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Chapter 1

Executive Summary

1.1 Intr oduction

FromJanuany30,2002,throughJuly 22,2002,aworkshop fundedthroughthe NationalRegionalResearch
CenterlNRRC),washeldat MITRE BedfordandBrandeidJniversity Thefundingwasfully sponsoredby
the AdvancedResearctibevelopmentAgeng/ (ARDA). This documenteportstheir actvities andaccom-
plishments.

The purposeof thisworkshopwasto addresshe problemof how to answetemporally-baseduestions
aboutthe eventsand entitiesin text, speci cally news articles. For example,currently questionssuchas
thoseshavn belov arenot supportedy questionansweringsystems.

1. a.Is GatescurrentlyCEO of Microsoft?
b. Whendid Iraq nally pull outof Kuwait duringthewarin the 1990s?
c. Did theEnronmemgerwith Dynegy take place?

What characterizeshesequestionsas beyond the scopeof currentsystemss the following: they refer,
respecirely, to thetemporalaspectof the propertiesof the entitiesbeingquestionedthe relatve ordering
of eventsin theworld, andeventsthatarementionedn news articles,but which have never occurred.
Therehasrecentlybeenarenavedinterestin temporalandevent-basedeasoningn languageandtext,
particularly as appliedto information extraction and reasoningtasks(cf. Mani and Wilson, 2000, ACL
Workshopon Spatialand Tempoal Reasoning2001, AnnotationStandads for Tempoal Informationin
Natural Language, LREC 2002). Several paperdrom the workshoppointto promisingdirectionsfor time
representatiomnd identi cation (cf. Filatova andHovy, 2001, Schilderand Habel, 2001, Setzer 2002).
Marny issuesrelatingto temporaland eventidenti cation have remainedunresoled, however, andit was
theseissuesthat the workshopaddressedSpeci cally, the workshopgoalsweretwofold: (a) to examine
how to formally distinguisheventsand their temporalanchoringin language(text); and (b) to develop
algorithmsfor orderingeventsin text relative to eachother andthe operationdor computingclosureover
anentirediscoursef events.Four basicproblemsin event-temporaldenti cation wereaddressed:

(a) Time stampingof events(identifying aneventandanchoringt in time);
(b) Orderingeventswith respecto oneanother(lexical versusdiscoursepropertiesof ordering);

(c) Reasoningwith contetually underspeci edtemporalexpressiongtemporalfunctionssuchas last
weekandtwo weeksefoe);

(d) Reasoningboutthe persistencef events(how long doesaneventor the outcomeof aneventlast).

SOMETHING
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2 CHAPTER 1. EXECUTIVE SUMMARY

1.2 Overview of Activities and Accomplishments
In the context of theworkshopwe focusedon two efforts, re ecting the majordeliverablesof the contract:

1. TIMEML: De nition andDesignaMetadateStandardor Markupof events theirtemporalanchoring,
andhow they arerelatedto eachotherin News articles.

2. TIMEBANK: Creationof agold standarctorpusof 300articlesmarkedup for temporalexpressions,
events,andbasictemporalrelations basedn the speci cationof TimeML.

In additionto thesemajordeliverablesseveralsecondarynilestonesvereachieved,includingthefollowing:
1. Creationof Algorithmsfor recognizing:

TemporalExpressions,
EventExpressions
Timesassociateavith Events
OrderingbetweerEventsandTimes

Developmeniof a Text SegmentedClosureAlgorithm
Creationof a Semi-graphicahnnotationTool
Creationof Guidelinesfor Annotation
QueryDatabas&reationTool andGuidelines

ScoringandinterannotatofEvaluationTool

N o &~ DN

Standardsmpact:

Integrationwith 1ISO
Adoptedby EuropearandJapanes@rojects

8. Disseminatiorof Knowledge:

CSLI/U. ChicagoPressBook on TimeML
Speciallssueof Journalon TERQAS
AAAIl SpringSymposium2003
ESSLLI2003Courseon TimeML
The remainderof this executve summaryoverviavs the actiities and accomplishmentsf our research

effort. Chapter2 of this reportprovides greaterdetail. Chapter3 is a catalogueof resultsandtechnical
productsof our work.

TimeML v0.1.0 29-09-02



Chapter 2

Description of Workshop Activities and
TechnicalResults

2.1 Participants and Conduct of the Workshop

Luc Belanger
BranBogura®
Jo Castdio
LisaFerro
JohnFrank
RobGaizauskas
Patrick Hanks
JerryHobbs
Robertingria
GrahanKatz
MarciaLazo
Andrew Latto
InderjeetMani
JamedPustejosky (TeamLead)
DragomirRader
AnnaRumshisk
Antonio San lippo
RoserSauf
Andren See
BethSundheim
Marc Verhagen
HarrisWu

Universi€e de Montréal
IBM Research

Brandeis{ProjectManager)
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MetaCarta

U. of Shefeld
BrandeisUniversity
SRl International
BrandeisUniversity
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BrandeisUniversity
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BrandeisUniversity
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BrandeisUniversity
BrandeisUniversity
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Thescheduleof theworkshopwasasfollows:

1. January30-31,2002 Kick-off Meeting

Email:
Email;

lucbelanger@mac.com
bkb@watson.ibm.com

Email: jcastano@cs.brandeisted

Email:

Iferro@mitre.og

Email: jf@metacarta.com

Email:
Email:
Email:
Email:
Email:
Email:
Email:
Email:

r.gaizauskas@dcs.shef.ac.uk
patrick.hanks@rcn.com
hobbs@ai.sri.com
ingria@world.std.com
gkatz@uos.de
mlazo@mitre.ay

imani@mitre.og

Email: jamesp@cs.brandeis.edu

Email:
Email:
Email:
Email:
Email:
Email:
Email:
Email:

2. March 11-15,2002 CorpusSelectionQueryStudies,TimeML

3. April 22-26,2002 TimeML Speci cation,CorpuswWork

4. May 8-15,2002 AnnotationFest

TimeML v0.1.0

radev@si.umich.edu
arum@cs.brandeis.edu
antoniasan lippo@sra.com
roser@cs.brandeis.edu
aragorn@cs.brandeisied
sundheim@spear.navy.mil
marc@cs.brandeis.edu
harriswu@umich.edu
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4 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

5. Junel0-21,2002 Algorithm Speci cation,Annotation
6. July 15-19,2002 Wrap-upandEvaluation

7. August-Septemhe2002 Preparenal report

2.2 Data Acquisition and Corpus Formation

2.3 Review of Existing Standardsfor Time and Event

2.3.1 TIDES
2.3.2 STAG
2.3.3 Comparing TIME Ontologies

This documentprovides a comparisonof four time ontologies: ONTOLINGUA (simple-time), SUMO
(http://ontologyteknowledge.com/sigma/ach.html#Tempora), JerryHobbstime ontologyfor DAML (Hobbs
2002) and CYC (http://wwwcyc.com/gcdochocab/time-vocabhtml). The goal of this comparisonis to
capturecommontraits, aswell asrelative strengthsyweaknesseandgapsto formulatea setof recommen-
dationsfor atime annotatiorscheme.

Following Hobbs(2002),the developmenif atime ontologycanbe seemasthe combinedspeci cation
of 6 areas:

1. Topologicaltemporalrelations

(a) Basictemporalentities(e.g.instantsjntenals, events)
(b) Propertieof temporalentities
(c) Relationshetweertemporalentities

N

. Measuringdurations
(a) Turningdurationsnto reals
3. Clockandcalendar

(a) Timezones
(b) ClockandCalendatunits

4. Deictictime

(a) Speci cationof temporalconceptsuchasnow, tomorrav, lastmonday

(621

. Sequencef temporalentities

(a) Speci cationof temporalsequenceonceptsuchasquarterly every othermonday
6. Vaguetemporalconcepts
(a) Speci cationof vaguetemporalconceptsuchassoon,later

Accordingly our rst stepisto chartthespeci cationof eachareaacrosshe4 ontologiesundercomparison.

TimeML v0.1.0 29-09-02
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12 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

2.4 Creationof TimeML

2.4.1 Intr oduction

Thisdocumentepresentthecurrentspeci cationof TimeML. Thisrevisionspeci esthesyntaxof TimeML,
i.e. essentiallyits tagsandtheir attributes,with examplesillustratingtheir basicuse. Sincethe puresyntax
of TimeML will oftenleave openhow a particularphenomenoshouldbe annotatede.g. shouldmodalsin
Englishbe marked up asSIGNALs or EVENTS), this documenteavesa numberof issuesunderspeci ed.
Fullerdiscussiorof thecorventionsby which TimeML shouldbeappliedcanbefoundin theaccompaying
annotatiorguidelinegPustej@sky, etal. (2002)).

Thedocumenbeginswith theleaf nodesof TimeML: thetagsthatincludetexts thatdescribethe basic
temporalelementswvithin adocument.The next sectionintroducesSIGNAL, thetagthatwrapsexpressions
that specifyhow temporalelementsshouldbe related. The third sectiondealswith links, emptytagsthat
explicitly annotatehetemporakelationseithermarkedby signalsor indicatedpurelysyntactically Thenext
sectiondealswith miscellaneousthertags.Thelastsectiondealswith openquestions.

2.4.2 Naming Conventions

InasmuclasXML is case-sensite, it is necessarjor TimeML to specifyexactlythecaseof all its elements.
This documenfollows the corvention of indicatingtag namesand attribute valuesin all uppercase(e.g.

EVENT, PROGRESSIVE)andattribute namesn lower or mixed case(e.g. tense related®Time). Since
attribute valuesaretypically atomic(one-vword) while attribute namesoften consistof multiple words, this

corvention would seemto maximize readability of the annotation. (Multi-word attribute valuesusethe

underscoreharacteto separatéheir componenparts.)

This documenglsofollows the attribute namingcorventionintroducedn Setze(2001). Attributesthat
rangeover valuesof XML datatypelD—a uniqueindex—are short, consistingof one or two characters
indicatingthenameof the elementfollowedby id (e.g.tid, eiid). Attributesthatrangeover valuesof XML
datatypd DREF—referenceto IDs—typically consistof the nameof the elementindexed, followed by ID
(e.g.eventID) or adescriptve name(e.g.relateddTime).

Thevaluesof the variousID attributesarespeci ed asbeginningwith oneor two charactersfollowed
by aninteger Thisschemeas mandatedy thesyntaxof XML. While attribute valuesof typelD canconsist
of ary sequencef letters,digits, andthe hyphen,underscoreandperiodcharactersthey mustbegin with
eitheranunderscorer aletter Therefore'e23” isavalid XML ID; but”23” is not. Thisnamingcorvention
alsohelpsmake the examplesa bit morereadablegspeciallyin the caseof link tags,which cancontain
multiple IDREFsof differentkinds.

Finally, in the descriptionf the valuesof attributes,whereXML DTD andXML schemade nitions
would differ, theschemade nition is indicatedbetween

Thoughthis documentescribeshefull TimeML languagemary of the exampleannotationgprovided
shawv the resultof annotationonly throughthe outputof initial automatictaggingcombinedwith human
annotation/editingout donotincludeelementge.qg. attributesand/orattribute vauesthatmaybeintroduced
by later processingcomponentge.g. the closuretool). In particular TIMEX3 tagsthat are treatedas
temporalfunctionstypically appeaiin the examplesin an underspeci edform. However, thoseelements
thatdo appeanaresufcient for the outputof manualannotation.

Finally, notethatall examplesn thisdocumenhave beernvalidatedagainsa TimeML DTD correspond-
ing to the BNF givenhere,usingthe oXygenXML editor, versionl.1.
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Temporal Entities

EVENT The EVENT tagis usedto annotateéhoseelementdn atext that mark the semanticevents
describedby it. Syntactically EVENTSs are typically verbs, althoughevent nominals,suchas crashin
...killed by thecrashwill alsobeannotatechsEVENTS.

The EVENT tag is alsousedto annotatea subsetof the statesin a document. This subsetof states
includesthosethatare eithertransientor explicitly marked asparticipatingin a temporalrelation. Seethe
TimeML annotatiorguidelinesfor moredetails.

attributes = eid class tense aspect
eid == ID
{eid := EventlD
EventiD := e<integer>}
class := 'OCCURRENCE'| 'PERCEPTION' | 'REPORTING' | 'ASPECTUAL'
| 'STATE' | 'I_STATE' | 'I_ACTION' | 'MODAL'
tense = 'PAST' | 'PRESENT' | 'FUTURE' | 'NONE'
aspect = 'PROGRESSIVE' | 'PERFECTIVE' | 'PERFECTIVE_PROGRESSIVE | 'NONE'

TIMEX3 The TIMEX3 tagis usedto mark up explicit temporalexpressionssuchastimes, dates,
durations,etc. It is modelledon Setzers (2001) TIMEX tag, aswell asthe TIDES (Ferro,etal. (2002))
TIMEX2 tag. Sinceit differsbothin attribute structureandin use,it seemedestto give it a separatmame,
which revealsits heritagewhile at the sametime indicatingthatit is differentfrom its forebears.

attributes »= tid type [functioninDocu ment ] [temporalFunct o n]
(value | valueFromFuncti on) [mod] [anchorTimelD | anchorEventID]

tid == |ID

{td = TimelD

TimelD := t<integer>}

type = 'DATE' | 'TIME' | 'DURATION'

functioninDocum ent := 'CREATION_TIME' | 'EXPIRATION_TIME ' |

'MODIFICATION_ TI ME' | 'PUBLICATION_T IME' |
'RELEASE_TIME' | 'RECEPTION_TIME' | 'NONE'

{default, if absent, is 'NONE'
temporalFunctio n = ‘true' | ‘false’ {default, if absent, is ‘false’}
{temporalFuncti on := boolean}
value = CDATA
{value = duration | dateTime | time | date | gYearMonth | gYear

| gMonthDay | gDay | gMonth}

valueFromFuncti on ::= IDREF
{valueFromFunct io n ::= TemporalFuncti onlID
TemporalFunctio nl D = tf<integer>}
mod ::= 'BEFORE' | 'AFTER' | 'ON_OR_BEFORE'| 'ON_OR_AFTER'

| 'LESS_THAN' | 'MORE_THAN' |
'EQUAL_OR_LESS | 'EQUAL_OR_MORE'| 'START'

| 'MID" | 'END' | 'APPROX'
anchorTimelD := IDREF
{anchorTimelD .= TimelD}
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14 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

anchorEventID = IDREF
{anchorEventID = EventlD}
SIGNAL

attributes = sid

sid = ID

{sid = SignallD

SignallD = s<integer>}

SIGNAL is usedto annotatesectionf text, typically functionwords,thatindicatehow temporabbjects
areto berelatedto eachother The materialmarked by SIGNAL constitutesseveral typesof linguistic
elementsindicatorsof temporalrelationssuchastemporalprepositionge.gon, during)andothertemporal
connecties (e.g. when)andsubordinatorge.g. if). This functionality of the SIGNAL tagwasintroduced
by Setzer(2001).polarity indicatorssuchasnot, no, none,etc. indicatorsof temporalquanti cationsuchas
twice, threetimes,etc.

Links

Link tagsencodehevariousrelationsthatexist betweerthetemporalelementof adocumentThe motiva-
tionsfor having multiple typesof links arethefollowing:

1. To distinguishbetweenevent typesand event instancessuchas thoseintroducedby conjunction,
quanti cation, or nggation.

2. To adequatehhandlesubordinatingontets involving modalityandreportedspeech.

MAKEINST ANCE MAKEINSTANCE is arealizationlink; it indicatedifferentinstance®f a given
event. Onecancreateasmary instancesasaremotivatedby the text. All relationsindicatedby the other
links arestatedover theseinstances Becausef this, every EVENT introducesat leastonecorresponding
MAKEINSTANCE.

attributes = eild eventID [signallD] [cardinality]
eid == ID

{eiid := EventlinstancelD

EventinstancelD = ei<integer>}

eventiD 1= |IDREF

{eventiD := EventlD}

signallD = IDREF

{signallD = SignallD}

cardinality = CDATA

A MAKEINSTANCE canbeconsideredo bea functionalobjectthattakesan EventID asits inputand
producesan Eventinstancellasits output.

signallD indicatesa SIGNAL that either motivatesthe existenceof the MAKEINSTANCE, or which
indicatesthe value of the cardinality attribute (seeannotationof Johntaught20 minutesevery Monday
below for anexampleof this).
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Thepossiblevalueof cardinalityis givenasCDATA, i.e. ary ASCII text. In reality; its valuesaremost
likely to rangeovertheintegers,alongwith alimited numberof quanti cationalelementsuchas’EVERY”,
"MOST", etc. It may be possibleto createa more constrainingdatatype(e.g. Cardinality),basedon the
string datatypewhich constrainst to a x ed setof word tokens,andary sequencef digits, but we have
notyetdonethis.

TLINK TLINK is atemporalink. It representsherelationbetweertwo temporalelements.

attributes == (eventinstancel D | timelD) [signallD]
(relatedtoEvent | relatedtoTime) relType [magnitude]

eventinstancelD = IDREF

{eventinstancel D ::= EventinstancelD}

timelD := IDREF

{timeID = TimelD}

signallD = IDREF

{signallD = SignallD}

relatedToEvent = |IDREF

{relatedToEvent = EventinstancelD }

relatedToTime == IDREF

{relatedToTime = TimelD}

relType := 'BEFORE' | 'AFTER' | 'INCLUDES' | 'IS_INCLUDED'

| 'HOLDS'

'SIMULTANEOUS' | 'IAFTER' | 'IBEFORE' | 'IDENTITY'

I'BEGINS' | 'ENDS' | 'BEGUN_BY' | 'ENDED_BY'

magnitude = IDREF

{magnitude := TimelD}

Notethattheoptionalmagnitudeattribute rangesoverthelDs of TIMEX3 expressionshatrepresenthe
magnitudeof therelation(e.g.5 minutesbefore,10 daysafter,etc.).

