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ABSTRACT

‘Linguistic annotation’is a term covering ary transcription,
translationor annotationof textual dataor recordedlinguistic
signals.Whilethereareseveralongoingeffortsto provideformats
andtoolsfor suchannotationgndto publishannotatedinguistic
databaseshe lack of widely acceptedstandardss becominga
critical problem.Proposedtandardgp theextentthey exist, have
focusseanfile formats. Thispapefocusesnsteadonthelogical
structureof linguistic annotations.We suney a wide variety of
annotationformatsanddemonstrate commonconceptuatore.
This providesthe foundationfor an algebraicframevork which
encompassedberepresentatiorgrchiving andqueryof linguistic
annotationsywhile remainingconsistentvith mary alternatvefile
formats.

1. INTRODUCTION

‘Linguistic annotation’is a cover term for ary orthographic,
phoneticor prosodictranscription;ary speech part-of-speech,
disflueng or gesturalannotation;and ary free or word-level
translation.Linguisticannotationsnaydescribeextsor recorded
signals;our focuswill be on the latter, broadly construedo in-
clude ary kind of audio, video or physiologicalsignal, or ary
combinationthereof.

To datetherehave beenseveralindependenéfforts to provide
tools for annotatinglinguistic signals,to provide generalfor-
matsfor annotationsandto providetoolsfor searchinglatabases
of annotations. Additionally, hundredsof annotatedinguistic
databasedase beenpublished,where eachdatabaseypically
containsseveral differenttiers of annotation.While theutility of
suchtools, formatsanddatabasess unquestionablethe lack of
standardss becomingacritical problem. Attemptsto standardise
practicein this areahave focussedn file formats(e.qg. [3]). We
contendhatfile formats thoughimportant,aresecondary

In this presentatiomwve reportonastudyof thelogical structure
of linguistic annotations.We demonstratéhat, while the differ-
ent annotationformatsvary greatlyin their form, their logical
structurds remarkablyconsistentln orderto helpusthink about
theform andmeaningof annotationsywe describea simplemath-
ematicalframevork endaved with a practically useful formal
structure.This opensup aninterestingrangeof new possibilities
for creation,maintenanceandsearch.We claim that essentially
all existing annotationganbeexpressedn the framewvork.

The present paper gives an extended abstract for the
presentation, itself to be made available in full at
[http://ww. | dc. upenn. edu/ sb/icsl p98. htm].

2. DESIDERATA FOR A LINGUISTIC
ANNOTATION FRAMEWORK

Wewill focusonthreeevaluationcriteriafor alinguisticanno-
tationframework:

Generality
The framework shouldbe suficiently expressie to encom-
passall commonlyusedkinds of linguistic annotation,in-
cluding sensiblevariantsand extensions. It shouldbe ca-
pableof managinga variety of (partial) informationabout
labels temporalinformationandhierarchicaktructure.

Sear chability
There should be an efficient algebraicquery formalism,
wherebycomplex queriesarecomposeaut of well-defined
combinationsof simple queries,and where the result of
queryinga set of annotationss just anotherset of anno-
tations. Annotations,however incomplete,shouldstill be
searchable.Thereshouldbe an efficient indexing scheme
providing nearconstant-timexccesnto arbitrarily largean-
notationdatabasesThe framevork shouldalsosupportthe
projectionof naturalsub-partsof annotations. For exam-
ple, we maywishto projectout just the prosodiccontentof
annotationsor justtheorthographicontent.

Maintainability
Annotationdatabaseshouldbedurable remainingcoherent
andusablein the presencef correctionsor the additionof
new layersof annotation.Querieson prior versionsshould
remain valid, and referencednto supersede@nnotations
shouldpersistwheneer possible. Layersand versionsof
annotationshouldbe modularsothatrevisionsto onepart
donotentailglobalmodification.For example changinghe
spellingof aword shouldnotentailchange$o anannotation
of phrase-leel discoursefunction which covers the same
text.

In additionto thesedesideratayeshallbeconcernedo provide
realisation®f annotationgndqueriedn thefinite-staterealm,in
thegraphicaldomain,andasxML markup.

