
Preprocess Our Datasets

We preprocess our data sets into a term-by-document matrix where each column
represents a document and each row represents a term. If A is our term-by-document
matrix, then Aij is some function of the number of times term i appears in document j (raw
frequency, log of the raw frequency, e.g.).

Our Methodologies

Principal Direction Divisive Partitioning (PDDP)

This algorithm was proposed by Daniel Boley in his paper Principal Direction Divisive
Partitioning1. In this algorithm, we use Singular Value Decomposition to factor our term-by-
document matrix. We know the following decomposition exists for every matrix:

The first column in U (u1) is the vector of principal direction (the direction in which our
data has the greatest variance) and the components of v1 are the projections of the
document vectors onto u1. The algorithm splits the data based on the sign of v1. We repeat
this process until we get the desired number of clusters.
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Introduction

What is data clustering?

Clustering is the partitioning of a data set into subsets (clusters). We are interested in
creating good clusters that allow us to reorganize disordered data into a block structure so
that useful information can be extracted.

What are we clustering?

Our primary focus is text mining and we clustered several document sets in order to test
and compare various algorithms. The datasets include:

An 86 mini-document set that we created with 13 clusters

A 185 document set used in Daniel Boley’s paper1 with 10 clusters

Algorithms

Principal	Direction	Gap	Partitioning	(PDGP)

PDGP is an adaptation of Boley’s PDDP algorithm that we developed. Instead of splitting the data
by the signs in the v1 vector, PDGP splits according to the largest finite difference in the sorted
values of the v1 vector. Below, the first and second iterations of the PDDP are plotted, where the
red line represents the sign split made by PDDP and the blue dots are the values of the sorted v1
vector. The second picture shows that splitting by sign may not always be the best choice for
splitting.

Clustering	Comparison	Metrics
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Entropy Method

This is a standard measurement implemented by many researchers. The total entropy of the
clustering is defined as:

where c(i,j) is the number of times label i appears in cluster j and m is the number of clusters and nj
is the number of documents in cluster j.

This metric allows us to get an accurate assessment of the clustering performed by an algorithm.

Block-Density Measurement

We created the density metric as an alternative to the entropy metric in the case that cluster labels
are not available. Using the intersection of row and column clusters, the term-by-document matrix
is divided into rectangles. For each rectangle, the density is calculated, where

Block Density = # of non-zero points in the block / # of lattice points in the block

If the density is greater than a specified tolerance, the non-zero entries are considered “relevant.”
After computing the density for each rectangle block, the overall density is given, where

Overall Density = # of total relevant points / # of total non-zero points

This is then scaled and the value used is the quantity 1-(Overall Density).

The figure at right shows the result of the block density
metric on our 86 mini-document set. It compares the
overall density of two clustering algorithms (PDDP and
PDGP) as a function of tolerance. With the block density
metric the values are scaled so that lower values
correspond to better clustering.

•We	made	improvements	to	PDDP,	based	off	of	the	sorted	v1 vectors.

•In	some	test	document	sets	PDGP	outperformed	PDDP.

•In	comparison	to	PDDP,	PDGP	does	not	require	significantly	more	computation	time.

•In	general,	PDGP	forms	block	structure	from	a	raw	term-by-document	matrix.
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