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Clustering and Classification of Large Document Bases

in a Parallel Environment
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Development of cluster-based search systems has been
hampered by prohibitive times involved in clustering
large document sets. Once completed, maintaining clus-
ter organizations is difficult in dynamic file environ-
ments. We propose the use of parallel computing sys-
tems to overcome the computationally intense cluster-
ing process. Two operations are examined. The first is
clustering a document set and the second is classifying
the document set. A subset of the TIPSTER corpus, spe-
cifically, articles from the Wall Street Journal, is used.
Document set classification was performed without the
large storage requirement (potentially as high as 522M)
for ancillary data matrices. In all cases, the time perfor-
mance of the parallel system was an improvement over
sequential system times, and produced the same clus-
tering and classification scheme. Some results show
near linear speed up in higher threshold clustering appli-
cations.

Introduction

The growth of electronically available information is
staggering. Magazines and newspapers are available in
electronic mediums. Formal correspondence, once deliv-
ered as a physical entity (hard copy), can now be sent
eectronically from one computer directly to another. EA{
mail has taken on a significant role as a means of corre-
spondence. A paper trail in today’s environment may, in
actuality, be a series of electronic correspondence. With
the growth of electronic text-based information increas-
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ing, information retrieval systems must be prepared to
process large amounts of data. As systems become inun-
dated with more and more information, it may not be
possible for people to fully understand what they have
collected. The ability to produce information that catego-
rizes the data, that is, the ability to produce metadata, is
in many cases as important as identifying specific pieces
of data within a document set.

The ever-increasing size, coupled with the increasing
requirements to classify, group, and process the document
sets, all within nonprohibitive execution times, motivates
the use of parallel processing computers. Parallel informa-
tion retrieval focuses on this particular domain (Pogue,
1988; Rasmussen, 1991; Reddaway, 1991). Query pro-
cessing assumes an organized data set as input. We, how-
ever, rely on parallel computing to organize the data by
performing two cluster preprocessing operations. The first
operation is clustering the document set, The second oper-
ation is classifving| the document set. Each operation will
be discussed in depth along with a presentation of results
attained using a subset of the TIPSTER corpus, specifi-
caly, articles of the Wall Street Journal from 1987, 1988,
and 1989. For each parallel operation, the resulting docu-
ment organization is the same as that created by its respec-
tive sequential processes.

Previous work in paralel environments focused on the
SIMD model (Olsen, 1995; Pogue, 1988, Rasmussen &
Wilet, 1989; Reddaway, 1991; Willet, 1988). We per-
formed our studies based on the MIMD model. Specifi-
cally, our work was done on an Intel Paragon. This archi-
tecture is a 2-D mesh of nodes. Each of the 352 GP nodes
consists of two Intel i/860XP| processors and 32M of
memory. Effects of message passing and file sharing un-
der the MIMD model are also discussed.
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Parallel Clustering

Clustering is a means of placing significant amounts
of data into a comprehensible number of categories ( An4
derberg| 1973). Clustering methods are chosen based on
their general acceptability within an application area
(Dahlhaus, 1992; Jain & Dubes, 1988; Rasmussen & Wil-
let, 1989; Willet] 1988)/ In the area of information re-
trieval, clustering schemes based on the vector-space
mode! are the acceptable norm.

Vector Formation

The document vector, comprised of T1 unique terms, is
the only representation of a document used in the cluster-
ing process. Consider a document set consisting of three
terms A, B, I'. Document D, has a vector representation
of (a, Bl y)]with @ the weight of occurrences of A, A
the weight of occurrences of B, and ¥ the weight of
occurrences of I'. It is possible to create a binary vector,
in which case «. 3] 7 would take on values of 1 or O.
However, approaches using weighing schemes have
shown such marked performance increases that their use
is preferred (Kwok, 1990). Within the scope of this arti-
cle, term weights were based strictly on the appearances
of words within a document.

A cluster vector has the same format as a document
vector. Thal is. a series of term weights. The net result
is that the cluster vector represents the mathematical aver-
age of all the documents that comprise that cluster.

Cluster Formation

The single-pass method is one of many methods for
forming clusters within the field of information retrieval
(Salton, 1989). It is a rather simple approach for cluster-
ing. Basically, a document is compared to all existing
clusters in turn. If athreshold for a measure of similarity
is exceeded, the document is added to that cluster. If a
document cannot be placed in a cluster, it forms a new
cluster against which subsequent documents will be com-
pared as well. Because clusters are examined in the order
they were formed, the early clusters tend to be larger than
clusters formed later in the process. Also, the clusters
formed are based on the order in which documents are
accessed. Thus, the composition of any given cluster, and
even the number of clusters themselves, is order depen-
dent.

For a comparison to be made for the single-pass
method in a paralel environment, it is critical to maintain
both the order in which documents are accessed and to
ensure the documents are compared and placed in clusters
in the same order as in a sequential environment. These
constraints are addressed in detail in later sections.

Before the clustering process begins, there must be a
decision on when two documents are considered similar.
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This is done through a measure of similarity. If a predeter-
mined threshold is exceeded, then the document’ and clus-
ter are considered similar. The document gets placed in
the cluster, and the cluster vector is adjusted as needed.
While there are many measures of similarity associated
with clustering, there is no single best method (Salton|
1989). However, one of the more popular, and the one
we used, is the Cosine Coefficient, shown below:

COSINE(C;| Y) =

c;4 = Weight of the ith term of cluster C;

!

y; = Weight of the ith term of document Y (1)

Initially, there are no clusters. The first document, D,
by default, becomes the first cluster, C, | The second docu-
ment, D, is compared using the cosine coefficient. If the
threshold is exceeded, i.e.,, COSINE (C] D;) = ('] Di is
placed in cluster C, otherwise it forms a new cluster,
C,. The next document is compared to C| and C., where
it either is placed in one of the two clusters or forms its
own. This process continues for each document.

