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ABSTRACT

PERSONALIZED AND COLLABORATIVE CLUSTERING OF SEARCH

RESULTS

by

Dragos Anastasiu, B.A.

Texas State University-San Marcos

August 2011

SUPERVISING PROFESSOR: BYRON J. GAO

Organizing and presenting search results plays a critical role in the utility of

search engines. Due to the unprecedented scale of the Web and diversity of search

results, the common strategy of ranked lists has become increasingly inadequate,

and clustering has been considered as a promising alternative. Clustering divides a

long list of disparate search results into a few topic-coherent clusters, allowing the

user to quickly locate relevant results by topic navigation. While many clustering

algorithms have been proposed that innovate on the automatic clustering procedure,

I introduce ClusteringWiki, the first prototype and framework for personalized

clustering that allows direct user editing of the clustering results. Through a Wiki
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interface, the user can edit and annotate the membership, structure and labels of

clusters for a personalized presentation. In addition, the edits and annotations can

be shared among users as a mass-collaborative way of improving search result

organization and search engine utility.



CHAPTER I

INTRODUCTION

We live in the information age. Billions of documents on all topics imaginable are

connected and accessible on the Web through the simple concept of the hyperlink.

Yet the sheer size of the Web makes browsing to locate desired information a

daunting task. Web search attempts to alleviate this problem by connecting short

phrase queries to relevant documents on the Web, which are generally displayed in a

flat ranked list.

Every day millions of people search the Web, unaware of the complexity

involved in matching their query with the information they seek. They hope that

the exact search results they are looking for will be displayed as soon as they

execute their query. However, queries are inherently ambiguous and search results

are often diverse with multiple senses. With a list presentation, the results on

different sub-topics of a query will be mixed together. The user has to sift through

many irrelevant results to locate those relevant ones.

With the rapid growth in the scale of the Web, queries have become more

ambiguous than ever. For example, there are more than 20 entries in Wikipedia for

different renown individuals under the name of Jim Gray, including a computer
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scientist, a diplomat, a linguist, a poet, a turbine design engineer, a filmmaker, and

so on. Suppose we intend to find information about Jim Gray, the Turing Award

winner, we can issue a query of “Jim Gray” in Yahoo!1. For this extremely famous

name in computer science, only 2 are relevant in the top 10 results.

The way search results are organized and presented has a direct and significant

impact on the utility of search engines. While the flat ranked list presentation is

acceptable for homogeneous search results, the diversity of search results for most

queries has increased to the point that we must consider alternative presentations

by providing additional structure to flat lists so as to effectively minimize browsing

effort and alleviate information overload [Carpineto et al., 2009; Hearst and

Pedersen, 1996; Pirolli et al., 1996; Zamir and Etzioni, 1998]. Over the years

clustering has been accepted as the most promising alternative.

Clustering is the process of organizing objects into groups or clusters that

exhibit internal cohesion and external isolation. Based on the common observation

that it is much easier to scan a few topic-coherent groups than many individual

documents, clustering can be used to categorize a long list of disparate search

results into a few clusters such that each cluster represents a homogeneous sub-topic

of the query. Meaningfully labeled, these clusters form a topic-wise non-predefined,
1Other choices of search engine in this example would not change the validity of the observations.

Also note that search results and their ranks may change over time.
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faceted search interface, allowing the user to quickly locate relevant and interesting

results. Evidence shows that clustering improves user experience and search result

quality [Manning et al., 2008].

Given the significant potential benefits, search result clustering has received

increasing attention in recent years from the communities of information retrieval

(IR), Web search, and data mining. Many clustering algorithms have been proposed

[Hearst and Pedersen, 1996; Kummamuru et al., 2004; Lee et al., 2009; Pirolli et al.,

1996; Wang and Zhai, 2007; Zamir and Etzioni, 1998, 1999; Zeng et al., 2004]. In

the industry, well-known cluster-based commercial search engines include Clusty

(www.clusty.com), iBoogie (www.iboogie.com) and CarrotSearch

(carrotsearch.com). Carrot2 (www.carrot2.org) is an open source clustering engine

distributed under the BSD license.

Despite the high promise of the approach and a decade of endeavor,

cluster-based search engines have not gained prominent popularity, evident by

Clusty’s Alexa rank [Iskold, 2007]. This is because clustering is known to be a hard

problem, and search result clustering is particularly hard due to its high

dimensionality, complex semantics and unique additional requirements beyond

traditional clustering.

