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Abstract. A particular problem of searching news archives with named entities
is that they are very dynamic in appearance compared to other vooatarias,

and synonym relationships between terms change with time. In previotks wo
we proposed an approach to extracting time-based synonyms of reatigels
from the whole history of Wikipedia. In this paper, we present QUESTef@u
Expansion using $honyms over ime), a system that exploits time-based syn-
onyms in searching news archives. The system takes as input a reantityd
query, and automatically determines time-based synonyms for a giserg grt.

time criteria. Query expansion of the determined synonyms can be eedpioy
order to improve the retrieval effectiveness.

1 Introduction

News archives are publicly available nowadays, e.g., Gobdlgiws Archive, and The
Times Online. Nevertheless, searching for informatioruichsresources is not straight-
forward because their contents are strongly time-depénttenrder to increase pre-
cision, a user can narrow down search results by extendiagydweywords with the
creation or update date of documents (called temporariajtefwo ways of obtaining
temporal criteria relevant to a query are 1) having them igiexy by the user [1, 6],
or 2) determined by the system [5]. One way of increasinglréc#o perform query
expansion using synonyms. However, when queries are namigig¢® (people, orga-
nizations, locations, etc.), a problem of expanding therigads the effect of rapidly
changing synonymsover time, e.g., changes of roles or alterations of namese@m-
ple, “Cardinal Joseph Ratzinger” is a synonym of “Pope BatetV1” before 2005, or
“United States Senator from New York” is a synonym of “HijfdR. Clinton” between
2001 and 2008. Instead of referring to a synonym alone, we twsalways refer to an
entity-synonym relationship because a term can be a synohgne or more entities. In
this paper, we present QUEST (&y Expansion using $honyms over ime), a system
that exploits changing synonyms over time in searching remefives. To the best of
our knowledge, this has never been done before in the exiséws archive search sys-
tems. Our system consists of two parts: 1) the offline profmrssxtracting time-based
synonyms as depicted in Fig. 1, and 2) the online proces®foching news archive as
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1 In general, synonyms are different words with very similar meanibgsin our context syn-
onyms are name variants (other names, titles, or roles) of a named entity.



illustrated in Fig. 2. With a web-based interface, the aystan take as input a named
entity query. It automatically determines time-based synes for a given named en-
tity, and ranks the synonyms by their time-based scoresn,Td@iser can expand the
named entity with the synonyms in order to improve the retlieffectiveness.

Our news archive search system is mainly driven by entityeeym relationships,
which can be automatically created based on the whole kisfdikipedia. Evolving
relationships are detected using the most current versidilopedia, while relation-
ships for particular time in the past are discovered throtighuse of snapshots of
previous Wikipedia versions. Using our approach, futulatienships with new named
entities can be also discovered simply by processing Wiligpas new contents are
added. Further, we employ the New York Times Annotated Csrjpuorder to extend
the covered time range as well as improve the accuracy ofdfregnonyms. The rest of
the paper is organized as follows. In Sect. 2, we describ@@roach to extracting syn-
onyms from Wikipedia, and ranking synonyms based on theipteal characteristic.
In Sect. 3, we outline the online search system and our peapdemo.

2 Extracting Time-based Synonyms from Wikipedia

We extract entity-synonym relationships in an offline marasdepicted in Fig. 1. We
downloaded the complete dump of English Wikipedia from titernet Archivé, which

is composed of all pages and all revisions. Each revisiongzfge has the time period
that it was in use before being replaced by the succeedirgijoverin other words, the
time of a revision is the time period when it was a currentiegrs
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Fig. 1. Extracting time-based synonyms from the history of Wikipedia

First, we partition Wikipedia into snapshof$V,,, ..., W, } with 1-month gran-
ularity. For each Wikipedia snapshit;, , we identify all named entities in the snap-
shotW,, using the approach described by Bunescu and Pasca in [i8}. iélentifying
an entity pagep. from a snapshot;, , we will have a set of entity pageB. ;, =
{pelp. € Wy, }. From this set, we will create a set of named entitigs at time ¢,
by simply extracting a title from each named entity page= P. ., . For each named
entity in E;,, we will find synonyms by extracting anchor texts from adithks, as

