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Chapter 1

ExecutiveSummary

1.1 Intr oduction

FromJanuary30,2002,throughJuly22,2002,aworkshop,fundedthroughtheNationalRegionalResearch
Center(NRRC),washeldatMITRE BedfordandBrandeisUniversity. Thefundingwasfully sponsoredby
theAdvancedResearchDevelopmentAgency (ARDA). This documentreportstheir activities andaccom-
plishments.

Thepurposeof thisworkshopwasto addresstheproblemof how to answertemporally-basedquestions
aboutthe eventsandentitiesin text, speci�cally news articles. For example,currentlyquestionssuchas
thoseshown below arenotsupportedby questionansweringsystems.

1. a. Is GatescurrentlyCEOof Microsoft?
b. Whendid Iraq �nally pull outof Kuwait duringthewar in the1990s?
c. Did theEnronmergerwith Dynegy take place?

What characterizesthesequestionsas beyond the scopeof currentsystemsis the following: they refer,
respectively, to thetemporalaspectsof thepropertiesof theentitiesbeingquestioned,therelative ordering
of eventsin theworld, andeventsthatarementionedin news articles,but whichhave never occurred.

Therehasrecentlybeena renewedinterestin temporalandevent-basedreasoningin languageandtext,
particularlyas appliedto informationextractionand reasoningtasks(cf. Mani and Wilson, 2000, ACL
Workshopon Spatialand Temporal Reasoning, 2001,AnnotationStandards for Temporal Informationin
Natural Language, LREC 2002). Severalpapersfrom theworkshoppoint to promisingdirectionsfor time
representationand identi�cation (cf. Filatova andHovy, 2001,SchilderandHabel,2001,Setzer, 2002).
Many issuesrelatingto temporalandevent identi�cation have remainedunresolved, however, andit was
theseissuesthat the workshopaddressed.Speci�cally, the workshopgoalsweretwofold: (a) to examine
how to formally distinguisheventsand their temporalanchoringin language(text); and (b) to develop
algorithmsfor orderingeventsin text relative to eachother, andtheoperationsfor computingclosureover
anentirediscourseof events.Fourbasicproblemsin event-temporalidenti�cation wereaddressed:

(a) Timestampingof events(identifyinganeventandanchoringit in time);

(b) Orderingeventswith respectto oneanother(lexical versusdiscoursepropertiesof ordering);

(c) Reasoningwith contextually underspeci�edtemporalexpressions(temporalfunctionssuchas last
weekandtwoweeksbefore);

(d) Reasoningaboutthepersistenceof events(how longdoesaneventor theoutcomeof aneventlast).

SOMETHING

TimeML v0.1.0 29-09-02



2 CHAPTER 1. EXECUTIVE SUMMARY

1.2 Overview of Activities and Accomplishments

In thecontext of theworkshopwe focusedon two efforts, re�ecting themajordeliverablesof thecontract:

1. TIMEML: De�nition andDesignaMetadataStandardfor Markupof events,theirtemporalanchoring,
andhow they arerelatedto eachotherin Newsarticles.

2. TIMEBANK: Creationof agoldstandardcorpusof 300articlesmarkedupfor temporalexpressions,
events,andbasictemporalrelations,basedon thespeci�cationof TimeML.

In additionto thesemajordeliverables,severalsecondarymilestoneswereachieved,includingthefollowing:

1. Creationof Algorithmsfor recognizing:

� TemporalExpressions,
� EventExpressions
� Timesassociatedwith Events
� OrderingbetweenEventsandTimes

2. Developmentof aText SegmentedClosureAlgorithm

3. Creationof aSemi-graphicalAnnotationTool

4. Creationof Guidelinesfor Annotation

5. QueryDatabaseCreationTool andGuidelines

6. ScoringandInter-annotatorEvaluationTool

7. StandardsImpact:

� Integrationwith ISO
� Adoptedby EuropeanandJapaneseProjects

8. Disseminationof Knowledge:

� CSLI /U. ChicagoPressBookon TimeML
� SpecialIssueof Journalon TERQAS
� AAAI SpringSymposium2003
� ESSLLI2003CourseonTimeML

The remainderof this executive summaryoverviews the activities and accomplishmentsof our research
effort. Chapter2 of this reportprovidesgreaterdetail. Chapter3 is a catalogueof resultsandtechnical
productsof ourwork.

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 Universit́e deMontréal Email: lucbelanger@mac.com
BranBoguraev IBM Research Email: bkb@watson.ibm.com
Jośe Castãno Brandeis,(ProjectManager) Email: jcastano@cs.brandeis.edu
LisaFerro MITRE Email: lferro@mitre.org
JohnFrank MetaCarta Email: jrf@metacarta.com
RobGaizauskas U. of Shef�eld Email: r.gaizauskas@dcs.shef.ac.uk
PatrickHanks BrandeisUniversity Email: patrick.hanks@rcn.com
JerryHobbs SRI International Email: hobbs@ai.sri.com
RobertIngria BrandeisUniversity Email: ingria@world.std.com
GrahamKatz U. of Stuttgart Email: gkatz@uos.de
MarciaLazo MITRE Email: mlazo@mitre.org
Andrew Latto MetaCarta Email:
InderjeetMani Georgetown U., MITRE Email: imani@mitre.org
JamesPustejovsky (TeamLead) BrandeisUniversity Email: jamesp@cs.brandeis.edu
DragomirRadev U. of Michigan Email: radev@si.umich.edu
AnnaRumshisky BrandeisUniversity Email: arum@cs.brandeis.edu
AntonioSan�lippo SRA Email: antoniosan�lippo@sra.com
RoserSauŕ� BrandeisUniversity Email: roser@cs.brandeis.edu
Andrew See BrandeisUniversity Email: aragorn@cs.brandeis.edu
BethSundheim SPAWAR SystemsCenter Email: sundheim@spawar.navy.mil
MarcVerhagen BrandeisUniversity Email: marc@cs.brandeis.edu
HarrisWu U. of Michigan Email: harriswu@umich.edu

Thescheduleof theworkshopwasasfollows:

1. January30-31,2002: Kick-off Meeting

2. March 11-15,2002: CorpusSelection,QueryStudies,TimeML

3. April 22-26,2002: TimeML Speci�cation,CorpusWork

4. May 8-15,2002: AnnotationFest

TimeML v0.1.0 29-09-02



4 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

5. June10-21,2002: Algorithm Speci�cation,Annotation

6. July 15-19,2002: Wrap-upandEvaluation

7. August-September, 2002: Prepare�nal report

2.2 Data Acquisition and CorpusFormation

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://ontology.teknowledge.com/rsigma/arch.html#Temporal), JerryHobbstimeontologyfor DAML (Hobbs
2002)andCYC (http://www.cyc.com/cycdoc/vocab/time-vocab.html). The goal of this comparisonis to
capturecommontraits,aswell asrelative strengths,weaknessesandgapsto formulatea setof recommen-
dationsfor a time annotationscheme.

Following Hobbs(2002),thedevelopmentof a timeontologycanbeseenasthecombinedspeci�cation
of 6 areas:

1. Topologicaltemporalrelations

(a) Basictemporalentities(e.g.instants,intervals,events)

(b) Propertiesof temporalentities

(c) Relationsbetweentemporalentities

2. Measuringdurations

(a) Turningdurationsinto reals

3. Clockandcalendar

(a) Timezones

(b) ClockandCalendarunits

4. Deictic time

(a) Speci�cationof temporalconceptssuchasnow, tomorrow, lastmonday

5. Sequenceof temporalentities

(a) Speci�cationof temporalsequenceconceptssuchasquarterly, everyothermonday

6. Vaguetemporalconcepts

(a) Speci�cationof vaguetemporalconceptssuchassoon,later

Accordingly, our�rst stepis to chartthespeci�cationof eachareaacrossthe4 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

Thisdocumentrepresentsthecurrentspeci�cationof TimeML. Thisrevisionspeci�esthesyntaxof TimeML,
i.e. essentiallyits tagsandtheir attributes,with examplesillustratingtheir basicuse.Sincethepuresyntax
of TimeML will oftenleave openhow aparticularphenomenonshouldbeannotated(e.g.shouldmodalsin
Englishbemarkedup asSIGNALs or EVENTs),this documentleavesa numberof issuesunderspeci�ed.
Fullerdiscussionof theconventionsby whichTimeML shouldbeappliedcanbefoundin theaccompanying
annotationguidelines(Pustejovsky, etal. (2002)).

Thedocumentbeginswith theleaf nodesof TimeML: thetagsthatincludetexts thatdescribethebasic
temporalelementswithin adocument.Thenext sectionintroducesSIGNAL, thetagthatwrapsexpressions
that specifyhow temporalelementsshouldbe related.The third sectiondealswith links, emptytagsthat
explicitly annotatethetemporalrelationseithermarkedby signalsor indicatedpurelysyntactically, Thenext
sectiondealswith miscellaneousothertags.Thelastsectiondealswith openquestions.

2.4.2 Naming Conventions

InasmuchasXML is case-sensitive, it is necessaryfor TimeML to specifyexactlythecaseof all its elements.
This documentfollows the conventionof indicatingtag namesandattribute valuesin all uppercase(e.g.
EVENT, PROGRESSIVE)andattribute namesin lower or mixed case(e.g. tense,relatedToTime). Since
attributevaluesaretypically atomic(one-word) while attributenamesoftenconsistof multiple words,this
convention would seemto maximizereadabilityof the annotation. (Multi-word attribute valuesusethe
underscorecharacterto separatetheir componentparts.)

Thisdocumentalsofollows theattributenamingconventionintroducedin Setzer(2001).Attributesthat
rangeover valuesof XML datatypeID—a uniqueindex—are short,consistingof oneor two characters
indicatingthenameof theelement,followedby id (e.g.tid, eiid). Attributesthatrangeovervaluesof XML
datatypeIDREF—referencesto IDs—typically consistof thenameof theelementindexed,followedby ID
(e.g.eventID)or adescriptive name(e.g.relatedToTime).

Thevaluesof thevariousID attributesarespeci�edasbeginningwith oneor two characters,followed
by aninteger. Thisschemeis mandatedby thesyntaxof XML. While attributevaluesof typeID canconsist
of any sequenceof letters,digits, andthehyphen,underscore,andperiodcharacters,they mustbegin with
eitheranunderscoreor a letter. Therefore”e23” is avalid XML ID; but ”23” is not. Thisnamingconvention
alsohelpsmake the examplesa bit morereadable,especiallyin the caseof link tags,which cancontain
multiple IDREFsof differentkinds.

Finally, in thedescriptionsof thevaluesof attributes,whereXML DTD andXML schemade�nitions
woulddiffer, theschemade�nition is indicatedbetween

���

.

Thoughthisdocumentdescribesthefull TimeML language,many of theexampleannotationsprovided
show the resultof annotationonly throughthe outputof initial automatictaggingcombinedwith human
annotation/editing, but donotincludeelements(e.g.attributesand/orattributevaues)thatmaybeintroduced
by later processingcomponents(e.g. the closuretool). In particular, TIMEX3 tagsthat are treatedas
temporalfunctionstypically appearin the examplesin an underspeci�edform. However, thoseelements
thatdo appeararesuf�cient for theoutputof manualannotation.

Finally, notethatall examplesin thisdocumenthavebeenvalidatedagainstaTimeML DTD correspond-
ing to theBNF givenhere,usingtheoXygenXML editor, version1.1.
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2.4.2Naming Conventions 13

Temporal Entities
� EVENT � TheEVENT tag is usedto annotatethoseelementsin a text that mark thesemanticevents
describedby it. Syntactically, EVENTs are typically verbs,althoughevent nominals,suchas crashin
...killed by thecrash,will alsobeannotatedasEVENTs.

The EVENT tag is alsousedto annotatea subsetof the statesin a document. This subsetof states
includesthosethatareeithertransientor explicitly markedasparticipatingin a temporalrelation. Seethe
TimeML annotationguidelinesfor moredetails.

attributes ::= eid class tense aspect

eid ::= ID
{eid ::= EventID
EventID ::= e<integer>}
class ::= 'OCCURRENCE' | 'PERCEPTION' | 'REPORTING' | 'ASPECTUAL'

| 'STATE' | 'I_STATE' | 'I_ACTION' | 'MODAL'
tense ::= 'PAST' | 'PRESENT' | 'FUTURE' | 'NONE'
aspect ::= 'PROGRESSIVE' | 'PERFECTIVE' | 'PERFECTIVE_PROGRESSI VE' | 'NONE'

� TIMEX3 � The TIMEX3 tag is usedto mark up explicit temporalexpressions,suchastimes,dates,
durations,etc. It is modelledon Setzer's (2001)TIMEX tag, aswell asthe TIDES (Ferro,et al. (2002))
TIMEX2 tag.Sinceit differsbothin attributestructureandin use,it seemedbestto give it aseparatename,
which revealsits heritagewhile at thesametime indicatingthatit is differentfrom its forebears.

attributes ::= tid type [functionInDocu ment ] [temporalFunct io n]
(value | valueFromFuncti on) [mod] [anchorTimeID | anchorEventID]

tid ::= ID
{tid ::= TimeID
TimeID ::= 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 onID
TemporalFunctio nI 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'

anchorTimeID ::= IDREF
{anchorTimeID ::= TimeID}

TimeML v0.1.0 29-09-02



14 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

anchorEventID ::= IDREF
{anchorEventID ::= EventID}

� SIGNAL �

attributes ::= sid

sid ::= ID
{sid ::= SignalID
SignalID ::= s<integer>}

SIGNAL is usedtoannotatesectionsof text, typically functionwords,thatindicatehow temporalobjects
are to be relatedto eachother. The materialmarked by SIGNAL constitutesseveral typesof linguistic
elements:indicatorsof temporalrelationssuchastemporalprepositions(e.gon,during)andothertemporal
connectives(e.g. when)andsubordinators(e.g. if). This functionalityof theSIGNAL tagwasintroduced
by Setzer(2001).polarity indicatorssuchasnot,no,none,etc. indicatorsof temporalquanti�cationsuchas
twice,threetimes,etc.

Links

Link tagsencodethevariousrelationsthatexist betweenthetemporalelementsof adocument.Themotiva-
tionsfor having multiple typesof links arethefollowing:

1. To distinguishbetweenevent typesand event instances,suchas thoseintroducedby conjunction,
quanti�cation,or negation.

2. To adequatelyhandlesubordinatingcontexts involving modalityandreportedspeech.

� MAKEINST ANCE � MAKEINSTANCEis arealizationlink; it indicatesdifferentinstancesof agiven
event. Onecancreateasmany instancesasaremotivatedby the text. All relationsindicatedby theother
links arestatedover theseinstances.Becauseof this, every EVENT introducesat leastonecorresponding
MAKEINSTANCE.

attributes ::= eiid eventID [signalID] [cardinality]

eiid ::= ID
{eiid ::= EventInstanceID
EventInstanceID ::= ei<integer>}
eventID ::= IDREF
{eventID ::= EventID}
signalID ::= IDREF
{signalID ::= SignalID}
cardinality ::= CDATA

A MAKEINSTANCE canbeconsideredto bea functionalobjectthattakesanEventIDasits input and
producesanEventInstanceIDasits output.

signalID indicatesa SIGNAL that eithermotivatesthe existenceof the MAKEINSTANCE, or which
indicatesthe value of the cardinality attribute (seeannotationof Johntaught20 minutesevery Monday
below for anexampleof this).

TimeML v0.1.0 29-09-02
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Thepossiblevalueof cardinalityis givenasCDATA, i.e. any ASCII text. In reality, its valuesaremost
likely to rangeovertheintegers,alongwith alimited numberof quanti�cationalelementssuchas”EVERY”,
”MOST”, etc. It may be possibleto createa moreconstrainingdatatype(e.g. Cardinality),basedon the
stringdatatype,which constrainsit to a �x edsetof word tokens,andany sequenceof digits, but we have
notyetdonethis.

� TLINK � TLINK is a temporallink. It representstherelationbetweentwo temporalelements.

attributes ::= (eventInstanceI D | timeID) [signalID]
(relatedtoEvent | relatedtoTime) relType [magnitude]

eventInstanceID ::= IDREF
{eventInstanceI D ::= EventInstanceID}
timeID ::= IDREF
{timeID ::= TimeID}
signalID ::= IDREF
{signalID ::= SignalID}
relatedToEvent ::= IDREF
{relatedToEvent ::= EventInstanceID }
relatedToTime ::= IDREF
{relatedToTime ::= TimeID}
relType ::= 'BEFORE' | 'AFTER' | 'INCLUDES' | 'IS_INCLUDED'

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

|'BEGINS' | 'ENDS' | 'BEGUN_BY' | 'ENDED_BY'
magnitude ::= IDREF
{magnitude ::= TimeID}

Notethattheoptionalmagnitudeattributerangesover theIDs of TIMEX3 expressionsthatrepresentthe
magnitudeof therelation(e.g.5 minutesbefore,10 daysafter,etc.).