SLINK Thisis asubordinatiorink thatis usedfor contets involving negation,modality evidentials,
andfactives. Therearetwo casef SLINK.

1. Caseswherean event instancesubordinatesan event type; theseare caseswherea verb takes a
complementand subordinateshe event referredto in this complement.In thesecasesthe subordinated
eventis aneventtype,i.e., subordinatedEant.

2. Casesvherea subordinatioris introducedby a modalor neggation. In thesecasesthe subordinated
eventis aninstanceof aneventtype,i.e., subordinatedEantingarce.

Thislink is betweera matrix eventinstanceanda subordinat@venttype (thoughin somecasessuchas
negation,thesubordinate@lemenis aneventinstance) SLINK is alsousedto indicate(negative) polarity,
viathe"NEGATIVE” valueof therelTypeattribute.

attributes = [eventInstancel D] (subordinatedEv  ent |
subordinatedEv  entl nst ance) [signallD] relType

eventlnstancelD = |IDREF

{eventinstancel D ::= EventinstancelD}

subordinatedEve nt := IDREF

{subordinatedEv  ent := EventlD}
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16 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

subordinatedEve nt In st ance ::= IDREF

{subordinatedEv  entl nstan ce := EventinstancelD }

signallD = |IDREF

{signallD = SignallD}

relType = 'MODAL' | 'NEGATIVE' | 'EVIDENTIAL' | 'NEG_EVIDENTIAL'
| 'FACTIVE' | 'COUNTER_FACTI\E'

Note that eventinstancelDis optional becausean event can be subordinatede.g. in a conditional)
withoutbeingsubordinatedo a particularevent.

ALINK ALINK is anaspectudlink; it indicatesanaspectuatonnectiorbetweerntwo events.In some
ways,it is like a crossbetweenTLINK andSLINK in thatit indicatesbotharelationbetweertwo temporal
elementsaswell asaspectuasubordination.

attributes == eventlnstancelD [signallD] relatedToEvent relType
eventlnstancelD = ID

{eventinstancel D ::= EventinstancelD}

signallD = |IDREF

{signallD = SignallD}

eventlD := |IDREF

{relatedToEvent = EventID}

relType = 'INITIATES' | 'CULMINATES' | 'TERMINATES' |

'CONTINUES' | 'REINITIATES

CONFIDENCE In variousdiscussion®f thefull TERQASgroups.the utility of beingableto mark
con dencevaluesfor variousaspectof the annotationwas pointedout. In general,jit would be usefulto
allow con dencevaluesto beassignedo ary tag,and,in fact,to ary attribute of ary tag.

A corvenientway to do this would be to createa con dencetag, which would consumeno input, and
which would have the following attributes:

attributes = tagType tagID [attributeName ] confidenceValu e
tagType := CDATA

taglD := IDREF

attributeName == CDATA

confidenceValue = CDATA

{confidenceValu e = 0<x <1}

wheretagType would rangeover the namesof all the tagsof TimeML tagID would rangeover the setof
actualtagDs within the currentdocumen{XML type IDREF) attributeNamewould rangeover the names
of all the attributesof all the tagsof TimeML con dence\alue would rangeover the rationals(i.e. would
have a oating pointvalue)betweerD and1.

So,for example,giventhis annotation:

(19) The TWAflight

<EVENT eid="el" class="OCCURRENCE" tense="PAST" aspect="NONE">
crashlanded

</EVENT>
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2.5. TIMEB ANK CORPUS 17

<MAKEINSTANCEeiid="eil" eventID="el"/>

<TLINK eventlnstancel D="ei 1" signallD="s1" relatedToTime="t 2"
relType="BEFORE " magnitude="t1"/ >

on Easter Island

<TIMEX3 tid="t1" type="DURATION" value="P2W">

two weeks

</TIMEX3>

<SIGNAL sid="s1">

ago

</SIGNAL>.

<TIMEX3 tid="t2" type="DATE" functioninDocu ment= "CREATION_TIME"
value="1999-12-  20">

12-20-1999

</TIMEX3>

if we wantedto indicatethatwe wereunsurethatwe hadannotatedwo weekscorrectly we couldadd
this annotation:

<CONFIDENCEtagType="TIMEX3 " tagID="t1" confidenceValue=  "0.5 0" />

wherethe lack of the optionalattribute, attributeName jndicatesthat the con denceappliesto the whole
tag.

Ontheotherhand,if we wantedto indicatethatwe werent sureif thetenseof crashlandedavasreally
"PAST", we couldaddthis annotation:

<CONFIDENCEtagType="EVENT" taglD="el" attributeName=  "TENSE"
confidenceValu e="0.7 5"/ >

Abstractingcon dencemeasuregssa separateag freesthe annotationfrom having to includea con -
dencevalueattribute in every tagandeliminatesthe problemof uncertaintyover the exactattribute of atag
thecon dencevalueappliesto.

Note: currently TLINKs, SLINKs, and ALINKs do not have IDs. If we wantto apply con dence
measureso links and/ortheir attributes,we will needto give eachlink auniquelD underthis proposal.

As for how con dencevaluesshouldbe assignedn manualannotationwe feel that, in a large-scale
annotatioreffort suchasTIMEBANK, two conditionsshouldbe satis ed:

1. Fairly highinterannotatoragreemenbn thetagassignmenin thetext.

2. Easeof useandhabitability of thetool from the annotatos perspectie.

2.5 TimeBank Corpus
2.5.1 Creationof TIMEB ANK

Thisis generainformationaboutthe documentorporabeingusedfor TERQAS.Informationon the ques-
tion corporawill befoundseparatelyCorporato be AnnotatedAnnotationcorporaaredividedinto training,
devtestandevaltest. Training setsareon NRRC hostcomputer DevtestandEvaltestdataarein passvord-
protectedzip les ontheNRRChostcomputer

Two subset®f training setshave beenidenti ed for earlyannotation:
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1. A setof 6 articles,3 from ACE and3 from DUC, wereannotatedy multiple TERQASpatrticipants,
with anaim to revealingsigni cant issueswith the annotatiorguidelines.The annotationof those6
articlesis beingperfectedhroughanadijudicatiomprocesso serne asaninitial TimeML goldstandard.

2. A setof 44relatively shortarticlesarebeingannotatedby "serious”"TERQASannotatorsled by Roser
Sauriand Andy Seeat Brandeis. This setincludes22 ACE articles(nenvswire and broadcashews)
and22 Propbanlarticles.Thegoalis to completesingleannotatioron asmary of thesedocumentss
possibleby theendof theworkshop preferablywith someadjudicatiorandcorrectiondoneby Roser
andAndy.

In additionto thetotal of 50 articlesdescribedbove, anothe250articleshave beenidenti ed for annotation
by the end of September Thesearticlesinclude onesfrom ACE, DUC and Propbank. A subsetof 24

relatively shortarticleswill be annotatedby multiple TERQAS annotatorsand an assessmernnade of

interannotatolagreementusing comparisonand scoring software from Mitre. This setincludes5 ACE

newswire,5 ACE broadcashews, 2 DUC "Sununu”,3 DUC "Iraq”, and9 Propbank.

1. DUC (TIPSTER)

(a) 3 Trainingclustergall docsfrom eachcluster)
i. d03- biography(Sununu)-total of 11 docs
ii. d09- singleevent(lraq)—total of 16 docs
iii. d16- sequencef events(earthquaks)—total of 8 docs
(b) 5 Devtestclusterg5 docsfrom eachcluster)
i. d25- biography
ii. d40- biography
iii. d21- opinion
iv. d20- sequencef events
v. d33- singleevent
(c) 5 Evaltestclusters5 docsfrom eachcluster)
i. d42- biography
ii. d47- biography
iii. d26- opinion
iv. d36-sequencef events
v. d60- singleevent

2. ACE (TDT2) : Jan-Junl998. Thesesetsare available both with and without manuallygenerated
TIMEX2 tags.

(a) Broadcastews (ABC, CNN, PRI, VOA). 100 articles (50 training, 25 devtest, 25 evaltest)
Method of selection: Remared sportsand pop culture articlesfrom ACE dataset, plus most
of the shortest(1K) les, leaving 100 docs. Identi ed generaltopic of eachdoc. Eachof the
threeTERQASdatasetsincludesproportionalnumberof docsfrom eachsource(ABC, CNN,
PRI,VOA). The rst ndocs(in alphaorderby lename)wereselectedhstraining. Therestwere
arbitrarily assignedo devtestor evaltest but with someconscioudalancingoy topic (U.S.news
vs. foreignnews, for example).

(b) Newswire (AP andNYT). 99 articles(49 training, 25 devtest, 25 evaltest)Methodof selection:
Remawedall sportsstories leaving approximatelyl00docs. Every secontnewasassignedo
training; theremainingwerealternatelyassignedo devtestandevaltest.
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3. PropbanKfrom Treebank2p16WSJarticles(166training,25devtest,25evaltest)ThePropbank/Teebank?2
documentdack headerinformation, including ary referencetime for the document. We tracked
down the original documentgrom a TipsterCD, andassignedhem le nameshatmatchthe Prop-
bank/Treebank2le nameshutwith ".orig” (original) appendedTheseoriginal les will beusedfor
TERQASannotationDueto time constraintsarigorousproceduravasnotusedto selecthearticles.
Most of the rst onesto be annotatedaretaken from the shortesiof the rst 100thatwerematched.
Therestalsocomefrom thetop of thelist of les thatwerematchedput with lessregardfor length.

ReferenceCorpora

1. TIPSTER: Thesearethe DUC clusterghatarenotincludedin the corporato beannotated.

2. TDT2: Thisis thewholecorpus,ncludingthe smallportionsthatarein the corporato beannotated.

3. TREEBANK : Rightnow, all docsareincluded,includingthe Propbanlarticlesthatarein the corporato
beannotated.

4. PROPBANK : This excludesthe portionsthatarein the corporato be annotated.

5. REUTERS-21578

6. AP (HANKS)

7. NAMTC (LDC) — The North AmericanNews Text Corpusis a collectionof journalistictext in English
from newswire and newspapersourcesin the United States. The sourcesand time periodscovered by
this collection are as follows: LA Times and WashingtonPost(May 1994 - August1997), NY Times
News Syndicate(July 1994- Decemberl996), ReutersNews Service,generaland nancial (April 1994-
Decembed996),WSJ(July 1994: Decembel996)

8. ProMed

9. ENTHUSIAST dialoguecorpus(appointmenschedulingdialogues)with TIMEX2 tags

10. BNC (British NationalCorpus)

2.5.2 Featuresof TIMEB ANK

The TERQAS collectionof annotatedexts (TIMEBANK consistsof 300 texts with careful, detailedan-
notationsof termsdenotingevents(including statesand changesf stateaswell asactions,occurrences,
andprocesses}emporalexpressionsandsignals(modals hegatives,temporalconnecties, etc.) and,most
importantly links betweerthem. TERQASIinks areof threekinds: temporal(actualsequencesf events),
modal(possibleevents)andaspectuale.g. phasedredicatorexpressingconceptsuchasstart,continua-
tion, andcompletion).

This collectionof annotatedexts providesa solid empirical basisfor future researchinto the way in
which texts actuallyexpressandconnectseriesof events,which differsin interestingrespectgrom a priori
expections.For example,annotatorgoundthatellipsis of actualeventwordscommonlyoccurs sothatfor
example throughmetorymy, a pricemayrepresenanevent,insofar asit is achangdrom anearlierprices.
Striking differencesvereobseredby theannotatorbetweerthetypical eventstructureof businesseports,
for examplein theWall Streetlournalandthetypical eventstructureof political, social,andmilitary events.

Futureresearcldevelopmentsouilding on this foundationmay be expectedo included:

1. continuingdevelopmentof empirically well foundedalgorithmsfor computationaldenti cation of
the sequencef eventsin navspapereportsandothernarratves. (We areexploring possibilitiesfor
re ning existing algorithmsin the light of empirical ndings, so asto improve analysisof unseen
texts, usingTIMEBANK asabenchmark.)

2. relationshipbetweenevent structures(as expressedn texts), agumentsstructures,and discourse
structures(Not partof TERQAS,but a naturalandpotentiallyfruitful corollary)
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3. relationshipbetweercausalandnon-causasequencesf events.
4. relationshipamongmultiple texts expressingdifferentsggmentsof a developingsequencef events.
5. processingllipsis.

Wewouldexpectmuchfutureresearcho focusonwhatactuallyhappensiatherthanonwhatmightpossibly
happenThedistinctionbetweertheprobableandthepossibles fundamentato empiricaltext analysisand
will have a profoundeffect onthe characteof algorithmsfor practicaltext processing.

2.6 Creationof Query Corpusand Classi cation

Classe®f Questiongvaluesfor temporalcompleity typeattribute)

This classi cationis basedon the waysquestionssignaltheir time or event(s)dependencandon how
straightforvardit is to determinevhattime informationneedgo be understoodrom a questionin orderto
beableto provide a suitableanswer Almostall examplesarefrom the Excite questiorog, with someminor
editing. Time expressionshatare TIMEX2 markablesareenclosedn curly bracesTheclassesireordered
accordingo anotionof simplicity in termsof presumedimeML elementsandlinks.

NO-LINK : No TimeML link

SE-ST: State-STor Event-STTML link
E-E: Event-ezent TML link

S-T State-Tmexp link

T-T: Timexp-Timexp link

E-T: Event-Timexp link

2.6.1 Classesf Questions- valuesfor temporal complexity type attrib ute

NO-LINK: NoTML link

1. Questiorfocusis anexpressiorof time
Do you have arythingon thedecaddrom 1940 to 1950 ?
Do youknow arythingabout theyears1720 - 1729 ?
Tell meabout1950.

2. Questiorfocusis areferenceo a historicalperiod,personabiographyetc.
Whatdo you know aboutthe historyof CastleGarden?
Tell me moreaboutRomanHistory:

3. Questiorfocusis anentity (noteventor state)thatis locatedin time by atime expression
Wherecanl nd 40's musicl candovnloadon my computerfree?
Who starredn the 1930musical’Girl Crazy”?

SE-ST. State-STor Event-STTML link
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1. Indexical questionswith events/statess questionfocus. In somecasesthe headis a noun, like
"population”,”price”, "fares”,"president”,"weather”,etc. In smeotherstheheadis averh

Whatis the populationof Grif n, Geogia?
Whatis theweatherin Ellicotville, NY? (Firstreadingof this seemgo betime dependent.)
WHO IS THE PRESIDENTOF VENEZUELA?

How muchfranciumis therein the world? (Doesthis Q belongin a different class?)subitem
Whatdateis the AFC Championshigsameon?

Whenis Ramadan? (this year)[notethatthis questionis ambiguous]
How muchdo dentalassistantsnake?

How muchis the Deathof Supermartomicbookworth?

Whatcompaw is ranked numberl onthefortune500list of companies?

2. Indexical questionsvhosetemporaldependengis signaledby Qword otherthan”when”?

How old is the bristleconepine treewhich wasfoundin California? ii. How mary peopleare
therein theworld?

How mary peoplelivein theworld?
3. The questionasksfor information aboutwho is/was a person. The tensemay signal whetherthe
personis still alive or not, which couldhelpin disambiguatingnamehomoryms.
WhowasJohanrCarl FriedrichGauss?i. Whois Britney Spears?
4. A superlatre adjectie or expressiondik e "the top X” modify (a partof) thequestiorfocus,signaling
thetime dependenc
Wherecanl nd thecheapesiinidiscplayer/recorder?
Whatis thefastestaryou canbuy?
Wherecanl nd informationonthe nevestcellularphones?
Whatarethe mostpopularhair styles?

E-E: Event-event TML link

1. In somecaseshotheventsareexpressedsfull clauses.
How old wasJackieRobinsorwhenhedied?
Who wastheruler of EgyptwhenJesusChristwasborn?
How wasabortionperformedbeforeit waslegalized?
Whatmusthapperbeforethe Christmas feastcanbegin in Poland?
Doescidervinegarhave to berefrigeratedafterit hasbeenopened?
Why do peoplehave to standwhencourtstarts?
Wherecanl nd akeychainthatbeepsor chirpswhenl clapmy hands?
Do all saints'bodiesnot decomposafterthey die?

How do | disablemy modemspeakr so it won't malke that awful noisewhen| connectto an
onlinesite?

Wheredoi nd informationonjohn paulll' s life beforehewasapope?
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2. Oneor bothof theeventsmaybe expressegssomethingotherthanatensedclause.
Whatkinds of weaponavereusedduringthe Americanrevolutionarywar?
Is it betterto eatbeforeor afteraworkout?
Is therelife afterdeath?
Whataremy paymeniptionswhenshoppingonline?
Whathappenedo the teachethatwentot jail aftergettingpregnantwith a student?
It is safeto eatsalmonwhile pregnant?
Whatpresidentadtwo vice-presidentslie while in of ce?
How is baseball today differentfrom baseball yearsago ?
Wheredoi nd informationonjohn paulll' s life beforehewasapope?

S-T: State-Timexp link

1. Note: We view the"when” question-phrast beatimexp.
Who wasthe presidenof theU.S.in 19587
Whoisthe current leaderof China?
Whowasonboardthe Aero ot planeyesterday?
WhenwasEisenhaver presidenof theU.S.?

T-T: Timexp-Timexp link

Note: We view the"when” question-phrast be atimexp.

1. "When” question-phrasi relationto just oneothertimexp

Whenis Ramadan? (in general)
Whenwas the rst dayof winter 1999 ?
Whenis thenext full moon?

