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Quotes

* “If you were a current computer science student what area would you start
studying heavily?”
* Answer: Machine Learning.
* “The ultimate is computers that learn”
e Bill Gates, Reddit AMA

* “Machine learning is the next Internet”
* Tony Tether, Director, DARPA

* “Machine learning is today’s discontinuity”
* Jerry Yang, CEO, Yahoo



Two definitions of learning

(1) Learning is the acquisition of knowledge
about the world.
Kupfermann (1985)

(2) Learning is an adaptive change in behavior
caused by experience.
Shepherd (1988)

Slide by Bernhard Scholkopf



What is Machine Learning?

e [Arthur Samuel, 1959]

* Field of study that gives computers
 the ability to learn without being explicitly programmed

* [Kevin Murphy] algorithms that
e automatically detect patterns in data
* use the uncovered patterns to predict future data or other outcomes of interest

e [Tom Mitchell] algorithms that
e improve their performance (P)
e at some task (T)
» with experience (E)



What is Machine Learning?

* |If you are a Scientist

Data — Machine

=) Understanding

Learning

* If you are an Engineer / Entrepreneur
Get lots of data

Machine Learning
27?7

Profit!
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Acquisitions
Google snaps up object

recognition startup = B
DNNI’ « Search needs a shake-up Songbirds use grammar rules »

.

Googlenasac Mgchine Learning Startup Acquired by ai-one

Toronto, who

by Josh Lowensohn ! Press Release
Q200 For Immediate Release: August 4, 2011

Google has acqui

=arncompan  OaN Diego artificial intelligence startup acquired by leading

. =eeds S 5 qing SDKs as market for advanced
Microsoft acquires legal-focused

machine-learning vendor Equivio
Summary: Microsoft has purchased Equivio, maker of a machine-learning platform for the legal )day th at It ac q Ui red AUtO"Semant|CS ’ d |oca| Start—up

Tsiastzy fornmdiecloscd moant. .es to corporate IT departments. The acquisition is the
v By Mary Jo Foley for All About Microsoft | January 20, 2015 -- 16:24 GMT (08:24 PST) m_mgom '_ " -
Lﬁ. 3 Follow @maryjofoley  95.6K followers Get the ZDNet Cloud newsletter now n d acq u IS Itl ons by al On e t h at ConSOI Id ate S Its

ling market for machine learning technologies.

Microsoft has purchased Equivio, an eDiscovery/compliance vendor with a specialization in text
analysis, for an undisclosed amount.
2011

DeepMind is a cutting edge artificial intelligence
company. We combine the best techniques from
machine learning and systems neuroscience to build
powerful general-purpose learning algorithms.

Founded by Demis Hassabis, Shane Legg and Mustafa
Suleyman, the company is based in London and

Update No. 2: A Microsoft spokesperson said the $200 million D E E P M I N D supported by SOVYLEAof the mOSft i:\oni“e;hnoxljogyo
2 2 x n i B t L tl t g
estimate was inflated and incorrect, but declined to provide a different ;:‘s:‘;';”me:r';;“ JIVESIOTSOUHE Past CecaCE: OUE

figure. | S

Microsoft officials announced the acquisition of the Israeli company --
its first acquisition of 2015 using more of its offshore cash -- on
January 20. '

Update: The Wall Street Journal reported back in October last year
that Microsoft planned to buy Equivio for $200 million.




What is Machine Learning?

* Let’s say you want to solve Character Recognition
e Hard way: Understand handwriting/characters
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What is Machine Learning?

* Let’s say you want to solve Character Recognition

* Hard way: Understand handwriting/characters
* Latin
* Devanagri
* Symbols: http://detexify.kirelabs.org/classify.html

(C) Dhruv Batra
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http://detexify.kirelabs.org/classify.html

What is Machine Learning?

* Let’s say you want to solve Character Recognition
* Hard way: Understand handwriting/characters

* Lazy way: Throw data!
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Example: Netflix Challenge

 Goal: Predict how a viewer will rate a movie

* 10% improvement = 1 million dollars

NETELIX

W d - _

N ey o ol

Netflix Pri
Home Rules Leaderboard Register Update Submit Download

NETELIX

ows#] Recommendations | Friends | Guous | Buy OVDs
E Wel I
Mo ‘ies For You e Come-

The Netflix Prize seeks to substantially
improve the accuracy of predictions about
how much someone is going to love a
movie based on their movie preferences
Improve it enough and you win one (or
more) Prizes. Winning the Netflx Prize
improves our ability to connect people to
the movies they love.

