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h o�ers a more 
exible approa
h than most existingannotation tools, whi
h were often designed with a spe
i�
 annotation s
heme inmind. Any annotation s
heme 
an be used with the MATE workben
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R�esum�eNous pr�esentons, dans 
et arti
le, la 
on
eption et le d�eveloppement du work-ben
h MATE, un programme pour l'annotation de la parole et des textes �e
rits.Il fa
ilite la visualisation et l'�edition 
exibles de telles annotations, et permet desrequêtes 
omplexes sur un 
orpus r�esultant. Le workben
h o�re une appro
he plussouple que la plupart des outils d'annotation, qui ont souvent �et�e 
on�
us pour unjeu d'�etiquettes sp�e
i�que. Le workben
h MATE permet le traitement de tout jeud'�etiquettes pourvu que 
e dernier puisse s'exprimer en format XML (ratta
h�e ausignal vo
al, si disponible, en utilisant 
ertaines 
onventions). Le workben
h utiliseun langage de transformation pour d�e�nir les �editeurs sp�e
ialis�es qui sont optimalis�espour des tâ
hes d'annotation parti
uli�eres ave
 des visualisations appropri�ees et desa
tions permises 
on�
ues en fon
tion de la tâ
he. Le workben
h est �e
rit dans le lan-gage Java, 
e qui le permet d'être ind�ependant de la plateforme. Cet arti
le d�e
ritl'ar
hite
ture du logi
iel du workben
h et le 
ompare �a d'autres outils d'annotation.1 Introdu
tionThe MATE workben
h is designed to aid the annotation of linguisti
 
orporaand to help users explore the relationships among di�erent stru
tures withinsu
h a 
orpus. The task we wish to support is the annotation of spoken di-alogues, whi
h means we need to support stru
tured annotations on text aswell as relating these to the spee
h signal where available. Annotation is atedious job for humans. Although mu
h resear
h in 
omputational linguisti
shas been devoted to developing trainable automati
 algorithms for annotat-ing 
orpora, it still remains the 
ase that su
h algorithms often require handannotated training data and human post-
he
king to ensure a

ura
y. Usingan annotation tool whi
h is spe
ialised to the annotation task at hand, i.e.one whi
h only shows the information relevant to the task, and only allowsthose editing a
tions whi
h 
ontribute to the task (and optimises the humana
tions required), is probably preferable to a general purpose editor. However,this normally requires writing individual editors for ea
h task.The MATE workben
h provides a general framework for de�ning spe
ialisedannotation editors, and makes the writing of an editor tool for a parti
ularannotation s
heme and parti
ular annotation task relatively easy. This gener-ality is provided by allowing the use of any annotation s
hema 
oded in XML[Bray et al., 1998℄ and by allowing the 
orpus designer to write rule basedtransformations (using the XSLT language [Clark, 1999℄) whi
h des
ribe howthe 
orpus is presented to the annotator and what editing a
tions are avail-able. The workben
h provides a number of pre-de�ned stylesheets for usewith parti
ular annotation s
hemes, but its major strength is that it is pos-sible to write new stylesheets for existing or new s
hemes. We believe thatthe stylesheet language is suÆ
iently high-level for writing stylesheets to be2



signi�
antly easier than writing an editor from s
rat
h. Using the workben
h,the user 
an display and edit existing XML-en
oded 
orpora, add new levels ofannotation, perform queries over part or all of a 
orpus, and display or outputthe results.In this paper we �rst present a review of a number of other annotation tools,followed by an overview of the approa
h we have taken in the MATE work-ben
h. This is followed by des
riptions of ea
h of the major system 
omponentsand the user interfa
e. We then present examples of the workben
h in a
tion,and �nish with a dis
ussion and possible dire
tions for future work.2 ReviewThere are many existing tools whi
h o�er support for annotation, queryingand/or display of spee
h 
orpora, and an extensive list of these, with links, 
anbe found at the Linguisti
 Data Consortium's Linguisti
 Annotation web site[Bird and Liberman, 2000b℄. These tools have been 
reated for many di�erentand sometimes very spe
i�
 purposes, and the MATE workben
h does not aimto repla
e them all, but to o�er a way of 
reating spe
i�
 interfa
es more easilyin future, and to provide a framework whi
h makes it possible to work withmany di�erent annotation s
hemes whi
h are written in a 
ommon format (i.e.XML).Firstly, there are a number of tools whi
h provide detailed interfa
es for tran-s
ription and manipulation of the spee
h signal. The Emu system[Cassidy and Harrington, 2000℄ is written in C++ and runs under Windows,Solaris and Linux, and a