2http://ww. | dc. upenn. edu/ Cat al og/ docs/ LDC2008T19/ new_york__
ti mes_annot at ed_cor pus. pdf
Shttp://wwmv. archi ve. or g/ det ai | s/ enwi ki - 20080103



described by Bghn and Néay [2]. For a page; € W, , we extract all internal links in
p;, but only those links that point to an entity pagec P. ;, are interesting. In other
words, the system extracts as synonyms all anchor texthéoassociated entity, and
these synonyms are weighted by their frequencies of oaucer&Ve then obtain a set of
entity-synonym relationships. By accumulating the setrity-synonym relationships
from every page,; € W, , we will have a set of entity-synonym relationships at time
ty, i.e., a synonym snapshét, = {&11,...,&.,m}. Named entity recognition and
synonym extraction steps are processed for every snapghot-inally, we will have
obtained the set of entity-synonym relationships frommdigshot§ = {5;,,...,S:. },
and the set of synonyms for all entiti€s= {s1,...,s,}. Note that, the time periods
of synonyms are timestamps of Wikipedia articles in whickythppear, not the time
extracted from the contents. To discover the more accuirats, tve need to analyze
a document corpus with the longer time period, i.e., the NeskYime Annotated
Corpus. Due to the size limitation of the paper, the readarreger to [4] for more
detail about improving time of entity-synonym relationshi Given a named entity
and temporal criteri,, t5], we can retrieve a set of synonymsegfwrt. [t,, tp] from

S. The synonyms can be ranked by time-based scores defined iatuaenmodel of a
temporal feature and a frequency feature as follows.

TB(s;, [ta, ts]) = 1 pf (55, [tas te]) + (L = ) - £f (5, [tas o)) 1)

wherepf (s, [ta,tp]) iS @ time partition frequency or the number of time partiion
(or time snapshots) in which a synonymoccurs within[t,, t]. t f(s;, [ta, tb]) is an
averaged term frequency of in all time partitions within(t,, ty], tf(s;, [ta: ts]) =

e[t tf(sj.pe; . .
Z“;%‘PL i:f) b ). 1 underlines the importance of a temporal feature and a frexyue
Joltas

feature, and.=0.5 gave the best performance in our experiments.

3 On-lineDemo

The time-based synonyms extracted using our approach capged to any news
archive collection. In this demo, we use the New York Timesidtated Corpus as an
illustrative example of such a news archive. This collecttiontains over 1.8 million ar-
ticles from January 1987 to June 2007. We use the entergdselsplatform Solr from
Apache Lucene . The system screenshots are shown in Figd2haronline demo is
publicly available athtt p: //research. i di.ntnu. no/w sl ab/ quest/. In
this demo, we find over 2.5 million named entities and 3 nrillentity-synonym rela-
tionships. Given a queryand temporal criterig,, ], the system has to verify whether
q is a named entity. We do this by searching Wikipedia witAnd the first page in the
result list will be used as the associated named entity f@ubsequently, the system
determines synonyms for the associated named entity, angsdr can select synonyms
to expand the origina} in order to improve the retrieval effectiveness. In additithe
user can choose whether to show time periods and scoresassam synonyms. In
the following, we will give two search scenario as examples.

First scenario: A student studying the history of the Roman Catholic Chureints
to know about the Pope Benedict XVI during the years beforddmame the Pope
(i.e. before 2005). The student searches using the quepe‘Benedict XVI" and the
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_ Mar 02, 2005 - World Briefing | Europe: Italy: Pope Can Speak. Cardinal Says
[T Show time periods “alert" and even able to converse in Italian and German. Cardinal Joseph Ratzinger
nytime: html DE3DD133DF931A35750C0A639C8B63

[ Show scores
Oct 03, 2003 - Austrian Cardinal Describes Pope as 'Dying’

a German magazine published an article that quoted Cardinal Joseph Ratzinger

2 Cardinal Ratzinger nytime: html JE6D7173CF930A35753C1A
Cardinal Joseph Ratzinger Jun 27, 1992 - VATICAN PREPARES A NEW CATECHISM

Pope John Paul Il appraved the catechism's text on Thursday, Joseph Cardinal Ratzinger
[ Benedictus xvi nytime: html EFD71338F934A15755C0A964956260

Fig.2. QUEST online demo at http://research.idi.ntnu.no/wislab/quest/

publication dates “01/1987” and “04/2005". The systemiegtrs documents for the
query “Pope Benedict XVI", and also determines synonymsHermquery wrt. time cri-
teria. The student then selects the synonyms “CardinaphdRatzinger” to expand the
query. The new query becomes “Pope Benedict XOR Cardinal Joseph Ratzinger”.
He performs search again, and the system retrieves docsiméiith are relevant to
both “Pope Benedict XVI” and “Cardinal Joseph Ratzinger”.

Second scenario: A marketing journalist wants to search for past informatbout
Kmart, or a chain of discount department stores in the Urfides. She enters the
query “Kmart” and the publication dates “01/1987” and “00@R". The system re-
trieves documents for the query “Kmart”, and also determsaonyms for the query
wrt. time criteria. She selects the synonyms “Kresge” toagxpthe query (Kmart was
founded as the S. S. Kresge Company in 1899, and it was nant&uaot in 1962.).
The new query becomes “KmaBR Kresge”. She performs search again, and the sys-
tem retrieves documents which are relevant to both “KrodtKresge”.
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