emeritus anthropologist, and Miele, an editor .
‘www.amazon.com/Race-Reality-Differt t 13340861 - [cache] - Live
© Classification Of Human (2)
© Statement, Evolved (2 5. AAPA on Aspects of Race & A &

X AAPA Statement on Biological Aspects of Race ... Published in the American Journal of Physical Anthropology, vol. 101, pp 569-570, 1996 ... PREAMBLE As scientists who study human

SlOtherdopios ) evolution and variation,
© Weekend ) ‘www.physanth.org/positionsirace htmi - [cache] - Ask
© Ethnicity And Race (1)
© Rac

© Race Information (s) d

S

race: Definition from Answers.com & A &

for the Cure () race n. Alocal geographic or global human population distinguished as a more or less
www.answers. comitopic/race-1 - [cache] - Live

inct group by genetically transmitted physical

~

Dopefish.com & Q &

Site for newbies as well as experienced Dopefish followers, chronicling the birth of the Dopefish, its numerous appearances in several computer games, and its eventual take-over of the human
find in clusters: race. Maintained by Mr. Dopefish himself, Joe Siegler of Apogee Software.

www.dopefish.com - [cache] - Open Directory

more | all clusters
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Embedding

visualizing data

©2005-2013 Carlos Guestrin 22
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Embedding images

Images have thousands or
millions of pixels.

Can we give each image a
coordinate,
such that similar images
are near each other?

©2005-2013 Carlos Guestrin
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Embedding words

[Joseph Turian] 24

12



Embedding words (zoom in)
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Reinforcement Learning

training by feedback

©2005-2013 Carlos Guestrin
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Learning to act

m Reinforcement learning

[ Arn_gg_ent
1 Makes sensor ohseryations
1 Must select action
[ Receives rewards
r positive for “good” states
=’ negative for “bad” states

[Ng et al. ’05]
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Bringing it all together...
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Combining video, text and audio
; ' i H:_RLE? un... the tv‘ 2&) th“ \'U‘? ltlu""'"b

(Sayid and Kate go
to check it out.)

[EXT. BEACH -
CRASH SITE]

(Sayid holds the
empty bottle in his
hand and questions
Sun.)

SAYID: (quietly)
Where did you get
this?

(He looks at her.)

[EXT. JUNGLE]

(Sawyer is walking
through the jungle.
He reaches a spot.
He kneels down and
looks back to check
that no one's
followed him.

~—
HOLDING
———

wos dASKaL et al.

smile

(smiles) ()

Automatically Discovered and
L jons

(JACK) (shouts) (

(Kate)
1

ocke) (sits down) ()

(Sawyer) (wakes up) ()|

follow

(Kate) (follows) (Jack)

swim

Sawyer) (turns) (swimming;

grab kiss open door

(Kate)\(grabs) (case)| (Shannon) (kisses) (ear) (door) (opens) ()

@R2005-2013 Carlos Guestrin




Growth of Machine Learning
" JEE
One of the most sought for specialties in industry today!!!!
m Machine learning is preferred approach to
Speech recognition, Natural language processing
Computer vision
Medical outcomes analysis
Robot control

Computational biology
Sensor networks

m This trend is accelerating, especially wit Blg Data

Improved machine learning algorithms
Improved data capture, networking, faster comp
Software too complex to write by hand

New sensors / IO devices

Demand for self-customization to user, environment

©2005-2013 Carlos Guestrin 31

Syllabus
* JEE
m Covers a wide range of Machine Learning
techniques — from basic to state-of-the-art

m You will learn about the methods you heard about:

Point estimation, regression, naive Bayes, logistic regression, nearest-neighbor,
decision trees, boosting, perceptron, overfitting, regularization, dimensionality
reduction, PCA, error bounds, VC dimension, SVMs, kernels, margin bounds,
K-means, EM, mixture models, semi-supervised learning, HMMs, graphical models,
active learning, reinforcement learning...

m Covers algorithms, theory and applications
m It’s going to be fun and hard work ©
—

©2005-2013 Carlos Guestrin 32
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Prerequisites

* JE—
m Formally:

Either CSE 326 or CSE 332; either STAT 390, STAT 391, or CSE 312
Probabilites

Distributions, densities, marginalization...
Basic statistics

Moments, typical distributions, regression...