epts many sound formats if run under Unix withthe Edinburgh Spee
h Tools Library [Taylor et al., 1999℄. The user 
an dis-play a spee
h signal in various di�erent formats, and annotate it with la-belled segments or events, and it is also possible to view and edit the la-bels displayed in a hierar
hi
al tree-like stru
ture. The annotations are savedin the same format used by Entropi
 Xlabel (see below) and a s
ript hasbeen written to perform 
onversion to and from the BAS Partitur format[S
hiel et al., 1998℄. Emu also in
ludes a query tool whi
h allows the userto save annotations in a format whi
h 
an then be used for SQL databasequeries. Praat [Boersma and Weenik, 2000℄ runs under all 
ommon operat-ing systems, 
ontains many spee
h analysis algorithms, and also allows la-belling of time intervals and points on multiple tiers. It a

epts many soundformats, and 
ontains a large library of spee
h analysis tools. Annotations aresaved in a format spe
i�
 to this tool. Trans
riber [Barras et al., 2000℄ iswritten in T
l/Tk and runs under Unix, Ma
 and Windows. Using the Sna
k[Sj�olander, 2000℄ sound extension, it a

epts most 
ommon sound �le formats,and 
an pro
ess very large audio �les. The spee
h signal 
an be displayed in3



various ways, and segmentation and labelling windows are syn
hronised withthe spee
h display. Annotation is possible a

ording to some pre-de�ned an-notation s
hemes; annotations are saved in XML format. It is possible totrans
ribe overlapping spee
h, but the other annotation levels are stri
tly hi-erar
hi
al. Entropi
 waves+ and Xlabel [Entropi
, 1996℄ have frequentlybeen used in the past for annotation of spee
h signals, but future support isun
ertain at present.Se
ondly, there are a number of systems whi
h fo
us on higher level annota-tion. The Alembi
 workben
h [Day et al., 1997℄ is designed to fa
ilitate the
onstru
tion of training 
orpora for information extra
tion. Di�erent annota-tion s
hemes 
an be used with the workben
h, but only one annotation 
an bedisplayed at a time, and there is a �xed annotation environment and view ofannotations. It uses a Tipster 
ompliant format [Grisham, 2000℄, and 
an alsooutput annotations in an SGML format, but it does not provide fa
ilities forlistening to or manipulating spee
h signals. The LACITO Ar
hivage tool[Ja
obson et al., 2000℄ displays re
ordings and annotations made by LACITOmembers over the last thirty years; these annotations are stored as XML, andXSL stylesheets are used to provide multiple views of the same data. Displaysare 
onstru
ted from Java applets, and 
an be displayed in any standard webbrowser.Thirdly, there are systems whi
h aim to bring together existing tools. GATE[Cunningham et al., 1996℄ supports modules written in any programming lan-guage. It uses the Tipster ar
hite
ture internally, but also supports SGMLinput and output, and it is now possible to do manual annotations as well,with a single �xed interfa
e. GATE also 
ontains a tool for 
omparing anno-tations, for example one done manually and one automati
ally on the sametext. EUDICO [Grugman and Russel, 1999℄ is platform independent, writ-ten in Java, and 
an be used over the internet with any standard browser. Itallows the user to syn
hronise text presentation with the playba
k of MPEGvideo. It is designed so that new tools and 
orpora 
an easily be added. Itis 
urrently available only in \read-only" version (i.e. no annotation is possi-ble). A su

essful pilot study was 
arried out to investigate the possibility ofa merger of EUDICO with 
omponents from GATE.Three of the tools des
ribed above (Emu, Praat and Trans
riber) providespee
h signal manipulation tools far more sophisti
ated than those 
urrentlyavailable in the MATE workben
h. We envisage that for some purposes, re-sear
hers might wish to do the initial trans
ription from the spee
h signalusing another tool, and then use the MATE workben
h for subsequent levelsof annotation, and for 
reating displays using these annotations. Ex
ept inthe 
ase of Trans
riber, this would ne
essitate transforming the annotationsinto XML. Note that a tool for 
onverting Entropi
 Xlabel format to XMLis already provided with the MATE workben
h (see se
tion 6). Alembi
 and4