Read the Rules to see what s required to " ‘
win the Prizes. If you are interest . g 9210
joining the quest., you should re Y = 3
eam
You should also read the fr d

bout the Prize. And check out

: F | w08 | |7 B ) ) & 106y 0o
Row varius eams e ding on e Den“w $ Yv’/!if‘-rﬂlc Lh,y)r‘ ] X 000 =

ok ¥
g Gel($5Bar a X Good luck and thanks for helping!
crartpatad

en
L ($nIdB
tartpar
Jooactua
FAQ | Forum | Netflix Home

© 1997-2009 Netfli, Inc. Al rights reserved.

ONE MiLLION “’/IUU

The Nerflix Prize
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Essence of Machine Learning:

* A pattern exists
* We cannot pin it down mathematically

e We have data on it



Comparison

* Traditional Programming

Data

Program

 Machine Learning

Data

Computer

Output

Computer

~Output

(C) Dhruv Batra
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Why Study Machine Learning?

Engineering Better Computing Systems

* Develop systems
 too difficult/expensive to construct manually
* because they require specific detailed skills/knowledge
» knowledge engineering bottleneck

* Develop systems

* that adapt and customize themselves to individual users.
* Personalized news or mail filter
* Personalized tutoring

* Discover new knowledge from large databases

* Medical text mining (e.g. migraines to calcium channel blockers to
magnesium)

* data mining



Why Study Machine Learning?

Cognitive Science

 Computational studies of learning may help us
understand learning in humans

* and other biological organisms.

* Hebbian neural learning
* “Neurons that fire together, wire together.”



Why Study Machine Learning?
The Time is Ripe

* More compute power

Better

e More data

* Better algorithms
/models

- Accuracy

Amount of Training Data

(C) Dhruv Batra

Figure Credit: Banko & Brill, 2011



Where does ML fitin?

Applied

Psychology
Physiology

*biology of learning '
*inspiring paradigms

oEx: neural networks

Maths

*optimization

Applications

linear algebra

Ex: convex opti
* new challenges
® Ex: ad placement

Machine
Learning

Computer ™ salgorithm design
Science edata structure
*complexity analysis
*Ex: kd tree

*estimation techniques
stheoretical framework
soptimality, efficiency
*Ex: learning theory

Statistics

Slide Credit: Fei Sha



A Brief History of Al

A Proposal for the Dartmouth Summer Research
Project on Artificial Intelligence.

(John McCarthy)

PN
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A Brief History of Al

* “We propose that a 2 month, 10 man study of artificial intelligence be carried out

* We think that a significant advance can be made
for a summer.”



Why is Al hard?




What humans see
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What computers see
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“I' saw her duck”
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“I' saw her duck”




“I' saw her duck”




“I saw her duck with a telescope...”




We’'ve come a long way...

(/\)V\o 1S Stoker?

Q. Folt  SWE—IN LT AN OOK,

N Ew (OWMPUTER OVERLORDS) What is Jeopardy?
a - * http://youtu.be/Xgb66bdsQlw?t=53s
$18,200 | .
Challenge:

e http://youtu.be/ 429UI1zN1JM

* Watson Demo:
e http://youtu.be/WFR3IOm xhE?t=22s

* Explanation
* http://youtu.be/d yXV2206n4?t=4s

* Future: Automated operator, doctor assistant, finance
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At last — a computer program that
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End to End Learning for Self-Driving Cars
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D0 Corpomssicn  WVITHA Carposscion  IWVITNA Corponsion  WVTINA Cotporeion
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o, 34 EF7I8
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https://www.youtube.com/watch?v=mCmQO 5ZxdvE
https://www.youtube.com/watch?v=LVBBKppAaV4
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https://www.youtube.com/watch?v=mCmO_5ZxdvE
https://www.youtube.com/watch?v=LVBBKppAaV4

ML in @ Nutshell

* Tens of thousands of machine learning algorithms
 Hundreds new every year

* Decades of ML research oversimplified:
 All of Machine Learning:
* Learn a mapping from input to output f: X 2 Y
e X: emails, Y: {spam, notspam}



ML in @ Nutshell

Input: x

Output: y

(Unknown) Target Function
s f:X2Y

* Data
¢ (X]_Iy]_)l (leyz)l LAY (XleN)

Model / Hypothesis Class
e g:X2Y
* vy =g(x) = sign(w'x)

(images, text, emails...)