Whendoes thenewv millennium begin?

2. 2."When” questionphrasan relationto two or moreothertimexp's.
Whenis Ramadan thisyear ?
Whattime doesthe winter solsticeoccurfor 1999 ?
Whatis thelastdayto contrituteto aRothIRA for 1999 ?

E-T: Event-Timexp link
Note: We view the”when” question-phrast® beatimexp.

1. Thetimexp is a”"when” questiorphrase
ON WHAT DATE DID THE CHALLENGER SFACE SHUTTLE EXPLODE?
Whendid the Challengeexplosionhappen?
Whatdateis the AFC Championshigsameon?
Whatyearwasthetoilet inventedin?
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How oftendo youfeedapetgerbil?

How longdo| cookasweetpotato?

Whatis thelife of four AA batteries?

WHAT YEAR WAS IT WHEN THE KANSAS-NEBRASKAACT ALLOWED FORTHE SPREAD
OF SLAVERY? (Note: "What yearwasit when...?"is treatedhereas synorym for "in what year
did...?")

2. Thetimexp is nota"when” questionphrase

Whataresomeof the expectedechnologicahdvancementsf thenext century ?

Wherecanl nd themajoreventsof theworld during the1990s?

Whataresomeof the greatesachiszementdrom theyears1000to 2000 ?

Wherecanl nd informationon medieval life in acastle?Note: Thisis phrasedn thelog as
Wherecanl nd informationonlife ina medie/al castle?)

Whataresomeof the expectedechnologicahdvancementsf thenext century ?
Wherecanl nd themajoreventsof theworld during the1990s?
Whataresomeof the greatesachiezementsdrom theyears1000 to 2000 ?
How mary servingsof Coca-Colavereconsumedn 1994 ?
Whathappenedn Easter?
Whowasbornon the 18thof December?
Whatwasfoodlikein the1400s?
How canl nd how mary second$ave elapsedince 1970 ?
Whataresomeactvities adultcanplay at Christmas?
Wherecanl nd whattheprimeratewasfor April 1,1999 ?

1876 executionsby hanging
Which daysin theyear2000will banksbeclosed?

3. Thetimexp is expressedy a sequencingerm,suchas” rst”, "initial”, "latest”, etc.
Whowonthe rst RoseBowl game?
Wherecanl nd informationaboutthe rst manonthemoon?
Who wasthe secondoresidenpf the United States?
Wherecanl nd thelatestUnited Mine Workerscontract?
WhatwasPierrede Fermats lasttheorem?

2.7 Creationof Annotation Tools

TheAlembic Workbenchis agenerictool for addingSGML tagsto atext. It allows annotatorgo de ne and
edittagsandhasa mechanismio de ne relationsbetweertext stringswhich canbe usedto annotatdinks.
TheWorkbenchwasadaptedo therequirementsf TimeML in two ways.Firstly, atagpreferencede was
addedhatde nedtheTimeML tagsEVENT, TIMEX3 andSIGNAL (illustratedin gure 2.1). Secondlya
new relationTML-LINK wasadded.
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Figure2.1: Modi cations in Alembic: AnnotationOptions

Alembicworkswell for annotatiorof eventsandtime expressionshut themechanisnto dealwith large
amountf temporalrelationsis notideal. Temporallinks aredisplayedn atableandareaddedby arather
click-intensve sequencef mouseactions.

Thetabledisplaydoesnotdisplaythetemporakelationintuitively. ConceptuallyTimeML annotatiorplaces
eventsandtime expression®n atimeline. A graphicalrepresentatiomould moreintuitively displaytem-
poralrelationsbetweenevents. Moreover, implicit relationsaremadevisible too. Comparethe difference
betweerthetableandthetimelinebelow:

TABLE: [sleep] BEFORE [wake_up]
[brush_teeth] BEFORE [sleep]
TIMELINE:  [brush_teeth] --—---- > [sleep]  ----- > [wake_up]
BEFORE BEFORE

It requiresscanningandinterpretingthe tableto gure out that brushteethis beforewalke_up. The
timelineon the otherhandimmediatelyclari es therelation.

2.7.1 EventDiagram

The Event Diagramis a rst steptowardsa fully editabletimeline annotationtool. It is a semi-graphical
annotatiortool that displaysspatiallyhow a focuseventis temporallyrelatedto all othereventsandtime
expressiongn atext. Figure2.2shavs how murdered, theeventin focus,relatego all othereventsandtime
expressionsTheboxbelav thefocusholdsall eventsthatareidenticalor simultaneousvith thefocusevent.
Theboxesto theleft andright hold eventsthatprecedeor follow thefocusevent. So, in this case slayings
andmurderedareidenticaleventsandthetime expressionThursdayis temporallysituatedaftermurdered
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Figure2.2: VisualAnnotation:Link Tool

Adding links is muchsimplerandabouttwice asfastthanin Alembic. It is alsoeasyto changefocus
andfollow achainof links. In addition,it is possibleto zoomin ona seggmentof thetext, ignoringall events
andtime expression®utsidethe event.

TheEventDiagramcomeswith anextrawindow thatdisplaysthetext andhighlightstheeventsselected
in thediagram.Thetext window hastageditingfunctionalitiessimilarto Alembic, but addsmary shortcuts
thatmake editingof eventsandtime expression®asier

This new tool wasdesignedo initially complemenandeventuallyreplaceAlembic. It waswritten in
Tcl/Tk andfunctionsasanextensionto Alembic.

2.8 Algorithms for RecognizingEventsand Times

2.8.1 Goals

ExtendTimex2 bothin termsof coverageandfunctionalityin TemporaExpressionandEventRecog-
nition

Delay Computatiorof TemporalMath
Usestemporafunctionsandit is forseerto beintegratedwith Hobb's SemantiaNVebtemporalkystem.
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Sene preprocessingf humanannotatioraswell asexplore automaticannotatioralternatves

2.8.2 General Architecture

Modulardevelopment:lt is organizedn a setof cascadegrocesses.

Part of SpeechandChunkingPreprocessing required:Alembic POStagger/chunér wasused.
TIMEX andSignalRecognizer
EventPredicatefecognizer

Link Builder Transducer

2.8.3 Developmentof Temporal Functions and Temporal Expressionsdenti cation

Theinput consistedAlembic preprocessedML les with POStags,NamedEntity Tagsand Chunktags.
The requiredoutputwas an XML le that presered input tags (exceptfor TIMEX2 tagsthat mustbe
removed)andaddecthefollowing tags:

1. TIMEXS tags
2. Signaltagsrelatedio TIMEX3 tags

3. TemporalFunctiontags

TIMEX3 tagsmustbe annotatedaccordingto the TimeML speci cationsresolvingabsolutd SO time
valuesandbookeepingthe necessarynformationto resole laterthe ISO time of temporalexpressionghat
arecontetual dependentwhich includerelative referencesindincompletetime speci cationsthatdo not
includeayear will betaggedusingtemporalfunctions. The outputis a TIMEX3 tag, followed by a chain
of temporalfunctiontags.

TIMEX3 tagsthat canonly have an actualtemporalvalue oncean anchoris determinedcontainthe
additionalattributestemporalFunction, valueFromFunction, andtemporalFunctionID.

Thevalueof thetemporalFunctiomttribute is aboolean,1 for atemporalfunction, 0 for TIMEX3 with
absolutdSO values.

Thevalueof valueFromFunction is the ID of oneof the correspondingemporalFunction tags,indi-
catingthatthetime referredto by the TIMEX 3 is thetime thatis the outputof thattemporalfunction.

Thevalueof the anchorTmelD or anchoreEgntID attributescorrespondso theid of the TIMEXS3 or
EVEMT that providesthe input to the rst of the temporalfunctionsin the chain,thatis, the anchoring
temporalexpressioror eventrelative to which thetime referencas resohed.

Sincethe temporalanchorcannotbe resoled at aninitial stagethe outputproducedhasa value for
temporalAnchorlDthat is a string startingwith "unknowvn”, which will not be the ID of ary tagin the
document. A subsequenprocessingnodulewould replace”unknowvnxxx” by the ID of an appropriate
eventor TIMEXS tag.

SIGNAL Tagsrelatedto TIMEX3 expression$iave to beidenti ed in thismodule.

Argumentgo temporalfunctionsarespeci ed by specifyingthe ID of theargumentin theargumentID
attribute (or for 2-agumentfunctions,the agumentiD1land agumentiD2attributes). For thosetemporal
functionswhoseargumentis an unknavn anchoy the value speci ed will be anid startingwith the string
"unknown”. In thosecaseswhereit can be determinedthat multiple temporalfunctions, or a temporal
functionanda TIMEX, referto thesameanchoythesame’unknowvnxx” 1D stringwill beused.In particular
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the rst temporalfunctionin the chainwill have the same’unknonnxx” value for its agumentiDasthe
TIMEX hasfor its temporalAnchorlDvalue.

Thefollowing is alist of temporaffunctions,togethemith possiblevaluesfor attributes,andsomenotes
onintendedsemantics.

In all cases:

td istheattributeindicatingtheuniquelD for thistemporalFunctiontamstance.

argumentID, argumentID1, andargumentlD2 areusedaspointersto othertags. Thevaluespeci ed
will beeitherastringbeginningwith "unknowvn”, followed by a numbey or the ID of a TIMEX3, event,or
anothetemporalfunction. SignallD,anoptionalattribute, will, whenprovided, give theID of a signaltag
containingthe text thatindicatedthatthis temporalfunction shouldbe called,in the casewherethis text is
notitself partof thetext of the TIMEX3 expressioritself. In mostcaseshowever, therewill beno signallD
provided, sincethewordssignallingthetemporalfunctionto beusedwill be containedwithin the TIMEX3
tag.

2.8.4 A possiblecatalogof Temporal Functions

In this sectionwe enumerate possiblecatalogof temporalfunctionswhich neednot be exhaustve nor
complete,but representate of the kind of temporalfunctionsthat might be requiredor used. Given the
developmenbf possibleemporalfunctionswasperformedndependentlyrom thecore TimeML language,
theremight be someoverlapping,or choicealternatves on how the sameexpressionsnight be taggedor
how theseresourcecanbe exploitedby client programs.Suchanexamplearethe begin andendfunctions.

Zero argumentfunctions

<indefinitefutu re tfid=/>
<indefinitepast tfid=/>

Theseare neededin the annotationof text that indicatesa time period with a speci ed start (typically
speci ed relative to ananchor), but an unspeci edending,or vice versa,suchas”to date” or "from now
on”.

One argumentfunctions

<CoerceTo tfid= argumentlD= scale= />

Scaleis the nameof a type of time period,suchas”hour, minute,day,week,year”. This functiontakesa
time or time period(or anevent,consideredor the purposeof thesefunctionsasequialentto the moment
or if time period over which the event occurs)as argument,and returnsthe enclosingtime period of the
speci edtype.

<Predecessor tfid=  argumentlD= count= />
<Successor tfid=  argumentID= count= />

Thefunctionssuccessoandpredecesspareanalogoudo eachother Onemovesforwardin thetime line
andthe otherbackwards. For example,given atime periodof a standardype, suchashour, day ,etc. this
functionreturnsatime periodof the sametype, prior to the speci edtime period,precedingt my anumber
of thosetime periodsspeci edin the numericattribute "value”.

If thevalueof thetemporalfunctionwith ID tf2 is aweek,thefollowing tagrepresenttheweeklocated
4 weeksprior to theweekdenotedoy tf2.

TimeML v0.1.0 29-09-02



28 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

<Predecessor tfid=tfl argumentlD=tf2 count=4 />

The identity function returnsthe sametime or time period as its agument. Neededfor annotating
expressionsuchasnow.

<ldentity tfid=  argumentID= value= />

Givenatime periodasargumentthefunctionGetNamedElementOfchoose®neor moresmallertime
periodsof thetype givenby "type” from this time period. Onesub-time-periods selectedunlessquantity
is speci ed. Whenquantityis speci ed, it is eithernumericor the specialvalue’every”.

<GetNamedElementOf tfid=  argumentID= value= type= signallD= quantity=>

Thefollowing functionsselectthe Mondayout of its agument(typically aweek)i.e., thespeci edtime
intenal (wouldbeusedn annotatingevery Mondayin January” or "Mondaysin 1997”, or just”"Mondays”,
with anunknavn agument.:

<GetNamedElemen tOf tfid=tfl argumentID=tf2 value=Monday type=day>

<GetNamedElemen tOf tfid=tfl argumentID=tf2 value=Monday type=day quantity=every>

An unspeci eddaywithin thetime period(usedto annotatéa dayin June”:
<GetNamedElemen tOf tfid=tf1 argument|D=tf2 type=day quantity=1>
Threeunspeci eddayswithin thetime period("threedaysin June”):

<GetNamedElemen tOf tfid=tfl argumentID=tf2 type=day quantity=3>
Every dayduringthespeci ed period("every dayin July”):

<GetNamedElemen tOf tfid=tf1 argument|D=tf2 type=day quantity=every>

The function adjust is usedto indicatea modi cation of the amgumenttime or time period, a sort of
aproximationfunction.

<adjust tfid=  argumentID= signallD= direction= quantity= value=>
Theattribute DIRECTION hasthefollowing possiblevalues:
later|earlier| la rger|smal ler| unspeci fi ed

the rst two for pointsin time, the lasttwo for time periods.Valueis atime unit ( daymonth,houretc.) or
unspeci ed,andquantitycanbeeitheranumbeyor”unspeci ed”, orsmall”. "Unspeci ed” in thedirection
eld is for taggingthingslike "abouttwo years” wherethe adjustmentouldbein eitherdirection.
Examples:
“for justovertwo years”:

<Timex3 tid=tl type=duration value=P2Y/>
<adjust  tfid=tfl argumentiD=t1  direction=large r quantity=small>

"just afterJanuary4, 1998

<Timex3 tid=tl value="01041998 "/ >
<adjust  tfid=tfl argumentiID=t1  direction=forwa rd quantity=small >
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Functionsthatextractendpoints:BeginFoint andEndPoint take aninterval asanargumentandreturn
the correspondindpoundaryof thatintenal, e.g."The startof January’and”The endof January”couldbe
taggedas:

<TIMEX3 tid=1 temporalFuncti on="tru e" valuefromfunct io n=t f2 temporalAnchor
The start of January

</TIMEX3>

<getnamedelemen to f tfid=tfl argumentlD=unkn ownl value=January/>

<TIMEX3 tid=1 temporalFuncti on="tru e" valuefromfunct io n=t f2 temporalAnchor
The end of January

</TIMEX3>

<getnamedelemen to f tfid=tfl argumentiD=unkn ownl value=January/>

<EndPoint tfid=tf2 argumentlD=tf1>

Two argumentfunctions
Thisfunctiontakestwo agumentsthe startandendtime of anintenal, andreturnstheintenal.
<maketimeperiod tfid= argumentiD1=  argumentiD2= signal= />

"between2 and3 O'clock” couldbetaggedas:

<TIMEX3 tid=1 temporalFuncti on="tru e" valuefromfunct io n=t f3 temporalAnchor
between 2 and 3 O'clock

</TIMEX3>
<getnamedelemen to f tfid=tfl argumentID=unkn ownl type=hour value=2/>
<getnamedelemen to f tfid=tf2 argumentlD=unkn ownl type=hour value=3/>

<maketimeperiod tfid=tf3 argumentlD1=tf 1 argumentlD2=tf2/ >

Samplesof annotatedtext

Eachof the following examplesis consideredeparatelylf theseoccuredin the samedocument]D elds
andunknavn elds would beadjustedsoasto be uniquethroughouthedocument.
this week

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f1" temporalAn-
chorlD="unknown 1" >

This week

</TIMEX3>

<CoerceTo tfid="tf1" argumentID="unkn ownl" scale="WEEK"/>

every week

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f1" temporalAn-
chorlID="unknown 1" >

"every  week"

</TIMEX3>

<getnamedelemen to f argumentID="unkn ownl" quantity="all" type="week"
tfid="tf1"/>
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every weekin July

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2" temporalAn-

chorlID="unknown 1" >

"every week in July”

</TIMEX3>

<getnamedelemen to f argumentlD="unkn ownl" name="july" tfid="tf1"/>

<getnamedelemen to f argumentID="tf1" quantity="all" type="week" tfid="tf2"/>
every day exceptMonday

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f1" temporalAn-

chorlID="unknown 1" >

every day

</TIMEX3>

except

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2" temporalAn-

chorlID="unknown 1" >

Monday

</TIMEX3>

<GetNamedElemen tOf argumentID="unkn ownl" quantity="every" type="day"  tfid="tf1"/>

<GetNamedElementOf argumentlD="unkn ownl" name="monday" type="day"  tfid="tf2"/>
threedaysa week

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2" temporalAn-

chorlD="unknown 1" >

three days a week

</TIMEX3>

<CoerceTo tfid="tf1" scale="WEEK" argumentlD="un knownl"/>

<GetNamedElemen tOf argumentID="tf1" type="day" guantity="3" tfid="tf2"/>

between2pm and 4pm on the last thursday of july

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f7 " temporalAn-
chorlID="unknown 1" >
"between 2pm and 4pm on the last thursday of july”
</TIMEX3>
<GetNamedElemen tOf tfid="tf1" argumentiID="unkn ownl" type="month" value="JULY"/>
<EndPoint tfid="tf2" argument|D="tf1" >
<CoerceTo tfid="tf3" scale="WEEK" argumentID="tf 2" />
<GetNamedElemen tOf tfid="tf4" argument|D="tf3" type="day"  value="thursda y"/>
<GetNamedElemen tOf tfid="tf5" argumentID="tf4" type="hour" value="2PM"/>
<GetNamedElemen tOf tfid="tf6" argumentlD="tf4" type="hour" value="4PM"/>
<MakeTimePeriod tfid="tf7" argumentlD1="t 5" argumentiD2="t f6 "/ >

in the nextten years
<signal  sid="1">
in
<signal/>
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the