As emphasized in [Wang and Zhai, 2007] and [Carpineto et al., 2009], the

primary focus of search result clustering is NOT to produce optimal clusters, an
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objective that has been pursued for decades for traditional clustering with many

successful automatic algorithms. Search result clustering is a highly user-centric

task with two unique additional requirements. First, clusters must form interesting

sub-topics or facets from the user’s perspective. Second, clusters must be assigned

informative, expressive, meaningful and concise labels. Automatic algorithms often

fail to fulfill the human factors in the objectives of search result clustering,

generating meaningless, awkward or nonsense cluster labels [Carpineto et al., 2009].

In this thesis, I explore a completely different direction in tackling the problem

of clustering search results, utilizing the power of direct user intervention and

mass-collaboration. I introduce ClusteringWiki, the first prototype and framework

for personalized clustering that allows direct user editing of the clustering results.

This is in sharp contrast with existing approaches that innovate on the automatic

algorithmic clustering procedure.

In ClusteringWiki [Anastasiu et al., 2011], the user can edit and annotate the

membership, structure and labels of clusters through a Wiki interface to personalize

their search result presentation. Personalization provides direct and immediate

benefit to the user by reducing user effort spent locating desired results. Edits and

annotations can be implicitly shared among users as a mass-collaborative way of

improving search result organization and search engine utility. This approach is in

the same spirit as other current trends in the Web, like Web 2.0, semantic web,
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personalization, social tagging and mass collaboration.

In social tagging, or collaborative tagging, users annotate Web objects, and

such personal annotations can be used to collectively classify and find information.

ClusteringWiki extends conventional tagging by allowing tagging of structured

objects, which are clusters of search results organized in a hierarchy.

Clustering algorithms fall into two categories: partitioning and hierarchical.

Regarding clustering results, however, a hierarchical presentation generalizes a flat

partition. Based on this observation, ClusteringWiki handles both clustering

methods smoothly by providing editing facilities for cluster hierarchies and treating

partitions as a special case. In practice, hierarchical methods are advantageous in

clustering search results because they construct a topic hierarchy that allows the

user to easily navigate search results at different levels of granularity.

Figure 1.1 shows a snapshot of ClusteringWiki2. The left-hand label panel

presents a hierarchy of cluster labels. The right-hand result panel presents search

results for a chosen cluster label. A logged-in user can edit the current clusters by

creating, deleting, modifying, moving or copying nodes in the cluster tree. Each edit

will be validated against a set of predefined consistency constraints before being

stored.

Designing and implementing ClusteringWiki pose non-trivial technical
2dmlab.cs.txstate.edu/ClusteringWiki/.
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Figure 1.1: Snapshot of ClusteringWiki.

challenges. User edits represent user preferences or constraints that should be

respected and enforced when the same query is next issued. Query processing is

time-critical, thus efficiency must be given high priority in maintaining and

enforcing user preferences. Moreover, complications also come from the dynamic

nature of search results that constantly change over time.

Cluster editing takes user effort. It is essential that such user effort can be

properly reused. ClusteringWiki considers two kinds of reuse scenarios, preference

transfer and preference sharing. The former transfers user preferences from one

query to similar ones, e.g., from “David J. Dewitt” to “David Dewitt.” The latter

aggregates and shares clustering preferences among users. Proper aggregation allows

users to collaborate at a mass scale and “vote” for the best clustering presentation.



CHAPTER II

BACKGROUND

The World Wide Web was created in 1990 as a result on Sir Tim Barners-Lee’s

vision for a decentralized system for information dissemination [Zimmerman, 2000].

Since then it has grown exponentially both in terms of number of users and linked

documents. Today there are over 17.47 billion estimated pages1 on the Web, not

including documents hidden behind web forms or ftp servers (hidden web

documents). This explosion in both the size and depth of the Web makes

“browsing” as the main means of finding Web information obsolete.

The research community has been active over the past several decades,

investigating new methods of analyzing, organizing, and presenting Web documents,

with the goal of minimizing the time spent between executing the user query and

filling the information need. Below I present some of the related research which

either influences or enables the work in this thesis.
1Retrieved from www.worldwidewebsize.com on Tuesday, 14 June, 2011
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2.1 Web Search

Information retrieval (IR) aims to retrieve, from a large collection, those materials

(usually documents) that satisfy an information need [Manning et al., 2008]. When

applied to the Web, IR focuses on free-text documents and multimedia files, and is

better known as Web search.