(spam or non-spam...)

(the “true” mapping / reality)



ML in @ Nutshell

* Every machine learning algorithm has three components:
* Representation / Model Class
 Evaluation / Objective Function
* Optimization



Representation / Model Class

 Decision trees

 Sets of rules / Logic programs

* Instances

* Graphical models (Bayes/Markov nets)
* Neural networks

« Support vector machines

* Model ensembles

* Etc.



Evaluation / Objective Function

Accuracy

Precision and recall
Squared error
Likelihood

Posterior probability
Cost / Utility

Margin

Entropy

K-L divergence

Etc.



Optimization

« Discrete/Combinatorial optimization
« greedy search
« Graph algorithms (cuts, flows, etc)

« Continuous optimization
« Convex/Non-convex optimization
 Linear programming



Types of Learning

* Supervised learning
* Training data includes desired outputs

* Unsupervised learning
* Training data does not include desired outputs

* Weakly or Semi-supervised learning
* Training data includes a few desired outputs

* Reinforcement learning
* Rewards from sequence of actions



Spam vs Regular Email

Sebring, Tracy &
To: Batra, Dhruv
ECE 4424 proposal

CUSP has approved ECE 4424 with the
copy of the proposal with these items ad

Thanks!!!
Tracy

VS

January 21, 2015 2:53 PM
Hide Details

nadia bamba January 19, 2015 5:57 AM
To: undisclosed recipients: ; Hide Details
Reply-To: nadia bamba

From Miss Nadia BamBa,

From Miss Nadia BamBa,

Greeting, Permit me to inform you of my desire of going into business relationship with you. I am
Nadia BamBa the only Daughter of late Mr and Mrs James BamBa, My father was a director of
cocoa merchant in Abidjan, the economic capital of Ivory Coast before he was poisoned to death by
his business associates on one of their outing to discus on a business deal. When my mother died
on the 21st October 2002, my father took me very special because i am motherless.

Before the death of my father in a private hospital here in Abidjan, He secretly called me on his
bedside and told me that he had a sum of $6, 8000.000(SIX Million EIGHT HUNDRED THOUSAND),
Dollars) left in a suspense account in a Bank here in Abidjan, that he used my name as his first
Daughter for the next of kin in deposit of the fund.

He also explained to me that it was because of this wealth and some huge amount of money That
his business associates supposed to balance him from the deal they had that he was poisoned by
his business associates, that | should seek for a God fearing foreign partner in a country of my
choice where [ will transfer this money and use it for investment purposes, (such as real estate Or
Hotel management).please i am honourably seeking your assistance in the following ways.

1) To provide a Bank account where this money would be transferred to.
2) To serve as the guardian of this Money since I am a girl of 19 years old.
3)Your private phone number's and your family background’ s that we can know each order more.

Moreover i am willing to offer you 15% of the total sum as compensation for effort input after the
successful transfer of this fund to your designated account overseas,

Anticipating to hear from you soon.
Thanks and God Bless.
Best regards.



Intultion

* Spam Emails

* a lot of words like
* “money”
* “free”
* “bank account”
e “viagara” ... in a single email

* Regular Emails
* word usage pattern is more spread out

Slide Credit: Fei Sha



Simple Strategy: Let us count!
This is X

| know you will be very much interested, kindly provide me with the details below. ( free ]_DO \

|
First Name............. m{)]]_ey 2

| City
State/Province.......
| Country.....cocvvvenne
Telephone No........
Occupation ..........
| Date of Birth (date/mAyr) ...........
I Copy of International Passport Or ID card.......... \ . . )

account 2

From: Ross Girshick
Subject: Re: hey mﬂﬂey 1

Date: January 17, 2013 7:48:18 PM EST
To: Dhruv Batra
Hi Dhruv,

sorry for the high latency. | just got back from Singapore last night ar

(C) Dhruv Batra
Slide Credit: Fei Sha




Final Procedure

( 100 x 0.2 \
2x0.3

2x0.3

Confidence /
( 100 < 0.01 performance guarantee?

