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Abstract

We presenta semantictaggingsystem
for temporal expressionsand discuss
how thetemporainformationcorveyed
by theseexpressionsan be extracted.
The performanceof the systemwas
evaluatedwrt. a small hand-annotated
corpusof nevs messages.

1 Intr oduction

This paper describesa semantictagging sys-
temthatextractstemporalinformationfrom news

messagesTemporalexpressionsare definedfor

this systemas chunksof text that expresssome
sort of direct or inferred temporalinformation.
The set of theseexpressiondnvestigatedin the

presentpaperincludes dates(e.g. 08.04.2001),
prepositionaphrasegPPs)containingsometime

expression(e.g. on Friday), and verbsreferring
to a situation (e.g. openedl. Relatedwork by

Mani andWilson (2000)focusesonly onthe core
temporalexpressionsigglectingthe temporalin-

formation corveyed by prepositionge.g. Friday

vs. by Friday).

The main part of the systemis a temporalex-
pressiontaggerthat employs finite statetrans-
ducersbasedon hand-writtenrules. The tag-
ger was trained on economicnews articles ob-
tainedfrom two Germannews papersandanon-
line news ageng (Financial TimesDeutstland
die tageszeitungandwww. condi r ect . de).

Basedon the syntacticclassificatiorof tempo-
ral expressionsa semanticrepresentatiorof the

extractedchunksis proposedA clearcut distinc-
tion betweerthesyntacticdaggingprocessandthe
semantidnterpretatioris maintained Theadwan-
tageof thisapproacthis thata secondevel is cre-
atedthatrepresentshe meaningof the extracted
chunks. Having definedthe semanticrepresen-
tation of the temporalexpressionsfurther infer-
encesjn particularon temporalrelations,canbe
dravn. Establishingthe temporalrelationsbe-
tweenall eventsmentionedy anewsarticleis the
ultimate goal of this enterprise.However, at the
currentstageof thiswork the semantianalysiss
still in progressFor thetime being,we focuson
the anchoringof the temporalexpressiondgn the
absolutdime line andpresentanalreadysubstan-
tial subsebf afull semanticghatwill eventually
cover the entire set of temporalexpressionsex-
tracted.

Finally, the evaluationof the temporalexpres-
siontaggerprovidesprecisionandrecallratesfor
taggingtemporalexpressiongnddraving tempo-
ral inferences.

2 Representingtime in newsarticles

Since we focus on a particular text domain
(i.e. news articles),the classificationof temporal
expressionscan be kept to a manageableset of
classes.

2.1 Classificationof temporal expressions

The main distinction we male is betweentime-
denoting and event-denotingexpressions. The
first groupcompriseshunksexpressingemporal
informationthatcanbe statedwith referenceo a
calendaor clock system.Syntacticallyspeaking,



theseexpressionaremainly expressedy prepo-
sitional,adwerbialor nounphrasege.g.on Friday
or todayor thefourth quarter).

Thesecondyroup,event-denotingexpressions,
refersto events. Theseexpressionshave anim-
plicit temporal dimension, since all situations
possesa temporalcomponentFor theseexpres-
sions,however, thereis no director indirect link
to the calendaror clock system. Theseexpres-
sionsareverb or nounphrasege.g.increasedor
theelection.

2.1.1 Time-denotingexpressions

Temporalreferencecan be expressedn three
differentways:

Explicit reference. Date expressionssuch as
08.04.2001refer explicitly to entriesof a calen-
darsystem.Also time expressionsuchas3 p.m.
or Midnight denotea precisemomentin our tem-
poralrepresentatiosystem.

Indexical reference. All temporalexpressions
thatcanonly be evaluatedvia a givenindex time
arecalledindexical. Expressionsuchastoday
bylastweekor next Satudayneedto beevaluated
wrt. thearticle’s time stamp.

Vague reference. Sometemporal expressions
expressonly vaguetemporalinformation and it
is ratherdifficult to preciselyplacethe informa-
tion expressedn a time line. Expressionsuch
asin several weeksin theeveningor by Satuday
thelatestcannotberepresentedy pointsor exact
intenalsin time.

For the given domainof news article, the ex-
traction of a time stampfor the given article is
very important. This time stamprepresentshe
productiontime of the news information and is
usedby the othertemporalexpressionsasanin-
dex time to computethe correcttemporalmean-
ing of the expression. Note that an explicit date
expressionsuchas 24.12.canonly be evaluated
wrt. the year that the article was written. This
meansthat even an explicit temporalexpression
cancontainsomedegreeof indexicality.