� SLINK � This is asubordinationlink thatis usedfor contexts involving negation,modality, evidentials,
andfactives.Therearetwo casesof SLINK.

1. Caseswherean event instancesubordinatesan event type; theseare caseswherea verb takes a
complementandsubordinatesthe event referredto in this complement.In thesecases,the subordinated
eventis aneventtype,i.e.,subordinatedEvent.

2. Caseswherea subordinationis introducedby a modalor negation. In thesecases,thesubordinated
eventis aninstanceof aneventtype,i.e.,subordinatedEventInstance.

This link is betweenamatrixeventinstanceandasubordinateeventtype(thoughin somecases,suchas
negation,thesubordinatedelementis aneventinstance).SLINK is alsousedto indicate(negative) polarity,
via the”NEGATIVE” valueof therelTypeattribute.

attributes ::= [eventInstanceI D] (subordinatedEv ent |
subordinatedEv entI nst ance ) [signalID] relType

eventInstanceID ::= IDREF
{eventInstanceI D ::= EventInstanceID}
subordinatedEve nt ::= IDREF
{subordinatedEv ent ::= EventID}
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16 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

subordinatedEve nt In st anc e ::= IDREF
{subordinatedEv entI ns tan ce ::= EventInstanceID }
signalID ::= IDREF
{signalID ::= SignalID}
relType ::= 'MODAL' | 'NEGATIVE' | 'EVIDENTIAL' | 'NEG_EVIDENTIAL '

| 'FACTIVE' | 'COUNTER_FACTIVE'

Note that eventInstanceIDis optional becausean event can be subordinated(e.g. in a conditional)
withoutbeingsubordinatedto aparticularevent.

� ALINK � ALINK is anaspectuallink; it indicatesanaspectualconnectionbetweentwo events.In some
ways,it is like acrossbetweenTLINK andSLINK in thatit indicatesbotharelationbetweentwo temporal
elements,aswell asaspectualsubordination.

attributes ::= eventInstanceID [signalID] relatedToEvent relType

eventInstanceID ::= ID
{eventInstanceI D ::= EventInstanceID}
signalID ::= IDREF
{signalID ::= SignalID}
eventID ::= IDREF
{relatedToEvent ::= EventID}
relType ::= 'INITIATES' | 'CULMINATES' | 'TERMINATES' |

'CONTINUES' | 'REINITIATES'

� CONFIDENCE � In variousdiscussionsof thefull TERQASgroups,theutility of beingableto mark
con�dencevaluesfor variousaspectsof theannotationwaspointedout. In general,it would be usefulto
allow con�dencevaluesto beassignedto any tag,and,in fact,to any attributeof any tag.

A convenientway to do this would be to createa con�dencetag,which would consumeno input, and
whichwouldhave thefollowing attributes:

attributes ::= tagType tagID [attributeName ] confidenceValu e

tagType ::= CDATA
tagID ::= IDREF
attributeName ::= CDATA
confidenceValue ::= CDATA
{confidenceValu e ::= 0 < x < 1}

wheretagType would rangeover the namesof all the tagsof TimeML tagID would rangeover the setof
actualtagIDs within thecurrentdocument(XML typeIDREF)attributeNamewould rangeover thenames
of all theattributesof all the tagsof TimeML con�denceValuewould rangeover the rationals(i.e. would
have a �oating pointvalue)between0 and1.

So,for example,giventhis annotation:

(19) The TWA flight
<EVENT eid="e1" class="OCCURRE NCE" tense="PAST" aspect="NONE">
crashlanded
</EVENT>
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2.5. TIMEB ANK CORPUS 17

<MAKEINSTANCEeiid="ei1" eventID="e1"/>
<TLINK eventInstanceI D=" ei 1" signalID="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 hadannotatedtwo weekscorrectly, we couldadd
thisannotation:

<CONFIDENCEtagType="TIMEX3 " tagID="t1" confidenceValue= "0 .5 0" />

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

On theotherhand,if we wantedto indicatethatwe weren't sureif thetenseof crashlandedwasreally
”PAST”, wecouldaddthisannotation:

<CONFIDENCEtagType="EVENT" tagID="e1" attributeName= "TE NSE"
confidenceValu e="0 .7 5"/ >

Abstractingcon�dencemeasuresasa separatetag freestheannotationfrom having to includea con�-
dencevalueattribute in every tagandeliminatestheproblemof uncertaintyover theexactattributeof a tag
thecon�dencevalueappliesto.

Note: currently TLINKs, SLINKs, and ALINKs do not have IDs. If we want to apply con�dence
measuresto links and/ortheirattributes,wewill needto give eachlink auniqueID underthisproposal.

As for how con�dencevaluesshouldbe assignedin manualannotation,we feel that, in a large-scale
annotationeffort suchasTIMEBANK, two conditionsshouldbesatis�ed:

1. Fairly high inter-annotatoragreementon thetagassignmentin thetext.
2. Easeof useandhabitabilityof thetool from theannotator's perspective.

2.5 TimeBank Corpus

2.5.1 Creationof TIMEB ANK

This is generalinformationaboutthedocumentcorporabeingusedfor TERQAS.Informationon theques-
tion corporawill befoundseparately. Corporato beAnnotatedAnnotationcorporaaredividedinto training,
devtestandevaltest.Trainingsetsareon NRRChostcomputer. DevtestandEvaltestdataarein password-
protectedzip �les on theNRRChostcomputer.

Two subsetsof trainingsetshave beenidenti�ed for earlyannotation:
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1. A setof 6 articles,3 from ACE and3 from DUC, wereannotatedby multiple TERQASparticipants,
with anaim to revealingsigni�cant issueswith theannotationguidelines.Theannotationof those6
articlesisbeingperfectedthroughanadjudicationprocessto serveasaninitial TimeML goldstandard.

2. A setof 44relatively shortarticlesarebeingannotatedby ”serious”TERQASannotators,ledby Roser
SauriandAndy Seeat Brandeis.This setincludes22 ACE articles(newswire andbroadcastnews)
and22Propbankarticles.Thegoalis to completesingleannotationonasmany of thesedocumentsas
possibleby theendof theworkshop,preferablywith someadjudicationandcorrectiondoneby Roser
andAndy.

In additionto thetotalof 50articlesdescribedabove,another250articleshavebeenidenti�ed for annotation
by the end of September. Thesearticlesinclude onesfrom ACE, DUC and Propbank. A subsetof 24
relatively short articleswill be annotatedby multiple TERQAS annotators,and an assessmentmadeof
interannotatoragreement,using comparisonand scoringsoftware from Mitre. This set includes5 ACE
newswire,5 ACEbroadcastnews,2 DUC ”Sununu”,3 DUC ”Iraq”, and9 Propbank.

1. DUC (TIPSTER)

(a) 3 Trainingclusters(all docsfrom eachcluster)

i. d03- biography(Sununu)– totalof 11 docs
ii. d09- singleevent(Iraq)– totalof 16 docs

iii. d16- sequenceof events(earthquakes)– totalof 8 docs

(b) 5 Devtestclusters(5 docsfrom eachcluster)

i. d25- biography
ii. d40- biography

iii. d21- opinion
iv. d20- sequenceof events
v. d33- singleevent

(c) 5 Evaltestclusters(5 docsfrom eachcluster)

i. d42- biography
ii. d47- biography

iii. d26- opinion
iv. d36- sequenceof events
v. d60- singleevent

2. ACE (TDT2) : Jan-Jun1998. Thesesetsareavailableboth with andwithout manuallygenerated
TIMEX2 tags.

(a) Broadcastnews (ABC, CNN, PRI, VOA). 100 articles(50 training, 25 devtest, 25 evaltest)
Methodof selection:Removed sportsandpop culturearticlesfrom 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 n docs(in alphaorderby �lename)wereselectedastraining.Therestwere
arbitrarilyassignedto devtestor evaltest,but with someconsciousbalancingby topic(U.S.news
vs. foreignnews, for example).

(b) Newswire(AP andNYT). 99 articles(49 training,25 devtest,25 evaltest)Methodof selection:
Removedall sportsstories,leaving approximately100docs.Every secondonewasassignedto
training;theremainingwerealternatelyassignedto devtestandevaltest.
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2.5.2Featuresof TIMEB ANK 19

3. Propbank(fromTreebank2)216WSJarticles(166training,25devtest,25evaltest)ThePropbank/Treebank2
documentslack headerinformation, including any referencetime for the document. We tracked
down theoriginal documentsfrom a TipsterCD, andassignedthem�le namesthatmatchtheProp-
bank/Treebank2�le names,but with ”.orig” (original)appended.Theseoriginal �les will beusedfor
TERQASannotation.Dueto timeconstraints,arigorousprocedurewasnotusedto selectthearticles.
Most of the �rst onesto beannotatedaretaken from theshortestof the �rst 100thatwerematched.
Therestalsocomefrom thetopof thelist of �les thatwerematched,but with lessregardfor length.

ReferenceCorpora

1. TIPSTER: ThesearetheDUC clustersthatarenot includedin thecorporato beannotated.
2. TDT2 : This is thewholecorpus,includingthesmallportionsthatarein thecorporato beannotated.
3. TREEBANK : Rightnow, all docsareincluded,includingthePropbankarticlesthatarein thecorporato
beannotated.
4. PROPBANK : This excludestheportionsthatarein thecorporato beannotated.
5. REUTERS-21578
6. AP (HANKS)
7. NAMTC (LDC) – TheNorth AmericanNews Text Corpusis a collectionof journalistictext in English
from newswire and newspapersourcesin the United States. The sourcesand time periodscoveredby
this collection are as follows: LA Times and WashingtonPost (May 1994 - August 1997), NY Times
News Syndicate(July 1994- December1996),ReutersNews Service,generaland�nancial (April 1994-
December1996),WSJ(July1994: December1996)
8. ProMed
9. ENTHUSIASTdialoguecorpus(appointmentschedulingdialogues),with TIMEX2 tags
10. BNC (British NationalCorpus)

2.5.2 Featuresof TIMEB ANK

The TERQAScollectionof annotatedtexts (TIMEBANK consistsof 300 texts with careful,detailedan-
notationsof termsdenotingevents(including statesandchangesof stateaswell asactions,occurrences,
andprocesses),temporalexpressions,andsignals(modals,negatives,temporalconnectives,etc.)and,most
importantly, links betweenthem.TERQASlinks areof threekinds: temporal(actualsequencesof events),
modal(possibleevents)andaspectual(e.g. phasedpredicatorsexpressingconceptssuchasstart,continua-
tion, andcompletion).

This collectionof annotatedtexts providesa solid empiricalbasisfor future researchinto the way in
which texts actuallyexpressandconnectseriesof events,whichdiffers in interestingrespectsfrom a priori
expections.For example,annotatorsfoundthatellipsisof actualeventwordscommonlyoccurs,sothatfor
example,throughmetonymy, apricemayrepresentanevent,insofar asit is achangefrom anearlierprices.
Strikingdifferenceswereobservedby theannotatorsbetweenthetypicaleventstructureof businessreports,
for examplein theWall StreetJournal,andthetypicaleventstructureof political, social,andmilitary events.

Futureresearchdevelopmentsbuilding on this foundationmaybeexpectedto included:

1. continuingdevelopmentof empirically well foundedalgorithmsfor computationalidenti�cation of
thesequenceof eventsin newspaperreportsandothernarratives. (We areexploring possibilitiesfor
re�ning existing algorithmsin the light of empirical �ndings, so as to improve analysisof unseen
texts,usingTIMEBANK asabenchmark.)

2. relationshipbetweenevent structures(as expressedin texts), argumentsstructures,and discourse
structures.(Not partof TERQAS,but anaturalandpotentiallyfruitful corollary.)
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20 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

3. relationshipbetweencausalandnon-causalsequencesof events.

4. relationshipamongmultiple textsexpressingdifferentsegmentsof adevelopingsequenceof events.

5. processingellipsis.

Wewouldexpectmuchfutureresearchto focusonwhatactuallyhappens,ratherthanonwhatmightpossibly
happen.Thedistinctionbetweentheprobableandthepossibleis fundamentalto empiricaltext analysisand
will have aprofoundeffect on thecharacterof algorithmsfor practicaltext processing.

2.6 Creationof Query Corpusand Classi�cation

Classesof Questions(valuesfor temporalcomplexity typeattribute)
This classi�cationis basedon thewaysquestionssignaltheir time or event(s)dependenceandon how

straightforward it is to determinewhattime informationneedsto beunderstoodfrom a questionin orderto
beableto provideasuitableanswer. Almostall examplesarefrom theExcitequestionlog,with someminor
editing.TimeexpressionsthatareTIMEX2 markablesareenclosedin curly braces.Theclassesareordered
accordingto anotionof simplicity in termsof presumedTimeML elementsandlinks.

� NO-LINK : No TimeML link

� SE-ST: State-STor Event-STTML link

� E-E: Event-eventTML link

� S-T State-Timexp link

� T-T: Timexp-Timexp link

� E-T: Event-Timexp link

2.6.1 Classesof Questions- valuesfor temporal complexity type attrib ute

NO-LINK: No TML link

1. Questionfocusis anexpressionof time

Do youhave anything on
�

thedecadefrom
�

1940
�

to
�

1950
���

?

Do youknow anythingabout
�

theyears1720
�

-
�

1729
���

?

Tell meabout1950.

2. Questionfocusis a referenceto ahistoricalperiod,personalbiography, etc.

Whatdo youknow aboutthehistoryof CastleGarden?

Tell memoreaboutRomanHistory.

3. Questionfocusis anentity (noteventor state)thatis locatedin timeby a time expression

WherecanI �nd
�

40's
�

musicI candownloadon my computerfree?

Who starredin the1930musical”Girl Crazy”?

SE-ST: State-STor Event-STTML link
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1. Indexical questionswith events/statesas questionfocus. In somecases,the headis a noun, like
”population”,”price”, ”f ares”,”president”,”weather”,etc. In smeothers,theheadis averb.

Whatis thepopulationof Grif�n, Georgia?

Whatis theweatherin Ellicotville, NY? (First readingof this seemsto betime dependent.)

WHO IS THE PRESIDENTOFVENEZUELA?

How muchfranciumis therein the world? (Doesthis Q belongin a differentclass?)subitem
Whatdateis theAFC ChampionshipGameon?

Whenis
�

Ramadan
�

? (this year)[notethatthisquestionis ambiguous]

How muchdo dentalassistantsmake?

How muchis theDeathof Supermancomicbookworth?

Whatcompany is rankednumber1 on thefortune500list of companies?

2. Indexical questionswhosetemporaldependency is signaledby Qwordotherthan”when”?

How old is the bristleconepine treewhich wasfound in California? ii. How many peopleare
therein theworld?

How many peoplelive in theworld?

3. The questionasksfor informationaboutwho is/was a person. The tensemay signal whetherthe
personis still alive or not,whichcouldhelpin disambiguatingnamehomonyms.

Who wasJohannCarlFriedrichGauss?ii. Who is Britney Spears?

4. A superlative adjectiveor expressionslike ”the topX” modify (apartof) thequestionfocus,signaling
thetimedependency.

WherecanI �nd thecheapestminidiscplayer/recorder?

Whatis thefastestcaryoucanbuy?

WherecanI �nd informationon thenewestcellularphones?

Whatarethemostpopularhair styles?

E-E: Event-event TML link

1. In somecases,botheventsareexpressedasfull clauses.

How old wasJackieRobinsonwhenhedied?

Who wastherulerof EgyptwhenJesusChristwasborn?

How wasabortionperformedbeforeit waslegalized?

Whatmusthappenbeforethe
�

Christmas
�

feastcanbegin in Poland?

Doescidervinegarhave to berefrigeratedafterit hasbeenopened?

Why do peoplehave to standwhencourtstarts?

WherecanI �nd akeychainthatbeepsor chirpswhenI clapmy hands?

Do all saints'bodiesnotdecomposeafterthey die?

How do I disablemy modemspeaker so it won't make that awful noisewhenI connectto an
onlinesite?

Wheredo i �nd informationon johnpaulII' s life beforehewasapope?
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2. Oneor bothof theeventsmaybeexpressedassomethingotherthana tensedclause.

Whatkindsof weaponswereusedduringtheAmericanrevolutionarywar?

