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ABSTRACT
As search applications keep gathering new and skver
information sources, presenting relevant informmatio
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temporal information can help significantly to aogaish
respective tasks. The presentation of relevantrimédion
along a well-defined and understood timeline is an

anchored in time becomes more important. Temporalimportant step to find, for example, the most récen

information is available in every document eithepleitly,
e.g., in the form of temporal expressions, or ikipli in
the form of metadata. Recognizing such
information and exploiting it for document retriévand
presentation purposes are important features tlaat c
significantly improve the functionality of search
applications. In this paper, we present an expboyatearch
interface that uses timelines to present and egpdearch
results. We also describe a prototypical implezbon
that illustrates the main ideas of our approach.
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INTRODUCTION

Current interfaces to search engines typicallygmesearch
results ordered by the relevance of documents feom
document collection to a search query. For thig th
freshness of the information, that is., documentparts
thereof, is considered an important part of theltegiality.
Temporal attributes in Web pages or documents ssch
date, however, are just viewed as some structurtdia to
sort the results in descending order of relevance.

In search situations where the task requires tlosvéing
and exploration of a search result [11], we arghat t

document relevant to a query or the first pointime a
document (based on the temporal information coathin

temporalthe document) is relevant to the query.

Our approach supports the exploitation of temporal
information in documents, and the usage of such
information to anchor search results along a wefiretd
timeline. We believe that such timelines should &e
essential part of every exploratory document segsystem.

Research in using time for retrieval and browsiotivdies
is fairly recent. The use of tags to visualize plsotaken
over a period of time is a good example of how uistne
can be for arranging objects [4]. Furthermoreadtdition
to topic detection and tracking, the discovery offsts in a
stream of content can be useful for the identifcatof
topics [6]. In particular, in settings where a uselooking
for relevant documents in a less familiar domaia,would
like to show peaks of activity (in the form of dacents)
over time that contain information relevant to thser

query.

We agree with previous work that placing searchiltesn

a timeline can facilitate the exploration of infation [1],
[7], [8]. Our approach, however, differs in a numlod
ways. We do not restrict the search space to aopats
desktop environment, because we believe that theeli
should be an integral part of search applicati®tisgel et
al. [8] concentrate on “object” timestamp (e.gdceument,
email message, or presentation), whereas we ude bot
temporal expressions and document metadata as éotum
timestamps alone can often be misleading. Explpitime
temporal expressions embedded within a documeds l&a

a much richer framework for search result explorati

TEMPORAL EXPRESSIONS

A document typically has temporal metadata, suclhas
creation date or modification date. We also obsénae the
content of a document typically htesnporal references to

past and/or future points in time. These tempafdrences

are either (1) explicitly represented, such asta dad time

in a calendar (“March 12, 2004"), (2) denoted asnts that
have an associated time value, such as a holiday



(“Christmas” or “Thanksgivings”), or (3) represedtby a
vague time reference (“by Friday”).

The detection and extraction of time informatiomnfr
documents utilizemiamed-entity extraction techniques [5].
The output of this document preprocessing step tisna-
annotated document, where the desired time infoéomat
and expressions are represented in a specific forima
example, in the form of XML, possibly outside thégmal
document [10]. Named-entity extraction is a verglable
approach, e.g., for the identification of holidagsd does

not just rely on document specific time mappings as

employed, e.g., in an email-calendar based appr@ach

The timeline is made of clusters (labeled by yeany also
provides for more fine-grained cluster exploratfon each
year. It is important to note that if a documens Imore
than one temporal expression, it can appear in e
one cluster, and it can also be ranked differeintijifferent
clusters.

PROTOTYPE IMPLEMENTATION

The document collection consists of approximaté&y,200
journal papers records from the DBLP bibliograpratad
set. Since the data is available in XML format, ivaded
the data into an Oracle database for storage. Xtem®ons

to SQL allow us to use XPath and search features fo

We illustrate the above ideas of exploiting tempora querying the text indexes.

information associated with documents using a ditae
search scenario based on the DBLP bibliographg dat
[3], which contains detailed information about joal;
conference, and workshop publications, in particulse
date of each publication.