2.1.2 Event-denotingexpressions

Two typesof event-denotingexpressionshave
to be distinguishedpn the one hand, sentences,
and, on the other specificnounphrases.In the

former case,the verbis the lexical bearerof in-
formationaboutthe eventin question,in the lat-
ter case,specificnouns,especiallythosecreated
by nominalisationreferto anevent.
Sincetemporalinformationis the topic of the
systemdescribedin this paper only a subset
of event-denotingnounshave to be considered.
Theseexpressions— aselectionin thephraseaf-
ter the election— which sene astemporalref-
erencepointersin building thetemporalstructure
of anews, canbemarlkedby a specificattributein
theirlexical entry Furthermorein thetext classes
we have investigatedthereis a small numberof
eventnouns which areusedasdomaindependent
pointersto elementsof temporalstructures.For
the domainof businessand stock market news,
phrasessuch as openingof the stok exchang,
openingbell, or thecloseareexamplesof domain
specificeventexpressions.

2.2 Representationof temporal information:
the time domain

The primary purposeof the presentpaperis to
anchorthe temporalinformation obtainedfrom
natural languageexpressionsn nens messages
in absolutetime, i.e. in alinearly orderedset of
abstracttime-entities,which we call time-setin
the following. Oneof the majortasksin this an-
choring processis to augmentthe temporalin-
formationin caseof indexical andvaguetempo-
ral descriptiongseesectiond.3for moredetails).
Sincetheseexpressionglo notspecifyanindivid-
ual time-entity of the time-set,it is necessaryo
addtemporalinformation until the temporalen-
tity build up from naturallanguages fully speci-
fied,i.e.canbeanchoredn thetime-set.

2.2.1 The granular systemof temporal
entities

The temporalinformationobtainedfrom news
messagess organisedin a granular systemof
temporalentitiesincluding suchgranularitylev-
elsasG.- day, G.- week, G- nont h andG--
year.! Individual days are anchoredby a

!In the presenpapemwe focusontheconceptiorof gran-
ularity level in semanticand pragmaticinferences. There-
fore, we do not discussthe formal notionsof granularsys-
temsfor temporalentitieshere. Compare,e.g. Bettini et
al. (2000), for a framavork of temporalgranularity which
couldbe usedfor the purposesve discusshere.



date,e.g.dat e( 2001, 3, 23) ,onthetimeline,
i.e. the time-set. Furtherinformation, for exam-
ple, the day of the week can also be included
by an additional slot of the time entity: ti me
= ['"Fri’, date(2001, 3,23)].Timeen-
tities of coarsegranularitylevels,e.g.weeksare
representednthebasisof intenals,whichcanbe
determinedy astart,thatis anentity of G_- day,
and a specific duration: tinme = [’ Mon’,
dat (2001, 4,2), ' 7 days’ ].2

Theconcepbf temporalgranularityis reflected
linguistically, for example,in the useof demon-
stratves as determinersof time expressionsin
German: dieserFreitag (‘this Friday’) refersto
that Friday which is locatedin the currentweek
(i.e. the time entity of the next coarserlevel of
temporal granularity). The samephenomenon
holds with dieserMonatseste (‘this first day of
themonth’)

In the following we will apply the granular
ity structureof temporalexpressionsonly with
respectto the finer than - coarser than relation
betweenlevels of granularity which is differ-
entfrom the is part of relation betweentempo-
ral entities. For example,whereashetweendays
andweeksthereis a uniquefunctional relation-
ship, namelythat thereis exactly one week (as
standardcalendarunit) that an individual day is
a part of, a week can temporally overlap with
one or two months (Technically overlap can
be realizedby temporalrelationsof Allen-style;
see Allen (1983)). Nevertheless, G.- week
finerthan CGL-nont h holdsin the granular
ity systen

2Whetherthe GL- week information remainsimplicit,
i.e.is inferablefrom duration,or is madeexplicit, i.e. coded
by a G- week-stamp,dependson somedesigndecisions
dependenbn the conceptualichnessof domainmodelling.
For example,in a standardiseavorld of ISO-weekswhich
starton Monday only, it is not necessaryo useGL- week-
stamps. On the other hand, if ISO-weeks,and business
weeks—of five-day length— are conceptualalternatves,
thenit is appropriateo useexplicit granularity-lerel stamps.