Is it betterto eatbeforeor aftera workout?

Is therelife afterdeath?

Whataremy paymentoptionswhenshoppingonline?

Whathappenedto theteacherthatwentot jail aftergettingpregnantwith astudent?

It is safeto eatsalmonwhile pregnant?

Whatpresidenthadtwo vice-presidentsdiewhile in of�ce?

How is baseball
�

today
�

differentfrom baseball
�

yearsago
�

?

Wheredo i �nd informationon johnpaulII' s life beforehewasapope?

S-T: State-Timexp link

1. Note:Weview the”when” question-phraseto bea timexp.

Who wasthepresidentof theU.S.in 1958?

Who is the
�

current
�

leaderof China?

Who wasonboardtheAero�ot planeyesterday?

WhenwasEisenhower presidentof theU.S.?

T-T: Timexp-Timexp link
Note:Weview the”when” question-phraseto bea timexp.

1. ”When” question-phrasein relationto justoneothertimexp

Whenis
�

Ramadan
�

? (in general)

Whenwas
�

the�rst dayof winter1999
�

?

Whenis thenext full moon?

Whendoes
�

thenew millennium
�

begin?

2. 2. ”When” questionphrasein relationto two or moreothertimexp's.

Whenis
�

Ramadan
���

this year
�

?

Whattimedoesthe
�

winter
�

solsticeoccurfor
�

1999
�

?

Whatis
�

thelastdayto contribute to aRothIRA for
�

1999
���

?

E-T: Event-Timexp link
Note:Weview the”when” question-phraseto bea timexp.

1. Thetimexp is a ”when” questionphrase

ON WHAT DATE DID THE CHALLENGERSPACESHUTTLEEXPLODE?

Whendid theChallengerexplosionhappen?

Whatdateis theAFC ChampionshipGameon?

Whatyearwasthetoilet inventedin?
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How oftendo you feedapetgerbil?

How long do I cookasweetpotato?

Whatis thelife of four AA batteries?

WHAT YEAR WASIT WHENTHEKANSAS-NEBRASKAACTALLOWEDFORTHESPREAD
OF SLAVERY? (Note: ”What yearwas it when...?”is treatedhereassynonym for ”in what year
did...?”)

2. Thetimexp is nota ”when” questionphrase

Whataresomeof theexpectedtechnologicaladvancementsof
�

thenext century
�

?

WherecanI �nd themajoreventsof theworld during
�

the1990s
�

?

Whataresomeof thegreatestachievementsfrom
�

theyears1000
�

to
�

2000
�

?

WherecanI �nd informationon
�

medieval
�

life in a castle?(Note: This is phrasedin thelog as
WherecanI �nd informationon life in a

�

medieval
�

castle?)

Whataresomeof theexpectedtechnologicaladvancementsof
�

thenext century
�

?

WherecanI �nd themajoreventsof theworld during
�

the1990s
�

?

Whataresomeof thegreatestachievementsfrom
�

theyears1000
�

to
�

2000
�

?

How many servingsof Coca-Colawereconsumedin
�

1994
�

?

Whathappenedon
�

Easter
�

?

Who wasbornon
�

the18thof December
�

?

Whatwasfood like in
�

the1400s
�

?

How canI �nd how many secondshave elapsedsince
�

1970
�

?

Whataresomeactivities adultcanplay at
�

Christmas
�

?

WherecanI �nd whattheprimeratewasfor
�

April 1, 1999
�

?
�

1876
�

executionsby hanging

Whichdaysin theyear2000will banksbeclosed?

3. Thetimexp is expressedby asequencingterm,suchas”�rst”, ”initial”, ”latest”, etc.

Who won the�rst RoseBowl game?

WherecanI �nd informationaboutthe�rst manon themoon?

Who wasthesecondpresidentof theUnitedStates?

WherecanI �nd thelatestUnitedMine Workerscontract?

WhatwasPierredeFermat's lasttheorem?

2.7 Creationof Annotation Tools

TheAlembicWorkbenchis agenerictool for addingSGML tagsto a text. It allowsannotatorsto de�ne and
edit tagsandhasa mechanismto de�ne relationsbetweentext stringswhich canbeusedto annotatelinks.
TheWorkbenchwasadaptedto therequirementsof TimeML in two ways.Firstly, a tagpreferences�le was
addedthatde�ned theTimeML tagsEVENT, TIMEX3 andSIGNAL (illustratedin �gure 2.1). Secondly, a
new relationTML-LINK wasadded.
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Figure2.1: Modi�cations in Alembic: AnnotationOptions

Alembicworkswell for annotationof eventsandtimeexpressions,but themechanismto dealwith large
amountsof temporalrelationsis not ideal.Temporallinks aredisplayedin a tableandareaddedby a rather
click-intensive sequenceof mouseactions.

Thetabledisplaydoesnotdisplaythetemporalrelationintuitively. Conceptually, TimeML annotationplaces
eventsandtime expressionson a time line. A graphicalrepresentationwould moreintuitively displaytem-
poral relationsbetweenevents.Moreover, implicit relationsaremadevisible too. Comparethedifference
betweenthetableandthetimelinebelow:

TABLE: [sleep] BEFORE [wake_up]
[brush_teeth] BEFORE [sleep]

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

It requiresscanningand interpretingthe table to �gure out that brush teethis beforewake up. The
timelineon theotherhandimmediatelyclari�es therelation.

2.7.1 Event Diagram

The Event Diagramis a �rst steptowardsa fully editabletimeline annotationtool. It is a semi-graphical
annotationtool that displaysspatiallyhow a focusevent is temporallyrelatedto all othereventsandtime
expressionsin atext. Figure2.2showshow murdered, theeventin focus,relatesto all othereventsandtime
expressions.Theboxbelow thefocusholdsall eventsthatareidenticalor simultaneouswith 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 onasegmentof thetext, ignoringall events
andtimeexpressionsoutsidetheevent.

TheEventDiagramcomeswith anextrawindow thatdisplaysthetext andhighlightstheeventsselected
in thediagram.Thetext window hastageditingfunctionalitiessimilar to Alembic,but addsmany shortcuts
thatmake editingof eventsandtimeexpressionseasier.

This new tool wasdesignedto initially complementandeventuallyreplaceAlembic. It waswritten in
Tcl/Tk andfunctionsasanextensionto Alembic.

2.8 Algorithms for RecognizingEventsand Times

2.8.1 Goals

� ExtendTimex2bothin termsof coverageandfunctionalityin TemporalExpressionsandEventRecog-
nition

� DelayComputationof TemporalMath
Usestemporalfunctionsandit is forseento beintegratedwith Hobb'sSemanticWebtemporalsystem.
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� Serve preprocessingof humanannotationaswell asexploreautomaticannotationalternatives

2.8.2 GeneralAr chitecture

Modulardevelopment:It is organizedin a setof cascadedprocesses.

� Partof SpeechandChunkingPreprocessingis required:AlembicPOStagger/chunker wasused.

� TIMEX andSignalRecognizer

� EventPredicatesRecognizer

� Link BuilderTransducer

2.8.3 Developmentof Temporal Functionsand Temporal Expressionsidenti�cation

The input consistedAlembic preprocessedXML �les with POStags,NamedEntity TagsandChunktags.
The requiredoutput was an XML �le that preserved input tags(except for TIMEX2 tagsthat must be
removed)andaddedthefollowing tags:

1. TIMEX3 tags

2. Signaltagsrelatedto TIMEX3 tags

3. TemporalFunctiontags

TIMEX3 tagsmustbeannotatedaccordingto theTimeML speci�cationsresolvingabsoluteISO time
valuesandbookeepingthenecessaryinformationto resolve latertheISO time of temporalexpressionsthat
arecontextual dependent,which includerelative referencesandincompletetime speci�cationsthatdo not
includea year, will be taggedusingtemporalfunctions.Theoutputis a TIMEX3 tag,followedby a chain
of temporalfunctiontags.

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

Thevalueof thetemporalFunctionattributeis aboolean,1 for a temporalfunction,0 for TIMEX3 with
absoluteISOvalues.

Thevalueof valueFromFunction is theID of oneof thecorrespondingtemporalFunction tags,indi-
catingthatthetimereferredto by theTIMEX3 is thetime thatis theoutputof thattemporalfunction.

Thevalueof theanchorTimeID or anchoreEventID attributescorrespondsto the id of theTIMEX3 or
EVEMT that provides the input to the �rst of the temporalfunctionsin the chain, that is, the anchoring
temporalexpressionor eventrelative to which thetime referenceis resolved.

Sincethe temporalanchorcannotbe resolved at an initial stagethe outputproducedhasa value for
temporalAnchorIDthat is a string startingwith ”unknown”, which will not be the ID of any tag in the
document. A subsequentprocessingmodulewould replace”unknownxxx” by the ID of an appropriate
eventor TIMEX3 tag.

SIGNAL Tagsrelatedto TIMEX3 expressionshave to beidenti�ed in thismodule.
Argumentsto temporalfunctionsarespeci�edby specifyingtheID of theargumentin theargumentID

attribute (or for 2-argumentfunctions,the argumentID1andargumentID2attributes). For thosetemporal
functionswhoseargumentis an unknown anchor, thevaluespeci�ed will be an id startingwith thestring
”unknown”. In thosecaseswhereit can be determinedthat multiple temporalfunctions,or a temporal
functionandaTIMEX, referto thesameanchor, thesame”unknownxx” ID stringwill beused.In particular,
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the �rst temporalfunction in the chainwill have the same”unknownxx” valuefor its argumentIDasthe
TIMEX hasfor its temporalAnchorIDvalue.

Thefollowing is a list of temporalfunctions,togetherwith possiblevaluesfor attributes,andsomenotes
on intendedsemantics.

In all cases:
t�d is theattributeindicatingtheuniqueID for this temporalFunctiontaginstance.
argumentID, argumentID1, andargumentID2 areusedaspointersto othertags.Thevaluespeci�ed

will beeithera stringbeginningwith ”unknown”, followedby a number, or theID of a TIMEX3, event,or
anothertemporalfunction. SignalID,anoptionalattribute,will, whenprovided,give theID of a signaltag
containingthetext that indicatedthatthis temporalfunctionshouldbecalled,in thecasewherethis text is
not itself partof thetext of theTIMEX3 expressionitself. In mostcases,however, therewill benosignalID
provided,sincethewordssignallingthetemporalfunctionto beusedwill becontainedwithin theTIMEX3
tag.

2.8.4 A possiblecatalogof Temporal Functions

In this sectionwe enumeratea possiblecatalogof temporalfunctionswhich neednot be exhaustive nor
complete,but representative of the kind of temporalfunctionsthat might be requiredor used. Given the
developmentof possibletemporalfunctionswasperformedindependentlyfrom thecoreTimeML language,
theremight be someoverlapping,or choicealternativeson how the sameexpressionsmight be taggedor
how theseresourcecanbeexploitedby clientprograms.Suchanexamplearethebegin andendfunctions.

Zero argument functions

<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”.

Oneargument functions

<CoerceTo tfid= argumentID= scale= />

Scaleis thenameof a typeof time period,suchas”hour , minute,day,week,year”. This function takesa
time or time period(or anevent,consideredfor thepurposeof thesefunctionsasequivalentto themoment
or if time periodover which the event occurs)asargument,andreturnsthe enclosingtime periodof the
speci�edtype.

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

Thefunctionssuccessorandpredecessor, areanalogousto eachother. Onemovesforward in thetime line
andtheotherbackwards.For example,givena time periodof a standardtype,suchashour, day,etc. this
functionreturnsa timeperiodof thesametype,prior to thespeci�edtimeperiod,precedingit my anumber
of thosetimeperiodsspeci�edin thenumericattribute”value”.

If thevalueof thetemporalfunctionwith ID tf2 is aweek,thefollowing tagrepresentstheweeklocated
4 weeksprior to theweekdenotedby tf2.
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<Predecessor tfid=tf1 argumentID=tf2 count=4 />

The identity function returnsthe sametime or time period as its argument. Neededfor annotating
expressionssuchasnow.

<Identity tfid= argumentID= value= />

Givena timeperiodasargument,thefunctionGetNamedElementOfchoosesoneor moresmallertime
periodsof thetypegivenby ”type” from this time period. Onesub-time-periodis selectedunlessquantity
is speci�ed.Whenquantityis speci�ed,it is eithernumericor thespecialvalue”every”.

<GetNamedElemen tO f tfid= argumentID= value= type= signalID= quantity=>

Thefollowing functionsselecttheMondayoutof its argument(typically aweek)i.e., thespeci�edtime
interval (wouldbeusedin annotating”everyMondayin January”,or ”Mondaysin 1997”,or just”Mondays”,
with anunknown argument.:

<GetNamedElemen tO f tfid=tf1 argumentID=tf2 value=Monday type=day>

<GetNamedElemen tO f tfid=tf1 argumentID=tf2 value=Monday type=day quantity=every>

An unspeci�eddaywithin thetimeperiod(usedto annotate”a dayin June”:

<GetNamedElemen tO f tfid=tf1 argumentID=tf2 type=day quantity=1>

Threeunspeci�eddayswithin thetimeperiod(”threedaysin June”):

<GetNamedElemen tO f tfid=tf1 argumentID=tf2 type=day quantity=3>

Everydayduringthespeci�edperiod(”every dayin July”):

<GetNamedElemen tO f tfid=tf1 argumentID=tf2 type=day quantity=every>

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

<adjust tfid= argumentID= signalID= direction= quantity= value=>

TheattributeDIRECTION hasthefollowing possiblevalues:

later|earlier| la rg er |sm al le r| unspe ci fi ed

the�rst two for pointsin time, the last two for time periods.Valueis a time unit ( day,month,houretc.) or
unspeci�ed,andquantitycanbeeitheranumber, or ”unspeci�ed”, or ”small”. ”Unspeci�ed” in thedirection
�eld is for taggingthingslike ”abouttwo years”,wheretheadjustmentcouldbein eitherdirection.

Examples:
“for justover two years”:

<Timex3 tid=t1 type=duration value=P2Y/>
<adjust tfid=tf1 argumentID=t1 direction=large r quantity=small>

”just afterJanuary4, 1998”:

<Timex3 tid=t1 value="01041998 "/ >
<adjust tfid=tf1 argumentID=t1 direction=forwa rd quantity=small >
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Functionsthatextractendpoints:BeginPoint andEndPoint take aninterval asanargumentandreturn
thecorrespondingboundaryof that interval, e.g. ”The startof January”and”The endof January”couldbe
taggedas:

<TIMEX3 tid=1 temporalFuncti on=" tru e" valuefromfunct io n=t f2 temporalAnchor ID =unkn own1>
The start of January
</TIMEX3>
<getnamedelemen to f tfid=tf1 argumentID=unkn own1 value=January/>

<TIMEX3 tid=1 temporalFuncti on=" tru e" valuefromfunct io n=t f2 temporalAnchor ID =unkn own1>
The end of January
</TIMEX3>
<getnamedelemen to f tfid=tf1 argumentID=unkn own1 value=January/>
<EndPoint tfid=tf2 argumentID=tf1>

Two argument functions

This functiontakestwo arguments,thestartandendtimeof aninterval, andreturnstheinterval.