2 % 0.02 = 1.03

W ‘ linear combination?

Why these words? _
Where do the weights

comefromra
Slide Credit: Fei Sha



Types of Learning

* Supervised learning
* Training data includes desired outputs

* Unsupervised learning
* Training data does not include desired outputs

* Weakly or Semi-supervised learning
* Training data includes a few desired outputs

* Reinforcement learning
* Rewards from sequence of actions



Tasks

Supervised Learning

X —-— y Discrete

Unsupervised Learning

(C) Dhruv Batra



Classification

* From data to discrete classes

X —-— Y  Discrete



Spam filterin
data prediction

Osman Khan to Carlos show detalls Jan 7 (6 days ago) 4 Reply ¥

sounds good
+0k

Carlos Guestrin wrote:
Let's try to chat on Friday a little to coordinate and more on Sunday in person?

Carlos

Welcome to New Media Installation: Art that Learns

Carlos Guestrin to 10615-announce, Osman, Miche show detsils 3:15 PM (8 hours ago) 4 Reply | v

o Spam
Welcome to New Media Installation:Art that Leams p

The class will start tomorrow.
***Make sure you attend the first class, even if you are on the Wait List.*** —
The classes are hekd in Doherty Hall C318, and will be Tue, Thu 01:30-4:20 PM 2

You can contact the instructors by emailing: 10815-insiruclors@cs.cmu, edy N Ot S p a m

Natural _LoseWeight SuperFood Endorsed by Oprah Winfrey, Free Trial 1 bottle,
pay only $5.95 for shipping mfw rlk spem |x

=== Natural WeightLOSS Solution ===

Vital Acal Is a natural WeightLOSS product that Enables peopie 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 dally to Achieve goals and reach new heights in there dieting that
they never thought they could.

* Rapid WeightL0SS

* Increased metabolism - BurnFat & calories easiy!
* Better Mood and Attitude

* Mere Self Confidence

* Cleanse and Detoxify Your Body

* Much More Energy

* BetterSexLife

* ANatural Colon Cleanse Slide Credit: David Sontag



Face detection

Example training images
for each orientation

Slide Credit: David Sontag



Face Recognition

©face.con

http://developers.face.com/tools/

age_est:
| age_min:

I age_max:

| face:

| gender:
glasses:
lips:
mood:
smiling:

roll:
yaw:

Attributes:

Rotations:

21 (66%)

18 (66%)

24 (56%)
true (95%)
male (73%)
false (96%;)
sealed (98%;)
angry (69%;)
false (92%)

-7.05°
2.56°

pitch: -9.27°
sl \ -,‘ —sl
L. e
7 2‘ 5:_\ 3 j
No Filter Havok Fokus Kross ]

£ NEXT

SRS N avely


http://developers.face.com/tools/

Speech Recognition

(C) Dhruv Batra
Slide Credit: Carlos Guestrin



Weather prediction

Slide Credit: David Sontag



Image Classification

* Im2tags; Im2text

* http://deeplearning.cs.toronto.edu/

(C) Dhruv Batra


http://deeplearning.cs.toronto.edu/

Machine Translation

ay=2 ay=0 ag=1 a,=3 a;=4 Gg=2 a7=H
= bringen sie bitte das auto zuriick

L X/

= please return

(C) Dhruv Batra
Figure Credit: Kevin Gimpel



Seeing is worse than believing

e [Barbu et al. ECCV14]

