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Appendix A
Hierarchical Agglomerative Clustering

Hierarchical clustering [128] can be agglomerative (bottom-up) or divisive (top-down).
Here we specify the HAC algorithm applied in our study. Assume we have a document
set D = {di}N

i=1, a similarity metric sim(d1,d2) that measures the similarity between
two documents, and a linkage criterion L(c1,c2) that measures the similarity between
two clusters. The HAC algorithm is described as follows [120]:

1. Treat each document as a cluster. Compute a proximity matrix containing the
(dis)similarity between each pairs of clusters using L(·).

2. Find the most similar pair of clusters using the proximity matrix. Merge these
two clusters into one cluster. Update the proximity matrix to reflect this merge
operation.

3. If all documents are in one cluster, stop. Otherwise, go to step 2.

Different (dis)similarity metrics can be applied as sim(·) [120]. In this thesis we use
the cosine similarity. Various linkage criteria were proposed in the literature [119, 133,
231, 253]. Here, we specify three commonly used linkage criteria that were used in
this thesis, namely, single-linkage [231], complete-linkage [133] and Unweighted Pair
Group Method with Arithmetic mean (UPGMA) [119].

The single linkage criterion measures the similarity between two clusters ci,c j by
the maximum similarity between the documents from each of the clusters.

Lsingle-linkage(ci,c j) = max{sim(dl,dm)|dl ∈ ci,dm ∈ c j}. (A.1)

The complete linkage criterion measures the similarity between two clusters by the
minimum similarity between the documents from each of the clusters.

Lcomplete-linkage(ci,c j) = min{sim(dl,dm)|dl ∈ ci,dm ∈ c j}. (A.2)

The UPGMA linkage criterion measures the similarity between two clusters by the
average similarity between pairs of documents from each of the clusters.

LUPGMA(ci,c j) =
1

|ci||c j| ∑
dl∈ci,dm∈c j

sim(dl,dm). (A.3)
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Figure A.1: Example of the dendrogram generated using a HAC algorithm using single
linkage. Figure A.1(a) shows the data points to be clustered in a two dimensional space;
and Figure A.1(b) shows the dendrogram generated on this data.

The output of the HAC algorithm is a nested hierarchy of graphs, referred to as dendro-
gram, which can be cut at a desired (dis)similarity level forming a partition (clustering)
of documents. Figure A.1 shows an example of dendrogram generated using single
linkage.