<maketimeperiod tfid= argumentID1= argumentID2= signal= />

”between2 and3 O'clock” couldbetaggedas:

<TIMEX3 tid=1 temporalFuncti on=" tru e" valuefromfunct io n=t f3 temporalAnchor ID =unkn own1>
between 2 and 3 O'clock
</TIMEX3>

<getnamedelemen to f tfid=tf1 argumentID=unkn own1 type=hour value=2/>
<getnamedelemen to f tfid=tf2 argumentID=unkn own1 type=hour value=3/>
<maketimeperiod tfid=tf3 argumentID1=tf 1 argumentID2=tf2/ >

Samplesof annotatedtext

Eachof thefollowing examplesis consideredseparately. If theseoccuredin thesamedocument,ID �elds
andunknown �elds wouldbeadjustedsoasto beuniquethroughoutthedocument.

this week

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f1 " temporalAn-
chorID="unknown 1" >
This week
</TIMEX3>
<CoerceTo tfid="tf1" argumentID="unkn own1" scale="WEEK"/>

every week

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f1 " temporalAn-
chorID="unknown 1" >
"every week"
</TIMEX3>
<getnamedelemen to f argumentID="unkn own1" quantity="all" type="week"
tfid="tf1"/>

TimeML v0.1.0 29-09-02



30 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

every weekin July

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2 " temporalAn-
chorID="unknown 1" >
"every week in July"
</TIMEX3>
<getnamedelemen to f argumentID="unkn own1" 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-
chorID="unknown 1" >
every day
</TIMEX3>
except
<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2 " temporalAn-
chorID="unknown 1" >
Monday
</TIMEX3>
<GetNamedElemen tO f argumentID="unkn own1" quantity="every" type="day" tfid="tf1"/>
<GetNamedElemen tO f argumentID="unkn own1" name="monday" type="day" tfid="tf2"/>

thr eedaysa week

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2 " temporalAn-
chorID="unknown 1" >
three days a week
</TIMEX3>
<CoerceTo tfid="tf1" scale="WEEK" argumentID="un kn own1"/>
<GetNamedElemen tO f argumentID="tf1" type="day" quantity="3" tfid="tf2"/>

between2pm and 4pm on the last thursday of july

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f7 " temporalAn-
chorID="unknown 1" >
"between 2pm and 4pm on the last thursday of july"
</TIMEX3>
<GetNamedElemen tO f tfid="tf1" argumentID="unkn own1" type="month" value="JULY"/>
<EndPoint tfid="tf2" argumentID="tf1" />
<CoerceTo tfid="tf3" scale="WEEK" argumentID="tf 2" />
<GetNamedElemen tO f tfid="tf4" argumentID="tf3" type="day" value="thursda y" />
<GetNamedElemen tO f tfid="tf5" argumentID="tf4" type="hour" value="2PM"/>
<GetNamedElemen tO f tfid="tf6" argumentID="tf4" type="hour" value="4PM"/>
<MakeTimePeriod tfid="tf7" argumentID1="t f5 " argumentID2="t f6 "/ >

in the next ten years

<signal sid="1">
in
<signal/>
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the
<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f3 " temporalAn-
chorID="unknown 1" >
next ten years
</TIMEX3>
<CoerceTo tfid="tf1" scale="YEAR" argumentID="un kn own1"/>
<Successor tfid="tf2" count="10" argumentID="tf1 "/ >
<MakeTimePeriod tfid="tf3" argumentID1="u nk nown1" argumentID2="tf 2"/ >

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f3 " temporalAn-
chorID="unknown 1" >
next Monday
</TIMEX3>
<CoerceTo scale="week" tfid="tf1" argumentID="un kn own1"/>
<Successor tfid="tf2" argumentID="tf1 " count="1" />
<GetNamedElemen tO f tfid="tf3" argumentID="tf2" value="monday" type="DAY"/>

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2 " temporalAn-
chorID="unknown 1" >
every Monday in January
</TIMEX3>
<GetNamedElemen tO f tfid="tf1" argumentID="unkn own1" value="January" type="month"/>
<GetNamedElemen tO f tfid="tf2" argumentID="tf1" value="Monday" type="day" quan-
tity="every"/>

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2 " temporalAn-
chorID="unknown 1" >
a day in June
</TIMEX3>
<GetNamedElemen tO f tfid="tf1" argumentID="unkn own1" value="June" type="month"/>
<GetNamedElemen tO f tfid="tf2" argumentID="tf1" type="day" quantity="1"/>

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2 " temporalAn-
chorID="unknown 1" >
three weeks in August
</TIMEX3>
<GetNamedElemen tO f tfid="tf1" argumentID="unkn own1" value="August" type="month"/>
<GetNamedElemen tO f tfid="tf2" argumentID="tf1" type="week" quantity="3"/>

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f2 " temporalAn-
chorID="unknown 1" >
every day in July
</TIMEX3>
<GetNamedElemen tO f tfid="tf1" argumentID="unkn own1" value="July" type="month"/>
<GetNamedElemen tO f 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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chorID="unknown 1" >
for just over two years
</TIMEX3>
<TIMEX3 id="2" temporalFunctio n="fa ls e" type="duration " value="P2Y"/>
<Adjust tfid="tf1" argumentID="2" direction="lar ger" quantity="small "/ >

Notethatin this andthefollowing examples,sincewe cannotnestTimexes,theinternaltime reference
is insteadannotatedasaTIMEX thatdoesnotconsumetext.

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f1 " temporalAn-
chorID="unknown 1" >
for over three months
</TIMEX3>
<TIMEX3 id="2" temporalFunctio n="fa ls e" type="duration " value="P3M"/>
<Adjust tfid="tf1" argumentID="2" direction="lar ger" quantity="unspe ci fi ed"/ >

<TIMEX3 id="1" temporalFunctio n="tr ue" valueFromFuncti on="t f1 " temporalAn-
chorID="unknown 1" >
for about two years
</TIMEX3>
<TIMEX3 id="2" temporalFunctio n="fa ls e" type="duration " value="P2Y"/>
<Adjust tfid="tf1" argumentID="2" direction="uns peci fi ed" quantity="smal l" />

<TIMEX3 id="t1" temporalFuncti on="t ru e" valueFromFunct ion =" tf 1" temporalAn-
chorID="unknown 1" >
on or about January 4, 1998
</TIMEX3>
<TIMEX3 tid="t2" temporalFunctio n=" fa ls e" value="01041998 "/ >
<Adjust tfid="tf1" argumentID="t2" direction="unsp ec if ied " quantity="small ">

<TIMEX3 id="t1" temporalFuncti on="t ru e" valueFromFunct ion =" tf 1" temporalAn-
chorID="unknown 1" >
just after January 4, 1998
</TIMEX3>
<TIMEX3 tid="t2" temporalFunctio n=" fa ls e" value="01041998 "/ >
<Adjust tfid="tf1" argumentID="t2" direction="forw ar d" quantity="small ">

<TIMEX3 tid="1" temporalFuncti on="t ru e" valuefromfunct ion =" tf 2" temporalAn-
chorID="unknown 1" >
The start of January
</TIMEX3>
<GetNamedElemen tO f tfid="tf1" argumentID="unkn own1" 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 tO f tfid="tf1" argumentID="unkn own1" value="February" />
<EndPoint tfid="tf2" argumentID="tf1" >
<CoerceTo scale="week" tfid="tf3" scale="day" argumentID="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 tO f tfid="tf1" argumentID="unkn own1" type="hour" value="2"/>
<GetNamedElemen tO f tfid="tf2" argumentID="unkn own1" type="hour" value="3"/>
<MakeTimePeriod tfid="tf3" argumentID1="t f1 " argumentID2="t f2 "/ >

for
<TIMEX3 tid="1" temporalFuncti on="t ru e" valuefromfunct ion =" tf 1" temporalAn-
chorID="unknown 1" >
approximately 14 hours per day
</TIMEX3>
<Adjust tfid="tf1" argumentID2="tf2 " direction="unsp ec ifi ed" quantity="small "/>
<GetNamedElemen tO f tfid="tf2" value="hour" quantity="14" argumentID="tf3 "/ >
<GetNamedElemen tO f tfid="tf3" value="day" quantity="every " argumentID="unk nown1"/ >

<TIMEX3 tid="1" temporalFuncti on="t ru e" valuefromfunct ion =" tf 1" temporalAn-
chorID="unknown 1" >
To date
</TIMEX3>
<MakeTimePeriod argumentID1="t f1 " argumentID2="u nk nown1"/ >
<indefinitefutu re tfid="tf1"/>

<TIMEX3 tid="1" temporalFuncti on="t ru e" valuefromfunct ion =" tf 1" temporalAn-
chorID="unknown 1" >
now
</TIMEX3>
<Identity tfid="tf1" argumentID="unkn own1"/ >

2.8.5 Event Recognitionand S-Link builder

EventRecognitionusesverbalchunksinformationto recognizetarget eventheadsandtemporal/aspectual
information.

Thefollowing alternativeswerealsoexploitedto obtainnominalevents:

� Morphologicalinformation(POS)ambiguity.

� Contextual clues(presenceof signals).

� SemanticInformation(WornetSynsetinformation).

ModalNegationS-Linkswerealsoidenti�ed usingtheverbalChunkinformation.
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2.8.6 Temporal Link Builder

Thismodulemodi�es XML parsetreebuilt byxmlparse.py usingxml.domandxml.saxpackagesfor Python.
It assumesmarkupof TIMEXes,EVENTs,andEVENT types,aswell asshallow parsingof nounphrases.
AddsTLinks andSLinksaccordingto TimeML.

Heuristics:

H0:

i. InsertBEFORETLINK to DCT (documentcreationtime) for all pastEVENTS in thedocument
(includesEVENTSmarkedaspresentperfect).

ii. InsertAFTERTLINK to DCT for all futureEVENTSin thedocument.

H1: (default heuristic)

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

ii. If noEVENTSto theleft of TIMEX arefoundin thesamesentence,insertIS INCLUDED TLINK
to theEVENT immediatelyto theright of TIMEX within thesamesentence.

H2:

If aTIMEX is followedby nominalEVENT thatbelongsto thesamenoungroupastheTIMEX (e.g.
The � TIMEX �

� nominalevent� ), insertIS INCLUDED TLINK betweenTIMEX andEVENT.

II. EVENT-to-EVENT SLinks

Heuristics:

H1: (default EVIDENTIAL)

i. For REPORTING events,insertEVIDENTIAL SLINK to next tensedOCCURRENCEEVENT in
thesamesentence.

ii. If no OCCURRENCEEVENTSfollow theREPORTING EVENT, insertEVIDENTIAL SLINK
to the�rst precedingtensedOCCURRENCEEVENT in thesamesentence.

H2:
For any in�niti val or nominalEVENT, insertMODAL SLINK to theEVENT precedingit in thesame
sentence,if a “to” SIGNAL is foundin between,andno noungroupseparatesthetwo EVENTS.

2.8.7 SuggestedFuture Work
� EVENT-to-TIMEX TLINKS

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

� ExtrasententialEvent-Timex Links

Thecurrentalgorithmwill needto bemodi�ed to includethemark-upof inter-sentential(sentence-external)
EVENT-to-TIMEX TLINKS for TIMEXES otherthanDCT.
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� Event-EventLinks

IntrasententialSLINKS (e.g.Evidentialandin�niti vals)

Extrasententialexploiting Discourseinformation.

Thelastwould requiretheincorporationof ReferenceResolutionmechanismsandkeeptrackof Tense
sequences.

Completingthepreviouswork would require:
Next Steps

� CompleteTimex
� CompleteEventRecognition
� DevelopSignalRecognition
� DevelopEventClassRecognition
� Reference/AnchorTimeRecognition
� EvaluationagainstTimeBank

2.9 Graphical Interface: Display of Results

2.9.1 Intr oduction

The graphicalvisualizationtool wasdevelopedto representTimeML documentsgraphically. Othervisu-
alizationtoolsarebasedon the ideathat time andeventexpressionsmustlie on a timeline,but this is not
thecasewith the tool developedhere. The timelineparadigmis a restrictive oneandcannotrepresentall
relationsannotatedwith theTimeML annotationlanguage.Thegraphthatis drawn by thevisualizationtool
representsthetime in a topologicalway, notnecessarilyin ageometricalwayasona timeline.

Themaintaskof thetool is to extractinformationcarriedby theannotationof thedocument.Eachtag
givesinformationabouttherole playedby termsandexpressionsanalyzedduringtheannotation.EVENT,
MAKEINSTANCEandTIMEX3 tagsareusedto generatenodesof thegraph.Main attributesof eachoneare
insertedin thegraphicalrepresentationof eachnodeto easetheinterpretationof thegraph.Theothertags,
namelyTLINK , SLINK andALINK, arethereto link nodesandthey canbeviewed asrelationsbetween
temporalelementsof the document.Whenthe extractionof elementsis done,entitiesareanalyzedto be
representedin a internalgraphstructurefrom which we will rewrite thegraphin thegraphviz �le format.
Oncethis representationis created,theonly processremainingis to sendthat representationto dot, a tool
from thegraphviz toolset.

2.9.2 Entities Representation

EVENT and MAKEINSTANCE

EVENTandMAKEINSTANCEtagsaredrawn asrectangles,with a clearor a solid backgroundaccording
to the relationthey have. EVENTtagsmustbe treatedwith caution,sincethey arecloselyrelatedto the
MAKEINSTANCEtags. The MAKEINSTANCEtells us that an event happened,it is the realizationof an
event. SinceanEVENTcanhave a single,multiple or anin�nity of instances,MAKEINSTANCEtagsmust
differ in theway they realizetheEVENT.

Whenan EVENThave only oneMAKEINSTANCErelatedto it, both nodesaremergedinto one,asin
�gure 2.3. In thisexample,thereis only oneinstanceof thetaughtEVENT.

<EVENT eid="e1" class="OCCURRENCE" tense="PAST" aspect="NONE">
taught
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</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>

John taught from 1992 through 1995.

Figure2.3: Example8

WhentheEVENToccurstwiceor more,oneEVENTnodeis createdandthenumberof instancesnodes
realizingtheEVENTis created.An exampleof thiscasecanbeseenin �gure 2.5,wherethetaughtEVENT
is realizedtwo timesonMonday, indicatedby theSIGNAL twice, andonetimeonTuesday. TheMAKEIN-
STANCElink is drawn in green,anddottedwhenthereis aSIGNAL motivatingtherealization.

Sincethreeinstancesof the EVENTcanhave differentproperties,they musthave their own graphical
representation.Whenan EVENTdo not have a countablenumberof instances,the EVENTis drawn asa
singlenodewith asolidbackgroundandasignallink pointingback.In �gure 2.4,everyis aSIGNAL telling
usthattheEVENTpossessesmultiple instances.

John taught 20 minutes every Monday.

Figure2.4: Example4

TIMEX3

A TIMEX3 tagis representedby adiamond.Theannotatedexpressionis written insidethediamondandits
valueis writtenbetweensquarebracket. TIMEX3 tagsareall treatedequallyexceptfor onething,whenthe
instanceof theTIMEX3 noderepresentsthedocumentcreationtime, thenodeis drawn asa little house(a
�at pentagon),like theonein �gure 2.6.

Timex3 tagsaretheanchorof thegraph,their orderinggovernsthe layoutof thegraph. Their nodes
are supposedto be laid out in a chronologicalway from left to right. For now it is not really the case
becausethe valueattribute is frequentlyunderspeci�ed.Whenthe valueis speci�ed correctly, nodesare
drawn in theright order, like theonesin �gure 2.5,wherethevalueattributeclearlyindicatesthatMonday
[XXXX-WXX-1] is beforeTuesday [XXXX-WXX-2] .

<TIMEX3 tid="t1" type="DATE" temporalFunctio n="t rue " value="XXXX-
WXX-1">
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John taught twice on Monday but only once on Tuesday

Figure2.5: Example6

John taught last week.

Figure2.6: Example10

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

Moreover to representthetemporalrelationsin aconsistentway, thetool needto haveamoduleto calculate
the eventsandtemporalmarqueesorder. The problemwe have to dealwith is the orderof magnitudeof
theannotation.How to comparetwo valuesnot measuredon thesamescale,for examplelast yearandat 9
a.m.. To solve this problem,oneapproachcouldbetheuseof Hobb's temporalmath,but this hasnot been
triedyet in ourcase.

SIGNAL

SIGNALstagsareusedto qualify therelationbetweenEVENTandTIMEX3, they areseenonthegraphsas
attributeon therelationsarcs.WhenaSIGNAL is anattributeof a relation,it is writtenon thearcsbetween
squarebrackets.Relationswith asignalaredrawn asdottedarc,thisfacilitatethevisualizationof ”signaled”
relations.
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TLINK

TheTLINK is atemporalrelationshipbetweenEVENTsor betweenanEVENTandaTIMEX3. TLINK sare
partof theorderingproceduresincethey carryattributesmarkingrelations,suchasthe inclusion(vertical
ordering)andprecedence(horizontalordering). TLINK relationsaredrawn in purple,andpoint from the
eventInstanceID towardstheitemthatthey arerelatedto.

Figure2.4showsustwo TLINK s,onerepresentstheinclusionof theEVENTnodein theTIMEX3 node,
andtheotherrepresentsthefactthattheeventhasaduration.This relationis oneof thehardestto represent
graphicallybecausewe mustbeableto tell thattheperiod,whentheEVENTholds,is includedin theother
TIMEX3 node.

Theotherrelationwehave notseen,is theeventorderingone,which is onethatis depictedverywell in
�gure 2.7.

<TLINK eventInstanceID =" ei 1" signalID="s1" relatedToEvent =" ei2 "
relType="AFTER" magnitude="t1"/ >

The attribute valueei1 is the taughtEVENT, s1 is the SIGNAL after, which is the type of relationthe
link carriesandthemagnitude of theTLINK is 5 minutes. Fromthegraph,onecaneasilyseethat the
explosionoccurred5 minutesbeforethetaughteventbecausethepurpledottedarcindicatesit. Thearcalso
makesexplicit themagnitude(5 minutes)of thelink, drawn betweentheanglebrackets.