Algorithms
Dynamic programming, basic data structures, complexity...

Programming
W,Rbut we’ll help you get started
We provide some background, but the class will be fast paced
——————
,\’-\bility to deal with “abstract mathematical concepts”

B

©2005-2013 Carlos Guestrin 33

Optional R tutorial
" JEE
m There are many resources to get started with R
online

m We’'ll run an optional tutorial:
Thursday 4/4 @6pm
Location TBD

©2005-2013 Carlos Guestrin 34
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Staff
" JEE

m Three Great TAs: Great resource for learning,
interact with them!

Danielle Bragg
Office hours: Wednesdays 3:30—5:30pn1

s

Daryl Hansen
Office hours: Thursdays 1:30-3:30pm

AW !y,

James McQueen

Office hours: Tuesdays 9:30-11:30am ﬁ

Prof: Carlos Guestrin
Office hours: Fridays 1:30-2:30pm

©2005-2013 Carlos Guestrin 35

Communication Channels
" JEEE

m Only channel for announcements, questions,
etc. — Google Group:

https://groups.google.com/forum/?fromgroups#!forum/
cse446-spr13

Subscribe!

All non-personal questions should go here

Answering your question will help others

Feel free to chime in

m For e-mailing instructors about personal issues,
use: T
csed46-staff@cs.washington.edu

©2005-2013 Carlos Guestrin 36
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Text Books
" S

m Required Textbook:

Machine Learning: a Probabilistic Perspective; Kevin Murphy

[ Opﬁonal Books:
Pattern Recognition and Machine Learning; Chris Bishop
The Elements of Statistical Learning: Data Mining, Inference,&”
and Prediction; Trevor Hastie, Robert Tibshirani, Jerome
Friedman
Machine Learning; Tom Mitchell
Information Theory, Inference, and Learning Algorithms; David
MacKay (f\

©2005-2013 Carlos Guestrin 37

Grading
" JE
m 4 homeworks (40%)

First one out 4/4
rly, Start early, Start early, Start early, Start early,

Stadj\gar rlyﬁ@%@%wrt?arly,
Start early, Start early, Start eany, Start early, Start €arly,
Start early, Start early, Start early, Start early, Start early
m Final project (20%)
Details out around April 29t
Projects done individually, or groups of two students
m Midterm (15%)
Wed., May 8% in class
m Final (25%)
TBD by registrar, probably 6/12/2013, 8:30-10:20am

©2005-2013 Carlos Guestrin 38




Homeworks
S

Homeworks are hard, start early ©

Due in the beginning of class

33% subtracted per late day

All homeworks must be handed in, even for zero credit
Use Catalyst to submit homewerks

—

= { Collaboration
You may discuss the questions
Each student writes their own answers
Write on your homework anyone with whom you collaborate
Each student must write their own code for the programming part

Please don’t search for answers on the web, google, previous years’
homeworks, etc.

= please ask us if you are not sure if you can use a particular reference

©2005-2013 Carlos Guestrin 39

Enjoy!
N

m ML is becoming ubiquitous in science,
engineering and beyond

m |t's one of the hottest topics in industry today

m This class should give you the basic foundation
for applying ML and developing new methods

m The fun begins...

©2005-2013 Carlos Guestrin 40
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Your first consulting job
* JEE
m A billionaire from the suburbs of Seattle asks you
a question:

He says: | have thumbtack, if | flip it, what's the
probability it will fall with the nail up?

You say: Please flip it a few times:

vy LR 4

v ard (////wv’/'

-3
. () - %
You say: The probability is:

He says: Why???

You say: Because...

©2005-2013 Carlos Guestrin

Mohd

Thumbtack — Binomial Distribution

%yrv(\
m P(Heads) =0, P(Tails) =1-0 HOTT
lbvn;-\) 17(\“
P(Dl6) - PkTTH)= © © (1-6) (1-8] @ thoy O
- o (-9° fice & ot
m Flips are i.i.d.: Magiay g I
Independent events likeli o o
Identically distributed according to Binomi3| S‘“"J Hhase
distribution -\ ’ 0554 wmBony
= Sequence D of oy, Heads and a; Tails | “¢“")
T m'j /"\ch‘

P(D | 6) = 911(1 - )%~
) C
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