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f3 " temporalAn-
chorlID="unknown 1" >

next ten years

</TIMEX3>

<CoerceTo tfid="tf1" scale="YEAR" argumentlD="un knownl"/>

<Successor tfid="tf2" count="10"  argumentlID="tf1 "/ >

<MakeTimePeriod tfid="tf3" argumentlD1="u nknownl" argumentID2="tf 2"/ >

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f3" temporalAn-
chorlD="unknown 1" >
next Monday

</TIMEX3>

<CoerceTo scale="week" tfid="tf1" argumentID="un knownl"/>

<Successor tfid="tf2" argumentID="tf1 " count="1" />

<GetNamedElemen tOf tfid="tf3" argument|D="tf2" value="monday"  type="DAY"/>

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2" temporalAn-
chorlID="unknown 1" >
every Monday in January

</TIMEX3>
<GetNamedElemen tOf tfid="tf1" argumentlD="unkn ownl" value="January" type="month"/>
<GetNamedElemen tOf tfid="tf2" argumentID="tf1" value="Monday" type="day" guan-

tity="every"/>

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2" temporalAn-
chorlD="unknown 1" >
a day in June

</TIMEX3>
<GetNamedElemen tOf tfid="tf1" argument|D="unkn ownl" value="June" type="month"/>
<GetNamedElemen tOf tfid="tf2" argumentIiD="tf1" type="day" quantity="1"/>

<TIMEX3 id="1"  temporalFunctio n="tr ue" valueFromFuncti on="t f2" temporalAn-
chorlD="unknown 1" >
three weeks in August

</TIMEX3>
<GetNamedElemen tOf tfid="tf1" argumentlD="unkn ownl" value="August" type="month"/>
<GetNamedElemen tOf tfid="tf2" argumentID="tf1" type="week"  quantity="3"/>

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2" temporalAn-
chorlID="unknown 1" >
every day in July

</TIMEX3>
<GetNamedElemen tOf tfid="tf1" argumentlID="unkn ownl" value="July" type="month"/>
<GetNamedElemen tOf tfid="tf2" argumentID="tf1" type="day" quantity="ever y* >

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f1" temporalAn-
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chorlID="unknown 1" >
for just over two years

</TIMEX3>
<TIMEX3 id="2" temporalFunctio n="fa Is e" type="duration " value="P2Y"/>
<Adjust tfid="tf1" argument|D="2" direction="lar ger" quantity="small ">

Notethatin this andthe following examples sincewe cannotnestTimexes,theinternaltime reference
is insteadannotatecisa TIMEX thatdoesnot consumeext.

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f1 " temporalAn-
chorlD="unknown 1">
for over three months

</TIMEX3>
<TIMEX3 id="2"  temporalFunctio n="fa Is e" type="duration " value="P3M"/>
<Adjust  tfid="tf1" argument|D="2" direction="lar ger" quantity="unspe ci fi ed"/ >

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f1" temporalAn-
chorlID="unknown 1" >
for about two years

</TIMEX3>

<TIMEX3 id="2" temporalFunctio n="fa Is e" type="duration " value="P2Y"/>

<Adjust  tfid="tf1" argument|D="2" direction="uns peci fi ed" quantity="smal " />
<TIMEX3 id="t1" temporalFuncti on="t rue" valueFromFunct ion ="tf 1" temporalAn-

chorlID="unknown 1" >
on or about January 4, 1998

</TIMEX3>

<TIMEX3 tid="t2" temporalFunctio n="fals e" value="01041998 "/ >

<Adjust  tfid="tf1" argument|D="t2" direction="unsp ecif ied " quantity="small ">
<TIMEX3 id="t1" temporalFuncti on="t ru e" valueFromFunct ion ="tf 1" temporalAn-
chorlD="unknown 1" >

just after January 4, 1998

</TIMEX3>

<TIMEX3 tid="t2" temporalFunctio n="fals e" value="01041998 "/ >

<Adjust tfid="tf1" argument|D="t2" direction="forw ar d" quantity="small ">
<TIMEX3 tid="1" temporalFuncti on="t ru e" valuefromfunct ion ="tf 2" temporalAn-
chorlD="unknown 1" >

The start of January

</TIMEX3>

<GetNamedElemen tOf tfid="tf1" argumentID="unkn ownl" value="January"/ >
<BeginPoint tfid="tf2" argumentID="tf 1" >

<TIMEX3 tid="1" temporalFuncti on="t ru e" valuefromfunct ion ="tf 3" temporalAn-

chorID="unknown 1" >
The last day of February
</TIMEX3>
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<GetNamedElemen tOf tfid="tf1" argumentiID="unkn ownl" value="February" />
<EndPoint tfid="tf2" argumentID="tf1" >

<CoerceTo scale="week"  tfid="tf3" scale="day" argumentlID="tf2 "/ >

<TIMEX3 tid="1" temporalFuncti on="t ru e" valuefromfunct ion ="tf 3" temporalAn-

chorID="unknown 1" >
between 2 and 3 O'clock

</TIMEX3>

<GetNamedElemen tOf tfid="tf1" argumentlD="unkn ownl" type="hour" value="2"/>
<GetNamedElemen tOf tfid="tf2" argumentID="unkn ownl" type="hour" value="3"/>
<MakeTimePeriod tfid="tf3" argumentlID1="t f1" argumentlD2="t f2"/ >

for

<TIMEX3 tid="1" temporalFuncti on="t ru e" valuefromfunct ion ="tf 1" temporalAn-

chorlD="unknown 1" >
approximately 14 hours per day

</TIMEX3>

<Adjust  tfid="tf1" argumentlD2="tf2 " direction="unsp ecifi ed" quantity="small ">
<GetNamedElemen tOf tfid="tf2" value="hour" guantity="14" argumentID="tf3 "/ >
<GetNamedElemen tOf tfid="tf3" value="day" quantity="every " argumentlID="unk nownl"/ >
<TIMEX3 tid="1" temporalFuncti on="t ru e" valuefromfunct ion ="tf 1" temporalAn-
chorlD="unknown 1" >

To date

</TIMEX3>

<MakeTimePeriod argumentiID1="t f1" argumentlD2="u nknownl"/ >

<indefinitefutu re tfid="tf1"/>

<TIMEX3 tid="1" temporalFuncti on="t rue" valuefromfunct ion ="tf 1" temporalAn-
chorlD="unknown 1" >

now

</TIMEX3>

<ldentity tfid="tf1" argumentlID="unkn ownl"/ >

2.8.5 EventRecognitionand S-Link builder

Event Recognitionusesverbalchunksinformationto recognizetarget event headsandtemporal/aspectual
information.
Thefollowing alternatveswerealsoexploitedto obtainnominalevents:

Morphologicalinformation(POS)ambiguity
Contetual clues(presenc®f signals).
Semantidnformation(WornetSynsetinformation).

Modal NegationS-Linkswerealsoidenti ed usingthe verbalChunkinformation.
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2.8.6 Temporal Link Builder

Thismodulemodi es XML parsedreebuilt by xmlparse.p usingxml.domandxml.saxpackage$or Python.
It assumesnarkupof TIMEXes, EVENTs,andEVENT types,aswell asshallav parsingof nounphrases.
AddsTLinks andSLinksaccordingto TimeML.

Heuristics:

HO:

i. InsertBEFORETLINK to DCT (documentcreationtime) for all pastEVENTS in the document
(includesEVENTSmarked aspresenperfect).

ii. InsertAFTERTLINK to DCT for all future EVENTSIin thedocument.
H1: (default heuristic)

i. InsertIS.IINCLUDED TLINK from TIMEX to anEVENT immediatelyto theleft of TIMEX

ii. If noEVENTStotheleft of TIMEX arefoundin thesamesentencensertlSINCLUDED TLINK
to the EVENT immediatelyto theright of TIMEX within the samesentence.

H2:

If aTIMEX is followed by nominalEVENT thatbelonggo the samenoungroupasthe TIMEX (e.g.
The TIMEX nominalevent ), insertIS.INCLUDED TLINK betweerTIMEX andEVENT.

II.  EVENT-to-EVENT SLinks
Heuristics:
H1: (default EVIDENTIAL)

i. ForREPORING events,insertEVIDENTIAL SLINK to next tensedDCCURRENCHEEVENT in
thesamesentence.

ii. If noOCCURRENCEEVENTSfollow the REPOR'ING EVENT, insertEVIDENTIAL SLINK
to the rst precedingtenseddCCURRENCEEVENT in thesamesentence.

H2:
For ary in niti val or nominalEVENT, insertMODAL SLINK to theEVENT precedingt in thesame
sentencef a“to” SIGNAL is foundin betweenandno noungroupseparatethetwo EVENTS.

2.8.7 Suggestedruture Work
EVENT-to-TIMEX TLINKS

Recognizingtypesof EVENT-to-TIMEX TLINKS will requirea more extensive implementationof
SIGNAL recognitionaswell astherecognitionof DURATION TIMEXES.

ExtrasententiaEvent-Timex Links

Thecurrentalgorithmwill needto bemodi ed to includethemark-upof intersententialsentencexdernal)
EVENT-to-TIMEX TLINKS for TIMEXES otherthanDCT.
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Event-EwentLinks
IntrasententiaBLINKS (e.g. Evidentialandin niti vals)
Extrasententiagxploiting Discoursenformation.

Thelastwould requiretheincorporationof ReferencdResolutionrmechanismandkeeptrack of Tense
sequences.
Completingthe previouswork would require:
Next Steps
CompleteTimex
CompleteEventRecognition
Develop SignalRecognition
Develop EventClassRecognition
Reference/Anchofime Recognition
EvaluationagainsfTimeBank

2.9 Graphical Interface: Display of Results

2.9.1 Intr oduction

The graphicalvisualizationtool wasdevelopedto represenfTimeML documentgraphically Othervisu-
alizationtools arebasedon the ideathattime andevent expressionsnustlie on atimeline, but this is not
the casewith the tool developedhere. Thetimeline paradigmis a restrictive oneandcannotrepresenall
relationsannotatedvith the TimeML annotatiodanguageThegraphthatis dravn by thevisualizationtool
representghetimein atopologicalway, not necessarilyn ageometricalvay asonatimeline.

Themaintaskof thetool is to extractinformationcarriedby the annotatiorof the document Eachtag
givesinformationaboutthe role playedby termsandexpressionsanalyzedduring the annotation. EVENT,
MAKEINSTANCENdTIMEXS tagsareusedio generateodesof thegraph.Main attributesof eachoneare
insertedn the graphicalrepresentationf eachnodeto easeheinterpretatiorof thegraph. The othertags,
namelyTLINK, SLINK andALINK, arethereto link nodesandthey canbe viewed asrelationsbetween
temporalelementsof the document.Whenthe extractionof elementds done,entitiesare analyzedo be
representeth ainternalgraphstructurefrom which we will rewrite the graphin thegraphviz le format.
Oncethis representatiors createdthe only procesgemainingis to sendthatrepresentatioito dot, a tool
from thegraphviz toolset.

2.9.2 Entities Representation
EVENT and MAKEINSTANCE

EVENTandMAKEINSTANCEagsaredravn asrectangleswith a clearor a solid backgroundaccording
to the relationthey have. EVENTtagsmustbe treatedwith caution,sincethey arecloselyrelatedto the
MAKEINSTANCEags. The MAKEINSTANCEells us that an event happenedit is the realizationof an
event. Sincean EVENTcanhave a single,multiple or anin nity of instancesMAKEINSTANCEagsmust
differ in thewaythey realizethe EVENT

Whenan EVENThave only one MAKEINSTANCEelatedto it, both nodesaremergedinto one,asin
gure 2.3.In this example thereis only oneinstanceof thetaughtEVENT

<EVENT eid="el" class="OCCURRENCE"' tense="PAST" aspect="NONE">
taught

TimeML v0.1.0 29-09-02



36 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

</[EVENT>
<MAKEINSTANCEeiid="eil" eventiD="el"/>

John taught from 1992 through 1995.

Figure2.3: Example8

Whenthe EVENToccurstwice or more,oneEVENTnodeis createdandthe numberof instancesiodes
realizingthe EVENTIs created An exampleof this casecanbeseenin gure 2.5,wherethetaughtEVENT
is realizedtwo timeson Monday indicatedby the SIGNAL twice andonetime on TuesdayThe MAKEIN-
STANCHiInk is dravn in green,anddottedwhenthereis a SIGNAL motivatingtherealization.

Sincethreeinstancesf the EVENTcanhave differentpropertiesthey musthave their own graphical
representationWhenan EVENTdo not have a countablenumberof instancesthe EVENTis dravn asa
singlenodewith a solid backgroundandasignallink pointingback.In gure 2.4,everyis aSIGNAL telling
usthatthe EVENTpossessesiultiple instances.

John taught 20 minutes every Monday.

Figure2.4: Example4

TIMEXS

A TIMEXS3 tagis representetly adiamond.Theannotatedxpressions written insidethe diamondandits
valueis written betweersquarebraclet. TIMEX3 tagsareall treatedequallyexceptfor onething, whenthe
instanceof the TIMEX3 noderepresentshe documentreationtime, the nodeis dravn asa little house(a
at pentagon)liketheonein gure 2.6.

Timex3 tagsarethe anchorof the graph,their orderinggovernsthe layout of the graph. Their nodes
are supposedo be laid out in a chronologicalway from left to right. For now it is not really the case
becausehe value attribute is frequentlyunderspeci ed. Whenthe valueis speci ed correctly nodesare
dravn in theright order like theonesin gure 2.5, wherethevalueattribute clearlyindicateshatMonday
[XXXX-WXX-1] is beforeTuesday [XXXX-WXX-2] .

<TIMEX3 tid="t1" type="DATE" temporalFunctio n="t rue " value="XXXX-
WXX-1">

TimeML v0.1.0 29-09-02



2.9.2Entities Representation 37

John taught twice on Monday but only once on Tuesday

Figure2.5: Example6

John taught last week.

Figure2.6: Examplel0

Monday
</TIMEX3>

<TIMEX3 tid="t2" type="DATE" temporalFunctio n="t rue " value="XXXX-
WXX-2">

Tuesday

</TIMEX3>

Moreoverto representhetemporalrelationsin aconsistentvay, thetool needto have amoduleto calculate
the eventsandtemporalmarquee®rder The problemwe have to dealwith is the orderof magnitudeof
theannotation How to comparewo valuesnot measurean the samescale for examplelastyearandat 9
a.m. To solwe this problem,oneapproaclcould bethe useof Hobb's temporalmath,but this hasnotbeen
triedyetin our case.

SIGNAL

SIGNALstagsareusedto qualify therelationbetweerE VENTand TIMEX3, they areseeronthegraphsas
attribute ontherelationsarcs.Whena SIGNAL is anattribute of arelation,it is written onthearcsbetween
squarebraclets. Relationswith asignalaredravn asdottedarc,this facilitatethevisualizationof "signaled”
relations.
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TLINK

TheTLINK is atemporalrelationshippetweerEVENTB or betweeranEVENTanda TIMEX3. TLINK sare
partof the orderingproceduresincethey carry attributesmarkingrelations,suchastheinclusion(vertical
ordering)andprecedencéhorizontalordering). TLINK relationsaredrawvn in purple,andpoint from the
eventinstancelD towardstheitemthatthey arerelatedto.

Figure2.4shavsustwo TLINK s,onerepresenttheinclusionof theEVENTnodein the TIMEX3 node,
andtheotherrepresentthefactthattheeventhasaduration.This relationis oneof thehardesto represent
graphicallybecauseve mustbe ableto tell thatthe period,whenthe EVENTholds,is includedin the other
TIMEX3 node.

Theotherrelationwe have notseenjs theeventorderingone,whichis onethatis depictedvery well in

gure 2.7.

<TLINK eventinstancelD  ="ei 1" signallD="s1" relatedToEvent ="ei2 "
relType="AFTER"  magnitude="t1"/ >

The attribute valueeil is thetaughtEVENT sl is the SIGNAL after, which is the type of relationthe
link carriesandthe magnitude of the TLINK is 5 minutes Fromthe graph,one caneasilyseethatthe
explosionoccurreds minutesbeforethetaughteventbecausehepurpledottedarcindicatest. Thearcalso
makesexplicit the magnitudg5 minutes)of thelink, drawvn betweertheanglebraclets.

John taught 5 minutes after the explosion.

Figure2.7: Example7

SLINK

A SLINK introducesa subordinatiorrelation,it canbe a positive or anegative relation. SLINK s introduc-
ing negative relationaredrawvn in red. relType 'sattribute valueof NEGATIVE NEGEVIDENTIAL or
COUNTERACTIVE areconsideredo be of a negative type. Positve SLINK hasarelType attribute
valueof MODALEVIDENTIAL , FACTIVE, COUNTERFACTIVEandis dravn in blue. Whenthe SLINK
relationis betweeran EVENTanda SIGNAL, therewill only beanarc pointingbackonthe EVENT with
the SIGNAL in squarebraclets. Someexamplesof SLINK relationscanbe seenin gure 2.8 and gure
2.9.

ALINK

ALINK s are maybethe easiesto drav. They are establishednly betweentiwo EVENT andthey model
relationsthat can be simpli ed asan EVENTbaginning or endinga secondEVENT They aredravn as
orangearc. An INITIATE relationcanbeseenn gure 2.10anda TERMINATESelationin gure 2.11.
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If Graham leaves today, he will not hear Sabine.

Figure2.8: Examplel3

Bill denied that John taught on Monday.