John taught 5 minutes after the explosion.

Figure2.7: Example7

SLINK

A SLINK introducesa subordinationrelation,it canbea positive or a negative relation.SLINKs introduc-
ing negative relationaredrawn in red. relType 's attribute valueof NEGATIVE, NEGEVIDENTIAL or
COUNTERFACTIVE areconsideredto be of a negative type. Positive SLINK hasa relType attribute
valueof MODAL, EVIDENTIAL , FACTIVE, COUNTERFACTIVE, andis drawn in blue.WhentheSLINK
relationis betweenanEVENTanda SIGNAL, therewill only beanarcpointingbackon theEVENT, with
the SIGNAL in squarebrackets. Someexamplesof SLINK relationscanbe seenin �gure 2.8 and�gure
2.9.

ALINK

ALINKs aremaybethe easiestto draw. They areestablishedonly betweentwo EVENTs andthey model
relationsthat can be simpli�ed as an EVENTbeginning or endinga secondEVENT. They aredrawn as
orangearc.An INITIATE relationcanbeseenin �gure 2.10andaTERMINATESrelationin �gure 2.11.
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If Graham leaves today, he will not hear Sabine.

Figure2.8: Example13

Bill denied that John taught on Monday.

Figure2.9: Example14

2.9.3 Conclusion

Thegraphicaltool wasnot designedto bea ”temporalcalculator”,it was�rst thoughtandimplementedas
a XML StylesheetTransformation(XSLT), but it endedasa Ruby script andits own setof classes.The
tool is usefulfor visualizingsmallexamples.Whenthedocumentsizebecomeslarger, thenumberof nodes
andrelationsmakesthegraphalmostunreadable.Oneof thegreatutility of thetool is to debug annotation.
Sincealmostall annotationwasdoneby hand,with anannotationtool not supportingdirectly theTimeML
language,many errorwerefoundby theanalysisstageof thetools.Oncethegraphis drawn, wecaneasily
�nd semanticerrorsmadeby theannotator.

Thereis a lot of thingsmissingfor this tool to bereally useful. First, it mustcombinetheclosuretool
developedby Marc Verhagen,andsecondit would beof a greatutility to beableto modify theannotation
by modifying the graph. Somethingsthat areto be evaluatedfor a future versionof the tool, area new
backendfor drawing thegraph,andmaybeanew wayof viewing thegraph,suchasusingazoombasedon
themagnitudeof theevent,a �sheye view or somethinglike that, in orderto beableto have a local anda
globalview at thesametime.

2.10 Time Event ClosureAlgorithm

The temporalannotationof a documentshouldbe as informative as possible. Ideally, we want reliable
temporalrelationsbetweenall eventsandtime expressions.That is, the setof temporalrelationsshould
becompleteandconsistent.Unforunately, annotationof temporalrelationsin a documentpresentsseveral
practicalchallengesdueto thecomplexity of temporalannotation:

� High Density

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

Figure2.10:Example17

The search party stopped looking for the survivors.

Figure2.11:Example18

in a document.A typical TimeBankdocumentcontainsabout50 temporalobjects,which implies
2500 possibletemporalrelations. Larger documentsmay allow over 10,000relations. Achieving
completenesswith manualannotationaloneis clearlyimpractical.

� Low MarkupSpeed

Temporalannotationis slow. It cantake severalhoursto annotateanaverageTimeBankarticle.

� Inconsistenciesin Annotation

Eventrainedannotatorsintroduceinconsistenciesregularly, usuallyasaresultof vagueor ambiguous
temporalrelationsbetweenevents.

In orderto tackletheseproblemswe developedtwo tools: a semi-graphicannotationtool anda closure
tool. Theannotationtool wasdescribedearlierin this report.Theclosuretool intendsto helpcopewith all
threepracticalchallengesabove.

Theclosuretool helpstheannotatorachieve partialcompletenessfor thesetof temporalrelationsin a
text. The underlyingalgorithmidenti�es what the minimal partially completesetof temporalrelationsis
andusestwo mechanismsto createthatset:(i) computingthetransitive closureof theinitial setof temporal
relationsthat the annotatoradded,and (ii) promptingthe annotatorfor new links, followed by another
transitive closurecomputation.

Notethatweareonly aimingfor partialcompleteness.Thecomplexity of full completenessis quadratic
to numberof eventsandtimeexpressionsin thedocumentwhereaspartialcompletenessis quadraticto num-
berof eventsandtimeexpressionsin thesegments,andlinearif thesegmentsizeis �x ed.Full completeness
is unpracticalevenwith aclosurealgorithmthatgeneratesup to 90%of all links in adocument.

A locally completetemporal annotationof a documentis de�ned asanannotationwhereall eventsand
time expressionsarelinkedto all othereventsandtime expressionswithin their local context. This relaxed
completenessdoesnotrequiretheannotatorto �ll in all therelationsthattheclosurealgorithmcannotderive
axiomatically. Userpromptingis now linearto thenumberof eventsinsteadof quadratic.

Partial completenesscanbe achieved usinga text segmentedclosurealgorithm. This algorithmis de-
cribedbelow.

We do not only want our annotationto be partially complete,we also want it to be consistent. A
consistentannotationdoesnotcontainrelationpairsthataremutuallyexclusive. A new relationis consistent
with anexistingannotationif addingtherelationto theannotationgeneratesa consistentannotation.Using
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John taught from September to December last year

Figure2.12:Example9

John taught last week on Monday.

Figure2.13:Example11

temporalclosureto generatenew links tendsto unearthinconsistenciesintroducedby 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>

Theclosurealgorithmwill generatetherelation<x,before,z> which is inconsistentwith the third
link above.

A �nal advantageof usingclosureis that it greatly increasesthe numbertof links in a documentand
thereforemakesit easierto measureinter-annotatoragreement.

2.10.1 Algorithm & Axioms

Recallthat TimeML hasthreekindsof links: TLINKs, ALINKs andSLINKs. Thealgorithmcompletely
ignoresSLINKs. ALINKs andTLINKs arebothusedto derivenew links but new links arealwaysTLINKs.

Theinput to theclosurealgorithmis a user-annotatedarticlewith TimeML markup.Sentencetagsare
requiredsincethey areusedto de�ne localcontext. All othertagsareignored.Thestagesof processingare:

1. Performinitial closureon all links addedby theannotator.

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

3. Createaslidingwindow of threesentences.Initially, thewindow will consistof sentencesonethrough
three. The sliding window implementsthe local context. The size of the sliding window can be
parameterize.
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Bill wants to teach on Monday.

Figure2.14:Example15

4. Prompttheuserto specifya relationtypefor two time objectsthatarenot yet linkedwithin thelocal
context. If no temporalrelationexists,theannotatormayspecify”unknown”.

5. After eachaddedrelation,recomputetheclosureusingthenew fact.Do thistill all timeobjectswithin
thelocal context arerelated.

6. If all objectsin the local context are related,move the window up onesentence.For example,if
theprevious local context wasmadeup of sentences3-5, thenthenext local context for theclosure
algorithmis sentences4-6. Startpromptingtheuserfor thenew context.

Closureon a set of links � proceedsby parewise comparingall links in � . Comparingtwo links
involvescheckingall axiomsanddeterminingwhetheraxiomapplicationgeneratesanew temporalfact.All
new derivedfactsareputon thequeue,poppedoff andthencomparedto all links in � .

Initially, all links providedby theannotatorareputon thequeueandpoppedoff oneby one.

Theaxiomswork with anormalizedsetof temporalrelations.For example,links with therelationtypes
before,after, ibefore,andiafterarenormalizedasfollows:

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

OthernormalizedrelationsareSIM (simultaneity),IDT (identity), andINC (inclusion). Someof the
axiomsthatgovernprecedencerelations(PRE)arelistedbelow. Eachaxiom,or groupof axiomsis accom-
paniedby a time line thatdepictstheevents/statesin theaxiom.

PRE1: [ x PRE y & y PRE z =>; x before z ]

----x---- ----y---- ----z----

PRE2: [ x PRE y & y SIM z => x before z ]
PRE3: [ x PRE y & y IDT z => x before z ]

----x---- ----y----
----z----

PRE4: [ x PRE y & x SIM z => z before y ]
PRE5: [ x PRE y & x IDT z => z before y ]
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----x---- ----y----
----z----

PRE6: [ x PRE y & x INC z => z before y ]

----x---- ----y----
--z--

Note that the left-handsideof the axiomscontainnormalizedrelations,whereasthe derived temporal
relationis oneof thelink typesde�ned in TimeML.

Experimentsindicatedthat with closure,an annotatorcancover about65% of all possiblelinks in a
document.Of thoselinks, 84%werederivedby thealgorith:

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

Initial links werethoseput in by anannotatorbeforeclosurewasswitchedon. Theuserpromptsarethe
occasionswherethealgorithmaskedtheannotatorto �ll in theholes.

2.11 Annotation Guideline for TimeML

This sectiondescribesthe annotationguidelinesfor markingup text accordingto the TimeML language
version1.0. The sectionis organizedas follows. The �rst sectionexplains what TimeML tags(XML
elements)are and how to annotatethem, while also specifyingfor eachtag what its attributes are and
provides a BNF de�nition for the tag and its attributes. While this exposition containsmany examples
illustratingwhatandhow to tag, theexamplesfocus,for clarity's sake, on the tagunderdiscussionat any
given point. A next sectionprovides somefully annotatedexamples,illustrating all of the interactions
betweenthevariousentityandrelationaltags.

2.11.1 Explanation of TimeML Tagsand their Attrib utes

The tag <EVENT>

We consider“events”a cover termfor situationsthathappenor occur. Eventscanbepunctual(1-2) or last
for aperiodof time (3-4). Wealsoconsideraseventsthosepredicatesdescribingstatesor circumstancesin
whichsomethingobtainsor holdstrue(5-6). Not all stative predicateswill bemarkedup,however.

1. FerdinandMagellan,a Portugueseexplorer, �r st reachedtheislandsin search of spices.

2. A fresh�ow of lava,gasanddebriserupted there Saturday.

3. 11,024people, includinglocal Aetaaborigines,were evacuatedto 18 disasterrelief centers.

4. ` `We'reexpectinga majoreruption,” hesaidin a telephoneinterview early today.

5. Israel hasbeenscramblingto buy more masksabroad,aftera shortageof several hundredthousand
gasmasks,
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Eventsaregenerallyexpressedby meansof tensedor untensedverbs(1 and2), nominalizations(3),
adjectives(4), predicative clauses(5), or prepositionalphrases(6):

1. A fresh�ow of lava,gasanddebriserupted there Saturday.

2. PrimeMinister BenjaminNetanyahucalled theprimeministerof theNetherlandsto thank him for
thousandsof gasmaskshiscountryhasalreadycontributed.

3. Israel will asktheUnitedStatesto delaya military strik e againstIraq until theJewishstateis fully
preparedfor a possibleIraqi attack.

4. A Philippinevolcano,dormant for six centuries,beganexplodingwith searinggases,thick ashand
deadlydebris.

5. ”There is no reasonwhywewouldnotbe prepared,” Mordechai told theYediotAhronotdaily.

6. All 75 peopleon board theAero�ot Airbusdied.

Note that in the previous sentencesnot all “markables”aretagged.In the �rst example,for instance,
neither�ow norSaturdayaremarked.

Theannotationof formally simpleevents(examples1, 3, 4 and6 above) is straightforward. Assumefor
now thateventshave only anid attribute:

A fresh flow of lava, gas and debris
<EVENT eid="e1">
erupted
</EVENT>
there Saturday.

However, formally complex eventsmaybesequentallydiscontinuousin somecontexts:

1. There is no reasonwhywewouldnotbe prepared.
There is no reasonwhywewouldnotbe fully prepared.

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

In orderto avoid problemsderivedfrom taggingmaterialof diversescope,employ thefollowing strate-
gies:

� If theeventis expressedby averbalphrase(hasbeenscrambling, to buy, werereported), theEVENT
tagwill beappliedonly to its head,which is markedin bold facein thefollowing examples:

Israel hasbeenscrambling to buy moremasksabroad.
No injurieswere reported.
Theprivatesectorcouldestablisha privateagency.
If wehadbeenattacked , ...

If themainverbfallswithin thescopeof amodalauxiliary, asin thethird exampleabove,or anegative
particleasin

Kaufmandid notdisclosedetailsof thedeal.
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thenthe EVENT tag is only appliedto the mainverb,but the modaland/ornegationis taggedasa
signalindicatingasubordinatedcontext – seesections2.11.4and2.11.10.

� If themainpredicateis aphrasalverb,only theverbalpart(andnot its particle)will bemarked:

Additionaldistribution centers wouldbesetupnext week.

� If theeventis expressedby averbalclusterwhichconsistsof anaspectualandamainverb,bothverbs
will betaggedasindependentevents.Examplesof aspectualverbsare:begin, stop,end,keep,etc.

� If the aspectualverb is preceededby auxiliary forms (as in the last two examplesbelow), the �rst
criterionabove will beappliedaswell. In thefollowing examples,theunderliningdelimitstheverbal
cluster, whereassquarebracketssignalthescopeof eachEVENT tag:

Theprivatesector[began] [ establishing]a privateagency.
If US had[stopped] [interfering] in othercountrypolicieslongago, ...
They probably wouldhave[began] [r esponding] to PresidentReagan's 600 shipsplan
with new construction.

� If theeventis anominalizationwhichappearsastheheadof theNPalongwith otherelements(spec-
i�ers, complements,modi�ers), only theheadelementwill bemarked:

Theyoungindustry's rapidgrowth also is attracting regulators eager to police its many
facets.

� If theeventis a nominalizationaccompaniedby somesortof light predicate(asshown by theunder-
linedsegmentsbelow), we will tagbothelements.

Several pro-Iraq demonstrationshavetaken placein thelastweek.
They will de�nitely take into considerationour readiness.

This proposaltakesinto considerationthe relevanceof both verbalandnominalheadswith respect
to the differentkind of eventive informationthey convey. The two taggedeventswill be relatedas
IDENTICAL by therelType attributein theTLINK tag(seesection2.11.10).

� If theevent is a predicative clause,only thepredicative element(theadjective or thenominalin the
following examples)will betagged.This is doneby applyingthetestof headednessin orderto decide
whatto mark:

1. If the predicative elementis ENDOCENTRIC(it hasa head),thenwe will tag the headonly.
In thefollowing examples,thepredicative elementis delimitedby squarebrackets,whereasits
headis markedin bold face:

There is no reasonwhywewouldnotbe[fully prepared] .

2. If thepredicative elementis EXOCENTRIC(it hasno singlehead),thenwe will markup the
entireexpressionwithin theTimeML tag.

All 75 peoplewereon board at 9:00 a.m.

� If the event is expressedby meansof a prepositionalphrase(PP),we againusethe strategy based
on the headednessof the prepositionalphrase.Therefore,the following example,wherethe PPis
exocentric,will betaggedasshown:
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All 75 peopleon board theAero�ot Airbusdied.

� Causativepredicatesraiseissuesasto whethertheeventsignaledby thecausative is genuinelydistinct
from theeventwhichmaybethecausative's logical subject.For example,in

Therainscausedthe�ooding.

is thecauseeventdistinctfrom therainsevent,andshouldthey betaggedassuch?

Threecasescanbedistinguished:

Case1 EVENT causeEVENT

The[rains] [caused]the[�ooding] .

Case2 ENTITY causeEVENT

John[caused]the[�r e].

Weadoptthefollowing solutionfor causativespredicatesin TimeML.

1. If the annotatorencountersa predicatedenotinga causative relationbetweenargumentsin a
sentence,then,either:

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

(b) If the (logical) subjectis an individual entity (e.g.,John, the woman, the company, etc.),
thendonothingwith it. (CASE2 ABOVE)

2. Mark theobjecteventasanevent(�ooding, �r e).

3. Mark thepredicatedenotingthecausative relationasanevent(caused).

4. If thereis an event introducedby the subject,as in Case1, then introducea TLINK with a
reltype attributeof IDENTITY identifyingthecausative relationeventwith thesubjectevent
(seesection2.11.10for adiscussionof theTLINK tagandits attributes).

5. Introducea TLINK betweenthe causative predicateevent and the event associatedwith the
objectposition,with relType of BEFORE.

Thissolutionshouldbeadoptedfor verbssuchasthefollowing, in theircausative senses:cause, stem
from,leadto, breed,engender, hatch, induce, occasion,produce, bring about,produce, secure.