LACITO both provide similar fun
tionality to parts of MATE, but tailored tothe needs of their parti
ular proje
ts. Alembi
 provides automati
 annotationoptions far beyond the s
ope of MATE. LACITO takes the most similar ap-proa
h to MATE of all the tools studied, but it is restri
ted to one parti
ulardomain; we would hope that in future if a proje
t has need of su
h a tool,they 
ould more easily build it by writing MATE stylesheets than by build-ing an entire tool from s
rat
h. GATE and EUDICO aim to bring togetherexisting tools and make it easier to use them in a 
ommon framework. TheMATE workben
h also intends to fa
ilitate the display of output of automati
analysis tools - it would be useful to investigate possibilities of integrating theMATE workben
h with one or both of these tools. The workben
h has mu
hin 
ommon with other XML editors and browsers 
urrently being developed,su
h as the Amaya HTML browser/editor [Vatton et al., 1999℄. We go beyondthe s
ope of Amaya by supporting arbitrary annotation s
hemes rather thanjust HTML and by using a more powerful mapping between do
ument anddisplay stru
tures.3 Ar
hite
tureIn this se
tion, we �rst des
ribe the way that XML is used to represent anno-tations, and then the format in whi
h the XML data are stored internally inthe MATE workben
h.3.1 XMLXML has proved to be a widely used and e�e
tive format for annotating textand spee
h 
orpora, and a number of proje
ts, in
luding the Text En
od-ing Initiative (TEI) [Ide and V�eronis, 1995℄ and the Corpus En
oding Stan-dard (CES) [Ide et al., 2000℄, have developed general purpose SGML stan-dards for linguisti
 annotation. XML's 
exible hierar
hi
al stru
ture mat
heswell with many kinds of linguisti
 representation, and the MATE workben
huses XML as its input/output format, and uses a similarly stru
tured inter-nal data model. However, the stri
tly hierar
hi
al nature of XML is at oddswith 
ertain aspe
ts of linguisti
 (parti
ularly spee
h) data; in multi-speakerdialogues, spee
h may overlap, and di�erent annotation hierar
hies 
oded ona 
orpus may also overlap, su
h as prosody and syntax.One way to indi
ate this non-hierar
hi
al stru
ture in XML is by the use ofstando� annotation [Isard et al., 1998℄. Linking between elements is done bymeans of a distinguished href attribute of elements, whi
h uses a subset of theXPOINTER and XLINK proposals [DeRose et al., 1999,DeRose et al., 2000℄5
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PosFig. 1. Internal representation of example with interse
ting hierar
hiesto point to arbitrary elements in the same or di�erent �les. Su
h attributesare often 
alled hyperlinks. The TEI and CES s
hemes propose a number ofways of representing interse
ting hierar
hies and overlapping spee
h segments,whi
h usually use XML attributes of type ID/IDREF to build non-hierar
hi
allinks between elements in the same do
ument. It would be possible to use su
ha me
hanism in the workben
h, although we have preferred to use hyperlinks(whi
h are ID/IDREF links extended to deal with referen
es in di�erent �lesand to ranges of elements) and to use expli
it start and end attributes torepresent time.Our extended data model allows us to represent overlapping or 
rossing anno-tations. The following quasi-XML (whi
h is not well-formed a

