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As a type of relevance feedback, Scatter/Gather demonstrates an inter active approach to relevance
mapping and reinforcement. The Scatter/Gather model, proposed by Cutting, Karger, Pedersen,
and Tukey (1992), is well known for its effectiveness in situations where it is difficult to precisey
specify a query. However, online clustering on a large data cor pus is computationally complex and
extremely time consuming. This has prohibited the method’s real world application for responsive
services. In this paper, we proposed and evaluated a new clustering algorithm called LAIR2, which
has linear worst-case time complexity and constant running time average for Scatter/Gather
browsing. Our experiment showed when running on a single processor, the LAIR2 online clustering
algorithm is several hundred times faster than a classic parallel algorithm running on multiple
processors. The efficiency of the LAIR2 algorithm promises real-time Scatter/Gather browsing
services. We have implemented an online visualization prototype, namely, LAIR2 Scatter/Gather
browser, to demonstrateits utility and usability.

Introduction

Effective and efficient browsing methods for large text collections have been widely examined in
recent years. Among existing implementations of various browsing methods, Scatter/Gather browsing is
well known for its ease of use and effectiveness in situations where it is difficult to precisely specify a
query (Cutting et al.., 1992, Hearst & Pedersen, 1996). It combines search and interactive navigation by
gathering and reclustering user-selected clusters.

The Scatter/Gather browsing method was first proposed by Cutting et a.. (1992). In each iteration of
this browsing method, the system scatters the dataset into a small number of clusters/groups, and presents
short summaries of them to the user. The user can select one or more of the groups for future study. The
selected groups are then gathered together and clustered again using the same clustering algorithm. With
each successive iteration the groups become smaller and more focused. Iterations in this method can help
users refine their queries and find the desired information from alarge data collection.

Since the Scatter/Gather method requires online clustering on a large data corpus, fast clustering
algorithms are essential. Two linear time clustering algorithms, namely the Buckshot and the Fractionation,
were implemented for the original Scatter/Gather method (Cutting et al.., 1992). Both algorithms have
O(kn) time complexity, where k is the number of desired clusters and n the total number of documents. As
compared to the Buckshot, the Fractionation algorithm is alittle slower but with higher accuracy. Although
better than a quadratic time complexity, O(kn) is not fast enough for large document collections. Jensen,
Beitzel, Pilotto, Goharian, and Frieder (2002) proposed and evaluated a parallel version of the Buckshot
algorithm, which achieved a O(nlogn) time complexity.

Cutting, Karger, and Pedersen (1993) proposed an algorithm that used a precomputed hierarchy of
meta-documents for further expansion of selected items and reclustering of the subset. Only dealing with a
subset of M meta-documents in each iteration, the algorithm achieved constant interaction-time for
Scatter/Gather browsing. However, the reclustering processis not efficient enough for real time interaction
because M cannot be too small (M>>k, the number of clusters needed). On the other hand, by summarizing
descendant documents, meta-documents might be too large to be reclustered efficiently, or too small to be
accurately representative.

Resear ch Focus and Objectives



Our research focuses on the design and evaluation of a new algorithm for responsive online clustering
in Scatter/Gather. The new algorithm takes advantage of a precomputed hierarchy but does not rely on
meta-documents for reclustering. We elaborate on our algorithm below and compare it to the approach
proposed by Cutting et al.. (1993).

The Proposed LAIR2 Algorithm

We present an new clustering algorithm called LAIR2, which can greatly improve the response time of
Scatter/Gather browsing sessions. The algorithm is composed of two phases. In the offline phase, a cluster
hierarchy is generated using traditional hierarchical clustering algorithms. Later in the online phase,
drawing on the previously generated hierarchy, the online LAIR2 algorithm is used to cluster user selected
data itemsin almost constant time.
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Figure 1. A dendrogram shows how the clusters are agglomerated hierarchically. By cutting the tree at
different heights, different number of clusters can be generated. For example, the dashed line in this figure
generates five clusters from the dendrogram

In the first phase of the LAIR2 clustering algorithm, an arbitrary agglomerative (or divisive) hierarchical
algorithm can be used to construct the dendrogram. The result is represented by a sequence of the
agglomerated pairs of data points. Table 1 shows a possible agglomeration sequence of the dendrogram
shown in Figure 1.

Table 1: A possible agglomeration sequence of a dendrogram

Seq. No.

Cluster 1

Cluster 2

Similarity

New Cluster No.