ForCASE3above,theannotatorhastheoptionof identifyingthediscoursemarkerandasasignal(see
section2.11.4)for a TLINK introducingrelType BEFORE, or not. The annotatorCAN identify
theTLINK betweentheevents,but NEEDNOT.

Fully annotatedversionsof theabove examplesarepresentedbelow.

Attrib utesfor EVENT

a. Event ID number (eid) Non-optionalattribute.Eacheventhasto beidenti�ed by auniqueID number.
This will be automaticallyassignedby the annotationtool every time an EVENT tag is assignedto some
string.
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b. Class Non-optionalattribute. Eacheventbelongsto oneof thefollowing classes.Note thatwhile the
examplesshow verbsexpressingan event of a given type, it doesnot follow that every occurrenceof the
verbin questionnecessarilyexpressesaneventof thesametype. I.e. verbsmaybeambiguouswith respect
to eventclass.

� REPORTING:

Reportingeventsdescribetheactionof apersonor anorganizationdeclaringsomething,narratingan
event,informingaboutanevent,etc.Someexamples:say, report,tell, explain,state.

� PERCEPTION:

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

� ASPECTUAL:

In languagessuchas English and French,thereis a grammaticaldevice of aspectualpredication,
which focusesondifferentfacetsof eventhistory:

1. Initiation: begin, start, commence, setout,setabout,leadoff, originate, initiate.

2. Reinitiation:restart,reinitiate, reignite(metaphorically)

3. Termination:stop, cancel(seealsoI ACTION class),end, halt, terminate, cease, discontinue,
interrupt, quit, giveup, abandon, block, 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 I ACTION is anIntensionalAction. An I ACTION intr oducesan event argumentdescribingan
actionor situationfrom which we can infer somethinggiven its relation with the I ACTION . For
instance,theeventsintroducedasargumentsof theI ACTIONSin (1) have not necessarilyoccurred
whentheI ACTION takesplace.Explicit performative predicates(like thosein 5-9, below) arealso
includedhere.NotethattheI ACTION classdoesnot cover states(seethedescriptionof I STATES
below).

Thefollowing list, whereI ACTIONsarein bold faceandtheeventsthey introduceareunderlined,is
meantto berepresentative (notexhaustive) of thetypesof eventsincludedin thisclass:

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, assure,propose,agree:

7. swear, vow.

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

9. claim, allege,suggest.
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� I STATE:

I STATE eventsaresimilar to thepreviousclass.This classincludesstatesthat refer to alternative
or possibleworlds, which canbe introducedby subordinatedclauses,nominalizations,or untensed
VPs:

As above, thefollowing list of I STATEsis just representative:

1. believe, think, suspect,imagine,doubt, feel,be conceivable,besure:

2. want, love, lik e,desire,crave, lust:

3. hope,expect,aspire,plan:

4. fear, hate,dread,worry, beafraid:

5. need,require,demand

6. be ready, be eager, beprepared

7. be able,be unable

All I STATEswill beannotated,whetherthey arepersistentor not throughoutthetext beingmarked-
up (seenext class).

� STATE:

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

1. Statesthatareidenti�ably changedover thecourseof thedocumentbeingmarkedup.

2. Statesthatareintroducedby anI ACTION, anI STATE, or aREPORTING event.

3. Predicative statesthevalidity of which is dependenton thedocumentcreationtime

Notethatthecurrentclass,STATE, will not containstatesthathave beentaggedasI STATEs.

� OCCURRENCE:

Thisclassincludesall otherkindsof eventsdescribingsomethingthathappensor occursin theworld.

c. Additional attrib utes: EVENT hastwo additionalattributes: 'tense' and 'aspect'. They will be
introducedduring preprocessing,so the humanannotatordoesnot have to annotatethem. The human
annotatorneedonly checkfor mistakesmadeby thepreprocessor.

2.11.2 Completeannotation of EVENTs

1. Theyoungindustry's rapidgrowthalsois attractingregulators eager to policeits manyfacets.

The young industry's rapid
<EVENT eid="e1" 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. A fresh�ow of lava,gasanddebriseruptedthere Saturday.

A fresh
<EVENT eid="e1" class="OCCURRENCE">
flow
</EVENT>
of lava, gas and debris
<EVENT eid="e2" class="OCCURRENCE">
erupted
</EVENT>
there Saturday.

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

It is
<EVENT eid="e1" 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 asktheUnitedStatesto delaya military strike againstIraq until theJewishstateis fully
preparedfor a possibleIraqi attack.

Israel will
<EVENT eid="e1" class="I_ACTION ">
ask
</EVENT>
the United States to
<EVENT eid="e2" class="I_ACTION ">

TimeML v0.1.0 29-09-02



50 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

delay
</EVENT>
a military
<EVENT eid="e3" class="OCCURRENCE">
strike
</EVENT>
against Iraq 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>
.

5. A Philippinevolcano,dormantfor six centuries,began explodingwith searinggases,thick ashand
deadlydebris.

A Philippine volcano,
<EVENT eid="e1" 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.

6. ”There is no reasonwhywewouldnotbeprepared,” Mordechai told theYediotAhronotdaily.

"There is no reason why we would not be
<EVENT eid="e1" class="STATE">
prepared
</EVENT>
," Mordechai
<EVENT eid="e2" class="REPORT">
told
</EVENT>
the Yediot Ahronot daily.

7. All 75 peopleonboard theAero�ot Airbusdied.

All 75 people
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<EVENT eid="e1" class="STATE">
on board
</EVENT>
the Aeroflot Airbus
<EVENT eid="e2" class="OCCURRENCE">
died
</EVENT>
.

8. 11,024people, includinglocal Aetaaborigines,were evacuatedto 18 disasterrelief centers setup at
areaschools.

11,024 people, including local Aeta aborigines, were
<EVENT eid="e1" class="OCCURRENCE">
evacuated
</EVENT>
to 18 disaster relief centers
<EVENT eid="e2" class="STATE">
set
</EVENT>
up at area schools.

9. Theagenciesfear they will beunableto crack thosecodesto eavesdrop on spiesandcrooks.

The agencies
<EVENT eid="e1" 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 The tag <TIMEX3>

Sincetheexact natureof the tag that TimeML usesto annotatetemporalexpressionsis differentin detail
both from theTIMEX tag in STAG (Shef�eld TemporalAnnotationGuidelines– see?) andtheTIMEX2
tagin TIDES,we hereusethetagnameTIMEX3 for temporalexpressions.
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How to annotateTIMEX3s

In orderto beascompliantaspossiblewith TIDES TIMEX2 annotation,theTIMEX3 tagwill beapplied
to TIMEX2 markableexpressions.SeeTIDES(02),section2, for the particularexpressionswe intendto
cover.

However, TimeML will differ from TIDESin thefollowing ways(theexamplesgivenbelow areadapted
from TIDES(02)):

1. TIMEX2 attrib utesthat will beused: (relatedto TIDES(02),sections3.2 to 3.6)

TimeML will only takeTIDESattributesVAL andMOD asappropriatefor TIMEX3 elements(TIDES(02),
sections3.2to 3.4).Noneof thefollowing featureswill beconsidered:SET, PERIODICITY, GRAN-
ULARITY, NON SPECIFIC(explainedin TIDES(02),sections3.5 and3.6). The informationthat
TIDES conveys by meansof the�rst threeattributeswill beexpressedhereby MAKEINSTANCEs.

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

Thetagextentfor TIMEX3 will bevery similar to thatproposedin TIMEX2. We follow theschema
of TIDES(02),section4 verycloselyin orderto tracethedifferencescarefully.

(a) Appositives:

(b) RangeExpressions:

(c) Conjoined Expressions:

(d) EmbeddedExpressions:

(e) TWO TIMEX3 tagsrelatedby a TLINK tag will beappliedto handlecasesotherthanthose
describedabove.

(f) Temporal expressionscontaining postmodi�ers

2.11.4 The tag <SIGNAL>

A signalis a textual elementthatmakesexplicit eithertherelationholdingbetweentwo entities(timex and
event,timex andtimex, or eventandevent)or themodalityof aneventor thefactthatoneverbrefersto two
or moreseparateevents.Signalsaregenerally:

� Temporal prepositions:on, in, at, from,to, before, after, during, etc.

� Temporal conjunctions: before, 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(September4-6, Apr.
1999/Jul. 1999, etc.).
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How to annotateSIGNALs

Modals and NegativeExpressions In simplecasesmodalverbsandnegativeexpressionswill notneedto
betaggedby humanannotators,norwill theSLINKs they introduce(cf. section2.11.10),sincethey will be
annotatedautomaticallyvia preprocessing.Hereis suchacaseandanexampleof theannotationproduced.

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

In caseswherethe surfaceexpressionis too complex for the preprocessorto identify the modal or
negative and the associatedsubordinatedverb, the annotatorwill have to tag the signal explicitly. For
example,in sentencessuchas

Johnmight,otherthingsbeingequal,teach Monday.

the signal and associatedSLINK may needto be manuallyadded. In generalmaterialof any arbitrary
natureandextent may appearbetweenthe modalor negative particleandthe subordinatedverb, andno
preprocessingshortof perfectparsingcouldcorrectlyprocessall cases.

Temporal Prepositions,Conjunctions and Modi�ers As for theotherexpressions,they will be tagged
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.

When two distinct signalsappearside by side, they must be annotatedseparately, if they belongto
differentsignalclassesaslistedabove. Otherwisethey mustbeannotatedasasingleSIGNAL. Contrastthe
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,thethreetemporalprepositionsneedto becollapsedinto a singleSIGNAL in orderto
properlyrecover the IS INCLUDED relationof theTLINK betweenthegenocideandtherole events(see
section2.11.10).

2.11.5 Attrib utesfor SIGNAL

SIGNAL hasonly one,non-optional,attribute: sid , thesignal's uniqueid. It is automaticallyassignedby
theannotationtool eachtimeaSIGNAL is markedup.
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2.11.6 The tag <MAKEINSTANCE>

We distinguishbetweenevent tokensandevent instancesor realisations– MAKEINSTANCEcreatesthe
actualrealisationof anevent. Themotivationis exampleslike Johntaughton MondayandTuesday, where
oneverb representstwo events. In order to be able to annotatesuchcases,it is necessaryto createtwo
instancesof taught, representingthetwo differentevents.MAKEINSTANCEsarecreatedin addition to the
eventannotation(whichmarksup theeventtoken).

In mostcases,only oneMAKEINSTANCEis needed,andwill be automaticallycreatedby theannota-
tion tool, so the annotatoronly hasto insertadditional MAKEINSTANCEfor the second(andfurther, if
necessary)instanceor realisationof an event. Therearealsocases,wherethe annotatorcaneithercreate
asmany MAKEINSTANCEs asmotivatedby the text or oneMAKEINSTANCEwhich carriesa cardinality
value.Examplesarethefollowing:

1. Johntaughttwiceon Monday.

2. Johntaught150timeslast year.

In the �rst example,the annotatorcaneithercreatetwo MAKEINSTANCEs or oneMAKEINSTANCE
with cardinalitytwo. In thesecondexample,theonly practicalsolutionis to createoneMAKEINSTANCE
with cardinality150.

2.11.7 How to annotateMAKEINST ANCEs

Wewill useexamplesto demonstratehow to annotateMAKEINSTANCEs.In theseexampleswewill notgive
adetailedannotationof events,timesandsignals,sopleasereferto theappropriatesectionsfor instructions
on how to annotatethem. We also only show the mark-upfor thoseentitieswhich are relevant to the
examples.

A MAKEINSTANCEhasto be createdfor eachinstanceor realisationof an event – as many as are
motivatedby the text. Alternatively, the cardinalityattribute may be used,e.g. for every and for large
numbers.Whenthe cardinality is small enough(e.g. twice) , the annotatorhasa choiceof creatingone
MAKEINSTANCEwith theappropriatecardinalityor creatingasmany MAKEINSTANCESasappropriate.
We recommendusingonly oneMAKEINSTANCE, unlessindividual eventsarereferredto later in thetext.
NotethatoneMAKEINSTANCEwill beautomaticallycreatedfor eacheventby theannotationtool, sothe
annotatoronly hasto createadditionalMAKEINSTANCEswhenmorethanoneeventinstanceis referredto
in the text. This is doneby annotatingor `swiping' theeventasmany timesasneeded.Each`swipe' will
automaticallycreateanew instanceID.

In eachof thefollowing examplestheeventtaughtis markedupasfollows:

<EVENT eid="e1"> taught </EVENT>

1. JohntaughtonMonday

This leadsto oneautomaticallycreatedMAKEINSTANCE:

<MAKEINSTANCEeiid="ei1" eventID="e1"/>

2. JohntaughtonMondayandTuesday

Sincethe teachingevent hastwo different time valuesin this example,two MAKEINSTANCEs are
necessary. The �rst onewill be automaticallycreated,but the secondonehasto be createdby the
annotator:
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<MAKEINSTANCEeiid="ei1" eventID="e1"/>
<MAKEINSTANCEeiid="ei2" eventID="e1"/>

3. Johntaughttwiceon Monday

Sincethereis only onetime expressionin the text, the annotatorhasthechoiceof eithercreatinga
secondMAKEINSTANCEor usingthecardinalityattribute. If two MAKEINSTANCEarecreatedthen
they would look asfollows (wheretwiceis thesignalwith signalID="s1" ):

<MAKEINSTANCEeiid="ei1" eventID="e1" signalID="s1"/>
<MAKEINSTANCEeiid="ei2" eventID="e1" signalID="s1"/>

If oneMAKEINSTANCEwerecreatedinsteadthenit would look asfollows:

<MAKEINSTANCEeiid="ei1" eventID="e1" signalID="s1" cardinality="2 "/ >

4. JohntaughteveryMonday

TheMAKEINSTANCEthatis automaticallyintroducedhasto bechangedto thefollowing, wherethe
SIGNAL everyis referredto by signalID="s1" ):

<MAKEINSTANCEeiid="ei1" eventID="e1" signalID="s1" cardinality="E VERY">

Currently, theannotationtool allows theannotatorto createdifferentMAKEINSTANCEsby introduc-
ing anidenti�cation number(followedby acomma)in thelastcolumnof thelinks table,whenever a
T-, S- or ALINK involving thatparticularinstanceis introduced.

2.11.8 Attrib utesfor MAKEINST ANCE

attributes ::= eiid eventID [signalID] [cardinality]

2.11.9 BNF for the MAKEINST ANCE tag

eiid ::= ei<integer>
eventID ::= e<integer>
signalID ::= s<integer>
cardinality ::= <integer> | 'EVERY' | ...

2.11.10 The link tags: <TLINK> , <SLINK> , and <ALINK>

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

� TLINK:

A TLINK or TemporalLink representsthetemporalrelationshipholdingbetweeneventsor between
aneventanda time,andestablishesa link betweentheinvolvedentitiesmakingexplicit if they are:
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1. Simultaneous
Two eventsarejudgedsimultaneousif they happenat thesametime,or aretemporallyindistin-
guishablein context, i.e. occurcloseenoughto thesametime that furtherdistinguishingtheir
timesmakesno differenceto thetemporalinterpretationof thetext.

2. Onebefore theother:
As in thefollowing examplebetweentheeventsslayingsandarrested:

Thepolice looked into the slayingsof 14 women. In six of the casessuspectshave
alreadybeenarrested.

3. Oneafter theother:
This is just theinverseof theprecedingrelation.Sothetwo eventsof thepreviousexamplecan
alternatively beannotatedasexpressinganafter relation,if thedirectionalityis changed.

4. Oneimmediately before theother:
As in thefollowing sentencebetweencrashanddied.

All passengers died whentheplanecrashedinto themountain

5. Oneimmediately after thantheother:
This is theinverseof theprecedingrelation.

6. Oneincluding theother:
As is thecasebetweenthetemporalexpressionandtheeventin thefollowing example:

Johnarri ved in Bostonlast Thursday.

7. Onebeing included in theother:
Theinverserelationto theprecedingone.

8. Oneholdsduringtheother:
Speci�cally applicableto statesor eventsthatpersistthroughoutaduration,for example:

JameswasCTO for two years.
Johntaught for 20minuteson Monday.

9. Onebeingthebeginningof theother:
As holdsbetweenthe�rst of thetemporalexpressionsandtheeventin thefollowing example:

Johnwasin the gym between6:00p.m. and7:00 p.m.

10. Onebeingbegunby theother:
Theinverserelationto theonejust introduced.

11. Onebeingtheendingof theother:

Johnwasin the gym between6:00p.m.and7:00 p.m..