ording to theXML spe
i�
ation) would represent a 
ase where a 
ontrastive marking is onthe subje
t and verb and 
rosses a <vp> 
onstituent.<np><
ontrastive><det>the</det><n>
at</n></np><vp><v>sat</v></
ontrastive> <pp><pos>on</pos><det>the</det><n>mat</n></pp></vp>This example 
ould be represented in well-formed XML as shown below.<np><det id="x1">the</det><n id="x2">
at</n></np><vp><v id="x3">sat</v><pp><pos id="x4">on</pos><det id="x5">the</det><n id="x6">mat</n></pp></vp><
ontrastive href="id(x1)..id(x3)"/>When the above XML is read into the MATE internal representation (seese
tion 3.3), a normal tree stru
ture is built for the <np> and the <vp>elements. When the <
ontrastive> element is read and a node for it is 
reated,be
ause its href attribute refers to already existing elements, it is linked tothe 
orresponding already existing nodes. The workben
h, in e�e
t, interpretsthe input XML to 
onvert href attributes into referen
es to other elements,providing a way to build non-tree stru
tures (see the dis
ussion in se
tion 3.3).The �nal internal representation of this example is shown in �gure 1. Note thatthe <
ontrastive> element 
ould be in a di�erent �le from the other elements.Stando� annotation (where hyperlinks 
an refer to elements in the same or a6
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OutputFig. 2. MATE workben
h software ar
hite
turedi�erent �le) is not essential, but it provides a way of fa
toring annotationsand is very useful if multiple versions of an annotation layer are required, forexample to 
ompare annotations by di�erent 
oders.3.2 Software Ar
hite
tureThe ar
hite
ture of the MATE workben
h 
onsists of the following major
omponents, as illustrated in �gure 2:An internal database whi
h is an in-memory representation of a set of hy-perlinked XML do
uments. There are fun
tions for loading and outputtingXML �les into and out of the database (see se
tion 3.3).A query language and pro
essor whi
h are used to sele
t parts of thisdatabase for subsequent display or pro
essing (see se
tion 4).A stylesheet language and pro
essor whi
h respe
tively de�ne and im-plement a language for des
ribing stru
tural transformations on the database.The output of a transformation applied to a do
ument 
an either be an-other do
ument in the database or a set of display obje
ts. These are usedto de�ne how the database will be presented to the user (see se
tion 5).A display pro
essor whi
h is responsible for handling the display and edit-ing a
tions. This takes the display obje
t output of a stylesheet transforma-tion and shows it to the user (see se
tion 5.3).A user interfa
e whi
h handles �le manipulation and tool invo
ation (see7



se
tion 6).The workben
h is written entirely in Java 1.2, whi
h means that it is platform-independent. We have tested it on Unix (Solaris) and Windows (NT and 98)but it does not 
urrently run on Ma
intosh 
omputers be
ause there is notyet a version of JDK1.2 for this platform.There is always a tradeo� between generality and spe
i�
ity in software de-sign, and spe
ialised fa
ilities in annotation tools (e.g. automati
 annotation)will always require the writing of spe
ialised software. However, we think thatit is worthwhile to have a 
ommon framework that supports �le I/O, databasehandling, query support and 
exible display fa
ilities into whi
h this software
an be slotted, rather than building spe
i�
 tools. No one tool 
an do ev-erything, so the MATE workben
h allows the reuse of other software, eitherby using XML as a data inter
hange format, or by 
alling other Java mod-ules whi
h a

ess the internal representation and the MATE display stru
tureusing de�ned interfa
es.3.3 The Internal RepresentationAt the heart of the workben
h is a database whi
h 
ontains a representationof the XML �les whi
h have been loaded into the workben
h. The abstra
tdata model that we use is a dire
ted graph, and any dire
ted graph 
an berepresented in the model. Ea
h node in this graph has a type name (e.g. word,phrase, or other arbitrarily 
hosen name), a set of string-valued attributes anda list of 
hild nodes (
orresponding to outgoing edges from the node). Edgesin the model are unlabelled. A node may have several di�erent parent nodes,but ea
h node has (at most) one distinguished parent node whi
h 
an be usedto treat the graph as an edge-disjoint set of trees. This view of the graphis useful for algorithms whi
h require a tree stru
ture, su
h as writing theinternal representation out to a set of �les, applying the stylesheet pro
essor,or asking questions about the linear order of two elements.The semanti
s or interpretation of the data model is 
exible and may varydepending on the requirements of the annotation s
hemes used. A 
ommon,but not ne
essary, interpretation of a node and the parent-
hild relation isthat a node represents a segment of spee
h and its 
hildren represent a �nersub-division of the same segment of spee
h, where the order of the 
hildren
orresponds to the temporal order. Links to spee
h or other data �les arestored as attributes of these nodes (for example as time o�sets). But there isno reason why one 
ould not have an element <or> whose 
hildren representedalternative des
riptions of the same segment of spee
h.The mapping from XML-en
oded �les to this data model is fairly straight-8