Parallel processing provides an opportunity to compare
a document to more than one cluster at atime. If C| and
CJ are on separate processors, the incoming document can
be compared to C| and C, simultaneously. It is possible to
compare each incoming document to as many as P clus-
ters, where P is the number of processors in the system.
P is finite in practice, so it is necessary to apportion the
clusters among processors. This is done in a round-robin
fashion. Thus, the number of clusters assigned to any
given processor can be at most one greater than the num-
ber of clusters assigned to any other processor.

A two-phased message scheme ensures documents are
properly accessed and placed. During phase one, the proc-
essors are primarily concerned with comparing a docu-
ment to their clusters. Once it finds a cluster that exceeds
the threshold, it signals the other processors. Once leaving
phase one, a processor cannot be signaled with the same
type message. A second message is needed. This second
message serves two functions. First, it is an arbitrator. It
takes a value of a potential cluster from each processor
and determines which processor found the lowest num-
bered cluster. The designated processor modifies or cre-
ates a cluster vector accordingly. The second major func-
tion of the phase two message is to serve as a synchroniz-
ing point to ensure a decision is made on each document
before the next document is processed.

Vector Implementation|

A document vector must account for each of the T
terms in the document set. A document vector is a series
of tuples] The first element of the tuple represents the
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weight of a unique term, and the second element of the
tuple represents the administrative number of that unique
term. To facilitate subsequent operations, the first tuple
in the document vector has a special meaning. The first
element of this tuple represents the total number of words
appearing in the document. The second element of the
tuple represents the total number of unique terms within
the document vector.

The cluster vector also needs to account for each of the
T unique terms. It uses the same format as the document
vectors. The first element of the tuple represents the
weight of a term within the cluster, and the second ele-
ment of the tuple is the administrative number of that
unique term. The first tuple of the cluster vector, like the
first tuple of the document vector, provides information
on the total number of words within the cluster and the
total number of unique terms within the cluster. To mini-
mize overhead, the clusters were physically implemented
as linked lists. Each element of the linked list is a record
representing the two element tuple.

The physical implementation of the document vectors
is more complex. The primary concern was that each
processor must access the same files at the same time.
This lead to significant problems with file I/O. It is known
that file I/O can be a system bottleneck and that perfor-
mance for I/0 is highly system dependent (de Rosario &
Choudhary, 1994). There are several other concerns with
file /0, such as system load, over which the user has
very little control.

The Intel Paragon offers several methods for file ac-
cess. These are categorized based on the level of synchro-
nization inherent in each mode. A detailed description of
the performance characteristics of each mode is provided
by Nastea and colleagues (1996). The M_UNIX mode,
which provides each processor with a unique file identifier
for shared files, along with a block size of 64K, was
selected.

The individual document vectors were packed into a
single file such that no document was split across file
blocks. The first tuple of each document indicates how
many tuples were in that vector, that is, the number of
unique words. Each document vector begins at some off-
set from the beginning of its block. This offset is simply
the sum of the header tuples of the previous documents.
Block reading is done asynchronously. While the last
vector of a block is processed, the next block is read.

The above details and considerations are not unique
to this application. In fact, they are implementation
rather than application oriented. However, in the context
under which the research was performed, such details
are important. Many times, when issues dealing with
processing data are examined, the time to read that data
into the system is considered problematic. That is, it is
so system and load dependent that its description detracts
from the processes in question. However, the computing
environment was based on strictly enforced run-time

limits. The time to read data into the system subtracts
from the available time the processors can perform the
clustering process. Therefore, the time to have data enter
the system is not problematic, but integrally embedded
into the overall process. Isolating reading from cluster-
ing was not possible.

Results

The experiments were run under several parameters.
These parameters are:
(a) D, the number of documents in the document set; (b)
19, the order in which the document vectors are accessed;
(c) C, the threshold value for the Cosine Coefficient; and
(d) I, the number of processors in the system.
A permutation is defined using the notation [ 1, 0, (', P].

There are two orders represented. The first is a random
ordering (R) of the document set. The second ordering
is based on the number of unique words (UA) per vector.
In other words, the documents were arranged in ascending
order such that the first document accessed had the least
number of unique words, and the last document accessed
had the most unique words. Three thresholds, 0.2, 0.5,
and 0.8, were selected for the Cosine Coefficient. These
were selected to give a range of clusters formed under
the process. [n general, the higher the coefficient thresh-
old, the larger the numbers of clusters formed, and those
clusters will be tighter, Some document sets were too
large to be executed on one or two processors within
allocated system time constraints. For most combinations,
increasing the number of processors stopped when it was
evident that performance, based on speed up, was not
improving. Times listed in all tables, and depicted on all
graphs, are in seconds and include message-passing and
file-reading time.

Cluster Data. Table 1 provides some statistics of the
clusters formed under the process. Because the resulting
clustering scheme produced by the parallel single-pass
algorithm is the same as that created by a sequential ver-
sion of the algorithm, detailed analysis of the composition
of the clusters was not performed. The general pattern is
similar regardless of document set size and order. As the
coefficient increases, the numbers of clusters increases.
The single-pass method “‘tends to result’” in uneven sized
clusters, The standard deviation of the average number
of documents per clusters highlights this tendency. As
seen by the table, the tendency for uneven clusters appears
to be related to the document order as well as the threshold
value of the coefficient. When examining the UA data,
the clusters tend to be larger, but the standard deviation
of those clusters indicates they are more evenly sized.

Run Data. Table 2 depicts the times and speed up
attained when executing the program on the 5000 and
10,000 document vector, random set. The number of proc-
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