12. Onebeingendedby theother:
Theinverserelationto theonejust introduced.

In addition,TLINK sarealsousedin thethreefollowing situations:

1. Event identity
Event identity is alsoannotatedvia theTLINK . Note that event identity is a very important
relationship, which will not be picked up during the closure part of the annotation. So
pleasemakesure that all identity links are annotated.E.g.:
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Johndrove to Boston.During hisdri ve heatea donut.

2. When a `set/subset'relationshipoccursin the text.
An exampleis:

Thepolice looked into the slayingsof 14 women. In six of the casessuspectshave
alreadybeenarrested.

With thecurrentversionof TimeML wecannotcapturethis `set/subset'relationship.Whatwill
bedonefor now is to createaMAKEINSTANCEfor eachof the`sets',i.e. oneMAKEINSTANCE
for slayingswith cardinalityplural(or 14?)andoneMAKEINSTANCEfor caseswith cardinality
plural (or 6?) andthen link thesetwo instancesvia a TLINK with the temporalrelationship
IS INCLUDED or INCLUDES.

3. When two eventsthat are temporally orderedareseparatedby an explicit duration of time.
In thefollowing example,for instance,thesendingof thereportoccurredtwo monthsbeforethe
attack:

Two monthsbefore theattack, a reportwassent.

A TLINK will beusedin orderto relatesentandattack. Theinterval of time will beconveyed
by meansof theattributemagnitude (seesection2.11.12),which will referto thetime ID of
thetemporalexpressiontwomonths.
The fully annotatedversionof exampleslike this above arein Chapter2.11.14,numbers:5-9.
Comparethemwith examples1-4,10and11.

� SLINK:

An SLINK or SubordinationLink is usedfor contexts introducingrelationsbetweentwo events,or an
eventandasignal.SLINKs areof oneof thefollowing sorts:

1. Modal:
This relationis introducedmostlyby modalverbs(should, could, would, etc.),which will be
markedasSIGNALS (2.11.4),but alsoby eventsthat introducea referenceto a possibleworld
– mainly I STATEs:

Johnshouldhaveboughtsomewine.
Mary wantedJohnto buy somewine.

2. Factive:
Certainverbsintroducean entailment(or presupposition)of their argument's veracity. They
includeforget in thetensedcomplement,regret, manage:

Johnforgot thathewasin Bostonlast year.
Mary regretsthatshedidn't marryJohn.Johnmanagedto leavetheparty

3. Counter-factive:
Contraryto the previous relation, in this casethe event introducesa presuppositionaboutthe
non-veracity of its argument: forget (to), unable to (in pasttense),prevent, cancel, avoid,
decline, etc.

Johnforgot to buy somewine.
Mary wasunable to marryJohn.Johnpreventedthedivorce.

4. Evidential:
Evidentialrelationsaretypically introducedby REPORTING or PERCEPTIONevents:
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Johnsaid heboughtsomewine.
Mary sawJohncarryingonlybeer.

5. Negative evidential:

Introducedby REPORTING (andPERCEPTION?)eventsconveying negative polarity:

Johndeniedheboughtonlybeer.

6. Negative:

Introducedonly by negative particles(not, nor, neither, etc.),which shouldbemarkedasSIG-
NALs, with respectto theeventsthey aremodifying:

Johndidn't forget to buy somewine.
Johndid not wantto marryMary.

For eachREPORTING or PERCEPTIONevent,an SLINK hasto be introduced.TheSLINK
expressestherelationbetweentheREPORTING or PERCEPTIONeventandthemaineventin
its subordinateclause.In the following example,theREPORTING andPERCEPTIONevents
arein bold face,whereasthesubordinateeventsareunderlined:

Johnsaid thathetaughtonMonday
Johnsawtheplanecrashinto thebuilding

Similarly, for eachI ACTION or I STATEanSLINK is introduced,whichexpressestherelation
betweentheintensionalevent(in bold face)andits subordinatedevent(underlined):

Israel hasbeenscrambling to buy moremasksabroad.
Thelocal governmenthopesthat residentswill soonreturnto their homes

� ALINK:

An ALINK or AspectualLink representstherelationshipbetweenanaspectualeventandits argument
event.Examplesof theaspectualrelationsto beencodedare:

1. Initiation :

Johnstarted to read

2. Culmination:

John�nished assemblingthetable.

3. Termination:

Johnstoppedtalking.

4. Continuation:

Johnkept talking.

2.11.11 How to annotateLINKs

We useexamplesto demonstratehow to createeachof the link types. In theseexampleswe do not give
detailedannotationof events,timesandsignals– pleaserefer to theappropriatesectionfor instructionson
annotatingthese.Also, we only show themark-upfor thoseentitieswhicharerelevantto theexamples.

NOTE thata link thatoriginatesin aneventalwayslinks via anevent instanceID (i.e. theID usedin
theMAKEINSTANCE) ratherthanvia theID of theeventtokenitself.
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� TLINK:

A TLINK hasto becreatedeachtimeatemporalrelationshipholdingbetweeneventsor aneventand
a time needsto beannotated.This includestheimportantrelationshipof eventidentity. Examples:

1. JohntaughtonMonday
The temporalrelationshipholding betweenthe event andthe time expression,asindicatedby
thesignal,is markedupby introducingthefollowing TLINK :

<TLINK eventInstanceID =" ei 1" relatedToTime=" t1 " signalID="s1"
relType="IS_IN CLUDED"/>

2. JohntaughtonMondayandTuesday
As explainedin section2.11.6above, two MAKEINSTANCEs representthe two instancesof
taught:

<MAKEINSTANCEeiid="ei1" eventID="e5"/>
<MAKEINSTANCEeiid="ei2" eventID="e5"/>

The temporalrelationshipholdingbetweenthosetwo eventsandthe two time expressionsare
annotatedby introducingthefollowing two TLINK s:

<TLINK eventInstanceID =" ei 1" relatedToTime=" t1 " signalID="s1"
relType="IS_IN CLUDED"/>

<TLINK eventInstanceID =" ei 1" relatedToTime=" t2 " signalID="s1"
relType="IS_IN CLUDED"/>

3. JohntaughteveryMonday
TheMAKEINSTANCErepresentingthemultiple instancesof taughtlooksasfollows:

<MAKEINSTANCEeiid="ei9" eventID="e4" signalID="s5"
cardinality="EVE RY"/ >

The TLINK representingthe temporalrelationholding betweenthe event(s)andthe temporal
expressionlookslike this:

<TLINK eventInstanceID =" ei 9" relatedToTime=" t7 "
relType="IS_INCL UDED"/ >

4. Johntaughtfor 20 minutesonMonday.
TheMAKEINSTANCErepresentingtheeventtaughtlooksasfollows:

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

Two TLINK s have to be introduced.OneTLINK capturesthe fact that the taughteventholds
throughoutthe20minutes, andoneTLINK captures thefactthatthetaughteventis included
in Monday.

<TLINK eventInstanceID =" ei 4" relatedToTime=" t2 " signalID="s5"
relType="HOLDS "/ >

<TLINK tid="t2" relatedToTime=" t3 " signalID="s6"
relType="IS_INCL UDED"/ >

TimeML v0.1.0 29-09-02



60 CHAPTER 2. DESCRIPTION OF WORKSHOP ACTIVITIES AND TECHNICAL RESULTS

5. Johndroveto Boston.During hisdriveheatea donut.
TheMAKEINSTANCEspresentingtheeventsdroveanddrive look asfollows:

<MAKEINSTANCEeiid="ei1" eventID="e1"/>

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

The TLINK that hasto be introducedto representthe identity of thesetwo events looks as
follows:

<TLINK eventInstanceID =" ei 1" relatedToEvent= "e i2 " relType="IDENT IT Y" />

Pleasenotethat we did not includetheTLINK that would representthe temporalrelationship
betweenateanddrive.

6. Thepolicelookedinto theslayingsof 14 women.In sixof thecasessuspectshavealreadybeen
arrested.
TheMAKEINSTANCEsrepresentingtheeventsslayingsandcaseslook asfollows:

<MAKEINSTANCEeiid="ei1" eventID="e1" cardinality="14 "/ >

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

The TLINK that hasto be introducedto representthe relationshipbetweenthesetwo events
looksasfollows:

<TLINK eventInstanceID =" ei 1" relatedToEvent= "e i2 " relType="INCLU DES" />

� SLINK:

SLINKs that relatetwo eventslink anevent instanceandanevent type. On theotherhand,SLINKs
can relateSIGNALs (modalsor negationparticles)and event types. Therewill NOT be SLINKs
linking two eventsandaSIGNAL.

1. JohnsaidthathetaughtonMonday
Thetwo MAKEINSTANCEsfor thetwo eventsarethefollowing:

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

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

To expressthe fact that the taughtevent is reportedby thesaidevent, the following SLINK is
created:

<SLINK eventInstanceID =" ei 2" subordinatedEve nt =" e3"
relType="EVIDENT IA L" />

2. Johnmightteach onMonday
TheMAKEINSTANCEsfor theeventsarethefollowing:

<MAKEINSTANCEeiid="ei4" eventID="e3"/>
<MAKEINSTANCEeiid="ei5" eventID="e4"/>
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TheSLINK thathasto becreatedto representthemodalityof teach looksasfollows:

<SLINK eventInstanceID =" ei 4"
subordinatedEven tI ns ta nce =" e5" relType="MODAL"/ >

3. Johndid not teach onMonday
TheMAKEINSTANCEfor theeventis thefollowing:

<MAKEINSTANCEeiid="ei4" eventID="e3"/>

The SLINK that hasto be createdto representthe fact that the polarity of the teach event is
negative looksasfollows:

<SLINK eventInstanceID =" ei 4" signalID="s2" relType="NEGAT IV E"/ >

� ALINK:

ALINKSrepresenttherelationshipbetweenaspectualverbs(andotherexpressions)andtheeventthey
referto. Examplesare:

1. Johnstartedto read
Thetwo MAKEINSTANCEsfor thetwo eventsarethefollowing:

<MAKEINSTANCEeiid="ei5" eventID="e2"/>
<MAKEINSTANCEeiid="ei6" eventID="e3"/>

TheALINK thathasto becreatedbetweentheaspectualverbstartedandtheeventteach is the
following:

<ALINK eventInstanceID =" ei 5" relatedToEvent= "e i6 "
relType="INITIAT ES"/ >

2. John�nished reading
Thetwo MAKEINSTANCEsfor thetwo eventsarethefollowing:

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

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

TheALINK thathasto becreatedbetweentheaspectualverbstartedandtheeventteachis the
following:

<ALINK eventInstanceID =" ei 5" relatedToEvent= "e i6 "
relType="TERMINA TES" />

2.11.12 Attrib utesfor LINKs
� TLINK:

1. eventInstanceIDor timeID
Obligatory attribute (one or the other of theseneedsto be present). This is the ID of the
eventInstance or thetimeID involvedin thetemporallink.
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2. signalID
Optionalattribute. If thetemporalrelationholdingbetweentheentitiesis explicitly signalledin
thetext, thentheID of thatsignalneedsto besuppliedhere.

3. relatedToEvent or relatedToTime
Obligatoryattribute (oneor theotherof theseneedsto bepresent).This is theID of theentity
that is being relatedto the event instancewith ID=eventInstanc eI D or time expression
with ID=timeID .

4. relType
Obligatoryattribute. This is the temporalrelationholding betweenthe entities. Possibleval-
uesare: BEFORE, AFTER, INCLUDES, IS INCLUDED, HOLDS, SIMULTANEOUS,
IAFTER, IBEFORE, IDENTITY, BEGINS, ENDS, BEGUNBY, ENDEDBY . These
areassignedaccordingto theinstructionsgivenat thebeginningof section2.11.10,onTLINK s.
Therewill beonly onerelationassignedperTLINK .

5. magnitude
Optionalattribute.
Attributeusedwhenrelatingtwo eventsseparatedby a durationof time thatis madeexplicit in
thetext. E.g.,

Onemonthbefore theattack a reportwassent.

magnitude rangesover the ID of TIMEX3 expressionthat representthe magnitudeof the
relationbetweentheattackandthesendingof thereport(onemonth, etc.).

� SLINK:

1. eventInstanceID
Optionalattribute. This is theID of theeventInstance involved in thesubordinationlink.
Note: eventInstanceID is optionalbecauseaneventcanbesubordinated(e.g. in a condi-
tionalor whenaneventis negated)withoutbeingsubordinatedto aparticularevent.

2. subordinatedEvent or subordinatedEventInstance
Obligatoryattribute (oneof themneedsto bepresent).This is theID of thesubordinatedevent
or eventinstancethattheeventinstancewith ID=eventInstanc eID is relatedto.

3. signalID
Optionalattribute. If thesubordinationrelationholdingbetweentheeventsis explicitly signalled
in thetext, thentheID of thatsignalneedsto be�lled in here.

4. relType
Obligatoryattribute. This is thetemporalrelationholdingbetweentheentities.Possiblevalues
are:MODAL, NEGATIVE, EVIDENTIAL, NEGEVIDENTIAL, FACTIVE, COUNTER-
FACTIVE. Theseareassignedaccordingto the instructionsgiven at the beginning of section
2.11.10,on SLINKs.

� ALINK:

1. eventInstanceID
Obligatoryattribute. This is the ID of the (aspectual)eventInstanceinvolved in the aspectual
link.
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2. signalID
Optionalattribute. If theaspectualrelationholdingbetweentheeventsis explicitly signalledin
thetext, thentheID of thatsignalneedsto be�lled in here.An examplefor asignalis to in The
shipbeganto sink.

3. relatedToEvent
Obligatoryattribute. This is theID of theeventrelatedto theaspectualevent.

4. relType
Obligatoryattribute. This is thetemporalrelationholdingbetweentheentities.Possiblevalues
are:INITIATES, CULMINATES, TERMINATES, CONTINUES

2.11.13 BNF for the link tags
� TLINK:

attributes ::= (eventInstanceID | timeID) [signalID]
(relatedtoEvent | relatedtoTime) relType [magnitude]

eventInstanceID ::= ei<integer>
timeID ::= t<integer>
signalID ::= s<integer>
relatedToEvent ::= ei<integer>
relatedToTime ::= t<integer>
relType ::= 'BEFORE' | 'AFTER' | 'INCLUDES' | 'IS_INCLUDED' | 'HOLDS'

'SIMULTANEOUS' | 'IAFTER' | 'IBEFORE' | 'IDENTITY' |
'BEGINS' | 'ENDS' | 'BEGUN_BY' | 'ENDED_BY'

magnitude ::= t<integer>

� SLINK:

attributes ::= [eventInstanceID ]
(subordinatedEve nt | subordinatedEve nt In st ance)
[signalID] relType [polarity]

eventInstanceID ::= ei<integer>
subordinatedEve nt ::= e<integer>
subordinatedEve ntI ns ta nc e ::= ei<integer>
signalID ::= s<integer>
relType ::= 'MODAL' | 'NEGATIVE' | 'EVIDENTIAL' | 'NEG_EVIDENTIA L' |

'FACTIVE' | 'COUNTER_FACTIVE'

� ALINK:

attributes ::= eventInstanceID [signalID] relatedToEvent relType
eventInstanceID ::= ei<integer>
signalID ::= s<integer>
eventID ::= e<integer>
relType ::= 'INITIATES' | 'CULMINATES' | 'TERMINATES' | 'CONTINUES'
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2.11.14 Completelyannotatedexamples

Assumefor all theexamplesthatthedocumentcreationtime (DCT) is markedup asa TIMEX3 expression
with tid="t0" .

ComplexTIMEX Examples

1. Johnleft 2 daysbefore yesterday.

John
<EVENT eid="e1" class="OCCURRE NCE" tense="PAST" aspect="PERFECT IV E" >
left
</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>
<TIMEX3 tid="t1" type="DATE" value="2002-07- 08"

anchorTimeID="t0 " temporalFunctio n=" tr ue"
valueFromFunctio n="t f1 ">

2 days before yesterday
</TIMEX3>

<TLINK eventInstanceID =" ei 1" relatedToTime=" t1 " relType="IS_INCL UDED"/ >

We don't split the temporalexpressioninto smallercomponents(i.e., ”two days” and”yesterday”).
Similarly, we do not tag”before” asa SIGNAL, but aspartof theTIMEX3 expressioninstead.

The type attribute of the TIMEX3 denotesa DATE(the date in which Johnleft), which can be
computedby a temporalfunctionrelative to thetemporalanchor"t0" (theDCT).

