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Outline

¥ The minimum Transfer Cost Principle

= Model order selection for truncated SVD

= Model order selection for correlation clustering
* Transfer costs for k-means clustering

= Conclusion
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Motivation

" Given:
A set of N objects with the measurements X.

Two sets of objects 0™), m € {1,2} with corresponding
measurements X" generated from the same source.

A data model characterized by a cost function R(s, X, k), where
the solution s incorporates all relevant parameters.

= Question:

What is the appropriate model order k?
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Transfer Costs: Intuition

® Cross-validation:

Good choice of the model-order based on a given dataset should
also yield low costs on a second dataset.

= How to transfer a solution from {0, X(1)} to {0(®), X(2)}?
= Classification:

Class labels make mapping obsolete.

= Unsupervised learning:

No labels are available.
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® The cost function is: R(s, X, k) =) Ri(s(i),x; k)

= We define an object-wise mapping function y:
v 0D x xxx — oW
(z”, X1 X(z)) (i, XD, X @)
 aligns each object in 0 with its nearest neighbor in 0,

* Transfer costs:
No Ny

R (8(1) X(Q = Z Z R 8(1) X ), k?) H{d)(ifgx(l)jx(g)):i}
i'=11=1
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The Minimum Transfer Cost Principle

¥ The minimum transfer cost principle (MTC) selects the
model order k with lowest transfer costs.

Too simple models underfit and achieve high costs on both
datasets.

Too complex models overfit to the fluctuations of X(1) which
results in high costs on X where the fluctuations are different.
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= Where to cut-off the spectrum?

20

Difference to
noise-free
matrix

= Error depends heavily on k.

error
=

= Transfer costs with nearest-n. mapping:

1 2
R(s.X.k) = 3 [ (X0, X®) 0 X — (USPVIIT) | :

] g n 15 20 28
cut-off rank
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Selecting the rank for truncated SVD

Denoising access-control matrices with SVD
45

B optimal rank k

OP-CV 50% holdout

] D OP_CV 100/0 h0|d0Ut 17 ................ . -
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University Random ERBAC Tree
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Correlation Clustering

* Formulation
N
Given: graph G (0,X) with similarity matrixX = {X;;} € {il}(z).

For the tuple (s,X), the costs are

R(st———Z > z3-—1+ Y>> Y (Xy+D

1<u<k (i,j)€EE . u 1<u<k 1<v<u (4,j)EE,, »
where, E,, ,, = {(i,j) € E: s(i) = u As(j) = v}.

= The cluster index of object i’ from 0(?) is determined by

sW(i") = arg min H(7,sV), with

1<v<k
. 1 1
H(i,s(V) = —5 d (X -1+ 3 YooY X+
JESy 1<u<k,u#v jE€8,
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Finding the number of clusters

= Generate correlation data with varying noise level n
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Transfer costs for k-means

= Goal: challenge the criterion with a model mismatch.

= Experiment:

- Generate two datasets from a mixture of Gaussians.
= Cluster with k-means.

- Select number of clusters with minimum transfer costs.

= Model mismatch: no variance for k-means — vector quantization

preferred.
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K-means: easy case

Transfer Costs per item for relative variance = 0.5 selected solution with 3 clusters

I t-costs (p=0.54)
P t-costs (generative)
t-costs (n-neighbor, f=oc)

costs per item

05

6
number of clusters k

= Discrete mapping leads to monotonically decreasing t-costs!

= Soft mapping selects true number of clusters.
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k-means: scale inhomogenity

Transfer Costs per item; scale inhomogenity
14 !

selected solution with 2 clusters

B t-costs (3=0.66) .
¢ t-costs (generative) i
t-costs (n-neighbor, B=cc) _

0.8

0.6

costs per item

04

0.2

N EEEEEEEEEEEREEE

number of clusters k

= Soft mapping temperature serves as a global’ variance.

= (Gaussian mixture models are required if variance changes locally.
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Conclusion

= MTC: an easily applicable method for model-order

selection in unsupervised scenarios.

= Demonstration of model-order selection In

Gaussian Mixture Models
Truncated SVD: denoising of images and Boolean matrices
Boolean matrix factorization (role mining)

Correlation clustering

= Soft mapping for model mismatch

k-means case study
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