3The phenomenaf overlappingtemporalentitiesof dif-
ferentgranularitysystemsfor examplethe systenof calen-
dar time-entitiesvs. the systenof businesdime-entities or
the astonomicalsystenof season®f the year vs. the me-
teomwlogical season®f the year are especiallyrelevant for
processingagueandambiguougemporalexpressionsDue
to the temporalandspatiallimitations of this paper we can
notgointo thedetailshere.

2.2.2 Definition of temporal relations

Temporal relations are explicitely marked
by temporal prepositions(e.g. befoe, on or

by). We use the following seven tempo-
ral relation: before, after, incl, at,
starts, finishes, excl. The preposi-

tion on asin on Friday, for instancedenoteshe
inclusionrelationi ncl , whereaghe preposition
by asin by Friday is representedsf i ni shes.
Note that the seven temporal relations em-
ployed by the currentversion are equialent to
setsof Allen’s intenal relations(Allen, 1983)*

before {b,m}
after {bi, mi}

i ncl {d, s, f,eq}
at {di, s, fi,eq}
starts {s}
finishes | {f}

excl {b,bi, m,mi}

Tablel: thetemporalrelationsused
3 Extraction of temporal information

Similarto otherapproaches informationextrac-
tion or tagging,a cascadef Finite StateTrans-
ducers(FST)wasemployed. The following sec-
tions provides a brief introductionto this tech-
niguebeforetheoverall systemarchitecturas de-
scribedin moredetail®

3.1 Preliminaries

Thetemporalexpressiorchunksareextractedvia
an FST. FSTsare basically automatathat have
transitionslabelledwith atranslationinstruction.
A labelof the form a:b indicatessuchantransla-
tion from a to b. Take asan examplethe simple
FSTin figurel. If theinputcontainghesequence
of the threesubsequentharacters?’, S, andT,
the sameoutputis producedwith the sequencef
thesehreecharacterputinto braclets. Theinput
stream*FSTsare basicallyautomatd is, for in-
stancetranslatedjnto “[FST]s are basicallyau-
tomatd.

“Allen (1983) proposesa temporal reasoningsystem
that containsall 13 concevable relations betweeninter-
vals:b(efore), meets),o(verlaps),s(tarts),
d(uring),f(inishes),the6reverserelationsbi ,m ,
oi ,si,di andfi andeq(ual).

>The semantic tagging system is written in SWI-
PROLOG4.0.2



onMonday <CHUNK

(time-denotingexpression) | id = t43
type =t
sem = [i
time = [

</ CHUNK>

time(., .., gl(-day, )] >
by Friday

i me
ncl,[E t42]]
" Mon’ , dat e( 2001, 4, 2),

ftd.de,Fr, 16.3.200111:00 | <CHUNK
(documentime stamp) id=t1

type =t

time = |
time(1ll
ftd. de,
</ CHUNK>

ag = ' FTD
sem = now

inme

"Fri’', date(2001, 3, 16),
,00,.), gl(- second, now] >
Fr, 16.3.2001, 11:00

closed <CHUNK
(event-denotingxpression) | i d = e23

sem = cl
temp = [
said

</ CHUNK>

type = event

ose(e23)
L[t(e23), 1]

Table2: Examplesf taggedemporalexpressions

F[F s:8

Figurel: A simpleFST

3.2 Classesf temporal information

The FSTsdefinedarefed by the outputof a Part
of SpeechPOS)tagger® The POStaggerspeci-
fiesthe syntacticcategyoriesanda lemmafor ev-
ery word of the input text. The syntacticinfor-
mationis thenstoredin an XML file.” Giventhe
derived syntacticcateyoriesandthe lemmainfor-
mationfor every word of the text, several FSTs
specialisednto differentclassef temporalex-
pressionsarerun.

Temporal Expressions. OneFST consistingof
15 statesand61 arcstagsall occurrencesf time-

5A decision-tree-basedPOS tagger developed by
(Schmid,1994)wasintegratedinto the system.

