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Decomposition Clustering
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Quiz

» Why would one need clustering!?
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Hierarchical clustering
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Hierarchical clustering

Complete linkage

WA IPAN
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Hierarchical clustering

Single linkage

AN

%,

—
—
O\ o —

N
&=
(7]
-t

AACIMP Summer School.
August, 2012

_b,;[\\Nn .
|
b A |

~0

ENs)S -

2,



Hierarchical clustering

Average linkage

WA IAN
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Hierarchical clustering

Ward linkage
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Hierarchical clustering it
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Hierarchical clustering
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Partitional vs Hierarchical

Partitional clustering finds Hierarchical clustering creates a

a fixed number of clusters series of clusterings contained in
each other
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K-means

argmincl,___,cK Zuxi — Cclosest to (i)”2
i
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K-means
_ 2
argming . c. Zuxi — Cclosest_to(i)H
l

* Need to find cluster centers cy.
C1 = ? ,Cy = 7 ,Cg = —
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argming, .. zuxi — Cclosest_to(i)H2
i

* Need to find cluster centers cy.
C1 = ? ,Cy = 7 ,Cg = =7

* Introduce latent variables (one for each x;)
a; = closest_cluster_center(i)
a1 =7 , A2 =7 , A3z = =7 y vy An =7
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K-means

argming, .. zuxi — Cclosest_to(i)H2
i

* For fixed c;, we can find optimal a;
* For fixed a; we can find optimal cy,.

* [terate to convergence.
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Fuzzy vs Hard
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Each object belongs to each
cluster with some weight
(the weight can be zero)

Slide © M.Kull,

Each object belongs to
exactly one cluster
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Gaussian Mixture Modeling g

X ~ [N(uy,08) or N(py03)]

Given X, estimate u;, 0?
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Gaussian Mixture Modeling

X ~ [N(uy,08) or N(py03)]

Given X, estimate u;, 0?

== MLE
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Gaussian Mixture Modeling

X ~ [N(uy,08) or N(py03)]

Given X, estimate u;, 0?

=) MLE
==) Expectation-Maximization (EM)
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SKLearn’s Clustering

from sklearn.cluster
import
Ward,
KMeans,
DBsScan,
MeanShift,
SpectralClustering,

AffinityPropagation
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SKLearn’s Clustering L
from sklearn.cluster
import
Ward, Use feature vectors
KMeans,
DBScan,
MeanShift,
Use distance matrix
SpectralClustering,
AffinityPropagation
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Quiz

» Fuzzy clustering means that

» K-means finds a set of cluster centers, which
have the smallest

» K-means can get stuck in a local minimum
(Y/N)?
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Decomposition Clustering
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Linear Decomposition
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Linear Decomposition
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Linear Decomposition
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Linear Decomposition X
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X = a1V —+ a-,V~ + -+ AmVm

AACIMP Summer School.
August, 2012



%

}>’&
—:
=
"?

OO

n.

Linear Decomposition
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Linear Decomposition i

X = a1V —+ a-,V~ + -+ AmVm

X =Va
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Linear Decomposition i

X = a1V —+ a-,V~ + -+ AmVm

x=Va
a ="
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Linear Decomposition i

X = a1V —+ a-,V~ + -+ AmVm

X =Va
a=V"x
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How do we find a good basis?
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Idea: Maximize projection varianee::

» For a point x; and a unit basis vector v the
length of projection of x; onto v is given by

p =(v,x;)=vx;
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Projection variance
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Projection variance e
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Projection variance

— aal
Pi = VUV X;

%Z(Pi — D)’

vV = argmax,, o,

oy
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Projection variance

— aal
Pi = VUV X;

1
0y = EE(PJZ
i

Pre-center data, so that p = vix = 0
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Projection variance i

— aal
Pi = VUV X;
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Projection variance

— aal
Pi = VUV X;
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Projection variance

— aal
Pi = VUV X;

62 = ...

1 1
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1
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Projection variance

Pi
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Projection variance

— aal
Pi = VUV X;

)

Data covariance matrix
XTx
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Objective function

argmax,, v' v

s.t.|v]|]* =1
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Optimization it

argmax,, v' v

s.t.|v]|]* =1

Method of Lagrange multipliers...

YU = Av
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Optimization

argmax,, v' v

s.t.|v]|]* =1

Method of Lagrange multipliers...

T |=[Ap

Eigenvector of X

Eigenvalue
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Example

Xc = X — mean (X, axis=0)

Sigma = Xc.T * Xc / n

(= cov (Xc, rowvar=0))

lambdas, vs = eigh (Sigma)

AACIMP Summer School.
August, 2012
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Principal Components Analysis

Principal components are the
eigenvectors of the covariance matrix.

V,A =eig(2)
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Principal Components Analysis

Principal components are the
eigenvectors of the covariance matrix.

V,A = eig(X)

For each PC, the corresponding eigenvalue
A; shows the amount of variance
explained by the component.

