k-means Clustering: Problem Formulation
Input: n-dimensional data points z1, zo, ..., z;, number of clusters k

Output: Division of all data points into k clusters:

® C1,Co,...,¢, ¢ €{1,2,... k} is the number of a cluster to
which x; is assigned to

e n-dimensional vectors pi1, i, ..., i, Where p; is the center of j-th

cluster
Values ¢q,...,¢ and pq, ..., i are chosen to minimise:
: 2
J(C7 ,LL) — Z HZB’L — Hei || 9
i=1
For vectors a = (a1,...,a,) and b = (by,...b,), the square of their

distance is Ha — b||§ = Z?}Zl(ai — bz’)2
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Output example
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Sum of squared distances: 10.61




k-means Algorithm

Heuristics that does not always find the best clustering.
We start from an initial clustering and iteratively improve it.

Initialization:

choose k centers u1, o, ..., i randomly out of the input data points

Repeat until convergence:

e assign each data point to the nearest center:

¢; = arg min; H:r;z — “J’Hz

e computer new centers: i; will be average of z;, for which ¢; = j



Choose random centers ;




Assign data points to clusters (values c;)
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Sum of squared distances: 30.05




Forget 1,




Compute new ; (the error decreases from 30.05 to 19.66)
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Sum of squared distances: 19.66




Forget ¢;




Compute new c¢; (the error decreases from 19.66 to 17.39)
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Recompute p;

Sum of squared distances: 14.47
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Recompute c;

Sum of squared distances: 13.71

12




Recompute p;
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Sum of squared distances: 10.61
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Recompute

¢; (no change, finished)
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Sum of squared distances: 10.61
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Different starting points can yield different results
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Sum of squared distances: 10.61
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Different starting points can yield different results

o~ ° N °
° °
° °
° °
X
° °
° °
° °
o — o -
] X °
° °
) °
X
—] . I_
X
° ° ° °
o Y o °
T T T T T T T T T
2 1 0 1 2 2 1 0 1

Sum of squared distances: 11.25

16



Different starting points can yield different results
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Sum of squared distances: 16.93
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Different starting points can yield different results
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k-medoids algorithm

Arbitrary distance function d(x, z):
d(z,z) =0ifz =z

d(x,z) =d(z,x)

Initialization:

choose k centers mq, ms, ..., m; randomly out of the input data points

Repeat until convergence:

e assign each data point to the nearest center:

c; = argmin; d(z;, m,)

e computer new centers: M, := argMin,, .c,=; > d(z;,myg)

1:ci=]

19



How many clusters?

Optimal number of clusters

300000 1

200000 1

Total Within Sum of Square

100000 -

1 2 3 4 5 6 7 8 9 10
Number of clusters k

kaggle / Rohan Shetty
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Hierarické zhlukovanie

statisticshowto.com
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Aglomerativne zhlukovanie: zdola nahor
e Na zaciatku kazdé dato samostatny zhluk
e V kazdej iteracii zlu¢ime dva “najpodobnejsie” zhluky
Kritérida podobnosti:
— single linkage: vzdialenost dvoch najblizsi bodov

— group average: vzdialenost centier

— complete linkage: priemer vzdialenosti kazdy s kazdym
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Divizivne zhlukovanie: zhora nadol
e Na zaciatku vsetky data v jedinom zhluku

e V kazdom kroku vyberieme jeden zhluk a rozdelime ho na dva
Napriklad zo zhluku G vyclenime zhluk H:
— vyber najvzdialenejsi bod od centra a zaloz novy zhluk H
— postupne presivaj dalsie body z, pre ktoré

avg,cpd(z, z) —avg,cqd(x, 2)
je najmensie a zaporné
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