TIMELINE CONSTRUCTION
Time has been a subject of study in many discipliaad it
is usually represented as a continuum line witlgiorand

For the visualization part, we use the SIMILE timel

AJAX toolkit [9], for presenting time-based eveni&he

exploratory search prototype is a Web-based apjuita
and no specific plug-in is required.

The interface is organized as follows. The maintisac
takes half of the screen and contains the searclabo the
timeline. The timeline consists of twaands that represent
different time scales: decade and year. Both bearés

no end. We assume a time representation basedieon t synchronized such that panning one band also sctiodl

Gregorian calendar, with a single day being an atdime

interval calledchronon. A timeline consists of a sequence

of chronons, and optionally can have a start andfod
chronon. Consecutives chronons can be groupedioie

coarse-grained timgranules such as weeks, months, years,

etc.

As stated before, our goal is to present searahtsethat
are arranged in a timeline. There are several ways
accomplish this. The most obvious approach is ® the
document metadata for anchoring documents in ditime
Unfortunately, if the time range is large, i.e.,eth

other. The lower band (decade) is much smalleresthe
goal is to show activity in a decade. The upperdbstmows
all articles in a given year. When the user clicksan item
bullet, the bibliographical information is preseahtée.g.,
author, title, journal, etc.). If the user clicka the “EE”
link (electronic copy), the article content is meted in a
separate frame.

Figure 1 shows the exploratory search interfacadtion
for the query results about “compiler”. The systetrieves
all journal articles that contain “compiler” in thile and
returns a hit list clustered by year. All the sdaresults are

documents’ metadata are widespread over a long timenchored in the timeline. If more than one artitads

interval, the timeline might be too fine-grained dan
therefore too large. It thus makes more sense dopga
search result based on a more general, coarsesdriime
granule, such as year, and if needed, allow the tse
explore a particular year chronons at a more fimérgd
level, e.g., at months, weeks, or days.

The timeline construction is based on a clusteailggrithm

that uses temporal expressions extracted from dentsn
and anchoring these expressions in a timeline T2je first

step is to match the query terms with the docuntexit

near temporal expressions. Since our documentatiolie

consist of research articles, all of them havinglication

year as a temporal expression anyway, the relevaratgh

is reduced to whether or not the query terms oatuhe

document.

within a year, the order is based on its relevarmcehe

query. In this example, we can use the lower bargidk a

decade. We can move to the 50s where the earlyrpape
compilers where published or stay in the curremtr ye see
the latest publications. Say we are interestechppeps from
the 60s, because they were very influential. Afelecting
that particular decade, we can see an interestingpar of

articles including the one selected about GIER ALGO

In summary, the user can see all search resu#tgimeline,
observe years of high activity (i.e., many documarg
relevant to the query terms in respective yearg)loee the
items using both bands and then click to selectrtiqular
article. A separate frame shows the complete artisl well
as other information such as related people andatiest
year of a citation.

The search engine retrieves the results by relgvasiong a
traditional tf/idf metric. The resulting hit listsi then
clustered by year and within each year, documengs a
ranked by score.

This output of the search results is an intermediat
representation, which is transformed to the tineelin
visualization format. This is useful in case onentsao use
other timeline visualizations. The toolkit is flelé enough



so it is also possible to show the same informatiora high activity. We believe this type of represemtatof high
vertical timeline. activity is crucial for domains where there is a

Compared to other literature search systems (DBLP,Concentratlon on the research or analysis part.

Google Scholar, etc.), our prototype system alltdvesuser
to see the presence of articles in time as welezss of
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Figure 1. Exploring articles about compilers itinaeline, which is formed by two bands that repnesiecade and year respectively.

compare the results using our approach and existing
bibliographic systems on the Web. For example,ifigd

CONCLUSIONS the first article on a topic or the period of tinveere most
Adding time as part of exploratory search tasks lead of the research for a particular sub-area has beee.
to interesting discoveries. We propose to use defired We would also like to see the influence of timeséarch
timelines as an alternative view for presentingrciea results rather than just popularity or last modifidate
results that have rich temporal expressions or altlee attributes.

usage of time plays an important role.

Future work includes adding more implicit time
information to the timeline visualization and tohance REFERENCES
its presentation with more metadata. 1. Allen, R. “A Focus-Context Browser for Multiple

For a user study and evaluation, our initial planto Timelines”, JCDL 2005, Denver, CO.

assign a number of search tasks to participants and
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