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Announcements:
" JEE
m Project Milestones due date passed.
m HW3 due on Monday
It'll be collaborative

m HW?2 grades posted today
Out of 82 points

m Today:
Review: PCA
Start: unsupervised learning
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Linear projections, a review
" JEE
m Project a point into a (lower dimensional) space:
point: x = (X4,...,Xq)
select a basis — set of basis vectors — (uy,...,uy)
= we consider orthonormal basis:
uieui=1, and u;eu;=0 for i#j
select a center — X, defines offset of space

best coordinates in lower dimensional space defined

by dot- (Z1,.-4,2Zk), Zi = (X-X)ou;
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PCA finds projection that minimizes
reconstruction error
" S

m Given N data points: x' = (x4},...,X4), i=1...N
m Will represent each point as a projection:
) k

=X+ ) zu; where: x =
i=1

z |-

N , .
Z <! and z; = (x'-Xx)- u;
=1

m PCA:
Given k<<d, find (uq,...,uy)
minimizing reconstruction error:

N
error, = » (x' — xH?
i=1
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Understanding the reconstruction

__error X =st Y
S =

i iz X
z; = (x"—X) -y,

m Note that x' can be represented Gi .
. R R L iven k<<d, find (us,...,ux)
exaCﬂy by d—dlm?nsmnal prOJeCtlon- minimizing reconstruction error:
. - -~ ; N . .
/ﬁ l I x' =X+ L z}uj errory = > (x'— %42
- j=1 i=1
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m Rewriting error: N
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Reconstruction error and
. covariance matrix
S

N ‘ z:ii(xi_x)(xib
errory =Y > [u;-(x' - )12 N =1

i=1 j=k41
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Minimizing reconstruction error and

. gllgen vectors

m Minimizing reconstruction error equivalent to picking
orthonormal basis (uy,...,ug) Mminimizing:
d
error, =N Y U?Zuj
j=k+1

m Eigen vector definition:
“> f7/\ e N :7

[N —

m Solution: use the eigenvectors from the SVD

s = UPRsg U7 el -t
/ U= Lo fuef u]
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Clustering images
" JEE

Set of Images
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Clustering web search results

web news images wikipedia blogs jobs more»

Samocad
refer

preferences

Cluster Human contains 8 documents.
AN sources sites

All Results (235) remix 4 Race (classification of human beings) - Wikipedia. the free ... ® 2 &
© Carzn) ‘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 trais (especially skin color, cranial or facial features and hair texture), and self- of race, as well as spe ys of grouping races, vary|

Ol acelcar by culture and over time, and are often controversial for scientific as well as social and political reasons History - Moder debates - Poltical and .

© Photos, Races Scheduled (5) en.wikipedia.org/wiki/Race_(classification_of_human_beings) - [cache] - Live, Ask

SlGane s 2. Race - Wikij 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)
© Nascarn) 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
© Equipment And Safety (2) Literature - Video games
en.wikipedia.org/wiki/Race - [cache] - Live, Ask

© Other Topics (1)

© Photos 22) 3. Publications | Human Rights Watch & Q &

o The use of torture, unlawul rendition, secret prisons, unfair 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 www hrw.orglbackgrounder/usalrace - [cache] - Ask

© Team (15) 4. Amazon.com: Race: The Reality Of Human Differences: Vincent Sarich ... & A &

© 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 edtor .

ity-Differences-Vi it 13340861 - [cache] - Live
@ Classification Of Human (2)
© Statement, Evolved (2 5. AAPA on Aspects of Race & A &
/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
evolution and variation, .
© Weakend @ www.physanth.org/positionsrace htmi - [cache] - Ask

© Other Topics ()

© Ethnicity And Race (1) race: Definition from Answers.com & A &

© Race for the Cure (5 race n. Alocal geographic or global human population distinguished as a more or less distinct group by genetically transmitted physical
www.answers. comitopicirace-1 - [cache] - Live

>

© Race Inform

ion (5)

Dopefish.com & A &
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

g
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= Auton’s Graphics
K-means -
" JEE
0.8 T
1. Ask user how many
clusters they’d like.
(e.g. k=5)
0.6 T
0.4 T
02 T
] 0,2 0.4 0.6 0.8 1 0
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Auton’s Graphics (==

K-means |
= B

1. Ask user how many
clusters they’d like.
(e.g. k=5)

2. Randomly guess k
cluster Center
locations

0,8

0.6

3. Each datapoint finds
out which Center it's
closest to. (Thus
each Center “owns”
a set of datapoints)
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Auton’s Graphics ]|

K-means -
=

1. Ask user how many
clusters they’d like.
(e.g. k=5)

2. Randomly guess k
cluster Center
locations

0.8

0,6

3. Each datapoint finds
out which Center it's
closest to.

4. Each Center finds
the centroid of the
points it owns
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= Auton’s Graphics (==

X
&

K-means
= B

1. Askuserhow many | os T
clusters they’d like.
(e.g. k=5)

2. Randomly guessk |, +
cluster Center
locations

3. Each datapoint finds
out which Center it's
closest to.

4. Each Center finds
the centroid of the 0.2
points it owns...

0.4 T

-+ -
.
.

-

5. ...andjumpsthere | 0.2 0.4 0.6 0.8 L,
6. ...Repeat until
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A
K-means a K-mesag S
" JEE
m Randomly initialee k centers

\ f"l/u/ﬁl/\

u® =0, ©

. : . Yoy Aatase T !
m Classify: Assign each point je{1,...N} to nearest
center:

cW () — argmin [|u; — z;]|?
1

m Recenter: u, becomes centroid of |L§L point: 5 X

t+1 &
( )<—argmu|n. Z ||,u—90]||2 Vo= NE /6),
J:C()=i ¢

Equivalent to p; < average of its points! R A j\
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What is K-means optimizing?
" JEE
m Potential function F(u,C) of centers p and point
allocations C:

N
F(u, C) = Y oy — =5l
j=1

7 A

TN ey

M @an g ¢ /),
1 §f7ﬂ/‘z¢4 ¢
//l(/"/‘/l(l *ﬁvl/\(/i/fll

m Optimal K-means:
min,minc F(p,C)
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Does K-means converge??? Part 1
" S —__

m Optimize potential function:
k

m#in mcin F(u,C) = mﬂin mcin i;j:C%Zi ||M_xj||2
m Fix u, optimize C 2
PN f )[//f( - X l/
CQX»(61~-(OV)QL‘

—_ = 0 H/V(Cé) - X, Hx
Jooco) v
(’\ J(‘L QW
5/0_71' W”OZG/PM
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Does K-means converge??? Part 2

- “3
m Optimize potential function: g —
k
minmin F(u,C) = minmin > 3" [|ui—a;]|?
e L= 0
m Fix C, optimize
P H (C Ry
~is N PP
S M [ . J‘:((J‘);. J
[ .
v 2
5 = L~ X
R R
Coordinate descent algorithms
" O S % kel
m  Want: min, min, F(a,b)
m Coordinate descent: (Su/)/o s.e
fix @, minimize b
fix b, minimize a \/%/L },(4,4) 2 O )
repeat
m Converges!!! g = =7, T (=, 4 > — F
if F is bounded < 7€ o=
to a (often good??) local optimum .
m (For LASSO it converged to the global /V{L /”O (149[;
optimum, because of convexity) \ (
Some theory of quality of local opt... w2 / ~ S‘e/f/ﬁ\ Ny Y

M@jf\/%ﬁ/oéq / (\_/

m K-means is a coordinate descent algorithm!
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