~50%

accuracy




Regression

 predicting a numeric value

X —-— y  Continuous



Stock market
Google Inc  (NASDAQ:GOOG) Add to portfolio m

Range 735.79-747.99 Divlyield - +1 | Bk Dow Jones  13,758.94 0.34% [
744_00 +41.13 (5.85%) 52week s56.52-774.38  EPS 246 > Nasdag 315172 0.27% [
Realtime: 10:43AM EST Open 735.99 Shares 328.59M '
e M =S Vol | Avg.  268M/2.28M  Beta 1.08 Technology 0.33% f
. _reE‘-SIEr]ne ata - Disclaimer Mkt cap 244398 Inst. own  69% GOO0G 74400 585% [ ]
ey PIE 22.91
Compare: |Enter ticker here [JDow Jones []Nasdag (JBIDU [JYNDX [JBCOR [JMSFT []YHOO more» | &) g‘mgl'fs'”“- (GOOG) Is Up Sharply On Q4 m
e5u
Zoom: 16 5¢ im 3m 6m YID 1y Sy 10y Al RTT News - 1 hour ago

Jan 18, 2013 - Jan 23, 2013 +32.07 (4.51%) EJ Stocks to Watch: GOOQ|E. Coach, Annig's

Wall Street Journal - 1 hour ago

c | Google Inc {(GOOG) Reports Strong
,-/‘(\hv 740 [c] Earnings, Shares Rise

ValueWalk - 3 hours ago

D] Google 4th-Quarter Profits Increase as Ad
Pricing Improves

NASDAQ - 15 hours ago
EJ‘\M\W N i 3IE w _______________ 0| |E| Facebook Inc (FB)'s Social Graph Is a

Google Inc (GOOG) Plus Killer

720

Fri Jan 18 "12 pm 2 pm Tue Jan 22 '12 pm 2 pm Wed Jan 23 12 pm 2 pm Insider Monkey - 16 hours ago 1
L
Volume {thous / 2min) [ o TR P PR ' T E R S —
' ' 3507  All news for Google Inc » Subscribe
1754
[ TTSTRRRPRTOTT TS THPRURPPT! | i ---'-MIJ“‘MA—-“' ebiiclialsiid bbbt b
: Events (5] Add GOOG to my calendars
2011 2012 {013
£"" Apr 15, 2013
Settings | Plot feeds | Technicals | @& Link to this view Volume delayed by 15 mins. Q1 2013 Google Earnings Release [5]

(C) Dhruv Batra Slide Credit: David Sontag



Weather prediction

(C) Dhruv Batra

Slide Credit: Carlos Guestrin
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Pose Estimation

SEASON TWO

(C) Dhruv Batra
Slide Credit: Noah Snavely



Pose Estimation

e 2010: (Project Natal) Kinect
e http://www.youtube.com/watch?v=r5-zZDSsgFg

e 2012: Kinect One
* http://youtu.be/HiS5kMNfgDS4?t=28s

* 2013: Leap Motion
e http://youtu.be/gby6hGZb3ww

(C) Dhruv Batra


http://www.youtube.com/watch?v=r5-zZDSsgFg
http://youtu.be/Hi5kMNfgDS4?t=28s
http://youtu.be/gby6hGZb3ww

Ranking

* Comparing items



GOUSIQ
Search

Web
Images
Maps
Videos
News
Shopping

More

Manhattan, NY
10012

Change location

Show search tools

Web search

learning to rank

learning to rank

learning to rank for information retrieval
learning to rank using gradient descent
learning to rank tutorial

I'm Feeling Lucky »

Learning to rank - Wikipedia. the free encyclopedia
en.wikipedia.org/wiki/Learning_to_rank

Learning to rank or machine-leamed ranking (MLR) is a type of supervised or
semi-supervised machine learning problem in which the goal is to automatically ...

Feature vectors Evaluation measures  Approaches

Applications

Yahoo! Learning to Rank Challenge

learningtorankchallenge.yahoo.com/

Learning to Rank Challenge is closed! Close competition, innovative ideas, and fierce
determination were some of the highlights of the first ever Yahoo!

[PDF] Large Scale Learning to Rank

www.eecs tufts.edu/~dsculley/papers/large-scaie-rank.pdf

File Format: PDF/Adobe Acrobat - Quick View

by D Sculley - Cited by 24 - Related articles

Pairwise learning to rank methods such as RankSVM give good performance, ... In this
paper, we are concerned with learning to rank methods that can learn on ...

Microsoft Learning to Rank Datasets - Microsoft Research
research.microsoft.com/en-us/projects/msir/

We release two large scale datasets for research on learning to rank: L2R-WEB30k
with more than 30000 queries and a random sampling of it L2ZR-WEB10K ...