1

1

2

0.94

n+1
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2 12 13 0.89 n+2
3 5 6 0.70 n+3
4 9 10 0.69 n+4
n-1 2*n-5 2*n-2 021 2*n-1

In each iteration for online reclustering, we decide upon the initial k centroids by making use of the
agglomeration sequence constructed in the first phase. Suppose the desired number of the clustersisk and
the number of the clustersin the user selected subset is k', and obvioudly there exists k'<k. Now the problem
is transformed to finding k centroids of the data points which are previously clustered into k' groups.
Instead of calculating the k centroids from nothing, we make use of the previous knowledge, the
agglomeration sequence table.

Since we aready have k' centroids in the current working data collection, we just need to find more
centroids to make the total number of centroids equal to k. To achieve this, we split the current k' clusters
according to the precomputed dendrogram in atop-down manner. We scan the dendrogram from the top (or
the Table 1 from the bottom), skipping those cluster pairs which have at least one cluster out of the current
working data collection. After the first cluster pair whose data points are al in the working collection is
found, we split it by removing this entry and adding its two subclustersto appropriate positionsin the table.
This process is repeated until k—k' clusters have been split, which means k centroids have been identified
for the current data collection. The updated agglomeration sequence table is kept for later use in the next
Scatter/Gather iteration. The whole processis aso illustrated in Figure 2 (a), (b), and (c).
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Figure 2: Reclustering for online Scatter/Gather

Since the size of the agglomeration sequence table is n—1, the worst case time of the split process is
n+k—k'-2, which is O(n). In most cases, the split process will stop in c(k—K') steps, where c is a constant
related to k and k’. So this algorithm has a constant time complexity (Liu, Mostafa, & Ke, 2007).
Discussion

The LAIR2 online clustering algorithm is potentially faster than the original Buckshot algorithm, which
has O(kn) run time. Another advantage of this algorithm is that it has the same clustering accuracy as the
common hierarchical clustering algorithms, which normally require quadratic running time. Compared to
hierarchical clustering algorithms, the buckshot a gorithm generally has much lower accuracy since it only
works on a small random subset to calculate the initial centroids. For the offline phase, incremental
hierarchical clustering algorithms may be used to do periodic update (Sahoo, Callan, Krishnan, Duncan, &
Padman, 2006, Can, 1993).
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Our agorithm looks similar to the one proposed by Cutting et al.. (1993). They both use a precomputed
hierarchy for rescattering and achieve constant interaction-time. One might question the value of the new
algorithm here because of the similarities. Nonetheless, there are severa essential differences. Firstly,
although both are of constant interaction-time, our approach simply traverses the hierarchy and expand the
selected clusters without online reclustering. This further improves the online interaction efficiency,
essential to a system that provides responsive services.

Secondly, our approach remains flexible for a user to select any clusters in each iteration. Although
Cutting et al.. (1993) observed that approaches of this kind are too “restrictive” and can serve “only one
cluster” at each presentation, this is not necessarily the case. Whereas Cutting et al.. (1993) focus on
coarse-grained patterns of local subsets by reclustering meta-documents, our approach maintains a global
view of the local ones and reasonably ignores local reclustering. No evidence has shown that local
reclustering produces more relevant results to the users. Previous research has supported the useful ness of
traversing a hierarchy without reclustering. Crouch, Crouch, and Andreas (1989) built an interactive
browser based on a cluster hierarchy of a hypertext collection, which was revealed to be sufficiently
comprehensive and flexible enough to support a variety of user searches.

Efficiency Evaluation

Setup

The experiments for the sequential and parallel Scatter/Gather clustering algorithms were conducted on
research SP cluster at the Research and Academic Computing Center of Indiana University. The research
SP cluster is a distributed-memory system consisting of 144 nodes with a total of 646 processors. Each
node on the Research SP runs an AlX system. Experiments were conducted on idle nodes of the research
SP. All the sequential and parallel clustering algorithms tested in our experiments were written in Java,
using JDK 1.4 and mpiJavalibrary, a wrapper for native IBM MPI interface. Experiments were conducted
on a cancer dataset and the 2005 Medical Subject Heading (MeSH) list downloadable from the NCBI
PubMed (Lipscomb, 2000). The cancer dataset consists of 51,783 records containing title and abstracts.

Experiment Process and Results

In our experiments we examined both a parallel version of the Buckshot algorithm proposed in (Jensen et
a.., 2002) and the LAIR2 clustering algorithms in multiple Scatter/Gather browsing sessions. In each
session, both clustering algorithms were used to do online clustering in 10 successive iterations. In each
iteration of the Scatter/Gather browsing session, half of the previously generated clusters were randomly
selected as the base set on which a further clustering were conducted. For the parallel Buckshot algorithm,
8 processors were used to generate clustersin paralel. For LAIR2 clustering, only one processor was used.