Figure2.9: Examplel4

2.9.3 Conclusion

Thegraphicaltool wasnot designedo be a "temporalcalculator”,it was rst thoughtandimplementedas
a XML Stylesheeflransformation(XSLT), but it endedasa Ruby scriptandits own setof classes.The
tool is usefulfor visualizingsmallexamples Whenthe documensizebecomedgarger, the numberof nodes
andrelationsmakesthe graphalmostunreadableOneof thegreatutility of thetool is to delug annotation.
Sincealmostall annotationvasdoneby hand,with anannotatiortool not supportingdirectly the TimeML
languagemary errorwerefoundby the analysisstageof thetools. Oncethegraphis dravn, we caneasily
nd semanticerrorsmadeby theannotatar

Thereis alot of thingsmissingfor this tool to bereally useful. First, it mustcombinethe closuretool
developedby Marc Verhagenandsecondt would be of a greatutility to be ableto modify the annotation
by modifying the graph. Somethingsthatareto be evaluatedfor a future versionof the tool, area new
baclendfor drawving thegraph,andmaybea newv way of viewing thegraph,suchasusingazoombasedn
the magnitudeof the event,a sheye view or somethindike that,in orderto be ableto have alocal anda
globalview atthe sametime.

2.10 Time Event Closure Algorithm

The temporalannotationof a documentshouldbe as informative as possible. Ideally, we want reliable
temporalrelationsbetweenall eventsandtime expressions.Thatis, the setof temporalrelationsshould
be completeandconsistentUnforunately annotationof temporalrelationsin a documenpresentseveral
practicalchallengesiueto the compleity of temporalannotation:

High Density

The setof possibletemporalrelationsis quadraticto the numberof eventsand time expressions
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The boat began to sink.

Figure2.10: Examplel?7

The search party stopped looking for the survivors.

Figure2.11: Examplel8

in a document. A typical TimeBankdocumentcontainsabout50 temporalobjects,which implies
2500 possibletemporalrelations. Larger documentamay allow over 10,000relations. Achieving
completeneswith manualannotatioraloneis clearlyimpractical.

Low Markup Speed
Temporalannotations slow. It cantake seseralhoursto annotatean averageTimeBankarticle.

Inconsistencies Annotation

Eventrainedannotatorsntroduceinconsistenciesegularly, usuallyasaresultof vagueor ambiguous
temporalrelationsbetweerevents.

In orderto tackletheseproblemswe developedtwo tools: a semi-graphi@nnotatiortool anda closure
tool. Theannotatiortool wasdescribeckarlierin this report. The closuretool intendsto help copewith all
threepracticalchallengesbore.

The closuretool helpsthe annotatorachieve partial completenestor the setof temporalrelationsin a
text. The underlyingalgorithmidenti es whatthe minimal partially completesetof temporalrelationsis
anduseswo mechanism#o createthatset: (i) computingthetransitive closureof theinitial setof temporal
relationsthat the annotatoradded,and (ii) promptingthe annotatorfor new links, followed by another
transitve closurecomputation.

Notethatwe areonly aimingfor partialcompletenesslhecompleity of full completeness quadratic
to numberof eventsandtime expressionsn thedocumentvhereagpartialcompletenesis quadratido num-
berof eventsandtime expressionsn thesegmentsandlinearif thesegmentsizeis x ed. Full completeness
is unpracticakvenwith a closurealgorithmthatgeneratesipto 90%of all links in adocument.

A locally completeaempoerl annotationof adocumenis de ned asanannotatiorwhereall eventsand
time expressionarelinkedto all othereventsandtime expressiongvithin their local context. This relaxed
completenesgoesnotrequiretheannotatoto Il in all therelationghattheclosurealgorithmcannotderive
axiomatically Userpromptingis now linearto the numberof eventsinsteadof quadratic.

Partial completenessanbe achieved using a text segmentedclosurealgorithm. This algorithmis de-
cribedbelow.

We do not only want our annotationto be partially complete,we alsowantit to be consistent A
consistenannotatiordoesnotcontainrelationpairsthataremutuallyexclusive. A new relationis consistent
with anexisting annotationf addingtherelationto the annotatiorgenerates consistenannotation.Using
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John taught from September to December last year

Figure2.12: Example9

John taught last week on Monday.

Figure2.13: Examplell

temporalclosureto generatenew links tendsto unearthinconsistenciesntroducedby the annotatorand
thereforehelpsincreasethe quality of the annotation. For example,imaginethat an annotatoraddedthe
following threelinks:

1. <x,before,y>
2. <y,before,z>
3. <x,after,z>

The closurealgorithmwill generatehe relation<x,before,z> which is inconsistentvith thethird
link abore.

A nal adwantageof usingclosureis thatit greatlyincreaseshe numbertof links in a documentand
thereforemalesit easieito measurenterannotatoragreement.
2.10.1 Algorithm & Axioms

Recallthat TimeML hasthreekinds of links: TLINKs, ALINKs andSLINKs. The algorithmcompletely

ignoresSLINKs. ALINKs andTLINKs arebothusedto derive new links but new links arealwaysTLINKS.
Theinput to the closurealgorithmis a userannotatedarticle with TimeML markup. Sentencdéagsare

requiredsincethey areusedto de ne local context. All othertagsareignored.The stagef processingre:

1. Performinitial closureon all links addedby the annotatar

2. Alert the userto potentialidentity chains. This is the only occasionwherea usermay be asled to
specifyanon-localrelation.

3. Createaslidingwindow of threesentencednitially, thewindow will consistof sentencesnethrough
three. The sliding window implementsthe local context. The size of the sliding window canbe
parameterize.
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Bill wants to teach on Monday.

Figure2.14: Examplel5

4. Prompttheuserto specifyarelationtypefor two time objectsthatarenot yetlinked within the local
contet. If notemporalrelationexists,the annotatomay specify”unknown”.

5. After eachaddedelation,recomputeéheclosureusingthenew fact. Do thistill all time objectswithin
thelocal contet arerelated.

6. If all objectsin the local contet are related,move the window up one sentence.For example, if
the previous local context wasmadeup of sentence8-5, thenthe next local context for the closure
algorithmis sentenced-6. Startpromptingthe userfor the new context.

Closureon a setof links

proceedsby paravise comparingall links in . Comparingtwo links
involvescheckingall axiomsanddeterminingvhetheraxiomapplicationgenerateanew temporalfact. All
new derivedfactsareput onthe queue poppedoff andthencomparedo all links in

Initially, all links providedby theannotatomareputonthe queueandpoppedoff oneby one.

Theaxiomswork with anormalizedsetof temporalrelations.For example links with therelationtypes

before,after, ibefore,andiafter arenormalizedasfollows:

<x,before,y> =>
<x,ibefore,y> =>
<x,after,y> =>
<x,iafter,y> =>

<x,PRE,y>
<x,PRE,y>
<y,PRE,x>
<y,PRE,x>

Othernormalizedrelationsare SIM (simultaneity),IDT (identity), andINC (inclusion). Someof the
axiomsthatgovernprecedenceelations(PRE)arelisted belov. Eachaxiom,or groupof axiomsis accom-
paniedby atime line thatdepictsthe events/states theaxiom.

PRE1. [ x PREy & y PREz

PRE4: [ x PREYy
PRE5: [ x PREYy

TimeML v0.1.0
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PRE6: [ x PREy & x INC z => 1z before vy ]

Note that the left-handside of the axiomscontainnormalizedrelations,whereaghe derived temporal
relationis oneof thelink typesde nedin TimeML.

Experimentsndicatedthat with closure,an annotatorcan cover about65% of all possiblelinks in a
documentOf thoselinks, 84%werederivedby thealgorith:

initial links 36 4%
user prompts 109 12%
derived  links 775 84%

Initial links werethoseputin by anannotatoibeforeclosurewasswitchedon. Theuserpromptsarethe
occasionsvherethealgorithmasledtheannotatorto Il in theholes.

2.11 Annotation Guideline for TimeML

This sectiondescribeghe annotationguidelinesfor marking up text accordingto the TimeML language
version1.0. The sectionis organizedasfollows. The rst sectionexplains what TimeML tags (XML
elements)are and howv to annotatethem, while also specifyingfor eachtag whatits attributes are and
provides a BNF de nition for the tag andits attributes. While this exposition containsmary examples
illustratingwhatandhow to tag, the examplesfocus,for clarity's sale, on the tag underdiscussiorat ary
given point. A next sectionprovides somefully annotatedexamples,illustrating all of the interactions
betweerthevariousentity andrelationaltags.

2.11.1 Explanation of TimeML Tagsand their Attrib utes

The tag <EVENT>

We consider‘events”a cover termfor situationsthathappenor occur. Eventscanbe punctual(1-2) or last
for aperiodof time (3-4). We alsoconsideraseventsthosepredicateslescribingstatesor circumstances
which somethingobtainsor holdstrue (5-6). Not all statve predicatesvill be markedup, however.

1. FerdinandMagellan, a Portugueseexplorer, r streachedtheislandsin seach of spices.

2. Afresh ow of lava, gasanddebriserupted there Satuday.

3. 11,024peopleincludinglocal Aetaaborigines were evacuatedto 18 disasterrelief centes.

4. " "We're expectinga major eruptior’, hesaidin a telephonenterviev early today

5. Israel hasbeenscramblingto buy more masksabroad, after a shortageof several hundedthousand

gasmasks,
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Eventsare generallyexpressedy meansof tensedor untensedrerbs(1 and2), nominalizationg3),
adjectves(4), predicatve clauseg5), or prepositionaphraseg6):

1. Afresh ow of lava, gasanddebriserupted there Satuday.

2. Prime Minister BenjaminNetanyahucalled the prime ministerof the Netherlandgo thank him for
thousand®f gasmaskshis countryhasalreadycontributed.

3. Israel will askthe United Statesto delaya military strik e againstiraq until the Jewish stateis fully
prepaedfor a possibldragqi attack.

4. A Philippinevolcano,dormant for six centuries began explodingwith searinggasesthick ashand
deadlydebiris.

5. "Thereis noreasonwhywewouldnotbe prepared,” Mordedai told the YediotAhronotdaily.

6. All 75 peopleon board theAero ot Airbusdied.

Notethatin the previous sentencesot all “markables”aretagged.In the rst example,for instance,
neither ow nor Satuday aremarked.

Theannotatiorof formally simpleevents(examplesl, 3, 4 and6 above) is straightforvard. Assumefor
now thateventshave only anid attribute:

A fresh flow of lava, gas and debris
<EVENT eid="el">

erupted

</EVENT>

there  Saturday.

However, formally complex eventsmay be sequentallydiscontinuousn somecontets:

1. Theris noreasonwhywewouldnot be prepared.
Ther is noreasonwhywewouldnotbe fully prepared.

2. They will de nitely take into considerationour readiness.
They will de nitely take it into consideration

In orderto avoid problemsderived from taggingmaterialof diversescope emplg thefollowing strate-
gies:

If theeventis expressedy averbalphrasghasbeenscrambling to buy, werereported, the EVENT
tagwill beappliedonly to its head whichis markedin bold facein thefollowing examples:

Israel hasbeenscrambling to buy more masksabroad.
Noinjuries were reported.

Theprivate sectorcouldestablisha private agency

If wehadbeenattacked, ...

If themainverbfalls within thescopeof amodalauxiliary, asin thethird exampleabove, or anegative
particleasin

Kaufmandid notdisclosedetailsof thedeal.
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thenthe EVENT tagis only appliedto the main verb, but the modaland/ornegationis taggedasa
signalindicatinga subordinatedontext — seesection2.11.4and2.11.10.

If themainpredicatas aphrasalverb,only theverbalpart(andnotits particle)will bemarked:
Additionaldistribution centes wouldbe setup next week.

If theeventis expressedy averbalclusterwhich consistf anaspectuaiinda mainverb,bothverbs
will betaggedasindependenévents.Examplesf aspectuaverbsare: bgyin, stop,end,keep,etc.

If the aspectualerbis preceededy auxiliary forms (asin the lasttwo examplesbelow), the rst
criterionabove will beappliedaswell. In thefollowing examplesthe underliningdelimitsthe verbal
cluster whereasquarebracletssignalthescopeof eachEVENT tag:

Theprivatesector[began][ establishing]a privateagency
If US had[stopped][interfering] in othercountrypolicieslongago, ...

They probably wouldhavdbegan][responding]to PresidentReayan’s 600 shipsplan
with new construction.

If theeventis anominalizationvhich appearsasthe headof the NP alongwith otherelementgspec-
i ers, complementsmnodi ers), only the headelemenwill be marked:

Theyoungindustrys rapid growth alsois attracting regulators eeger to police its many
facets.

If theeventis anominalizationaccompaniethy somesortof light predicatgasshavn by the under
lined segmentsbelow), we will tagbothelements.

Several pro-lIraq demonstrationshavetaken placein the lastweek.
They will de nitely take into considerationour readiness.

This proposaltakesinto consideratiorthe relevanceof both verbaland nominalheadswith respect
to the differentkind of eventve informationthey corvey. The two taggedeventswill be relatedas
IDENTICAL by therelType attributein the TLINK tag(seesection2.11.10).

If the eventis a predicatve clause,only the predicatve element(the adjectve or the nominalin the
following exampleswill betagged.Thisis doneby applyingthetestof headedness orderto decide
whatto mark:

1. If the predicatve elementis ENDOCENTRIC(it hasa head),thenwe will tagthe headonly.
In the following examples the predicatve elements delimitedby squarebraclets, whereasts
headis markedin boldface:

Thee is noreasorwhywewouldnotbe[fully prepared.

2. If the predicatve elementis EXOCENTRIC (it hasno singlehead),thenwe will mark up the
entireexpressiorwithin the TimeML tag.

All 75 peoplewere on board at 9:00a.m.

If the eventis expressedy meansof a prepositionalphrase(PP),we againusethe stratgy based
on the headednessf the prepositionalphrase. Therefore the following example,wherethe PPis
exocentric,will betaggedasshavn:
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All 75 peopleon board the Aero ot Airbusdied.

Causatie predicatesaiseissuesasto whetherthe eventsignaledoy the causatie is genuinelydistinct
from theeventwhich maybethe causatie's logical subject.For example,in

Therainscausedhe ooding.

is thecauseeventdistinctfrom therainsevent,andshouldthey betaggedassuch?

Threecasexanbedistinguished:

Casel EVENT causeEVENT
The[rains] [caused]the[ ooding] .
Case?2 ENTITY causeEVENT

John[caused]the[r e].

We adoptthefollowing solutionfor causatiespredicatesn TimeML.

1. If the annotatorencountersa predicatedenotinga causatre relation betweenamgumentsin a
sentencethen,either:

(a) If the(logical) subjectis aneventdenotingexpression(e.g.,war, ood, rain, meetingetc.),
thenmarkit asanevent. (CASE1 ABOVE)

(b) If the (logical) subjectis anindividual entity (e.g.,John the woman the company etc.),
thendo nothingwith it. (CASE2 ABOVE)

2. Mark theobjecteventasanevent( ooding, r €).
3. Mark thepredicatedenotingthe causatre relationasanevent(causedl

4. If thereis an eventintroducedby the subject,asin Casel, thenintroducea TLINK with a
reltype attributeof IDENTITY identifyingthecausatre relationeventwith thesubjectevent
(seesection2.11.10for adiscussiorof the TLINK tagandits attributes).

5. Introducea TLINK betweenthe causatie predicateevent and the event associatedvith the
objectposition,with relType of BEFORE

This solutionshouldbe adoptedor verbssuchasthefollowing, in their causatre sensescausestem
from,leadto, breed,engendey hatdh, induce occasionproduce bring about,produce secue.

For CASE3 above,theannotatohastheoptionof identifyingthediscoursenarkerandasasignal(see
section2.11.4)for a TLINK introducingrelType = BEFOREor not. The annotatorCAN identify
the TLINK betweertheevents,but NEED NOT.

Fully annotatedrersionsof the abore examplesarepresentedbelow.

Attrib utesfor EVENT

a. EventID number (eid) Non-optionalattribute. Eacheventhasto beidenti ed by auniquelD number
This will be automaticallyassignedy the annotatiorntool every time an EVENT tag is assignedo some
string.
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b. Class Non-optionalattribute. Eacheventbelongsto oneof the following classesNote thatwhile the
examplesshav verbsexpressingan eventof a giventype, it doesnot follow that every occurrenceof the
verbin gquestiomecessarilgxpressesneventof thesametype. l.e. verbsmay be ambiguouswith respect
to eventclass.

REPORING:

Reportingeventsdescribeheactionof a personor anorganizationdeclaringsomethingnarratingan
event,informing aboutanevent,etc. Someexamples:say report, tell, explain, state

PERCEPTION:

This classincludeseventsinvolving the perceptionof anotherevent. Sucheventsaretypically ex-
pressedy verbslike: see watd, glimpse behold,view, hear listen,overhear

ASPECTUAL:

In languagessuchas Englishand French,thereis a grammaticaldevice of aspectuapredication,
which focuseon differentfacetsof eventhistory:

1. Initiation: bagin, start commencesetout, setabout,leadoff, originate initiate.

2. Reinitiation:restart,reinitiate reignite(metaphorically)

3. Termination:stop cancel(seealsol _ACTION class),end halt, terminate cease discontinue
interrupt, quit, giveup, abandonblod, breakoff, lay off, call off, wind up.

4. Culmination: nish, complete

5. Continuation: continue keep,go on, proceed,go along carry on, uphold, bear on, persist,
persevere.

I_ACTION:

An |_ACTION is anIntensionalAction. An | _ACTION intr oducesan event argumentdescribingan
actionor situationfrom which we caninfer somethinggivenits relation with the | ACTION . For
instancethe eventsintroducedasargumentsof thel_ACTIONSIn (1) have not necessarilyccurred
whenthe |_ACTION takesplace.Explicit performatve predicateglike thosein 5-9, below) arealso
includedhere.Notethatthe | _ACTION classdoesnot cover stategseethe descriptionof |_STATES
below).