LETOR: A Benchmark Collection for Research on Learning to Rank ...
research.microsoft.com/~letor/

This website is designed to facilitate research in LEarning TO Rank (LETOR). Much
information about learning to rank can be found in the website, including ...

Slide Credit: David Sontag



Given image, find similar images

http://www.tiltomo.com/

Slide Credit: David Sontag



Recommendation systems

Lty Lgry
amazon .. o I N Back-to-School Savings
o wid's Amazoncom  Today's Deals Gn Cards i P v » Shop now v
e Ty Prime o

Shop by Search ks v Hato, Davia Ty 1 When
Department ~ ol B B Your Account v Prime ~ '\.'!Ccnv List «

Your Amazoncom  Youw Bowsing Hsiory  Rocommended For You  Amazon Betorizor  Improve Youwr Recommandations  Your Peofle  Loam Maro

Your Amazon.com > Recommended for You > Books > Sublects > Sclence & Math > History & Philosophy

These recommendations are based on [Lams you own and more.
Just For Today

Browse Recommendad view: All | New Relaases | Coming Scon
Recommendations = Lope ISOL! . 4 s
History & Philosophy CALSALITY by Judea Pearl (September 14, 2009)
Histery of Scence - l‘:;‘:: Customer Review: fedrfededs = 130
Ehilesophy. of Bickgy t«-—-
Philesephy. of Medicing List Price: 350.00
Price: $3249 il AadioCart J| Add to Wish List
61 used & new from $28.00
Jlown Not imerestes AT T YT Rate Tvs nem

RECOMMENDED DECIUSE yOu PurChased Probabilistic Graphical Models 202 maore (Fix i)

2. coet. The Lady Tasting Tea: How Stati: Revolutionized Sci in the Twentieth Century
TME-LAO by David Salsburg (May 1, 2002)
L1 Average Customer Review: feiefede s = (26)
—— In Stock
> ‘ List Price: $16.96

Price: $13.88 g Addtm it | Add to Wish List
81 uzed & pew from $8.00

low e | Notimerestes (| Yy 9 yryr Y Rate ths tem

Recommentod Decauie you aded The Theory That Would Not Die U your Wah Lt [Fx tha)

3. The Eighth Day of Creation: Makers of the Revolution in Blology, 25th Anniversary Edition
by Horace Freeland Judson (November 1, 1996)
Average Customer Review: Jeyrdedrde ~ A0
In stock on September 4, 2013

List Price: 356.00 8 E
Price: $36.09 gl AddtoCamt )| Add to Wish List
59 ysed & new from $26.95

JTown e ) Notimerestes [+ Y33 T 9T Y Rete this Bem

Recommences Decause you purchased Molecwlar Biology of the Cel (Fix tus)

4. (el The Machinery of Life
by David 5. Goodsell (April 28, 2009)

P

In Stock
List Price: $25.00

Price: $17.49 g AddtoCart )| Add to Wish List

92 ysed & new from $12.00

Slide Credit: David Sontag



Recommendation systems

Machine learning competition with a $1 million prize

Leaderboard e Rk NETFLIX

Recommondations § Friends § Quoue § Buy DVDs
ves > New Releases Previews NetlixTop100 Co

Rank Team Name Best Score % Improvement Last Submit Time
] Tha Enaambils 08553 1010 2009-07-26 1838 22 es For You
BeliKors Pragmatic Cha 08554 1009 2009-07-26 181828

Grand Prize - RMSE <= 0.8563

3 9.91

4 9.89

: 8 g 9.83

8 9.80

7 g a.71

8 358

;?I . 7 7:\

¢ | o

-y o ge(3nIdBe

‘ startbatas- g
5 9.17 istanceBl "=
8 Inisible Ideas 214 3 poe 1RG0, RBTS

7 Ar 9.08 ot )

13 Craig Carmichae 9.02 ( . dnce(sng'

19 9,00 2009-03-11 094154 ~rartba taf

20 8.90 2009-04-16 06:29°35

n->REcoVe’

.\”’(’“‘,,
FartbDal

Slide Credit: David Sontag



Jnsupervised Learning
Discovering structure in data

Clustering

X ~ Clustering

Unsupervised Learning
Y not provided

y

Discrete



Clustering Data: Group similar things

_.| Auton”s Graphics | 4 | J|
w1
n.a T
[:I,E —
04 T
02 T
f 1 1 - 1 1 1
1 1 1 1 1 1
| ] 0,2 0,4 0.6 0,8 1 ]
)

(C) Dhruv Batra Slide Credit: Carlos Guestrin



Clustering images

Set of Images

@i i A=
mBe fAE=

e NS SN e &
MEE S a
”
e —
il
c

[Goldberger et al.]