Table 2: Clustering time for Scatter/Gather browsing (k=32 clusters)

Time (9) Parallel Backshot LAIR2

Iteration (8 processors) (1 processor)
Iteration 1 2642 x 101 3533x 1074
Iteration 2 1.379x 10t 1813x 1074
Iteration 3 9.177 x 10° 2329x 1074
Iteration 4 3.596 x 100 6.715 x 10_4
Iteration 5 2563 x 100 9.348x 1074
Iteration 6 1367 x 10° 2530 10°°
Iteration 7 1.036 x 10° 1422 % 102
lteration 8 6.110x 107+ 9.008x 1073
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Iteration 9 4525 101 1.984x 1072
Iteration 10 3406 x 10~ L 3.334x 1072
Average 5936 x 100 8.134x 10°°

Table 2 shows the clustering time of each iteration in a Scatter/Gather browsing session using both two
clustering algorithms. In thistest, 32 clusters were generated in each iteration. After one clustering iteration
was done, 16 out of the 32 clusters were randomly picked to be the base of the next iteration, which
simulated user selection. From this table we can see that the average response time in a Scatter/Gather
browsing session using paralel Buckshot algorithm is around 6 seconds, which is a little slow for
interaction time. When using the LAIR2 clustering algorithm, the average response time of a
Scatter/Gather browsing session was reduced to several milliseconds. As it is shown in the table, the
clustering speed of LAIR2 running on a single processor is severa hundreds times faster than the parallel
Buckshot algorithm running on 8 processors.

Table 3: Clustering time for Scatter/Gather browsing (k=64 clusters)

Time () Parallel Backshot LAIR2

Iteration (8 processors) (1 processor)
Iteration 1 4.905 x 10% 1.012x 1073
|teration 2 2585 X :|_0:L 1.059 x 10_3
Iteration 3 1.446 x 101 1.193 x 10_2
Iteration 4 9.632 x 10° 1942x 1073
Iteration 5 2343 X 100 4.030 x 10_3
Iteration 6 1.231x 109 1776 x 102
Iteration 7 1.075x 10° 2.261x 1072
Iteration 8 5107 x 10~ L 3.789x 1072
Iteration 9 3.409x 101 4.072x 1072
Iteration 10 5364x 10~L 5.668x 1072
Average 1.165x 10% 1,957 x 1072

Table 3 shows the clustering time when the number of target clusters were set to 64. When the parallel
Buckshot algorithm was used, the average response time in a Scatter/Gather browsing session was around
12 seconds, which is amost unacceptable for online browsing. Considering the paralel Buckshot
algorithm achieves a near linear speedup (Jensen et al.., 2002), the response time will be even worse when
using less processors. However, the average response time of the LAIR2 algorithm in this case is 20
milliseconds, which is still quite satisfying. To examine the scalability of the LAIR2 agorithm, we tested it
using various number of documents and target clusters in a simulated dataset. The results are plotted in
Figure 3 (a) and (b).
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Figure 3: Reclustering for online Scatter/Gather

As Figure 3 (a) shows, when the number of target clustersis set to 256, the average response time of the
LAIR2 clustering algorithm is around 0.4 seconds on a dataset of 256,000 documents. Only when the
number of target clustersincreasesto 512, the response time of LAIR2 startsto increase rapidly. However,
in real situations, 512 is a extremely huge number. We would reasonably expect a user to request for 10 -
20 clusters in each Scatter/Gather iteration.

Figure 3 (b) shows that the number of target clusters is a dominating factor in the response time. The
number of documents to be clustered contributes much less to the time, especially when the number of
target clustersissmall. Thisresult demonstrates that the LAIR2 clustering algorithm has an almost constant
running time. This efficiency improvement is very important to the Scatter/Gather method, which relies
heavily on online clustering. It will enable real world applications to provide responsive Scatter/Gather
servicesto real time users.

Scatter/Gather Visualization Prototype

A limited number of user studies have been performed on Scatter/Gather interfaces. Hearst and
Pedersen (1996) evaluated Scatter/Gather browsing on the TREC-4 interactive track collection.
Specificaly, they analyzed how often the subjects chose the cluster with the largest number of relevant
documents after issuing the first search and re-clustering the results by means of the Scatter/Gather
function. Their study, which involved four graduate students each issuing 13 queries, found that users
predominately chose the cluster with the largest number of relevant documents. The shown efficiency of
the LAIR2 algorithm will enable real world applications to provide responsive Scatter/Gather services to
users, who, according to Hearst and Pedersen (1996), “are able to take advantage of the benefits that
clustering can provide.” To demonstrate its utility, we have implemented a prototype system called LAIR2
Scatter-Gather browser to serve online users. Using visualization techniques, this browser will help users
refine their search and narrow down search results interactively and visually.