Thefollowing list, wherel ACTIONsarein bold faceandthe eventsthey introduceareunderlinedjs
meantto berepresentate (notexhaustve) of thetypesof eventsincludedin this class:

1. attempt, try, scramble:

2. investigate,investigation,look at, delve...

3. delay, postpone,defer, hinder, setback:

4. avoid, prevent, cancel

5. ask, order, persuade,request,beg,command,urge,authorize:
6. promise,offer, assue, propose agree:

7. swear vow.

8. name,nominate, appoint, declare, proclaim.

9. claim, allege,suggest.
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|_STATE:

|_STATE eventsaresimilar to the previous class.This classincludesstatesthat refer to alternative
or possibleworlds, which canbeintroducedby subordinatedlausesnominalizationspr untensed
VPs:

As above, thefollowing list of |_STATESis justrepresentate:

believe, think, suspectjmagine,doubt, feel,be concevvable, be sure:
want, love, lik e, desire, crave, lust:

hope, expect,aspire, plan:

fear, hate,dread,worry, be afraid:

need,require,demand

be ready be eager be prepared

No o~ ow P

be able,be unable

All |_STATEswill beannotatedwhetherthey arepersistenbr notthroughouthetext beingmarked-
up (seenext class).

STATE:
Statesdescribecircumstancesn which somethingobtainsor holds true. However, we will only
annotate:

1. Stateghatareidenti ably changedverthe courseof thedocumenbeingmarkedup.

2. Stateghatareintroducedoy anl_ACTION, anl _STATE, oraREPORING event

3. Predicatie stateghevalidity of whichis dependenbn the documentreationtime

Notethatthe currentclass STATE, will not containstateghathave beentaggedas| STATES.

OCCURRENCE:
This classincludesall otherkindsof eventsdescribingsomethinghathappen®r occursin theworld.

c. Additional attributes: EVENT hastwo additionalattributes: 'tense' and'aspect’. They will be
introducedduring preprocessingso the humanannotatordoesnot have to annotatethem. The human
annotatomeedonly checkfor mistalesmadeby the preprocessor

2.11.2 Completeannotation of EVENTS

1. Theyoungindustrys rapid growth alsois attracting regulators eager to policeits manyfacets.

The young industry's rapid

<EVENT eid="el" class="OCCURRENCE>
growth

</EVENT>

also is

<EVENT eid="e2" class="OCCURRENCE"
attracting

</[EVENT>
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regulators

<EVENT eid="e4" class="I_STATE" >
eager

</[EVENT>

to

<EVENT eid="e5" class="OCCURRENCE"
police

</[EVENT>

its many facets.

2. Afresh ow of lava, gasanddebriseruptedthere Satuday.

A fresh

<EVENT eid="el" class="OCCURRENCE"
flow

</EVENT>

of lava, gas and debris

<EVENT eid="e2" class="OCCURRENCE">
erupted

</EVENT>

there  Saturday.

3. It is conceivablghata larger eruptionwill take placein few hours.

It is

<EVENT eid="el" class="I_STATE" >
conceivable

</EVENT>

that a larger

<EVENT eid="e2" class="OCCURRENCE"
eruption

</[EVENT>

will

<EVENT eid="e3" class="OCCURRENCE"
take

</[EVENT>

place in few hours.

4. Israel will askthe United Stateso delaya military strike againstiraq until the Jewish stateis fully
prepaedfor a possibldragi attad.

Israel will

<EVENT eid="el" class="I_ACTION ">
ask

</EVENT>

the United States to

<EVENT eid="e2" class="l ACTION ">
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delay

</[EVENT>

a military

<EVENT eid="e3" class="OCCURRENCE"
strike

</[EVENT>

against Irag until the Jewish state is fully
<EVENT eid="e4" class="I_STATE" >
prepared

</[EVENT>

for a possible Iraqi

<EVENT eid="e5" class="OCCURRENCE"
attack

</[EVENT>

. A Philippine volcano,dormantfor six centuries,began explodingwith searinggasesthick ashand

deadlydebris.

A Philippine volcano,

<EVENT eid="el" class="STATE">
dormant

</[EVENT>

for six centuries,

<EVENT eid="e2" class="ASPECTUA L">

began

</[EVENT>

<EVENT eid="e3" class="OCCURRENCE"™>

exploding

</[EVENT>

with searing gases, thick ash and deadly debris.

. "Thereis noreasorwhywewouldnotbe prepaed; Mordedai told the YediotAhronotdaily.

"There is no reason why we would not be
<EVENT eid="el" class="STATE">

prepared

</[EVENT>

" Mordechai

<EVENT eid="e2" class="REPORT">

told

</EVENT>

the Yediot Ahronot daily.

. All 75 peopleon board the Aero ot Airbusdied.

All 75 people
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<EVENT eid="el" class="STATE">

on board

</EVENT>

the Aeroflot Airbus

<EVENT eid="e2" class="OCCURRENCE"™>
died

</EVENT>

8. 11,024peopleincludinglocal Aetaaborigines were evacuatedo 18 disasterrelief centes setup at

areascools.

11,024 people, including local Aeta aborigines, were
<EVENT eid="el" class="OCCURRENCE">

evacuated

</EVENT>

to 18 disaster relief centers
<EVENT eid="e2" class="STATE">
set

</EVENT>

up at area schools.

9. Theagenciedfearthey will beunableto cradk thosecodesto eavesdsp on spiesand crooks.

The agencies

<EVENT eid="el" class="I_STATE" >
fear

</[EVENT>

they will  be

<EVENT eid="e2" class="I_STATE" >
unable

</[EVENT>

to

<EVENT eid="e3" class="OCCURRENCE"
crack

</[EVENT>

those codes to

<EVENT eid="e4" class="OCCURRENCE">
eavesdrop

</EVENT>

on spies and crooks.

2.11.3 Thetag <TIMEX3>

Sincethe exact natureof the tagthat TimeML usesto annotateemporalexpressionss differentin detalil
bothfrom the TIMEX tagin STAG (Shefeld TemporalAnnotationGuidelines— see?) andthe TIMEX2
tagin TIDES, we hereusethetagnameTIMEXS3 for temporalexpressions.
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How to annotate TIMEX3s

In orderto be ascompliantaspossiblewith TIDES TIMEX2 annotationthe TIMEX3 tagwill beapplied
to TIMEX2 markableexpressions.SeeTIDES(02),section2, for the particularexpressionsve intendto
cover.

However, TimeML will differ from TIDESin thefollowing ways(theexampleggivenbelon areadapted
from TIDES(02)):
1. TIMEX2 attrib utesthat will be used: (relatedto TIDES(02),sections3.2to 3.6)

TimeML will only take TIDES attributesVAL andMOD asappropriatéor TIMEX3 element§TIDES(02),
sections3.2to 3.4). Noneof thefollowing featureswill beconsideredSET, PERIODICITY, GRAN-
ULARITY, NON_SPECIFIC(explainedin TIDES(02),sections3.5 and 3.6). The informationthat
TIDES corveys by meansof the rst threeattributeswill be expressedereby MAKEINSTANCES.

2. Extent of the time expressionto tag (issuecoveredin TIDES(02),section4).

Thetagextentfor TIMEX3 will bevery similarto thatproposedn TIMEX2. We follow theschema
of TIDES(02),sectiord very closelyin orderto tracethe differencesarefully

(a) Appositives:

(b) RangeExpressions:

(c) Conjoined Expressions:
(d) EmbeddedExpressions:

(e) TWO TIMEX3 tagsrelatedby a TLINK tag will be appliedto handlecasetherthanthose
describedibore.

() Temporal expressionscontaining postmodi ers

2.11.4 Thetag <SIGNAL>

A signalis atextual elementhatmakesexplicit eithertherelationholdingbetweerntwo entities(timex and
event,timex andtimex, or eventandevent)or themodalityof aneventor thefactthatoneverbrefersto two
or moreseparatevents.Signalsaregenerally:

Temporal prepositions:on, in, at, from,to, befoe, after during, etc.
Temporal conjunctions: befoe, after, while, when,etc.

Temporal modi ers: twice every, threetimes, etc.

Negative expressions:not,no, none etc.

Modals: might,may could,should,would

Special characters: “-” and“/”, in temporalexpressionsdenotingranges(Septembed-6, Apr.
1999Jul. 1999 etc.).
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How to annotate SIGNALSs

Modals and Negative Expressions In simplecasesnodalverbsandnegative expressionsvill notneedto
betaggedby humanannotatorsnorwill the SLINKSs they introduce(cf. section2.11.10) sincethey will be
annotatecutomaticallyvia preprocessing-ereis sucha caseandanexampleof theannotatiorproduced.

John <SIGNAL sid="s1"> might </SIGNAL> teach Monday

In caseswherethe surface expressionis too complex for the preprocessoto identify the modal or
negatve and the associatedsubordinatedserb, the annotatorwill have to tag the signal explicitly. For
example,in sentencesuchas

Johnmight, otherthingsbeingequal,teacy Monday

the signal and associated5LINK may needto be manuallyadded. In generalmaterialof ary arbitrary
natureand extent may appearbetweenthe modal or negative particle andthe subordinatedrerb, and no
preprocessinghortof perfectparsingcould correctlyprocessll cases.

Temporal Prepositions,Conjunctions and Modi ers  As for the otherexpressionsthey will betagged
asillustratedin thefollowing simpleexamples:

John taught <SIGNAL sid="s1"> on </SIGNAL> Monday

All  passengers died <SIGNAL sid="s1">  when </SIGNAL>
the plane crashed into the mountain.

Whentwo distinct signalsappearside by side, they mustbe annotatedseparatelyif they belongto
differentsignalclassesslistedabore. Otherwisehey mustbe annotatedsasingleSIGNAL. Contrasthe
two following examples:

John taught <SIGNAL sid="s1"> three times </SIGNAL>
<SIGNAL sid="s2">  on </SIGNAL> Monday

They will investigate the role of the US
<SIGNAL sid="s1">befor e, during and after</SIGNAL> the genocide

In this secondcase the threetemporalprepositionsneedto be collapsednto a single SIGNAL in orderto
properlyrecover the ISINCLUDED relationof the TLINK betweenthe genocideandtherole events(see
section2.11.10).

2.11.5 Attrib utesfor SIGNAL

SIGNAL hasonly one,non-optionalattribute: sid , the signals uniqueid. It is automaticallyassignedy
theannotatiortool eachtime a SIGNAL is marked up.
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2.11.6 Thetag <MAKEINSTANCE>

We distinguishbetweenevent tokens and event instancesor realisations- MAKEINSTANCEreateshe
actualrealisationof anevent. The motivationis exampledike Johntaughton Mondayand Tuesdaywhere
oneverb representswo events. In orderto be ableto annotatesuchcasesijt is necessaryo createtwo
instancesof taught representinghetwo differentevents. MAKEINSTANCEarecreatedn addition to the
eventannotation(which marksup the eventtoken).

In mostcasespnly oneMAKEINSTANCEs neededandwill be automaticallycreatedoy the annota-
tion tool, so the annotatoronly hasto insertadditional MAKEINSTANCEHor the second(andfurther; if
necessaryinstanceor realisationof an event. Thereare alsocaseswherethe annotatorcaneithercreate
asmary MAKEINSTANCEas motivatedby the text or one MAKEINSTANCHEvhich carriesa cardinality
value.Examplesarethefollowing:

1. Johntaughttwiceon Monday

2. Johntaught150timeslastyear

In the rst example,the annotatorcan eithercreatetwo MAKEINSTANCEor one MAKEINSTANCE
with cardinalitytwo. In the secondexample,the only practicalsolutionis to createone MAKEINSTANCE
with cardinality150.

2.11.7 How to annotate MAKEINST ANCEs

Wewill useexamplego demonstratéow to annotatdMAKEINSTANCE In theseaxamplesvewill notgive
adetailedannotatiorof events,timesandsignals sopleaseeferto theappropriatesectiondor instructions
on how to annotatethem. We also only showv the mark-upfor thoseentitieswhich are relevant to the
examples.

A MAKEINSTANCHasto be createdfor eachinstanceor realisationof an event— asmary asare
motivatedby the text. Alternatiely, the cardinality attribute may be used,e.g. for every andfor large
numbers.Whenthe cardinalityis small enough(e.g. twice) , the annotatorhasa choiceof creatingone
MAKEINSTANCHuvith the appropriatecardinalityor creatingasmary MAKEINSTANCE@sappropriate.
We recommendisingonly one MAKEINSTANCEunlessindividual eventsarereferredto laterin thetext.
Note thatone MAKEINSTANCHvill be automaticallycreatedor eacheventby the annotatiortool, sothe
annotatoonly hasto createadditionalMAKEINSTANCEwhenmorethanoneeventinstancds referredto
in thetext. Thisis doneby annotatingor "swiping' the eventasmary timesasneeded.Each swipe' will
automaticallycreatea new instancdD.

In eachof thefollowing examplesthe eventtaughtis marked up asfollows:

<EVENT eid="el"> taught </EVENT>

1. Johntaughton Monday
Thisleadsto oneautomaticallycreatedMAKEINSTANCE

<MAKEINSTANCEeiid="eil" eventlD="el"/>

2. Johntaughton Mondayand Tuesday

Sincethe teachingevent hastwo differenttime valuesin this example,two MAKEINSTANCEare
necessaryThe rst onewill be automaticallycreatedbut the secondone hasto be createdby the
annotator:
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<MAKEINSTANCEeiid="eil" eventiD="el"/>
<MAKEINSTANCEeiid="ei2" eventiD="el"/>

3. Johntaughttwiceon Monday

Sincethereis only onetime expressionin the text, the annotatomasthe choiceof eithercreatinga
secondMAKEINSTANCIr usingthe cardinalityattribute. If two MAKEINSTANCHErecreatedhen

they wouldlook asfollows (wheretwiceis the signalwith signallD="s1" ):
<MAKEINSTANCEeiid="eil" event|ID="el" signallD="s1"/>
<MAKEINSTANCEeiid="ei2" event|D="el" signallD="s1"/>

If oneMAKEINSTANCHverecreatednsteadthenit would look asfollows:
<MAKEINSTANCEeiid="eil" event|D="el" signallD="s1" cardinality="2 ">

4. JohntaughteveryMonday

The MAKEINSTANCHhatis automaticallyintroducedhasto be changedo thefollowing, wherethe
SIGNAL everyis referredto by signallD="s1" ):

<MAKEINSTANCEeiid="eil" event|ID="el" signallD="s1" cardinality="E VERY'>

Currently theannotatiortool allows the annotatoto createdifferentMAKEINSTANCEby introduc-
ing anidenti cation number(followed by acomma)in thelastcolumnof thelinks table,wheneer a
T-, S-or ALINK involving thatparticularinstances introduced.

2.11.8 Attrib utesfor MAKEINST ANCE

attributes = eiid eventID [signallD] [cardinality]

2.11.9 BNF for the MAKEINST ANCE tag

eiid 1= ei<integer>

eventID := e<integer>

signallD = s<integer>

cardinality = <integer> | 'EVERY' |

2.11.10 Thelink tags: <TLINK>, <SLINK>, and <ALINK>

Therearethreetypesof link tags. The function of eachwill be introducedhere,beforewe move on to
explainingin detailhow links areannotated.

TLINK:

A TLINK or TemporalLink representshe temporalrelationshipholding betweereventsor between
aneventandatime, andestablishesalink betweertheinvolved entitiesmakingexplicit if they are:
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1. Simultaneous

Two eventsarejudgedsimultaneoud they happeratthe sametime, or aretemporallyindistin-
guishablen contet, i.e. occurcloseenoughto the sametime thatfurther distinguishingtheir
timesmakesno differenceto thetemporalinterpretatiorof thetext.

2. Onebefore theother:
As in thefollowing examplebetweerthe eventsslayingsandarrested

The police looked into the slayings of 14 women. In six of the casessuspecthave
alreadybeenarrested

3. Oneafter theother:

Thisis justtheinverseof the precedingelation. Sothetwo eventsof the previous examplecan
alternatvely beannotatedsexpressinganafter relation,if thedirectionalityis changed.

4. Oneimmediately before theother:
As in thefollowing sentencédetweercrashanddied

All passengrs died whenthe planecrashedinto themountain

5. Oneimmediately after thantheother:
Thisis theinverseof the precedingelation.

6. Oneincluding theother:
As is the casebetweerthetemporalexpressiorandthe eventin thefollowing example:

Johnarrivedin Bostonlast Thursday.

7. Onebeingincluded in the other:
Theinverserelationto the precedingone.

8. Oneholdsduringtheother:
Speci cally applicableto statesor eventsthatpersistthroughouta duration for example:

JameswasCTO for two years
Johntaught for 20 minutes on Monday

9. Onebeingthebeginning of the other:
As holdsbetweerthe rst of thetemporalexpressiongindthe eventin thefollowing example:

Johnwasin the gym betweer6:00p.m. and7:00 p.m.

10. Onebeingbegunby theother:
Theinverserelationto the onejustintroduced.

11. Onebeingtheending of the other:
Johnwasin the gym betweer6:00 p.m.and7:00 p.m..

12. Onebeingendedby the other:
Theinverserelationto the onejustintroduced.

In addition, TLINK sarealsousedin thethreefollowing situations:

1. Eventidentity

Eventidentity is alsoannotatedvia the TLINK . Note that event identity is a very important
relationship, which will not be picked up during the closure part of the annotation. So
pleasemake sure that all identity links are annotated. E.qg.:
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Johndrove to Boston.During his drive heatea donut.