Slide Credit: David Sontag
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800 Picasa 3 Sign in with Google Account
Filters

d&» Import W - K 2my Q

Y) Albums (3)
\& Recently Updated (250) & Unnamed people Expand groups Show ignored faces

W& 2011 Nov/Dec India Trip (145)
Ly Mr a
A\ []
Addaname Addaname r!‘mm = s
xR
Add a name [ Add a name
(x]

X

209 Group(s), 2495 Face(s)
W Dhruv_Chicago_Marathon11 (142)

= 20121009-150451 (3)

[ 20120608-132634 (34)

Add a name Add a name
20111202-063834 (239)
20120102-161703 (239) XN X1
20111009-211853 (127)

20111009-220215 (26)

[N O

2010
(=] 20110911-054945 (1,560)

) Other Stuff (1)
(&l Desktop (7)

iPhoto

iPhoto

Add a name

Add a name Add a name Add a name
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Email Prnt  Export

i T=] Last 12 Months

Picassa | e

1

3

|
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i

[ You can name, confirm, or tell iPhoto to ignore the faces above. Show More Faces
1 Named faces appear in Faces.

1 There are 1,759 unnamed faces in your library.
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Clustering web search results

web news images wikipedia blogs jobs more »

edvancad

preferences

Cluster Human contains 8 documents,
clusters LTS )

All Results (231
@ Cars)
O Race cars ()
O Photos, Races Scheduled (5)
¢ Game (4
@ Track (3
@ Nascar (2
¢ Equipment And Safety (2
@ Other Topics 7
© Photos 12
© Game (14
© Definition (13)
O Team 1y
@ Human
@ Classification Of Human 2/
@ Statement, Evolved (2)
@ Other Topics (1)
$ Weekend i
© Ethnicity And Race (7
© Race for the Cure 1)

@ Race Information i»

more | all cusiers
find In clusters

(Fing )

remix

1.

Race (classification of human beings) - Wikipedia, the free ... ® 4 @
The term race or racal group usually refers to the concept of dividing humans into populations or groups on the basis of vanous sets of characleristics. The most widely used human racial
categones are based on visible trafts (especially skin color, cranial or facial features and har texture), and self-identification. Conceptions of race, as well as specdic ways of grouping races, vary

by culture and over time, and are often controversil for scientific as well as social and political reasons History - Modemn debates - Poltical and

en wikipedia org/wikVRace_(dassification_of human_beings) - [cache] - Live, Ask
; - Wikipedia, the fr | anaAs

General. Racing competitions The Race (yachting race), or La course du millénaire, a no-rules round-the-world sading event; Race (biology), classification of flora and fauna; Race (classification
of human beings) Race and ethnicity in the United States Census, official definitons of “race” used by the US Census Bureau, Race and genetics, notion of racial classifications based on
genetics. Historical definitons of race; Race (bearing), the inner and outer rings of a rolling-element bearing. RACE in molecular biclogy "Rapid ... General - Sumames - Television - Music -
Literature - Video games

en wikipedia org/wik/Race - [cache] - Liva, Ask

. Publications | Human Rights Watch ® & @

The use of torture, unlawful rendition, secret prisons, unfair trials, ... Risks to Migrants, Refugees, and Asylum Seekers in Egypt and Israel ... In the run-up o the Beijing Olympics in August 2008,

www hrw.orgbackgrounder/usa/race - [cache] - Ask

. Amazon.com: Race: The Reality Of Human Differences: Vincent Sarich ... & 4 &

Amazon.com: Race: The Reality Of Human Differences: Vincent Sarich, Frank Misle: Books ... From Publishers Weekly Sarich, a Berkeley emeritus anthropologist, and Miele, an editor .,
www.amazon comyRace-Reality-Differences-Vincent-Sarich/dp/081334086 1 - [cache)] - Live