System Information Flow

Figure 4 shows an information flow of the Scatter/Gather system. It begins with preprocessing a text
collection: term extraction, stopword removal, term weighting, and indexing. The processed
document/term matrix is stored in a database, which is then used by the online browser for clustering and
document retrieval. When a user comes in, the system clusters the whole collection and presents the
top-level results (7 clusters by default). The user can select favored clusters and “ Gather & Scatter” them to
produce new clusters. This continues to refine the search results until the user is satisfied.
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Figure 4: System information flow

System User Interface

Figure 5 shows the prototype interface, which is purely HTML-based and reside in a Web browser. The
Scatter/Gather browser has successfully integrated two text corpora respectively: one is a
computer/information science literature of 6,000 text documents manually collected; the other is a
modified version of the TREC 2005 High Accuracy Retrieval from Documents (HARD) track containing
33,660 news articles. The two versions share the same interface and are available on the public Web
through: http://lair.ils.unc. edu/ sgbrowser/browser/. As shown in Figure 5, the user
interface includes the following elements.
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Figure 5. System User Interface

« Back button: can be used if the user wants to return to the previous cluster selection at any timein
the Scatter/Gather process.

e Cluster: visualized by color-coded circles, is a group of documents in the database which are
similar/related to each other.

* Cluster size: determined by the number of documents that belong to the cluster. Note that it is based
on alog function of the number in order to visualize very large and very small clusters.

e Cluster color: determined based on the homogeneity of the given cluster—the warmer the color, the
higher the level of homogeneity of that cluster.
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e Cluster position: determined by the similarity of two given clusters—the closer the clusters, the
higher their similarity.

» Gather & Scatter button: function for iterating through the database after selecting the desired
cluster/s. If the button is clicked without selecting any of the clusters, an error message is displayed
asking the user to select at least one cluster.

« Home button: takes the user back to the main introduction page of the Scatter/Gather browser.
* Reset button: resets the Scatter/Gather browser to its default initial state.

« Slider: used to increase or decrease the number of clusters to be displayed on the screen after each
iteration. Moving the slider to the |eft decreases the number of clusters desired and vice-versa.

Using the above mentioned functionalities, the system operatesin the following way. Theinitial index page
of the Scatter/Gather browser shows, by default, seven clusters/nodes displaying seven main topics of the
text collection. These clusters are arranged near or away from each other, based on the similarity of the
associated documents. Moving the cursor over a specific cluster displays more information about it in the
middle window.

The list of articles related to the shown clusters is displayed in the bottom window. The initial article
list shows the ten most relevant documents with brief descriptions and links to related, detailed information.
Linksto additional document lists appear at the bottom of this current list.

I(a).Session 1 .(b) Séssion 2 (© ééssion 3

Figure 6: Scatter/Gather Iterations

Figure 6 exemplifies Scatter/Gather search iterations. For searching on a desired topic, the user selects one
or more clusters by clicking on the cluster/s. A blue border appears around the selected cluster/s,
identifying it as chosen for further iteration. To deselect the cluster, the user clicks again on the same
cluster and the blue border disappears. To produce the iteration, the user presses the Gather & Scatter
button, located on the top left side of the window. This produces a new display of clusters, showing
information related to the selected cluster/s. The number of clusters to be displayed can be changed (from 3
to 15) at any point in the process. This is done by means of the slider provided on the top right side of the
window.

Conclusion

We have designed a new algorithm for Scatter/Gather browsing, namely, the LAIR2 clustering, which
achieves near constant response time in each Scatter/Gather iteration. This algorithm requires the
construction of a cluster hierarchy using any hierarchical clustering algorithms in the offline phase. A
linear table is then used to store the cluster hierarchy for the online phase clustering.
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On a data collection containing tens of thousands documents, the fast online clustering algorithm runs
several hundred times faster than the parallel Buckshot algorithm. When the size of data collection
increases to hundreds of thousands, the clustering time of the LAIR2 algorithm is still satisfactory. This
efficiency promises real world applications that deliver responsive services to the end users. We have
implemented an online visualization prototype, namely, the LAIR2 Scatter/Gather browser, to demonstrate
its utility. Future research will involve evaluation of LAIR2 clustering quality and usability of the
Scatter/Gather visualization.
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