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ABSTRACT
‘Linguistic annotation’is a term covering any transcription,

translationor annotationof textual dataor recordedlinguistic
signals.Whilethereareseveralongoingeffortstoprovideformats
andtoolsfor suchannotationsandto publishannotatedlinguistic
databases,the lack of widely acceptedstandardsis becominga
criticalproblem.Proposedstandards,to theextentthey exist,have
focussedonfile formats.Thispaperfocusesinsteadonthelogical
structureof linguistic annotations.We survey a wide variety of
annotationformatsanddemonstratea commonconceptualcore.
This providesthe foundationfor an algebraicframework which
encompassestherepresentation,archiving andqueryof linguistic
annotations,while remainingconsistentwith many alternativefile
formats.

1. INTRODUCTION
‘Linguistic annotation’is a cover term for any orthographic,

phoneticor prosodictranscription;any speech,part-of-speech,
disfluency or gesturalannotation;and any free or word-level
translation.Linguisticannotationsmaydescribetextsor recorded
signals;our focuswill be on the latter, broadlyconstruedto in-
clude any kind of audio, video or physiologicalsignal, or any
combinationthereof.

To datetherehave beenseveral independentefforts to provide
tools for annotatinglinguistic signals, to provide generalfor-
matsfor annotations,andto providetoolsfor searchingdatabases
of annotations. Additionally, hundredsof annotatedlinguistic
databaseshave beenpublished,whereeachdatabasetypically
containsseveraldifferenttiersof annotation.While theutility of
suchtools, formatsanddatabasesis unquestionable,the lack of
standardsis becomingacritical problem.Attemptsto standardise
practicein this areahave focussedon file formats(e.g. [3]). We
contendthatfile formats,thoughimportant,aresecondary.

In thispresentationwereportonastudyof thelogicalstructure
of linguistic annotations.We demonstratethat,while thediffer-
ent annotationformatsvary greatly in their form, their logical
structureis remarkablyconsistent.In orderto helpusthink about
theform andmeaningof annotations,wedescribeasimplemath-
ematicalframework endowed with a practically useful formal
structure.Thisopensup aninterestingrangeof new possibilities
for creation,maintenanceandsearch.We claim thatessentially
all existingannotationscanbeexpressedin theframework.

The present paper gives an extended abstract for the
presentation, itself to be made available in full at
[http://www.ldc.upenn.edu/sb/icslp98.html].

2. DESIDERATA FOR A LINGUISTIC
ANNOTATION FRAMEWORK

Wewill focusonthreeevaluationcriteriafor a linguisticanno-
tationframework:

Generality
Theframework shouldbesufficiently expressive to encom-
passall commonlyusedkinds of linguistic annotation,in-
cluding sensiblevariantsandextensions. It shouldbe ca-
pableof managinga variety of (partial) informationabout
labels,temporalinformationandhierarchicalstructure.

Searchability
There should be an efficient algebraicquery formalism,
wherebycomplex queriesarecomposedoutof well-defined
combinationsof simple queries,and where the result of
queryinga set of annotationsis just anotherset of anno-
tations. Annotations,however incomplete,shouldstill be
searchable.Thereshouldbe an efficient indexing scheme
providing nearconstant-timeaccessinto arbitrarilylargean-
notationdatabases.Theframework shouldalsosupportthe
projectionof naturalsub-partsof annotations.For exam-
ple,we maywish to projectout just theprosodiccontentof
annotations,or just theorthographiccontent.

Maintainability
Annotationdatabasesshouldbedurable,remainingcoherent
andusablein thepresenceof correctionsor theadditionof
new layersof annotation.Querieson prior versionsshould
remain valid, and referencesinto supersededannotations
shouldpersistwhenever possible. Layersandversionsof
annotationsshouldbemodularsothat revisionsto onepart
donotentailglobalmodification.Forexample,changingthe
spellingof awordshouldnotentailchangesto anannotation
of phrase-level discoursefunction which covers the same
text.

In additionto thesedesiderata,weshallbeconcernedtoprovide
realisationsof annotationsandqueriesin thefinite-staterealm,in
thegraphicaldomain,andasXML markup.