’Some of the XML and HTML handling predicates
the systemusesstem from the PiLLoW packagedevel-
oped by Manuel Hermengildo and Daniel Cabeza(URL

www.clip.dia.fi.upmes/rn'scdocs/pillow’pillow.htm).

denotingtemporalexpressions. The POSinfor-
mationstoredin an XML file aswell asa prede-
fined classof temporallemmasare usedby this
FST. The classof temporallemmasusedinclude
daysof theweek(e.qg.Friday), months(e.g.April)
aswell asgeneraltemporaldescriptionssuchas
midday weekor year. Since Germanis a very
productive languageregardingcompoundnouns,
a simple morphologicalanalysingtool wasinte-
gratedinto this FST aswell. This tool captures
expressionsuchasRelordjahr ('recordyear’) or
Osterferien('Easterholiday’).

The extractedtemporalexpressionchunksare
marked by the CHUNK tagandanattributet ype
= ti ne. Seethefirst row of table2 for anexam-
ple. Notethattheattributessemandt i ne carry
semantidnformation. The meaningof theseval-
uesareexplainedin sectiord. detail.

Document time stamp. The documenttime
stamp for a given article is crucial for the
computationof almostall temporalexpressions
(e.g.now). In particular this index time is indis-
pensabldor the computationof all temporalex-
pressionghatexpressanindexical referencesee
the secondow of table2)8

8This FSTconsistof 7 statesand15arcs. It alsoextracts
the nameof the newspaperor ageng asindicatedby the at-
tributeag. Sofaronly the nevspapemamesandagencies



Verbal descriptions. Another FST that con-
tains 4 statesand 27 arcs marks all verbs as
previously taggedby the POStagger As al-
readypointedout thesetemporalexpressiongle-
note an event. The tag for such expressionss
<CHUNK type = event> </ CHUNK> (see
table2;third row).

Nominal descriptions. So far thereis only an
experimentalFST that extractsalso nominal de-
scriptionsof eventssuchas the election More
testshave to be carried out to determinea sub-
setof nounsfor the given domain. Thesenouns
shouldthen also be usedto denoteeventsmen-
tionedin the text which can be combinedwith

time-denotingexpressionsasin aftertheelection
in May.

3.3 Systemoutput

After all expression$iave beentaggedanHTML
file is producedhighlighting the respectie ex-
pressions.Seethe snapshoin figure 2.2 While
readingthe outputstreamfrom the FSTstempo-
ral inferencesaredravn by the system.In partic-
ular, expressiondearingindexical referencesre
resolhed andthe event descriptionsare matched
with thetime denotingtemporalexpressions.
Notethatthevaluesfor CHUNK attributessem
ti me, andt enp asindicatedby thethreeexam-
plesin table2 are PROLOG expressions.While
translatingthe taggedtext a PROLOG predicate
triggersotherpredicategshat computethe correct
temporalinformation. An additionalHTML file
is alsogeneratedhatcontainghe derived tempo-
ral informationin standardSO format, provided
an explicit referencewas given or wasresohed.
In thecaseof vaguereferencde.g.afternoon the
semantialescriptionis kept(e.g.20:01:04:03:af-
ternoon)t® In addition, the temporalrelations
holding betweenthe eventsandtimes expressed
mentionedby thearticle of thetrainingsetcanbe extracted.
A future versionof the temporalexpressiondaggershould
alsobecapableof taggingpreviously unknavn namesHow-
ever, notethatthis is rathera namedentity recognitiontask
andthereforegoesbeyondthe scopeof this paper
Time-denotingexpressionsareindicatedby a dark (or
magentapackgroundwhile event-denotingexpressionsare
indicatedby alighter(or yellow) backgroundThedocument
time stampis taggedby a very dark (or green)background.
Future researchwill focus on the temporalinferences

thatcanbe dravn with thesevaguedescriptiongaking into
accounthedifferentgranularitylevels.

by thetext arestoredaswell.

4 Semanticdescriptionsand temporal
inferences

4.1 Semanticsfor temporal expressions

With respecto processingemporalinformation,
thecrucialdistinctionbetweertime-denotingand
event-denotingexpressionss thatevent-denoting
expressiondack the directlink to temporalenti-

ties. An event-denotingexpression(e.g. a verb)
refersto an event of a certaintype. Theverbto

meet for instancecanbeformalisedasmeet(e; ).

In orderto add the temporalinformation to the
event,afunctiont enp is definedthatgivesback
thetime whenthe eventoccurred(i.e. run-timeof

the event). A time-denotingexpressionsuchas
on Mondaythat is combinedwith the event de-

scription carriessometemporalinformation that
canfurther specify the run time t enp(el) of

theeventel.