3. EXISTING ANNOTATION SYSTEMS

Prior to presentingour proposedframenork, a selectionof
examplesdravn from avarietyof existingannotatiorsystemswill
bepresentedHere wejustgive oneexampletakenfromtheTimiT

databasf?]. Thefiletimt/train/drl/fjsp0/sal. wd
contains:

2360 5200 she
5200 9680_had
9680 11077 your
11077 16626 dark
16626 22179 suit
22179 24400 I n
24400 30161 greasy
30161 36150 wash
36720 41839 m?}er
41839 44680 a
44680 49066 year



Figure 1: GraphStructurefor TiMIT Example

This file combinesan ordinary string of orthographicwords
with information about the starting and ending time of each
word (measuredn audiosamplesat a samplingrateof 16 kHz).
The pathnametimt/train/drl/fjsp0/sal. wd tells
usthatthisis training data,from ‘dialectregion 1’, from female
speakr ‘jspQ’, andthatit containsvordsandaudiosamplenum-
bers.

Thefile timit/train/drl/fjsp0/sal. phn contains
a correspondingoroad phonetictranscription,which begins as
follows:

PR ©000YUTWNO
RO NN NW
OO ONOO NN
P~ OO0O00 OOW
O~w (e2}
HO000) U1IWO
NN ROONO ONTT
NOO NOOO OOH:
QD
D
o X
—_
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We caninterpreteachline <t i nel> <ti ne2> <l abel >
asan edgein a directedagyclic graph,wherethe two timesare
attributesof nodesandthe labelis a propertyof an edgewhich
connectghosenodes. The resulting‘annotationgraph’ for the
above fragmentis shawn in Figurel.

Obsenrethatedgdabelshavetheform<t ype>/ <cont ent >
wherethe<t ype> heretellsuswhatkind of labelit is. We have
usedP for the (phonetictranscription)contentsof the .phnfile,
andWfor the (orthographiavord) contentsof the .wrdfile.

Thetopnumberfor eachnodeis anarbitrarynodeidentifier, for
easeof referencewhile thebottomnumberis thetime reference.
We distinguishnodeidentifiersfrom time referencesincenodes
may lack time references.This may be becausg¢imeswere not
measuredasin typicalannotationf extendedrecordingsvhere
timereferencesnightonly begivenatsentencéoundariesOr it
may be becaus¢ime measurementarenot applicablein princi-
ple,asmayarisewhenanannotations aphrasatranslation.This
lastpointisillustratedbelowr, wheretime-marledverticesarerep-
resentedshulletsandnon-time-markd verticesarerepresented
ashollow circles.

les

Obsere thatthereis no meaningfulway of assigningime refer
encedo word boundariesn the phrasatranslation.

The presentatiowill cover comparableexamplesfrom other
annotationmodels,in orderto demonstratéhe existenceof a
commonconceptuakore of linguistic annotations. The suney
will includeEmu[1], BAS Partitur[4], theNIST ‘UniversalTran-
scriptionFormat’[3], andthespeecltoncordancéacility of LDC
Online[5]. Full detailsandupdatedoointerswill be availableat
[http://ww. | dc. upenn. edu/sb/icsl p98. htm].

4. AN ALGEBRAIC FRAMEWORK

We maintainthat most,if not all, existing annotatiorformats
cannaturallybe treatedasdirectedagyclic graphshaving typed
labelson (someof) the edgesandtime-markson (someof) the
vertices.We call these'annotationgraphs’.

On our algebraicapproachgqueriesarenothingotherthanex-
pressionsin a calculusdefinedover annotationgraphs. This
calculusis built up recursvely from elementarygraphsby com-
bining themin variousways, including conjunction,disjunction,
concatenatioandKleeneclosure jn theanalogougashionto the
way regularexpressionsarebuilt up in anRE calculus.Corefer
enceof arbitraryedgesetweerconjunctss accomplishedising
operationsanalogoudo the referenceoperatorsavailablein ex-
tendedregularexpressiorformalisms(suchasthatof Perl).

In concertwith this, we proposeanindexing methodbasedon
the elementaryannotationgraphsfrom which queriesare con-
structed.Indiceswill specifywhereparticularelementaryanno-
tationgraphsareto befound,andsoa complex searchexpression
canbelimited to thoseregionsfor which thesegraphsareneces-
saryparts.

After presentinghe modelwe will shawv how it satisfiesour
desideratdor alinguisticannotatiorframevork anddemonstrate
aprototypeimplementation.
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