[ . . . ]

The following tables are from another chapter, included here as an example:

Table 2.1: Efficiency evaluation using Yahoo! data source

Number of results 100 200 300 400 500

Type of clustering F H F H F H F H F H

Retrieving results 0.979 1.018 1.309 1.222 1.615 1.391 1.847 1.579 1.679 1.661

Preprocessing 0.009 0.011 0.052 0.052 0.037 0.037 0.049 0.112 0.152 0.150

Initial clustering 0.004 0.005 0.051 0.040 0.033 0.042 0.104 0.063 0.118 0.144

Applying preferences 0.006 0.007 0.049 0.012 0.015 0.011 0.021 0.015 0.08 0.013

Presenting final tree 0.143 0.172 0.249 0.278 0.341 0.421 0.451 0.66 0.723 0.752

Other 0.396 0.416 0.469 0.524 0.624 0.684 0.558 0.593 0.853 0.912

Total execution time 0.160 0.194 0.401 0.381 0.426 0.511 0.624 0.850 1.073 1.059

Total response time 1.535 1.628 2.179 2.127 2.665 2.585 3.029 3.022 3.604 3.632

Tables 2.1 and 2.2 show the averaged (over 10 queries) runtime in seconds for

all 6 portions of the total response time for the two tested data sources. In addition,

I computed and list the average total execution time, which includes preprocessing,

initial clustering, applying preferences and presenting the final tree. This is the time

that the prototype is responsible for. The remaining time is irrelevant to the way
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Table 2.2: Efficiency evaluation using New York Times data source

Number of results 100 200 300 400 500

Type of clustering F H F H F H F H F H

Retrieving results 0.102 0.113 0.131 0.130 0.285 0.259 0.326 0.338 0.419 0.387

Preprocessing 0.019 0.019 0.067 0.066 0.068 0.069 0.096 0.168 0.189 0.187

Initial clustering 0.005 0.006 0.022 0.025 0.035 0.041 0.053 0.062 0.147 0.196

Applying preferences 0.012 0.011 0.013 0.024 0.018 0.011 0.013 0.017 0.016 0.014

Presenting final tree 0.282 0.279 0.372 0.449 0.591 0.691 0.751 0.872 0.846 0.941

Other 0.338 0.497 0.478 0.678 0.589 0.672 0.625 0.937 0.736 0.868

Total execution time 0.317 0.315 0.473 0.565 0.713 0.813 0.913 1.118 1.197 1.338

Total response time 0.758 0.925 1.083 1.373 1.587 1.744 1.863 2.393 2.352 2.593

the prototype is designed and implemented. From the table we can see that:

• The majority of the total response time is taken up by retrieving search

results, which would be negligible if ClusteringWiki was implemented by a

search company.

• Applying preferences takes less than 1/10 second in all test cases, which

certifies the efficiency of my “path approach” for managing preferences.

• Presenting the final tree takes the majority (roughly 80%) of the total

execution time, which can be improved by using alternate user interface

technologies.



CHAPTER III

CONCLUSION

Search engine utility has been significantly hampered due to the ever-increasing

information overload. Clustering has been considered a promising alternative to

ranked lists in improving search result organization. Given the unique human factor

in search result clustering, traditional automatic algorithms often fail to generate

clusters and labels that are interesting and meaningful from the user’s perspective.

In this thesis I introduced ClusteringWiki, the first prototype and framework for

personalized clustering, utilizing the power of direct user intervention and

mass-collaboration. Through a Wiki interface, the user can edit the membership,

structure and labels of clusters. Such edits can be aggregated and shared among

users to improve search result organization and search engine utility.

Both personalized and collaborative clustering of search results aid users in

locating those search results they seek. Personalized clustering saves user effort by

allowing the user to place results in familiar clusters. Aggregated clustering also

provides significant benefits and is “free,” in the sense that it does not take user

editing effort.

As an alternate method of personalized and collaborative clustering of search

10
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results, I presented ClusteringWiki2, a cluster editing system based on annotations.

With complete control over both positive and negative terms and phrases in

annotations, users can have the same editing freedom as in ClusteringWiki, while

maintaining collaborative transparency.
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