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Unsupervised Learning

Stephan Robert

Unsupervised Learning

* Learning without the presence of an expert
(e.g k-means, clustering approaches,...

Business »

news.google.com

3 GE's CEO Jeffrey Immelt to step down after 16 years

General Electric said Monday that is longtime chief executive, Jefirey R. Immelt, would retire
atthe end o this year, closing out a 16-year run at the helm of the industrial giant, which
included a vast overhaul of the conglomerate's portolio but
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10.5-Inch iPad Pro Reviews: Impressive Screen and Hardware Update '
That Wil improve With 108 11

One week ater 10.5-inch iPad
Jose, California, reviews for the dovice have begun circulating online.

Don't buy a new MacBook Air — consider replacing the battery
Instead
i week, Apple announced  small ot s acBook Af, boosin te rocesso o e
line il run afte faster. To be honest it a snoozer of an upgrade.

j Microsoft can't explain why its 4K is $100 better than Sony's 06
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Unsupervised Learning

* Clustering images, @E’Z“M
group as: T
+ Cloud gww
+ Mcc))llJJnialns & gg
ey 2 M

+ Users on Web sites (groups, activities)
* Words (First names, last names, location
words, ...)

Unsupervised Learning
* Supervised Learning. Training set:
{(@)1, (W)1), ((2)2, (W)2), ()3, (¥)3), -+ (@)ms (Y)m) }

* Unsupervised Learning. Training set:

(@)1, ()2, (2)35 s (2)m }
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Algorithms

* K-Means
* Principal Component Analysis (PCA)

K-Means Algorithm

* Randomly chose K examples as initial
centroids

* While true:
— create k clusters by assigning each example to

closest centroid
— compute k new centroids by averaging
examples in each cluster

— if centroids don’t change:

* Break




K-Means Algorithm

Random placement of the centroids
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K-Means Algorithm: iteration 1
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K-Means Algorithm: iteration 1

K-Means Algorithm: iteration 2
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K-Means Algorithm: iteration 3

K-Means Algorithm: iteration 3
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K-Means Algorithm: iteration 4

K-Means Algorithm: iteration 4
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K-Means Algorithm: iteration 5

K-Means Algorithm: iteration 5
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K-Means Algorithm: stop
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K-Means Algorithm

randomly chose K examples as initial centroids

for i=1to m (number of vectors x):

— Create K clusters by assigning each example to
closest centroid. Label each x with (¢); € N¥

For k=1to K

— compute k new centroids by averaging examples in
each cluster (I is the number of x associated to the

centroid) 1<
M =7 ;Xi cR

Repeat if centroids do change, else finished
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Clusters for non-separted clusters

T-shirt sizes

Height

Weight

Clusters for non-separted clusters

T-shirt sizes

Height

Weight :
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Random initialisation

* Should have K < m!
* Randomly pick K training examples
* Set py, py, ..., p, €qual to these K examples

Random initialisation

* Should have K< m!
* Randomly pick K training examples
* Set py, py, ..., p, €qual to these K examples
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Random initialisation

* Should have K< m!
* Randomly pick K training examples
* Set py, py, ..., p, €qual to these K examples

Choosing the number of clusters

e Cost function:

1 m
J = — E g .
mi:1||x N(c),”

(¢); is the index of the cluster to which

X; is assigned, =1,2,..., K

min J
(©)1,(c)2ye ey (@
Moy Moy .-y 125¢
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Choosing the number of clusters

Elbow

/

Cost Function J
Cost Function J

Principal Component Analysis (PCA)

Problem Formulation
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Principal Component Analysis (PCA)

Problem Formulation

v

Principal Component Analysis (PCA)

Problem Formulation

Reduce from 2-dimensions
to 1-dimension

Problem: Find the vector
onto which to project the data to
minimize the projection error

30
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PCA:3D->2D

x3

31

32
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PCA: data preprocessing

Training set: (x;,x2,...,%m)

m
* Preprocessing: [o = %Z(:po)i
=1
L3
H1 = — T1)i
m =1

Replace each (z;); with (z;)i — ui

Eventually scaling: replace each (z;); with

(z5)i — 1y
j

PCA Algorithm

* Reduce data from n-dimension to k-
dimension (

 Covariance matrix: (%) =x; =
s = %i(xixf) - (@n)i
=
SR TSRO T IERO)
" ZZI(:IN) (@0)i 7 2oy (@n)i(z1)i i (Tn)i(zn)i
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PCA Algorithm
* Eigenvectors: u;,i=1,....,n
U= [u1 Us ... lln]

* We construct a matrix U ¢ R™*™ with the
eigenvectors and another one with the &
first eigenvectors: U, .. . € R?*F

Ureduce — [U—l Uz... uk]

* Notice: Normalize and scale eventually!
Every feature should be 0-mean.

Principal Component Analysis (PCA)

z = U!

reduce

X

36
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Principal Component Analysis (PCA)
X2
2D ->1D c
- Z — Ureducex
o

x1

o z ¢ RF*1 =R
x € R™*1 = R?
Reconstruction: Xapp:)x = Ureducez 2

How many principal components?

* Average squared projection error:
1 «— )
i 22 169: = Gapproe )i

e Total variation in the data:

Sl

* Choose kto be the smallest value so that
% Z:il [(x)i — (Xapprow)in <001
L§m 112 =
m Zi:l ||(X)7f|| 38

19



Number of principal components

* Algorithm
—Try PCAfor k=1,2,3.4,...
— Compute
U cduces ()1, (Z)2, - - -, (Z)m,
(Xapproz )1, (Xapproz)2: - - - » (Xapproz)m
— Checkiif

% Z?il [(x)i — (Xapprom)i”Z

- < 0.01
Do ()i 2
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