2. I'm leavingonvacationtwoweeksfromnext Tuesday.

I'm
<EVENT eid="e1" class="OCCURRE NCE" tense="FUTURE" aspect="PROGRES SI VE">
leaving
</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>
on vacation
<TIMEX3 tid="t1" type="DATE" value="2002-07- 23"

anchorTimeID="t0 " temporalFunctio n=" tr ue"
valueFromFunctio n="t f1 ">

two weeks from next Tuesday
</TIMEX3>

<TLINK eventInstanceID =" ei 1" relatedToTime=" t1 " relType="IS_INCL UDED"/ >

3. A majorearthquake struck LosAngelesthreeyears ago today.

A major
<EVENT eid="e1" class="OCCURRE NCE" tense="NONE" aspect="NONE">
earthquake
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</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>
<EVENT eid="e2" class="OCCURRE NCE" tense="PAST" aspect="PERFECT IV E" >
struck
</EVENT>
<MAKEINSTANCEeiid="ei2" eventID="e2"/>
Los Angeles
<TIMEX3 tid="t1" type="DATE" value="1999-07- 12"

anchorTimeID="t0 " temporalFunctio n=" tr ue"
valueFromFunctio n="t f1 ">

three years ago today
</TIMEX3>

<TLINK eventInstanceID =" ei 1" relatedToEvent= "e i2 " relType="IBEFO RE"/ >
<TLINK eventInstanceID =" ei 1" relatedToTime=" t1 " relType="IS_INCL UDED"/ >

4. Johnleft 2 daysago.

John
<EVENT eid="e1" class="OCCURRE NCE" tense="PAST" aspect="PERFECT IV E" >
left
</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>
<TIMEX3 tid="t1" type="DATE" value="2002-07- 08"

temporalFunction =" tr ue" anchorTimeID=" t0 "
valueFromFunctio n="t f1 ">

2 days ago.
</TIMEX3>

<TLINK eventInstanceI D="e i1" relatedToTime= "t 1" relType="IS_INC LUDED"/>

Notethatago is NOT asignalbut apartof theTIMEX3 expression.

TheTIMEX3 expressionreturnsaDATE(notaDURATION),whichneedsto becomputedby atempo-
ral functionrelative to theDCT or theSpeechtime. 2 daysagois ALWAYS aDATEcomputedrelative
to theDCT, in contrastto expressionslike ”2 daysbefore”,which necessarilyrelatetwo eventsand
thus introducea TLINK with the magnitude attribute. This canbe observed in the 3 following
examples.

5. Johnleft 2 daysbefore theattack.

John
<EVENT eid="e1" class="OCCURRE NCE" tense="PAST" aspect="PERFECT IV E" >
left
</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>
<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="OCCURRE NCE" tense="NONE" aspect="NONE">
attack
</EVENT>
<MAKEINSTANCEeiid="ei2" eventID="e2"/>

<TLINK eventInstanceI D="e i1" signalID="s1" relatedToEvent= "ei 2"
relType="BEFORE " magnitude="t1" />

6. 5 daysafterhecameback Mary gotsick.

<TIMEX3 tid="t1" type="DURATION " value="P5D" temporalFuncti on="f al se ">
5 days
</TIMEX3>
<SIGNAL sid="s1">
after
</SIGNAL>
he
<EVENT eid="e1" class="OCCURRE NCE" tense="PAST" aspect="PERFECT IV E" >
came
</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>
back Mary
<EVENT eid="e2" class="OCCURRE NCE" tense="PAST" aspect="PERFECT IV E" >
got
</EVENT>
<MAKEINSTANCEeiid="ei2" eventID="e2"/>
sick.

<TLINK eventInstanceI D="e i1" signalID="s1" relatedToEvent= "ei 2"
relType="BEFORE " magnitude="t1" />

7. Twomonthsbefore theattack, 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="e1" class="OCCURRE NCE" tense="NONE" aspect="NONE">
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attack
</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>
a report was
<EVENT eid="e2" class="OCCURRE NCE" tense="PAST" aspect="PERFECT IV E" >
sent
</EVENT>
<MAKEINSTANCEeiid="ei2" eventID="e2"/>

<TLINK eventInstanceID =" ei 1" signalID="s1" relatedToEvent =" ei2 "
relType="AFTER" magnitude="t1"/ >

TheTIMEX3 expressionhereis consideredhereto beof type=DURATION , sinceit establishesthe
lengthof the interval separatingthe2 events. As such,thevaluefor thevalue attribute is already
known (P2D, P5M, etc.) and thereforethe temporalFuncti on attribute returnsfalse as its
value.

Thereis only oneTLINK relatingthe two events,which introducesboth themagnitude attribute
(pointingto theID of theTIMEX3 expression)andthesignalID attribute.

2.11.15 ComplexTLINK and SLINK Examples

1. Theattack wasnotexpectedat all, althougha reporthadbeensent2 monthsbefore.

The
<EVENT eid="e1" class="OCCURRENCE" tense="NONE" aspect="NONE">
attack
</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>
was
<SIGNAL sid="s1">
not
</SIGNAL>
<EVENT eid="e2" class="I_STATE" tense="PAST" aspect="PERFEC TIV E" >
expected
</EVENT>
<MAKEINSTANCEeiid="ei2" eventID="e2"/>
at all, although a report had been
<EVENT eid=e3>
sent
</EVENT>
<MAKEINSTANCEeiid="ei3" eventID="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 eventInstanceID =" ei 2" signalID="s1" relType="NEGAT IV E"/ >
<SLINK eventInstanceID =" ei 2" subordinatedEve nt =" e1" relType="MODAL "/ >
<TLINK eventInstanceID =" ei 1" relatedToEvent= "e i3 " relType="AFTER "

magnitude="t1" signalID="s2"/ >

2. Mary arrivedyesterdaybut Johnleft 2 daysbefore.

Mary
<EVENT eid="e1" class="OCCURRE NCE" tense="PAST" aspect="PERFECT IV E" >
arrived
</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>
<TIMEX3 tid="t1" type="DATE" value="2002-07 -0 9"

temporalFunction =" tr ue" anchorTimeID=" t0 "
valueFromFunctio n="t f1 ">

yesterday
</TIMEX3>
but John
<EVENT eid="e2" class="OCCURRE NCE" tense="PAST" aspect="PERFECT IV E" >
left
</EVENT>
<MAKEINSTANCEeiid="ei2" eventID="e2"/>
<TIMEX3 tid="t2" type="DURATION " value="P2D" temporalFuncti on="f al se ">
2 days
</TIMEX3>
<SIGNAL sid="s1">
before.
</SIGNAL>

<TLINK eventInstanceI D="e i1" signalID="s1" relatedToEvent= "ei 2"
relType="AFTER" magnitude="t2"/ >
<TLINK eventInstanceI D="e i1" relatedToTime= "t 1" relType="IS_INC LUDED"/>

The two eventsarerelatedby meansof a TLINK . In additionthereis a secondTLINK relatingthe
eventlinkedto thedate(arrived) andthisdate(yesterday ).

3. Shewassick after theplay.

She was
<EVENT eid="e1" class="STATE" tense="NONE" aspect="NONE">
sick
</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>
<SIGNAL sid="s1">
after
</SIGNAL>
the
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<EVENT eid="e2" class="OCCURRE NCE" tense="NONE" aspect="NONE">
play
</EVENT>
<MAKEINSTANCEeiid="ei2" eventID="e2"/>

<TLINK eventInstanceI D="e i1" signalID="s1" relatedToEvent= "ei 2"
relType="AFTER" />

TheTLINK doesnot introducemagnitude.

4. Shewassick for 2 hours after theplay.

She was
<EVENT eid="e1" class="STATE" tense="NONE" aspect="NONE">
sick
</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>
<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="OCCURRE NCE" tense="NONE" aspect="NONE">
play
</EVENT>
<MAKEINSTANCEeiid="ei2" eventID="e2"/>

<TLINK eventInstanceI D="e i1" signalID="s1" relatedToTime=" t1"
relType="HOLDS" />
<TLINK eventInstanceI D="e i1" signalID="s2" relatedToEvent= "ei 2"
relType="AFTER" />

Therearetwo TLINK s: The�rst oneintroducestheholdingrelationbetweenthestateof beingsick
andthetime it took (2 hours).Thesecondonestatestheorderingof thetwo events.Sincethereis no
explicit referenceto thedurationof theinterval betweenthetwo events,thesecondTLINK doesnot
introducethemagnitude attribute.

5. Johntaughtfor 20 minuteseveryMonday.

OneEVENT, two TIMEX3sandtwo SIGNALsneedto becreated.In addition,thefollowing tagsare
needed:

(a) OneMAKEINSTANCEwith cardinality every, assignaledby theexpressionevery.

(b) OneTLINK linking theduration20minutesto theevent.
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(c) OneTLINK linking theTIMEX3 Mondayto theTIMEX3 20 minutes.

John
<EVENT eid="e4" class="OCCURRENCE" tense="PAST" aspect="PERFECTI VE">
taught </EVENT>
<SIGNAL sid="s5">for</ SI GNAL>
<TIMEX3 tid="t2" type="DURATION " value="PT20M" anchorTimeID="3 ">

20 minutes</TIMEX3 >
<SIGNAL sid="s6">every </ SI GNAL>
<TIMEX3 tid="t3" type="DATE" value="XXXX-WXX -1 "> Monday</T IMEX3>
<MAKEINSTANCEeiid="ei4" eventID="e4" signalID="s6" cardinality="E VERY"/>
<TLINK eventInstanceID =" ei 4" relatedToTime=" t2 " signalID="s5"

relType="HOLDS" />
<TLINK timeID="2" relatedToTime=" t3 " relType="IS_INCL UDED"/ >

6. Johnleft betweenMondayandWednesday

John
<EVENT eid="e1" class="OCCURRENCE" tense="PAST" aspect="PERFECTI VE">
left
</EVENT>
<MAKEINSTANCEeiid="ei1" eventID="e1"/>
<SIGNAL sid="s1"/>
between
</SIGNAL>
<TIMEX3 tid="t1" type="DATE" value="2002-07- 15"

temporalFuncti on=" tru e" anchorTimeID=" t0 "
valueFromFunct io n="tf 3" />

Monday
</TIMEX3>
and
<TIMEX3 tid="t2" type="DATE" value="2002-07- 17"

temporalFuncti on=" tru e" anchorTimeID=" t0 "
valueFromFunct io n="tf 3" />

Wednesday
</TIMEX3>

<TLINK eventInstanceID =" ei 1" relatedToTime=" t1 " signalID="s1" relType="IAFTER "/ >
<TLINK eventInstanceID =" ei 1" relatedToTime=" t2 " signalID="s1" relType="IBEFOR E" />

This currentsolutionis not completelyadequate,but wewill keepit temporarily.

7. Johntaughtfrom1994through1999.

In thiscase,oneEVENTandthetwo TIMEX3sneedto becreated.In addition,thefollowing tagsare
needed:

(a) OneautomaticallycreatedMAKEINSTANCEfor theevent.
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(b) OneTLINK to capturethefactthattheeventstartedin 1994.

(c) OneTLINK to capturethefactthattheevent�nished in 1999.

This thenshouldleadto aduration,which is automaticallycreatedby theclosurepartof thetool.

John
<EVENT eid="e4" class="OCCURRENCE" tense="PAST" aspect="PERFECTI VE">
taught</EVENT>
<SIGNAL sid="s5">from< /S IG NAL>
<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 eventInstanceID =" ei 4" relatedToTime=" t2 " signalID="s5"

relType="BEGUN_ BY"/ >
<TLINK eventInstanceID =" ei 4" relatedToTime=" t3 " signalID="s6"

relType="ENDED_ BY"/ >

8. Johndid not leaveonMondaybut on Tuesday.

OneEVENT, two event instances, andthreeSIGNALsneedto becreated:

John did <SIGNAL sid="s5">not</ SI GNAL>
<EVENT eid="e4" class="OCCURRENCE" tense="PAST" aspect="PERFECTI VE">
leave</EVENT>
<SIGNAL sid="s6">on</S IG NAL>
<TIMEX3 tid="t3" type="DATE" value="XXXX-WXX -1 "> Monday</T IMEX3>
but
<SIGNAL sid="s7">on</S IG NAL>
<TIMEX3 tid="t4" type="DATE" value="XXXX-WXX -2 "> Tuesd ay </ TI MEX3n>
<MAKEINSTANCEeiid="ei1" eventID="e4"/>
<MAKEINSTANCEeiid="ei2" eventID="e4"/>
<SLINK subordinatedEve nt In sta nc e="e i1 " signalID="s5"

relType="NEGATI VE" polarity="false" />
<TLINK eventInstanceID =" ei 1" relatedToTime=" t3 " signalID="s6"

relType="IS_INC LUDED"/ >
<TLINK eventInstanceID =" ei 2" relatedToTime=" t4 " signalID="s7"

relType="IS_INC LUDED"/ >

Causative Examples

1. Therainscausedthe�ooding.

The
<EVENT eid="e1" class="OCCURRENCE">

rains
</EVENT>
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<EVENT eid="e2" class="OCCURRENCE">
caused
</EVENT>
the
<EVENT eid="e3" class="OCCURRENCE">
Flooding
</EVENT>

<TLINK eventInstanceID =e1 relatedtoEvent=e 3 relType="BEFOR E" />
<TLINK eventInstanceID =e1 relatedtoEvent=e 2 relType="IDENT ITY " />

2. Johncausedthe�r e.

John
<EVENT eid="e1" class="OCCURRENCE">
caused
</EVENT>
the
<EVENT eid="e2" class="OCCURRENCE">
fire
</EVENT>
<TLINK eventInstanceID =e1 relatedtoEvent=e 2 relType="BEFOR E" />

3. Kissinger securedthepeaceat greatcost.

Kissinger
<EVENT eid="e1" class="OCCURRENCE">
secured
</EVENT>
the
<EVENT eid="e2" class="OCCURRENCE">
peace
</EVENT>
<TLINK eventInstanceID =e1 relatedtoEvent=e 2 relType="BEFOR E" />
At great cost.

4. Hekickedtheball, andit roseinto theair.

Discourserelationsactingasa causative, we arecurrentlyunableto handleascausatives,but we can
certainlyannotatethetemporalrelationthatexistsin thetext.

He
<EVENT eid="e1" class="OCCURRENCE">
Kicked
</EVENT>
The ball
And
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it
<EVENT eid="e2" class="OCCURRENCE">
rose
</EVENT>
Into the air
<TLINK eventInstanceID =e1 relatedtoEvent=e 2 relType="BEFOR E" />

2.12 Conclusion

Thisdocumentsummarizestheresearchand�ndings of theTERQASworkshop,heldfrom Januarythrough
September, 2002,andfundedby ARDA throughtheNRRCatMITRE. Themostsigni�cant milestonesand
achievementsfrom theworkshoparelistedasfollows:

1. TIMEML: Markuplanguagefor timeandevents

2. TIMEBANK: Goldstandardannotatedagainstthis language

3. TIME/EVENT ALGORITHMS: For recognizingeventsandtimesin text

4. CLOSURE ALGORITHM: For inferringhiddentemporalrelationsbetweenevents

5. DISSEMINATION OF KNOWLEDGE: U. of ChicagoBook, journalarticles,symposium,andcourses
on TimeML.

It is hopedthattheresearchand�ndings of thisworkshopwill generateinterestin thespeci�cationlanguage
developedfor time andevent markup. Further, it is hopedthat the goldstandardwill continueto grow in
orderto accountfor multipledomainsandlanguages.
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Chapter 3

Catalogof Software,Data, Reports,and
Presentations

3.1 TimeBank

1. raw data:
location:/workshops/terqas/data/doc-corpora/

2. alembicpreprocesseddata
location:d̃oc-corpora/doc-corpora-training/al-preprocessed

3. pre-annotationpreprocesseddata
location:d̃oc-corpora/doc-corpora-training/Event-preprocessed

4. TimeBanklocation:d̃oc-corpora/doc-corpora-training/TimeBank

5. Timex3, EventandLink RecognizerOutput:
location:d̃oc-corpora/doc-corpora-training/T3PO

3.2 Query

1. QueryCollection:
/workshops/terqas/data/question-queries/

3.3 Software

1. closuretool:
location:/workshops/terqas/software/closure

2. alembicto-TimeML script:
location:/workshops/terqas/software/alembic-to-TimeML

3. Eventpreprocessingsoftwarefor alembic:
location:/workshops/terqas/software/TimeMLRecognizers

4. Timex3 processor(MetaCarta)
location:/workshops/terqas/software/Timex3
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5. EventandS-Link Recognizers
location:/workshops/terqas/software/TimeMLRecognizers

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

7. Link Builder:
location:/workshops/terqas/software/TimeMLRecognizers

3.4 Documentationand Presentations

1. documentation:
location:/workshops/terqas/documentation

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