4.2 Semanticsfor temporal prepositions

PPsarethe carrierof temporalrelations. The se-
manticsfor aprepositionis, therefore asfollows:
rel(t, e). Foreachprepositionatemporalkelation
rel wasdefined.Theprepositiorby expressesor
instancethef i ni shes relation,asin by Friday.
Temporalexpressionshatdonotcontainaprepo-
sition are assumedo expressan inclusion rela-
tion, asin Die Pflggeversicherungwar 1995 1. ..]
in Kraft getreten (‘the statutoryhealthinsurance
coverageof nursingcarefor theinfirm took effect
in 1995").

4.3 Derivation of meaning

The temporalinformation expressedby a sen-
tenceasin examplesequencgl) is derived via
unification of the semanticattributesderived for
thetemporalexpressiorchunks.

(1) Die US-Technologiebrse Nasdaq
The US-technologystockmarket Nasdaq
hatte {am Montagr mit einem Minus

had on Monday with a minus
von 3,11 Prozent bei 1782 Punkten
of 3.11 percent at 1782 points

[geschlossen].
closed.
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Financial Times Deutschland

e Fr YR 16.3.2001 JER{11:00 YT
Schering : US—Geschaft [eriibt ] die Bilanz

{Nach einem Rekordjahr 2000 }II [exwartet ] der Pharmakonzern Schering auch {fiix 2001 0 wieder ein zweistelliges
Gewinnwachstum . In den USA [brach ] das Betriebsergebnis {im vergangenen Jahr 1 jedoch ein.

{Im vergangenen Jahr O [steigerte | Schering seinen Konzerngewinn um 24 Prozent auf 336 Mio. Euro . Es [war ]
{das fiinfte Rekerdjahr }I in Folge fiir das Berliner Traditionsunternehmen . Mit einem Umsatzanstieg von 22
Prozent auf 4,5 Mrd. Euro [sei ] Schering doppelt so schnell wie der weltweite Pharmamarkt gewachsen , [sagte ]
Vorstandschef Giuseppe Vita {am Freitag }E bei der Vorlage der Bilanz [20007J2 . Mit neuen Produkten [wolle ] das
Unternehmen auch weiterhin Marktanteile [zugewinnen ] . Das Betriebsergebnis [stieg ] {im vergangenen Jahr JT
um 19 Prozent auf 640 Mio. Euro { 1,23 Mrd. DM ) . {2001 J [werde ] es wegen hoher Marketingkosten fiir neu
eingefithrte Produkte aber nur einstellig [wachsen ], [kitndigte ] Finanzvorstand Klaus Pohle an .

Hauptumsatztriger Betaferon

18 Prozent des Umsatzes [flossen ] {im vergangenen Jahr JIZ in Forschung und Entwicklung . Mit dem
Hauptumsatztriiger Betaferon zur Behandlung von Multipler Sklerose [erliiste ] Schering fim vergangenen Jahr JC
593 Mio. Euro , das [sind ] 31 Prozent mehr als {19993 . Vita [betonte |, {das vierte Quartal 2000 JC [sei ] das beste
in der mehr als 100—jihrigen Firmengeschichte [gewesen ] . {In diesem Jahr J2 [will ] Schering 230 Mio. Euro in den
Ausbau seiner Produktionsanlagen [stecken | . Wie bereits vorher [angekiindigt ], [erhoht ] Schering seine Dividende:
um 34 Prozent auf 0,67 Euro pro Aktie plus einen Bonus von 0,33 Euro . Aus der 24—Prozent—Beteiligung am
Pflanzenschutzhersteller Aventis CropScience [erwartet | Schering Vita zufolge {in diesem Jahr }&inen deutlich
positiven Gewinnbeitrag . {Im vergangenen Jahi JZ [hatten ] hohe Riickstellungen bei der Aventis—Tochter den
Pharmakonzern mit 59 Mio. Euro Verlustanteil belastet . Er [wuarde ] durch Finanzanlagen ausgeglichen .