3. EXISTING ANNOTATION SYSTEMS
Prior to presentingour proposedframework, a selectionof

examplesdrawnfromavarietyof existingannotationsystemswill
bepresented.Here,wejustgiveoneexampletakenfromtheTIMIT
database[2]. Thefiletimit/train/dr1/fjsp0/sa1.wrd
contains:

2360 5200 she
5200 9680 had
9680 11077 your
11077 16626 dark
16626 22179 suit
22179 24400 in
24400 30161 greasy
30161 36150 wash
36720 41839 water
41839 44680 all
44680 49066 year
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Figure 1: GraphStructurefor TIMIT Example

This file combinesan ordinary string of orthographicwords
with information about the starting and ending time of each
word (measuredin audiosamplesat a samplingrateof 16 kHz).
The pathnametimit/train/dr1/fjsp0/sa1.wrd tells
us that this is trainingdata,from ‘dialect region 1’, from female
speaker ‘jsp0’, andthatit containswordsandaudiosamplenum-
bers.

The file timit/train/dr1/fjsp0/sa1.phn contains
a correspondingbroadphonetictranscription,which begins as
follows:

0 2360 h#
2360 3720 sh
3720 5200 iy
5200 6160 hv
6160 8720 ae
8720 9680 dcl
9680 10173 y
10173 11077 axr
11077 12019 dcl
12019 12257 d

We caninterpreteachline <time1> <time2> <label>
asan edgein a directedacyclic graph,wherethe two timesare
attributesof nodesandthe label is a propertyof an edgewhich
connectsthosenodes. The resulting‘annotationgraph’ for the
above fragmentis shown in Figure1.

Observethatedgelabelshavetheform<type>/<content>
wherethe<type> heretellsuswhatkind of labelit is. Wehave
usedP for the (phonetictranscription)contentsof the .phnfile,
andW for the(orthographicword)contentsof the.wrd file.

Thetopnumberfor eachnodeisanarbitrarynodeidentifier, for
easeof reference,while thebottomnumberis thetimereference.
Wedistinguishnodeidentifiersfrom time referencessincenodes
may lack time references.This maybe becausetimeswerenot
measured,asin typicalannotationsof extendedrecordingswhere
timereferencesmightonly begivenatsentenceboundaries.Or it
maybebecausetime measurementsarenot applicablein princi-
ple,asmayarisewhenanannotationis aphrasaltranslation.This
lastpointis illustratedbelow, wheretime-markedverticesarerep-
resentedasbulletsandnon-time-markedverticesarerepresented
ashollow circles.

�
je �

�

I
��

�
me �

� �
lave�

� �
les �

� �
mains�� �

�

am
� �

�

washing
� �

�

my
� �

�
hands

� 	

Observe thatthereis no meaningfulway of assigningtime refer-
encesto wordboundariesin thephrasaltranslation.

The presentationwill cover comparableexamplesfrom other
annotationmodels,in order to demonstratethe existenceof a
commonconceptualcoreof linguistic annotations.The survey
will includeEmu[1], BAS Partitur[4], theNIST ‘UniversalTran-
scriptionFormat’[3], andthespeechconcordancefacility of LDC
Online[5]. Full detailsandupdatedpointerswill beavailableat
[http://www.ldc.upenn.edu/sb/icslp98.html].

4. AN ALGEBRAIC FRAMEWORK
We maintainthatmost,if not all, existing annotationformats

cannaturallybe treatedasdirectedacyclic graphshaving typed
labelson (someof) the edgesandtime-markson (someof) the
vertices.Wecall these‘annotationgraphs’.

On our algebraicapproach,queriesarenothingotherthanex-
pressionsin a calculusdefinedover annotationgraphs. This
calculusis built up recursively from elementarygraphsby com-
bining themin variousways,includingconjunction,disjunction,
concatenationandKleeneclosure,in theanalogousfashionto the
way regularexpressionsarebuilt up in anRE calculus.Corefer-
enceof arbitraryedgesbetweenconjunctsis accomplishedusing
operationsanalogousto the referenceoperatorsavailablein ex-
tendedregularexpressionformalisms(suchasthatof Perl).

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

After presentingthe modelwe will show how it satisfiesour
desideratafor a linguisticannotationframework anddemonstrate
aprototypeimplementation.
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