. AAPA Statement on Biological Aspects of Race © 4 &

AAPA Staterment on Biclogical Aspects of Race ... Published in the American Joumnal of Physical Anthropology. vol. 101, pp 569-570, 1896 .. PREAMBLE As scientists who study human
evolution and variation, ...

www.physanth.org/positions/race himl - [cache] - Ask

. race: Definition from Answers.com @ 4 &

race n. A local geographic or global human population distinguished as a more of less distinct group by genetically transmitted physical

www.answers comitopicirace-1 - [cache) - Live

. Dopefish.com ® 4 &

Site for newbies as well as experenced Dopefish followers, chronicing the birth of the Dopefish, its numerous appearances in several computer games, and its eventual take-over of the human
race. Maintaned by Mr. Dopefish hmsell, Joe Siegler of Apogee Software

www.dopelish.com - [cache] - Opan Directory

Slide Credit: David Sontag



Unsupervised Learning

Dimensionality Reduction / Embedding

X - Clustering » 'y Continuous

Unsupervised Learning
Y not provided



Embedding images

Images have thousands or
millions of pixels.

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

FEREETEEEEEEEeEER

Slide Credit: Carlos Guestrin [Saul & Roweis ‘03]
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Embedding words
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Slide Credit: Carlos Guestrin
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http://metaoptimize.s3.amazonaws.com/cw-embeddings-ACL2010/embeddings-mostcommon.EMBEDDING_SIZE=50.png

Structured prediction

* From data to discrete classes



Speech recognition

will ATET = 6:56 PM 13%

||” ' | ' | l | I” l| I - ¢¢ | need to hide a body 9
What kind of place are you

looking for?

reservoirs
metal foundries
NILES

dumps

swamps

€

Slide Credit: David Sontag



Reinforcement Learning

Learning from feedback

(C) Dhruv Batra



Reinforcement Learning: Learning to

act

* There is only one
“supervised” signal at
the end of the game.

* But you need to make a
move at every step

* RL deals with “credit
assignment”

(C) Dhruv Batra
Slide Credit: Fei Sha



Learning to act

* Reinforcement learning

* An agent
 Makes sensor observations
e Must select action

* Receives rewards

* positive for “good” states
* negative for “bad” states

* Towel Folding
* http://youtu.be/gy5833S0Gzo

(C) Dhruv Batra


http://youtu.be/gy5g33S0Gzo

Growth of Machine Learning

* Machine learning is preferred approach to
— Speech recognition, Natural language processing
— Computer vision
— Medical outcomes analysis
— Robot control
— Computational biology
— Sensor networks

» This trend is accelerating
— Big data
— Improved machine learning algorithms
— Faster computers
— (Good open-source software



Syllabus

Basics of Statistical Learning
* Loss functions, MLE, MAP, Bayesian estimation, bias-variance tradeoff, overfitting, regularization, cross-validation

Supervised Learning

* Nearest Neighbour, Naive Bayes, Logistic Regression, Support Vector Machines, Kernels, Neural Networks, Decision Trees
* Ensemble Methods: Bagging, Boosting

* Unsupervised Learning

* Clustering: k-means, Gaussian mixture models, EM
* Dimensionality reduction: PCA, SVD, LDA

Advanced Topics
*  Weakly-supervised and semi-supervised learning
* Reinforcement learning
* Probabilistic Graphical Models: Bayes Nets, HMM
* Applications to Vision, Natural Language Processing



Reference Books

- A Course in Machine Learning, Hal Daumé Il (online version (v.0.99)
available), 2017

- Artificial Intelligence: A Modern Approach (3rd Edition), Russell and
Norvig. Prentice Hall, 2009

- Bayesian Reasoning and Machine Learning, Barber, Cambridge University
Press, 2012 (online version available)

- Introduction to Machine Learning (2nd Edition), Alpaydin, MIT Press, 2010
- Pattern Recognition and Machine Learning, Bishop, Springer, 2006
- Machine Learning: A Probabilistic Perspective, Murphy, MIT Press, 2012
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