forward. As ea
h XML �le is read into the database, ea
h XML element andpie
e of text is represented as a new node, whose type is the name of theXML element (or \#PCDATA" for text). Attributes are 
opied over (takingdefault values from the XML Do
ument Type De�nition (DTD) if required).The parent-
hild relation is that derived from textual in
lusion in the XML�les, and the distinguished parent of a node is the node of the textually en-
losing XML element. This gives us a set of trees, one per loaded �le. As a�nal stage of loading, elements whi
h are hyperlink sour
es (i.e. whi
h havehref attributes), have additional (non-distinguished) parent-
hild links addedto them. The href attribute is evaluated to give a list of other nodes in theinternal representation, and ea
h node in this list is then added as a new 
hildof the sour
e node. This gives us the ability to represent arbitrary dire
tedgraphs in XML. The expansion and evaluation of hyperlinks is not stri
tlyne
essary, but it makes for a more uniform representation, as textual in
lu-sion of elements and hyperlinks are treated on an equal footing. This makesit easier to evaluate queries whi
h traverse hyperlinks.Outputting the 
ontents of the internal representation ba
k to a set of XML�les 
onsists of writing a �le for ea
h root node (those with no distinguishedparents) and writing ea
h des
endant out re
ursively as XML, repla
ing non-distinguished 
hildren by hyperlinks. Normally these hyperlink href attributes
an be added to existing elements but in some 
ases, new dummy elementsmust be 
reated to hold the attribute. For example, if an element has three
hildren, the �rst and third of whi
h are in the same do
ument as the parent,but the se
ond of whi
h is in a di�erent �le, then we need a dummy elementbetween the �rst and third elements whi
h referen
es the element in the dif-ferent �le. This does not 
hange the 
ontents of the internal representationon
e these �les are read ba
k in, as the loading software 
an re
ognise andrepla
e the dummy elements by a referen
e to the 
orre
t element .3.4 Implementation of the Internal RepresentationThe internal representation is implemented as a database of triples of <nodeidenti�er, property name, property value>. Properties generalise the attributesof an XML element and most are string valued, but some (e.g. the *
hildrenand *anyparent properties) have values whi
h are lists of referen
es to othernodes in the internal representation. As an extension to the standard Do
u-ment Obje
t Model (DOM) [Wood et al., 2000℄, DTDs are also represented asobje
ts in the database. The types of nodes and their interrelationships areshown in �gure 3. This representation of the database makes it easy for thequery language (see se
tion 4) to express general questions about the annota-tions. 9
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Fig. 3. A partial s
hema for the MATE internal representationMost uses of this data model for des
ribing 
orpora so far have resulted ingraphs whi
h are a
y
li
 (i.e. ones in whi
h by following 
hild pointers froma node one never rea
hes the node or any of its an
estors again), but weare not yet sure whether we want to enfor
e this restri
tion. Our data modelis similar to the semistru
tured data model proposed by the Lore proje
t[Goldman et al., 1999℄, whi
h has also been used as a way of representingXML. However we use XPOINTER [DeRose et al., 1999℄ attributes ratherthan IDs for hyperlinking, sin
e that allows us to link a
ross �les withoutassuming a single ID namespa
e a
ross all �les. In addition we amalgamateelements linked to by href s and textual 
hildren into the same parent-
hildrelation.A set of XML �les is a valid MATE annotation if ea
h �le is an XML do
u-ment whi
h is valid with respe
t to its DTD. We do not 
urrently 
he
k anyrestri
tions on hyperlinks between the �les, and there is therefore no way toensure that all hyperlinks from utteran
e annotations referen
e word anno-tations. It would be relatively easy to add this further level of 
he
king tothe workben
h, to make sure that the 
hildren of ea
h node are lo
ally well-formed after hyperlinking. However, in the present version, one 
ould write astylesheet that uses the query language to �nd words that violate this 
on-straint (i.e. an utteran
e that 
ontains a non word) and display them in anerror window. This approa
h to extended XML validity 
he
king is similar inspirit to the S
hematron proposal [Jelli�e, 2000℄.An important point in the workben
h design is that it is re
exive; all informa-tion about the system is kept in a similar format in the internal representation.Query results and stylesheets, whi
h des
ribe the appearan
e of the user in-terfa
e are all stored in the same format. This approa
h has a number of10