=

e {5k 2 o8

Figure2: A snapshobf thetemporalexpressionsagger

‘The Nasdaqgclosedwith a minus of 3.11
percentat 1782pointson Monday

Two temporalexpressionaremarked by thetag-
ger: am Montag ('on Monday’) andgesdlossen
(‘closed’). The former expressionis a time-

denotingexpressiorthatconsistof a preposition
and a time-denotingexpressionthat is storedby

the FST. The derivation of the semanticdor this

expressions doneduringthetaggingprocesdor

thetemporalexpressions.

First, the preposition am (‘on’) denoting
an inclusion relation between an event and
a time is processed. The expressedtempo-
ral relation is representecdoy a PROLOG list
(.,e. [incl,[E T]]). After having pro-
cessedthe following noun referring to a time
(i.e. Monday, the following semantic repre-
sentationis obtainedvia unification: sem =
[incl,[E t1]], where t1 refers to the

following time stamp tinme = [’ Mon’,
date(_ . ), time(, .0, gl([-'1
day’, ])].*

"Note that the underscore'_” refersto an anorymous
variablein PROLOG.

In the next step, the verbal expressiontag-
ger combines the temporal information de-
rived for am Montag with the event repre-
sentationfor gestlossen The following se-
mantic representationis assign to the verb
gesdlossenduring the tagging of the verbal
expressions: sem = cl ose(e23) tenp =
[, [t(e23), _]]. This meansthat event
e23 is of typeclosingandtherun-timet ( €23)
of this event standsin someto-be-specifiede-
lation with anotherexpression. Next, the tem-
poral information extracted by the FST spe-
cialised in time-denotingexpressionis unified
with the value of thet enp-attribute. The result
is[incl,[t(e23),t1]].

Sofar, only thetemporalrelationthatthe event
of closing happenedwithin a time frame of one
day has beendetermined. Since Monteg con-
tains an indexical reference,this referencehas
to be resohed. The documenttime stampis
neededhere. All referencesegarding this in-
dex time are resohed during the generationof
the HTML output file. Accordingly the fol-
lowing time stampis generatedfor am Mon-
tag:tinme = [ Mon’', date(2001, 4, 2),



time(, . ), gl([-'1 day’,])]. The
t i me informationis left openbecaus¢hecurrent
granularitylevel is G.- day .

However, this information could be further
specifiedby modifierssuchasin nachstesJahr
('next year’). Thethird slotin gl is reseredfor
thesemodifiers. Thefirst slotcanbefilled by tem-
poral modifier that refer to a subpartof the ex-
pressedemporalentity, asin Beginn desJahres
('beginning of the year’). The resulting repre-
sentationof an expressionsuchasBaginn letzten
Jahres(’beginningof lastyear)is gl ([ begi n,
year, last]).

4.4 Pragmatic inferencesfor anchoring
indexicals: The caseof 'last’

Temporalexpressionf the type last Friday are
similarto the phenomenaliscussedh thesection
abore. Germanhasthreelexemes,namelyletzt
vemgangen andvorig that expressthis idea. The
differencesn meaningare—in referringto aspe-
cific day—moreof the type of individual prefer
enceghanof realalternatvesin meaning Which
dayis referredto by usingvorigen Montag? This
depend®nthetime of utteranceln generalthere
seemdo beatendenyg to interpretthis expression
assynorymousto Mondayof the previousweek
i.e. to make useof the previousoperationon the
coarsetlevel G- week, insteadof usingthis op-
erationon the level GL- day. But, if utteredon
Friday ourinformantswould give the Mondayof
thesameweeka preferencén theirinterpretation.

Thusthegranularity-level up strategy is notal-
ways successful. As an alternatve stratgy we
proposethe strategy of the gliding time window
Similarto thefirst proposak granularityof week-
size is relevant, but the relevant time entity in
guestions centeredroundthefocuseddayof the
week. In otherwords,looking forward andback-
wardin time from the perspectie of a Friday, the
next Mondayis nearer—or moreactivated—than
thelastMonday althoughit is in the samecalen-
darweek. Thus,this Monday i.e. the last Mon-
day, hasto be marked explictly by vorige, and
thereforethe Mondaybeforethis, hasto bespec-
ified as Monteag der vorigen Woche (‘Monday of
lastweek’).

5 Evaluation

We evaluated the temporal expression tagger
wrt. a small corpusconsistingof 10 news arti-
clestakenfrom FinancialTimesDeutschlandWe
canreportprecisionandrecallratesregardingthe
recognitionof simple temporalexpressionsand
complex temporalexpressionphrases.Basedon
theextractedemporalkxpressiorchunksthetem-
poralinformationwasderivedandevaluated.