2. When a “set/subset'relationship occursin the text.
An exampleis:

The police looked into the slayings of 14 women. In six of the casessuspecthave
alreadybeenarrested.

With the currentversionof TimeML we cannotcapturethis “set/subsettelationship.Whatwill
bedonefor now is to createa MAKEINSTANCEHoOr eachof the “sets',i.e. oneMAKEINSTANCE
for slayingswith cardinalityplural (or 14?)andoneMAKEINSTANCHor caseswith cardinality
plural (or 6?) andthenlink thesetwo instancesvia a TLINK with the temporalrelationship
IS.INCLUDED or INCLUDES.

3. Whentwo eventsthat aretemporally ordered are separatedby an explicit duration of time.
In thefollowing example for instancethe sendingof thereportoccurredwo monthsbeforethe
attack:

Two monthshefoe theattad, a reportwassent.

A TLINK will beusedin orderto relatesentandattack. Theinterval of time will be conveyed
by meanwf theattribute magnitude (seesection2.11.12) whichwill referto thetime ID of
thetemporalexpressiortwo months

Thefully annotated/ersionof exampleslike this above arein Chapter2.11.14,numbers:5-9.
Comparghemwith examplesl-4,10and11.

SLINK:

An SLINK or SubordinatiorLink is usedfor contets introducingrelationsbetweerntwo events,or an
eventandasignal. SLINKs areof oneof thefollowing sorts:

1. Modal:
This relationis introducedmostly by modalverbs(should, could, would, etc.), which will be
marked asSIGNALS (2.11.4),but alsoby eventsthatintroducea referenceo a possibleworld
—mainly|_STATEs:

Johnshould haveboughtsomewine
Mary wanted Johnto buy somewine

2. Factive:
Certainverbsintroducean entailment(or presuppositionpf their alguments veracity They
includeforgetin thetenseccomplementregret, manage

Johnforgot thathewasin Bostonlastyear
Mary regretsthatshedidn't marry John. Johnmanagedto leavethe party

3. Counter-factive:

Contraryto the previous relation, in this casethe eventintroducesa presuppositioraboutthe
non-\eracity of its agument: forget (to), unable to (in pasttense),prevent, cancel, avoid,
decling etc.

Johnforgot to buy somewine
Mary wasunable to marry John. Johnpreventedthedivorce.

4. Evidential:
Evidentialrelationsaretypically introducedoy REPORING or PERCEPTIONevents:
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Johnsaid heboughtsomewine
Mary sawJohncarrying only beer

5. Negatie evidential:
Introducedby REPORTING (andPERCEPTION?gventscorveying negative polarity:

Johndeniedheboughtonly beer

6. Negatve:

Introducedonly by negative particles(not, nor, neither, etc.), which shouldbe marked asSIG-
NALSs, with respecto the eventsthey aremodifying:

Johndidn't forgetto buy somewine
Johndid not wantto marry Mary.

For eachREPORING or PERCEPTIONevent, an SLINK hasto beintroduced. The SLINK
expressesherelationbetweerthe REPORING or PERCEPTIONeventandthe maineventin
its subordinateclause. In the following example,the REPORING and PERCEPTIONevents
arein bold face,whereaghe subordinateventsareunderlined:

Johnsaid thathetaughton Monday
Johnsawtheplanecrashinto the building

Similarly, for eachl _ACTION or | _STATE anSLINK is introducedwhichexpressesherelation
betweertheintensionakvent(in bold face)andits subordinate@vent(underlined):

Israel hasbeenscrambling to buy more masksabroad.
Thelocal governmenthopesthatresidentswill soonreturnto their homes

ALINK:

An ALINK or AspectualLink representtherelationshipgoetweeranaspectuagventandits agument
event. Examplesof theaspectualtelationsto be encodedare:

1. Initiation :
Johnstarted to read
2. Culmination:
John nished assemblinghetable
3. Termination:
Johnstoppedtalking.
4. Continuation:
Johnkept talking.

2.11.11 How to annotate LINKs

We useexamplesto demonstratdow to createeachof thelink types. In theseexampleswe do not give
detailedannotatiorof events,timesandsignals— pleasereferto the appropriatesectionfor instructionson
annotatinghese Also, we only shav the mark-upfor thoseentitieswhich arerelevantto theexamples.

NOTE thatalink thatoriginatesin aneventalwayslinks via anevent instancelD (i.e. thelD usedin
the MAKEINSTANCEratherthanvia theID of the eventtokenitself.
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TLINK:

A TLINK hasto becreatedeachtime atemporalrelationshipholdingbetweereventsor aneventand
atime needdgo beannotatedThis includestheimportantrelationshipof eventidentity Examples:

1. Johntaughton Monday

The temporalrelationshipholding betweenthe event andthe time expressionasindicatedby
thesignal,is marked up by introducingthe following TLINK :

<TLINK eventlnstancelD ="ei 1" relatedToTime=" t1" signallD="s1"
relType="IS_IN  CLULCED"/>

2. Johntaughton Mondayand Tuesday

As explainedin section2.11.6aboe, two MAKEINSTANCET representhe two instancesof
taught

<MAKEINSTANCEeiid="eil" event|D="e5"/>
<MAKEINSTANCEeiid="ei2" eventlD="e5"/>

Thetemporalrelationshipholding betweenthosetwo eventsandthe two time expressionsare
annotatedy introducingthefollowing two TLINK s:

<TLINK eventlnstancelD ="ei 1" relatedToTime=" t1" signallD="s1"
relType="IS_IN  CLULCED"/>

<TLINK eventlnstancelD ="ei 1" relatedToTime=" t2 " signallD="s1"
relType="IS_IN  CLULCED"/>

3. JohntaughteveryMonday
The MAKEINSTANCEepresentinghe multiple instance®f taughtlooksasfollows:

<MAKEINSTANCEeiid="ei9" eventlD="e4" signallD="s5"
cardinality="EVE RY'/ >

The TLINK representinghe temporalrelation holding betweenthe event(s)andthe temporal
expressionookslike this:

<TLINK eventinstancelD ="ei 9" relatedToTime=" t7 "
relType="IS_INCL ULCED/ >

4. Johntaughtfor 20 minuteson Monday
The MAKEINSTANCEepresentinghe eventtaughtlooksasfollows:

<MAKEINSTANCEeiid="ei4" eventiD="e4"/>

Two TLINK s have to beintroduced.OneTLINK captureghefactthatthe taughteventholds
throughouthe20 minutesandoneTLINK captures thefactthatthetaughteventis included
in Monday

<TLINK eventlnstancelD ="ei 4" relatedToTime=" t2" signallD="s5"
relType="HOLDS "/ >

<TLINK tid="t2" relatedToTime="  t3 " signallD="s6"
relType="IS_INCL ULCEDY/ >
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5. Johndroveto Boston.During his drive heatea donut.
The MAKEINSTANCEpresentinghe eventsdrove anddrive look asfollows:

<MAKEINSTANCEeiid="eil" eventlID="el"/>

<MAKEINSTANCEeiid="ei2" eventlD="e2"/>

The TLINK that hasto be introducedto representhe identity of thesetwo eventslooks as
follows:

<TLINK eventlnstancelD ="ei 1" relatedToEvent= "ei2 " relType="IDENT IT Y"/>

Pleasenotethatwe did notincludethe TLINK thatwould representhe temporalrelationship
betweerate anddrive.

6. Thepolicelookedinto the slayingsof 14 women.In six of the casessuspectavealreadybeen
arrested.

The MAKEINSTANCErepresentinghe eventsslayingsandcasedook asfollows:

<MAKEINSTANCEeiid="eil" event|ID="el" cardinality="14 ">

<MAKEINSTANCEeiid="ei2" eventiD="e2" cardinality="6" >

The TLINK that hasto be introducedto representhe relationshipbetweenthesetwo events
looksasfollows:

<TLINK eventlnstancelD ="ei 1" relatedToEvent= "ei2 " relType="INCLU DES"/>

SLINK:

SLINK sthatrelatetwo eventslink aneventinstanceandaneventtype. On the otherhand,SLINK s
canrelate SIGNALs (modalsor negation particles)and event types. Therewill NOT be SLINK's
linking two eventsanda SIGNAL.

1. Johnsaidthat hetaughton Monday
Thetwo MAKEINSTANCEfor thetwo eventsarethefollowing:

<MAKEINSTANCEeiid="ei2" eventlD="e2"/>

<MAKEINSTANCEeiid="ei3" eventlD="e3"/>

To expressthe factthatthe taughteventis reportedby the said event, the following SLINK is
created:

<SLINK eventinstancelD  ="ei 2" subordinatedEve nt ="e3"

relType="EVIDENT IAL"/>

2. Johnmightteadr on Monday
The MAKEINSTANCEfor the eventsarethefollowing:

<MAKEINSTANCEeiid="ei4" event|ID="e3"/>
<MAKEINSTANCEeiid="ei5" eventlD="e4"/>
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TheSLINK thathasto be createdo representhe modality of tead looksasfollows:

<SLINK eventinstancelD ="ei 4"
subordinatedEven tl nsta nce="e5" relType="MODAL"/ >

3. Johndid nottead on Monday
The MAKEINSTANCHor the eventis thefollowing:

<MAKEINSTANCEeiid="ei4" event|ID="e3"/>

The SLINK that hasto be createdto representhe fact that the polarity of the tead eventis
negative looksasfollows:

<SLINK eventinstancelD ="ei 4" signallD="s2" relType="NEGAT IVE"/ >

ALINK:

ALINK Srepresentherelationshipbetweeraspectuaberbs(andotherexpressionsandthe eventthey
referto. Examplesare:

1. Johnstartedto read
Thetwo MAKEINSTANCEfor thetwo eventsarethefollowing:

<MAKEINSTANCEeiid="ei5" eventlD="e2"/>

<MAKEINSTANCEeiid="ei6" eventID="e3"/>

The ALINK thathasto be createcdbetweerthe aspectuaverb startedandthe eventtead is the
following:

<ALINK eventinstancelD ="ei 5" relatedToEvent=  "ei6 "

relType="INITIAT ES'/ >

2. John nished reading
Thetwo MAKEINSTANCEfor thetwo eventsarethefollowing:

<MAKEINSTANCEeiid="ei5" eventlD="e2"/>

<MAKEINSTANCEeiid="ei6" eventlD="e3"/>

The ALINK thathasto be createchetweerthe aspectuaverb startedandthe eventteachis the
following:

<ALINK eventinstancelD ="ei 5" relatedToEvent=  "ei6 "

relType="TERMINA TES"/>

2.11.12 Attrib utesfor LINKs
TLINK:

1. eventinstancelD or timelD

Obligatory attribute (one or the other of theseneedsto be present). This is the ID of the
eventinstance orthetimelD involvedin thetemporallink.
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. signallD

Optionalattribute. If thetemporalrelationholdingbetweerthe entitiesis explicitly signalledin
thetext, thenthelD of thatsignalneedgo besuppliedhere.

. relatedToEvent or relatedToTime

Obligatoryattribute (oneor the otherof theseneedso be present).Thisis the ID of the entity
thatis beingrelatedto the eventinstancewith ID=eventinstanc el Dor time expression
with ID=timelD

. relType

Obligatoryattribute. This is the temporalrelation holding betweenthe entities. Possibleval-

uesare: BEFORE, AFTER, INCLUDES, IS INCLUDED, HOLDS, SIMULTANEOUS,
IAFTER, IBEFORE, IDENTITY, BEGINS, ENDS, BEGUNBY, ENDEDBY .These
areassignediccordingo theinstructionggivenatthebeginningof section2.11.100n TLINK s.

Therewill beonly onerelationassigneger TLINK .

. magnitude

Optionalattribute.

Attribute usedwhenrelatingtwo eventsseparatedby a durationof time thatis madeexplicit in
thetext. E.g.,

Onemonthbefoe the attadk a reportwassent.

magnitude rangesover the ID of TIMEX3 expressionthat representhe magnitudeof the
relationbetweertheattackandthe sendingof thereport(onemonth etc.).

SLINK:

1. eventinstancelD

Optionalattribute. Thisis theID of the eventinstance involved in the subordinatiorink.
Note: eventinstancelD is optionalbecauseaneventcanbe subordinatede.g. in a condi-
tional or whenaneventis negated)without beingsubordinatedo a particularevent.

. subordinatedEvent or subordinatedEwentinstance

Obligatoryattribute (oneof themneeddo be present).Thisis theID of the subordinatedvent
or eventinstancehatthe eventinstancewith ID=eventinstanc  elD is relatedto.

. signallD

Optionalattribute. If thesubordinatiomelationholdingbetweertheeventsis explicitly signalled
in thetext, thentheID of thatsignalneeddo be lled in here.

. relType

Obligatoryattribute. Thisis thetemporalrelationholding betweernthe entities. Possiblevalues
are:MODAL, NEGATIVE, EVIDENTIAL, NEGEVIDENTIAL, FACTIVE, COUNTER
FACTIVE. Theseare assignedaccordingto the instructionsgiven at the beginning of section
2.11.100nSLINKSs.

ALINK:

1. eventlnstancelD

Obligatoryattribute. This is the ID of the (aspectualpventinstancenvolved in the aspectual
link.

TimeML v0.1.0 29-09-02



2.11.13BNF for the link tags 63

2. signallD
Optionalattribute. If the aspectuatelationholding betweerthe eventsis explicitly signalledin
thetext, thenthelD of thatsignalneeddo be lled in here.An examplefor asignalistoin The
shipbegganto sink

3. relatedToEvent
Obligatoryattribute. Thisis the D of theeventrelatedto theaspectuaévent.

4. relType

Obligatoryattribute. Thisis thetemporalrelationholding betweernthe entities. Possiblevalues
are:INITIATES, CULMINATES, TERMINATES, CONTINUES

2.11.13 BNF for thelink tags

TLINK:
attributes = (eventinstancelD | timelD) [signallD]
(relatedtoEvent | relatedtoTime) relType [magnitude]
eventinstancelD = ei<integer>
timelD = t<integer>
signallD = s<integer>
relatedToEvent = ei<integer>
relatedToTime = t<integer>
relType = 'BEFORE' | 'AFTER' | 'INCLUDES' | 'IS_INCLUDED' | 'HOLDS'
'SIMULTANEOUS' | 'IJAFTER' | 'IBEFORE' | 'IDENTITY" |
'BEGINS' | 'ENDS' | 'BEGUN_BY' | 'ENDED_BY'
magnitude = t<integer>
SLINK:
attributes == [eventInstancelD ]
(subordinatedEve nt | subordinatedEve ntIn st ance)
[signallD] relType [polarity]
eventinstancelD = ei<integer>
subordinatedEve nt = e<integer>
subordinatedEve  ntl nsta nce := ei<integer>
signallD = s<integer>
relType = 'MODAL' | 'NEGATIVE' | 'EVIDENTIAL" | 'NEG_EVIDENTIAL" |
'FACTIVE' | 'COUNTER_FACTIVE
ALINK:
attributes .= eventlnstancelD [signallD] relatedToEvent relType
eventinstancelD = ei<integer>
signallD = s<integer>
eventlD = e<integer>
relType = INITIATES' | 'CULMINATES' | 'TERMINATES' | 'CONTINUES'
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2.11.14 Completelyannotatedexamples
Assumefor all the examplesthatthedocumentreationtime (DCT) is markedup asa TIMEXS3 expression
with tid="t0"
Complex TIMEX Examples
1. Johnleft 2 daysbefoe yesteday

John

<EVENT eid="el" class="OCCURRENCE" tense="PAST" aspect="PERFECT IV E">
left

</[EVENT>

<MAKEINSTANCEeiid="eil" eventlD="el"/>

<TIMEX3 tid="t1" type="DATE" value="2002-07- 08"
anchorTimelD="t0 " temporalFunctio n="tr ue"
valueFromFunctio  n="t f1 ">

2 days before yesterday

</TIMEX3>

<TLINK eventlnstancelD ="ei 1" relatedToTime=" t1" relType="IS INCL ULCEDY/ >

We don't split the temporalexpressioninto smallercomponentgi.e., “two days”andyesterday”).
Similarly, we do nottag”before” asa SIGNAL, but aspartof the TIMEX3 expressiorinstead.

The type attribute of the TIMEX3 denotesa DATE (the datein which Johnleft), which canbe
computeddy atemporalfunctionrelative to thetemporalanchor't0" (theDCT).

2. I'm leavingon vacationtwo weeksromnext Tuesday

I'm

<EVENT eid="el" class="OCCURRENCE" tense="FUTURE" aspect="PROGRES SI VE'>

leaving

</EVENT>

<MAKEINSTANCEeiid="eil" eventlD="el"/>

on vacation

<TIMEXS tid="t1" type="DATE" value="2002-07- 23"
anchorTimelD="t0 " temporalFunctio n="tr ue"
valueFromFunctio n="t f1 ">

two weeks from next Tuesday

</TIMEX3>

<TLINK eventinstancelD ="ei 1" relatedToTime=" t1" relType="IS_INCL ULCED/ >
3. Amajorearthquak strudk Los Angelesthreeyears ago today

A major

<EVENT eid="el" class="OCCURRENCE" tense="NONE" aspect="NONE">

earthquake
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</[EVENT>

<MAKEINSTANCEeiid="eil" eventiD="el"/>

<EVENT eid="e2" class="OCCURRENCE" tense="PAST" aspect="PERFECT IV E">
struck

</[EVENT>

<MAKEINSTANCEeiid="ei2" eventlD="e2"/>

Los Angeles

<TIMEX3 tid="t1" type="DATE" value="1999-07- 12"
anchorTimelD="t0 " temporalFunctio n="tr ue"
valueFromFunctio n="t f1 ">

three years ago today

</TIMEX3>
<TLINK eventinstancelD ="ei 1" relatedToEvent=  "ei2 " relType="IBEFO RE'/ >
<TLINK eventlnstancelD ="ei 1" relatedToTime=" t1" relType="IS INCL ULCEDY/ >

4. Johnleft 2 daysago.

John
<EVENT eid="el" class="OCCURRENCE" tense="PAST" aspect="PERFECT IV E">
left
</[EVENT>
<MAKEINSTANCEeiid="eil" eventlID="el"/>
<TIMEXS tid="t1" type="DATE" value="2002-07- 08"
temporalFunction ="tr ue" anchorTimelD=" t0"
valueFromFunctio n="t f1 ">
2 days ago.
</TIMEX3>

<TLINK eventinstancel D="eil" relatedToTime= "t 1" relType="IS_INC LUDED"/>

Notethatagois NOT asignalbut a partof the TIMEX3 expression.

