Document Clustering



Clustering

o Automatically group related documents into
clusters.

 Example
— Medical documents

— Legal documents
— Financial documents



Uses of Clustering

e |f acollectioniswdl clustered, we can
search only the cluster that will contain
relevant documents.

» Searching a smaller collection should
Improve effectiveness and efficiency.



Clustering Algorithms

* Hierarchical Agglomerative Clustering

— requires a pre-computed doc-doc simiarlity
matrix.

o Clustering without a pre-computed doc-doc
similarity matrix.



Hierarchical Clustering Algorithms

e Single Link
 Complete Linkage
e Group Average
 Ward’s Method



Hierarchical Agglomerative

Create NxN doc-doc similarity matrix

Each document starts as a cluster of size
one

Do Until there is only one cluster

— combine the two clusters with the greatest
similarity

— update the doc-doc matrix

Note: Various means of computing the
cluster smilarity results in different flavors
of thisagorithm. 6



Example

e Congder A, B, C, D, E as documents with
the following similarities:

A B C D E

A - 2 (9 4
B 2 - 9 11 14
c 7 9 - 4 8
p 9 11 4 - 2
E 4 14 8 2 -

Highest pair is. E-B =14



Example

e Soletscluster E and B. We now have the
structure:



Example

 Now we update the DOC-DOC matrix.
A BE C D

A - 4 9
BE - 2
C 7 -

D 9 2 -

Note: To compute BE -- SC (A, B) =2
SC(A,E)=4

SC(A,BE) =4 if weareusing single link (take max)
SC(A,BE) = 2 if we are using complete linkage (take min)
SC(A,BE) = 3if weareusing group aver age (take average)
Note: C - BE isnow the highest link



Example

e Soletscluster BE and C. We now havethe
structure:

BCE
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Example
* Now we update the DOC-DOC matrix.

A BCE D
A - 9
BCE -
D 9 -

To compute SC(A, BCE):
SC(A,BE)=2
SC(A,C) =7 s0oSC(A,BCE) =2

To Compute: SC(D,BCE)
SC(D, BE) =2
SC(D, C) =4 s0SC(D,BCE) =2

SC(D,A) =9 which is greater than SC(A,BCE) or SC(D,BCE)
so we now cluster A and D.
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Example

o S0 letscluster A and D. At this point, there
are only two nodes that have not been
clustered, AD and BCE. We now cluster

them. BCE
N
e AN
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Example
 Now we have clustered everything.

ABCDE\
/ "
S A

A D
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Analysis

e Hierarchical clustering requires:
— O(n?) to compute the doc-doc similarity matrix

— One node Is added during each round of clustering
so there are now O(n) steps

— For each clustering step we must re-compute the
DOC-DOC matrix. Thisreqguires O(n) steps.

— S0 we have:
—n?+ (n)(n) =0(n?) -- soitsvery expensive.
— For 500,000 documents n? is 250,000,000,000!!



Other Clustering Algorithms

e One-pass
e Buckshot
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One pass Clustering

e Choose adocument and declareitto bein a
cluster of size one.

 Now compute distance from this cluster to
all remaining nodes.

 Add “closest” nodeto the cluster. If no
node isreally close (within some threshold),
start a new cluster between the two closest
nodes.
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Example

e Choose node A asthefirst cluster

 Now compute SC(A,B), SC(A,C) and
SC(A,D). B isthe closest so we now cluster
B.

C
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Example

« Now we compute the centroid of the cluster just formed
and use that to compute SC between the cluster and all
remaining clusters. Letsassume itstoo far from AB to E,
D, and C. So now we choose one of these non-clustered
element and place it in acluster. Letschoose E.

E

B

o :
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Example

* Now we compute the distance from Eto D and E
to C. Eto D iscloser so we form acluster of E
and D.

o :
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Example

* Now we compute the centroid of D and E and use
that to compute the SC(DE, C). It iswithin the
threshold so we now include C in this cluster.

o :
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Example

* Now we compute the centroid of D and E and use
that to compute the SC(DE, C). It iswithin the
threshold so we now include C in this cluster.




Analysis of One Pass

N passes as we add one node for each pass
First pass requires n-1

Second pass requires n-2

Last passisl

So we have 1+2+3...+n=(n)(n-1) / 2

O(n) + O(n?)

Note: Constant Is lower for one pass but we
are still at O(n?) 2



Effect of Document Order

e Hierarchical clustering we get the same
clusters every time

e One pass clustering, we get different
clusters based on the order we use to
process the documents
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Buckshot Clustering

* Relatively recent technique (1992).

e Goal Isto reduce run time to O(kn) instead
of O(n?) where k isthe number of clusters.
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Bucksnot Algorithm

Randomly select d documents whered is
SORT (kn)

Cluster these using any hierarchical clustering
algorithm. We now have kn clusters.

Compute the centroid of each of the kn clusters

Scan remaining documents and assign them to the
closest of the kn clusters.

Thisrequires O(kn) + O(kn) + O(kn)
Note if kissmall, thisis close to O(n)
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Summary

* Pro

— Clustering can work to give users an overview
of the contents of a document collection

— Also can reduce the search space
e Con
— Computationally expensive

— Difficult to identify which cluster or clusters
should be searched
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