5.1 Taggingresults

First, the classof simple temporal expressions
was tagged and analysed. Mani and Wil-
son (2000) call this classTIMEX expression(of
type TIME or DATE). We computedheprecision
andrecall valuesfor our dataregardingthis type
of expressionsn orderto obtaina bettercompa-
rability with the resultsobtainedby this earlier
study However, as pointedout earlief we con-
sider PPscarryinginformationregardingtempo-
ral relationsasquite crucial for the derivation of
temporalinformation. This classof comple tem-
poral expressionsprovides more detailed infor-
mationaboutthe temporalinformationexpressed
by atext.

Table 3 containsthe results of the evalua-
tion wrt. thetwo classe®f temporalexpressions.
Therewasatotal of 186 simpleand182comple
temporalexpressiongreviously annotated.

Simple Comple
temp.Expr. | temp.Expr.
Precision 92.11 87.30
Recall 94.09 90.66

Table3: Performancef thetemporalexpressions
tagger

An erroranalysisshaved thatthe main source
of missedtemporal expressionswas the occur
renceof a combinedtemporalexpression,asin
2000/01 Therewere6 casesvhenthetaggerdid
not correctlyanalysethis type of expression.

5.2 Temporal information

Theanalysisof thetemporalexpressiongncluded
an evaluationof the temporalrelationsderived.
Sinceall temporalprepositionsand the classof
temporalexpressionghat can be recognisedoy



the FSTscomewith a predefinedsemanticspre-
cisionandrecall ratesarethe same. The overall
performanceshaved a precisionand recall rate
of 84.49. As indicatedby table 4, errorswere
only madefor expressionghat expressanindex-
ical reference. Theseerrorswerein mostcases
dueto amissingsemanticassignedo therespec-
tive expression. Sincethis part of the systemis
still work in progresswe have not yet defineda
completesemanticdor all temporalexpression.
Hencethe performanceof the systemregarding
temporalinferenceis likely to improve in the fu-
ture.

Referencexpressed

explicit | implicit | vague
Total 49 109 7
Wrong 0 25 0

| Precision| 84.49 \

Table 4: performanceof the temporalinference
derivation

6 Conclusionand outlook

We presented semantidaggingsystemthat au-
tomatically tagsthe occurrenceof temporalex-
pressionssuchas 3. June on Mondayand last
monthfor Germannewns messagesin addition,
a semanticgor mostof the temporalexpressions
was defined so that temporal inferenceswere
drawn regarding datesand events described. A
morecomple setof temporalexpressionsasex-
tractedby recentsystemge.g.(Mani andWilson,
2000)) was tagged. Our definition of temporal
expressionglsoincludesPPscapturingtemporal
relations. The systemachieved an overall preci-
sionrateof 84.49whichis likely to goup assoon
asthe semantiadefinition of all temporalexpres-
sionswill becompleted.

Our systemalso covers indexical and vague
temporalexpressions. Temporalreasoningand
pragmaticinferencegdravn on the basisof these
expressionis the focus of on-going and future
work.

The systemwe describedn the presentpaper
is intendedto becomea part of an experimental
multi-documentsummarisatiorsystemcurrently
underdevelopment. Our studiesfocuson finan-
cial news messagesbtainedfrom on-line infor-

mation servicesin Germary. The taskthe sys-
tem hasto solwe is the productionof summaries
of the most recent— and especially most re-
ferredto — topics. Our experiencen thisdomain
shaws that thereis onetopic which leadsto five
to twentynews messagealmostevery day These
news messagearemostlyunrelatedandthey of-
tenonly focuson thelastoneor two hours.Thus
a barecollectionof suchmessagess nearlyuse-
lessfor areademwho wantsto beinformedat the
end of the day For a userof an on-line infor-
mationservicesummarisationsf seseral articles
on the samehot topicswould have an enormous
adwantagecomparedo unsummarisedollections
of news messages.

The processingof temporalexpressionglays
amajorrole in building up thesesummariesbe-
causetemporalinformationis ubiquitousin this
classof news. In addition,developingstoriesare
reportedvia a streamof in-coming nens mes-
sages.Producingcohereninews dependseaily
on the correctextractionof temporalinformation
expressedy thesemessages?
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