AACIMP Summer School.
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Eigenvalue spectrum of X
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Principal Components Analysis =&

Data projection onto PC i:
p = Xv;

Data projection onto multiple PCs:

X oroj = XV,

Data reconstruction from PC coordinates:

Xoroi VI = X

AACIMP Summer School.
August, 2012



AN
SKLearn’s PCA

from sklearn.decomposition

import PCA

model = PCA(n components=2)
model.fit (X)

X t = model.transform(X)

model.components [1,:]

AACIMP Summer School.
August, 2012
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SKLearn’s PCA

from sklearn.decomposition
import

PCA,

SparsePCA,

ProbabilisticPCA,
KernelPCA,
FastICA,

NMEF',

DictionarylLearning,
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PCA: Geometric intuition FpitingS

T ] X~N(1)
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PCA: Geometric intuition it
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PCA: Geometric intuition

T ] X~N(0,1)
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PCA: Geometric intuition
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PCA: Geometric intuition

T ] X~N(0,1)
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PCA: Geometric intuition

T ] X~N(0,1)
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PCA: Geometric intuition
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PCA: Geometric intuition
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Quiz

» Principal components are of
the matrix.

» Eigenvalue spectrum shows how much
is explained by each

» If £ = VAV, then
Xproj =

AACIMP Summer School.
August, 2012
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Conclusinn ot

Graphical models,
Neural networks,
Fuzzy sets,
Association rules

Computer vision,
Natural language processing,
Information Retrieval,
Music & Video processing,
Bioinformatics,
Physics,
Robotics,
Finance & Economics,

Semi-supervised learning,
Active learning,
-y , Reinforcement learning,
Statistical Learning Theory, . s
Multi-instance learning,
PAC-theory .
Deep learning

August, 2012



Where to go next il

» Books:

“The Elements of Statistical Learning” (Hastie & Tibshirani)
“Pattern Recognition and Machine Learning” (Bishop)
“Kernel Methods for Pattern Analysis” (Shawe-Taylor &

Cristianini)

» On-line materials:
http://videolectures.net
+ Coursera, Udacity, edX

» Tools:
Python, R, RapidMiner,Weka, Matlab, Mathematica, ...

AACIMP Summer School.
August, 2012
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Where to go next il

» http://kt.era.ee/aacimp

AACIMP Summer School.
August, 2012



AACIMP Summer School.
August, 2012



A

[
o=
Iy

&

?Z ,

,;I
ENsIS -

- |
C\ = —
W —

g

(7]

E
?

AACIMP Summer School.
August, 2012



AACIMP Summer School.

August, 2012



AACIMP Summer School.

August, 2012



W “
)
it

i
s
o
H R

S
55

One Month

- »’0&‘4'4'0;;4.0
s "" PRI IARN
0'0’0’0’0’0’0’0’ tetetisas:

i,
TRy

S

Cadg e

One Month

Planet’'s Orbit

AACIMP Summer School.

August, 2012



o BT o
B Ry

Planet’s Orbit

THISS
LN

el
. ..wm.'.\
e R i

One Month

AACIMP Summer School.
August, 2012



One Month

o
TSI
’:‘:‘:‘:‘:’:‘:’:‘:’
st

%
5N
Soetateh

b
s
5%
2

2,
st
ateletets

6;.
5

o
o
%
%
8%

%
o
et

TS
Toe
35
gls
Sl
25
&

o
%
2
<
SR
e
2%
N

s
%
o
o
s

it

e
:
&

One Month

AACIMP Summer School.
August, 2012



Science

ﬁ Analysis

Observation

2
[«
o
Iy
&

» ,

1=

&)
N
[75]
2

¢

O\ o —
W —

~1

Generalization

AACIMP Summer School.
August, 2012

AQ

,}/FNSIS .



A

Pirvisgrzc 50+ AH0 >l 0,

| 2 AACIMP Summer School.
August, 2012



y

S

} E:
§

g

O\ o —
W —

5
[7,]
EN—
o
,}/flv&sf\

AACIMP Summer School.

August, 2012



%A —1.%

=~ —rn

-] AII:D M
2 unn®

Why?

AACIMP Summer School.

August, 2012



Contemporary Science

ﬁ Analysis

Observation

Generalization

AACIMP Summer School.
August, 2012



Contemporary Science

ﬁ Analysis

A

[
o=
Iy

&

o)
[7,]
-

Generalization

AACIMP Summer School.
August, 2012

}) ,

A <

s I 3

[%,]

2 | _ RN | 5
., 1632 N
S pS-



AACIMP Summer School.
August, 2012



Contemporary Science

% The "Track" of the W Particlg
© CERN Geneve

o 1 (rom anythis Q
- | "y
1 lham'W
1 fram DRELL-YAN
«1 from2"”
« 1 fromwp
1 fromly
»,

AACIMP Summer School.
August, 2012



Contemporary Science

ICUMU NG mI GO e

e Rl
wnang

ey

VEEEXNF . DT BT LRK"

AACIMP Summer School.

August, 2012



Contemporary Science

ﬁ Analysis

A

[
o=
Iy

&

o)
[7,]
-

Generalization

AACIMP Summer School.
August, 2012

}) ,

A <

s I 3

[%,]

2 | _ RN | 5
., 1632 N
S pS-



Generalization

AACIMP Summer School.
August, 2012



Contemporary Science g

AACIMP Summer School.
August, 2012



AACIMP Summer School.
August, 2012



LR CREr
K@ b
Sl S121 <18 -4
y..}_g

wE A

N e IR S
PrNE PR
A2 LA AT el
«BLAERPER
RN TSI
T D
_m.rs._.‘w.v_,av._?_iur
._ N,r‘ﬂul.-..

NERE

e i S L

AACIMP Summer School.

August, 2012



‘ThénkY6u!

t : <

AACIMP Summer School.
August, 2012