TheTIMEX3 expressiorreturnsa DATE(notaDURATION, which needdo becomputedy atempo-
ral functionrelatve to theDCT or the Speechime. 2 daysagois ALWAYS aDATEcomputedelative
to the DCT, in contrastto expressiondike "2 daysbefore”, which necessarilyelatetwo eventsand
thusintroducea TLINK with the magnitude attribute. This canbe obsered in the 3 following
examples.

5. Johnleft 2 daysbefoe the attad.

John

<EVENT eid="el" class="OCCURRENCE" tense="PAST" aspect="PERFECT IVE">
left

</EVENT>

<MAKEINSTANCEeiid="eil" eventID="el"/>

<TIMEX3 tid="t1" type="DURATION " value="P2D" temporalFuncti on="f al se">
2 days
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</TIMEX3>

<SIGNAL sid="s1">

before

</SIGNAL>

the

<EVENT eid="e2" class="OCCURRENCE" tense="NONE" aspect="NONE">
attack

</[EVENT>
<MAKEINSTANCEeiid="ei2" eventlD="e2"/>
<TLINK eventinstancel D="ei1" signallD="s1" relatedToEvent=  "ei 2"

relType="BEFORE " magnitude="t1" />

. 5 daysafter hecamebadk Mary gotsid.

<TIMEX3 tid="t1" type="DURATION " value="P5D" temporalFuncti on="f al se">
5 days

</TIMEX3>

<SIGNAL sid="s1">

after

</SIGNAL>

he

<EVENT eid="el" class="OCCURRENCE" tense="PAST" aspect="PERFECT IV E">
came

</EVENT>

<MAKEINSTANCEeiid="eil" eventiD="el"/>

back Mary

<EVENT eid="e2" class="OCCURRENCE" tense="PAST" aspect="PERFECT IVE">
got

</EVENT>

<MAKEINSTANCEeiid="ei2" eventlD="e2"/>

sick.

<TLINK eventinstancel D="ei1" signallD="s1" relatedToEvent=  "ei 2"
relType="BEFORE " magnitude="t1" />

. Twomonthshefoe theattak, a reportwassent.

<TIMEX3 tid="t1" type="DURATION " value="P2M" temporalFuncti on="f al se">
Two months

</TIMEX3>

<SIGNAL sid="s1">

before

</SIGNAL>

the

<EVENT eid="el" class="OCCURRENCE" tense="NONE" aspect="NONE">
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attack

</[EVENT>

<MAKEINSTANCEeiid="eil" eventlD="el"/>

a report was

<EVENT eid="e2" class="OCCURRENCE" tense="PAST" aspect="PERFECT IV E">

sent

</EVENT>

<MAKEINSTANCEeiid="ei2" eventlD="e2"/>

<TLINK eventlnstancelD ="ei 1" signallD="s1" relatedToEvent ="ei2 "

relType="AFTER"  magnitude="t1"/ >

The TIMEXS expressiorhereis consideredereto be of type=DURATION, sinceit establisheshe
lengthof the intenal separatinghe 2 events. As such,the valuefor thevalue attribute is already
known (P2D, P5M etc.) andthereforethe temporalFuncti on attribute returnsfalse asits
value.

Thereis only one TLINK relatingthe two events,which introducesboth the magnitude attribute
(pointingto thelD of the TIMEX3 expressionpandthesignallD  attribute.

2.11.15 Complex TLINK and SLINK Examples

1. Theattadk wasnot expectedat all, althougha reporthadbeensent2 monthsbefoe.

The

<EVENT eid="el" class="OCCURRENCE"' tense="NONE" aspect="NONE">
attack

</[EVENT>

<MAKEINSTANCEeiid="eil" eventID="el"/>

was

<SIGNAL sid="s1">

not

</SIGNAL>

<EVENT eid="e2" class="|_STATE" tense="PAST" aspect="PERFEC TIV E">
expected

</EVENT>

<MAKEINSTANCEeiid="ei2" eventlD="e2"/>

at all, although a report had been

<EVENT eid=e3>

sent

</[EVENT>

<MAKEINSTANCEeiid="ei3" eventlD="e3"/>

<TIMEX3 tid="t1" type="DURATION " val="P2M" temporalFuncti on="f al se">
2 months

</TIMEX3>

<SIGNAL sid=s2>

before

</SIGNAL>
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<SLINK eventlinstancelD ="ei 2" signallD="s1" relType="NEGAT IVE"/ >

<SLINK eventinstancelD ="ei 2" subordinatedEve nt ="el" relType="MODAL "/ >

<TLINK eventlnstancelD ="ei 1" relatedToEvent= "ei3 " relType="AFTER "
magnitude="t1" signallD="s2"/ >

. Mary arrived yesteday but Johnleft 2 daysbefoe.

Mary
<EVENT eid="el" class="OCCURRENCE" tense="PAST" aspect="PERFECT IV E">
arrived

</EVENT>

<MAKEINSTANCEeiid="eil" eventID="el"/>

<TIMEX3 tid="t1" type="DATE" value="2002-07 -09"
temporalFunction ="tr ue" anchorTimelD=" 10"
valueFromFunctio n="t f1 ">

yesterday

</TIMEX3>

but John

<EVENT eid="e2" class="OCCURRENCE" tense="PAST" aspect="PERFECT IV E">
left

</[EVENT>

<MAKEINSTANCEeiid="ei2" eventlD="e2"/>

<TIMEX3 tid="t2" type="DURATION " value="P2D" temporalFuncti on="f al se">
2 days

</TIMEX3>

<SIGNAL sid="s1">

before.

</SIGNAL>

<TLINK eventinstancel D="ei1" signallD="s1" relatedToEvent=  "ei 2"
relType="AFTER"  magnitude="t2"/ >

<TLINK eventinstancel D="eil" relatedToTime= "t 1" relType="IS_INC LUDED"/>

Thetwo eventsarerelatedby meansof a TLINK . In additionthereis a secondTLINK relatingthe
eventlinkedto the date(arrived) andthis date(yesterday ).

. Shewassidk aftertheplay.

She was

<EVENT eid="el" class="STATE" tense="NONE" aspect="NONE">
sick

</[EVENT>

<MAKEINSTANCEeiid="eil" eventlID="el"/>

<SIGNAL sid="s1">

after

</SIGNAL>

the
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<EVENT eid="e2" class="OCCURRENCE" tense="NONE" aspect="NONE">

play

</EVENT>

<MAKEINSTANCEeiid="ei2" eventlD="e2"/>

<TLINK eventinstancel D="eil" signallD="s1" relatedToEvent=  "ei 2"

relType="AFTER" />

TheTLINK doesnotintroducemagnitude.

4. Shewassick for 2 hours aftertheplay.

She was

<EVENT eid="el" class="STATE" tense="NONE" aspect="NONE">

sick

</[EVENT>

<MAKEINSTANCEeiid="eil" eventID="el"/>

<SIGNAL sid="s1">

for

</SIGNAL>

<TIMEX3 tid="t1" type="DURATION " value="P2H" temporalFuncti on="f al se">
2 hours

</TIMEX3>

<SIGNAL sid="s2">

after

</SIGNAL>

the

<EVENT eid="e2" class="OCCURRENCE" tense="NONE" aspect="NONE">
play

</[EVENT>

<MAKEINSTANCEeiid="ei2" eventlD="e2"/>

<TLINK eventinstancel D="eil1" signallD="s1" relatedToTime="  t1"
relType="HOLDS" />

<TLINK eventinstancel D="eil" signallD="s2" relatedToEvent=  "ei 2"

relType="AFTER" />

Therearetwo TLINK s: The rst oneintroduceghe holding relationbetweerthe stateof beingsick
andthetimeit took (2 hours).Thesecondnestateghe orderingof thetwo events.Sincethereis no
explicit referenceo the durationof the intenal betweerthe two events,the secondTLINK doesnot
introducethemagnitude attribute.
5. Johntaughtfor 20 minutesevery Monday

OneEVENT two TIMEX3sandtwo SIGNALs needto becreatedIn addition,thefollowing tagsare
needed:

(a) OneMAKEINSTANCHvith cardinality every, assignaledby the expressiorevery.

(b) OneTLINK linking theduration20 minutesto the event.
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(c) OneTLINK linking the TIMEX3 Mondayto the TIMEX3 20 minutes

John
<EVENT eid="e4" class="OCCURRENCE' tense="PAST" aspect="PERFECTI VE'>
taught </EVENT>
<SIGNAL sid="s5">for</ SI GMAL>
<TIMEX3 tid="t2" type="DURATION " value="PT20M" anchorTimelD="3 ">
20 minutes</TIMEX3 >
<SIGNAL sid="s6">every </ SI GNA>
<TIMEX3 tid="t3" type="DATE" value="XXXX-WXX -1 "> Morday</T IMEX3>
<MAKEINSTANCEeiid="ei4" eventiD="e4" signallD="s6" cardinality="E VERY'/>
<TLINK eventlinstancelD ="ei 4" relatedToTime=" t2" signallD="s5"
relType="HOLDS" />
<TLINK timelD="2" relatedToTime="  t3" relType="IS_INCL ULCED/ >

6. Johnleft betweerMondayandWednesday

John

<EVENT eid="el" class="OCCURRENCE"' tense="PAST" aspect="PERFECTI VE'>

left

</EVENT>

<MAKEINSTANCEeiid="eil" eventlD="el"/>

<SIGNAL sid="s1"/>

between

</SIGNAL>

<TIMEX3 tid="t1" type="DATE" value="2002-07- 15"
temporalFuncti on="tru e" anchorTimelD=" 10"
valueFromFunct io n="tf 3" />

Monday

</TIMEX3>

and

<TIMEX3 tid="t2" type="DATE" value="2002-07- 17"
temporalFuncti on="tru e" anchorTimelD=" 10"
valueFromFunct io n="tf 3" />

Wednesday
</TIMEX3>
<TLINK eventlnstancelD ="ei 1" relatedToTime=" t1" signallD="s1" relType="IAFTER
<TLINK eventinstancelD ="ei 1" relatedToTime=" t2" signallD="s1" relType="IBEFOR

This currentsolutionis not completelyadequatebut we will keepit temporarily

7. Johntaughtfrom 1994through1999.

In this case pneEVENTandthetwo TIMEX3s needto be createdln addition,thefollowing tagsare
needed:

(a) OneautomaticallycreatedIAKEINSTANCEHor theevent.
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(b) OneTLINK to capturethefactthattheeventstartedn 1994.
(c) OneTLINK to capturethefactthattheevent nished in 1999.

Thisthenshouldleadto aduration,whichis automaticallycreatedoy the closurepartof thetool.

John

<EVENT eid="e4" class="OCCURRENCE' tense="PAST" aspect="PERFECTI VE>
taught</EVENT>

<SIGNAL sid="s5">from< /S IGNAL>

<TIMEX3 tid="t2" type="DATE" value="1994">19 94</ TIMEX3>

<SIGNAL sid="s6">throu gh</ SIGNAL>

<TIMEX3 tid="t3" type="DATE" value="1999">19 99</ TIMEX3>

<MAKEINSTANCEeiid="ei4" eventiD="e4"/>

<TLINK eventlinstancelD ="ei 4" relatedToTime=" t2" signallD="s5"
relType="BEGUN_ BY'/ >
<TLINK eventlinstancelD ="ei 4" relatedToTime=" t3 " signallD="s6"

relType="ENDED_ BY'/ >

8. Johndid notleaveon Mondaybut on Tuesday
OneEVENT two eventinstances andthreeSIGNALs needto becreated:

John did <SIGNAL sid="s5">not</ SI GMNAL>

<EVENT eid="e4" class="OCCURRENCE' tense="PAST" aspect="PERFECTI VE'>
leave</EVENT>

<SIGNAL sid="s6">on</S  IGNAL>

<TIMEX3 tid="t3" type="DATE" value="XXXX-WXX -1 "> Morday</T IMEX3>

but

<SIGNAL sid="s7">on</S  IGNAL>

<TIMEX3 tid="t4" type="DATE" value="XXXX-WXX -2 "> Tuesday</ TI MEX3n>

<MAKEINSTANCEeiid="eil" eventlD="e4"/>

<MAKEINSTANCEeiid="ei2" eventlD="e4"/>

<SLINK subordinatedEve nt In sta nce="eil " signallD="s5"
relType="NEGATI VE' polarity="false" />

<TLINK eventlinstancelD ="ei 1" relatedToTime=" t3 " signallD="s6"
relType="IS_INC LUDHED"/ >

<TLINK eventlnstancelD ="ei 2" relatedToTime=" t4 " signallD="s7"

relType="IS_INC LUDHED"/ >

Causative Examples
1. Therainscausedhe ooding.
The
<EVENT eid="el" class="OCCURRENCE"

rains
</EVENT>
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<EVENT eid="e2" class="OCCURRENCE">
caused

</EVENT>

the

<EVENT eid="e3" class="OCCURRENCE"™>
Flooding

</EVENT>

<TLINK eventlinstancelD =el relatedtoEvent=e 3 relType="BEFOR E" />
<TLINK eventlnstancelD =el relatedtoEvent=e 2 relType="IDENT ITY" />

. Johncausedhe r e.

John

<EVENT eid="el" class="OCCURRENCE">

caused

</EVENT>

the

<EVENT eid="e2" class="OCCURRENCE">

fire

</[EVENT>

<TLINK eventlinstancelD =el relatedtoEvent=e 2 relType="BEFOR E" />

. Kissinger secuedthe peaceat greatcost.

Kissinger

<EVENT eid="el" class="OCCURRENCE"

secured

</[EVENT>

the

<EVENT eid="e2" class="OCCURRENCE"

peace

</[EVENT>

<TLINK eventinstancelD =el relatedtoEvent=e 2 relType="BEFOR E" />
At great cost.

. He kickedtheball, andit roseinto thealir.

Discourserelationsactingasa causatie, we arecurrentlyunableto handleascausatres, but we can
certainlyannotatehetemporalrelationthatexistsin thetext.

He

<EVENT eid="el" class="OCCURRENCE"™>
Kicked

</EVENT>

The ball

And
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it

<EVENT eid="e2" class="OCCURRENCE"

rose

</[EVENT>

Into the air

<TLINK eventlnstancelD =el relatedtoEvent=e 2 relType="BEFOR E" />

2.12 Conclusion

Thisdocumensummarizesheresearctand ndings of the TERQASworkshop heldfrom Januarthrough
September2002,andfundedby ARDA throughthe NRRCat MITRE. Themostsigni cant milestonesand
achiezementdrom theworkshoparelisted asfollows:

TIMEML: Markuplanguagédor time andevents
TIMEBANK: Gold standarcdannotatecggainsthis language
TIME/EVENT ALGORITHMS: For recognizingeventsandtimesin text

CLOSURE ALGORITHM: For inferring hiddentemporalrelationsbetweerevents

a M W NPk

DISSEMINATION OF KNOWLEDGE: U. of ChicagoBook, journal articles,symposiumandcourses
onTimeML.

It is hopedthattheresearcland ndings of thisworkshopwill generatenterestn thespeci cationlanguage

developedfor time andevent markup. Further it is hopedthat the goldstandardvill continueto grow in
orderto accountor multiple domainsandlanguages.
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Catalog of Software, Data, Reports, and

Presentations

3.1

1.

3.2

3.3

TimeBank

raw data:
location: /workshops/tergas/ddtbc-corpora/

. alembicpreprocessedata

location: doc-corpora/doc-cpora-training/al-preprocessed

. pre-annotatiompreprocessedata

location: aoc—corpora/doc—cpora{raining/Eventhreprocessed

. TimeBanhocation:aoc—corpora/doc—crpor&training/TimeBank

. Timex3, EventandLink Recognize©Output:

location: doc-corpora/doc-cpora-training/T3PO

Query

. QueryCollection:

/workshops/tergasatidquegion-queried

Software

. closuretool:

location: /workshops/terqas/sofardclosue

. alembicto-TimeML script:

location: /workshops/tergas/defardalembicto-TimeML

. Eventpreprocessingoftwarefor alembic:

location: /workshops/terqas/sofared TimeMLRecoglizers

Timex3 processofMetaCarta)
location: /workshops/tergas/defare Timex3

TimeML v0.1.0

29-09-02



3.4. DOCUMENTATION AND PRESENTATIONS 75

5. EventandS-Link Recognizers
location: /workshops/tergas/defared TimeMLRecogtzers

6. visualization:
location: /workshops/terqas/defargvisudization

7. Link Builder:
location: /workshops/terqas/sofared TimeMLRecoglizers
3.4 Documentationand Presentations

1. documentation:
location: /workshops/tergas/domenation

2. presentations:
location:/workshops/terqas/domeriaton
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