advantages. One of these is that we 
ould use the workben
h itself to providean editor for writing stylesheets, or transformations 
ould be used to 
onvertstylesheets into other stylesheets in a programmati
 way. More importantly,sin
e the internal representation stru
ture is isomorphi
 to the stru
ture of anXML �le, query results 
an be output as XML �les, and 
an be displayed tothe user in a number of formats a

ording to the stylesheet used. In parti
ular,sin
e query results 
ontain pointers to the elements that satisfy the query, wehave the option of either displaying results separately from the 
orpus or ofhighlighting elements in 
ontext.4 The MATE Query Language Q4MThe linguisti
 annotation of spee
h data is not an end in itself, but an invest-ment for later inspe
tion and analysis of the data. The purpose of performinga query on this annotation may not only be the identi�
ation of expli
itlyen
oded information, but also the retrieval of information that 
an only bederived by manipulation of existing information [Heid and Mengel, 1999℄. Thisimplies that we need a query language that is both suited to our data modeland suÆ
iently expressive to allow a wide range of queries.XML is now being used for purposes and domains previously 
overed by rela-tional databases [Abiteboul et al., 2000℄. Be
ause XML is strongly hierar
hi-
al and its stru
ture is 
exible (it is possible, for example, to have optionalor repeated elements), its stru
ture is not quite in line with relational modelswhi
h prefer a �xed s
hema and a normalised form. This has led to a largenumber of proposed XML query languages [Mar
hiori, 1998℄ more suited tothe data model. Similar work has also been done in the database 
ommunityon developing query languages for data models whi
h are more 
exible thanrelational models, su
h as the work on semistru
tured databases by the Loreproje
t [Goldman et al., 1999℄.We nonetheless 
hose to develop our own query language and pro
essor (Q4M).The reasons were: (1) when we started our work, there was no XML querymodule available in Java; (2) there is still no standard in this area; (3) weneeded the query pro
essor to intera
t well with our internal database; and(4) we needed an extended data model that was an arbitrary dire
ted graphand not just a tree stru
ture. [Murata and Robie, 1998,Abiteboul et al., 2000℄
ontain dis
ussions of general 
onsiderations of query languages in the XMLworld. A query language appropriate for the data model must make XML
onstru
ts like element, attribute and attribute value a

essible. We need tobe able to a

ess elements either dire
tly, via some 
onstraint, or indire
tlyby following the parent-
hild links in the database. In addition, the order of
hildren in the data model is linguisti
ally signi�
ant, so we need to query on11



(1): ($p pros) $p refers to <pros> elements(2): ($s sent) $s refers to <sent> elements(3): ($w word); $w refers to <word> elements(4): ($s.type � "ans") && <sent> type attribute value is "ans" AND(5): ($s.who � "Mary") && <sent> who attribute value is "Mary" AND(6): ($s ℄[ $w) && <sent> immediately pre
edes <word> AND(7): ($w.pos � "adv" ) && <word> pos value is "adv" AND(8): ($w.who � "Peter") && <word> who value is "Peter" AND(9): ($w � $p) && <pros> element o

urs during the <word> AND(10): ($p.type � "H*") <pros> type value is "H*"Fig. 4. An example Q4M query.this order.We also want to be able to return tuples of elements, that is 
ombinationsof elements with spe
i�
 properties, pairs of elements with 
omparable prop-erties, elements in a hierar
hi
al relation and so on. Some query languagessu
h as XML-QL [Deuts
h et al., 1998℄ and SgmlQL [LeMaitre et al., 1996℄do provide result tuples but this feature goes beyond some other XML querylanguages (su
h as the one de�ned in XSLT) whi
h are restri
ted to returninglists of elements. The following example is a query whi
h requires tuples:Find all adverbs spoken by Peter whi
h in
lude an \H*" a

ent, and follow dire
tlyafter an answer by Mary.Figure 4 shows the equivalent query expression in Q4M syntax. The Q4M ex-pression has a variable de�nition part (1-3) and a query 
onstraint part (4-10).Various mathemati
al operators, string operators, wild 
ards, and group op-erators are available for atomi
 expressions, and expressions 
an be 
ombinedby logi
al operators (in this example &&); logi
al OR (jj) and negation (!)are also allowed. Combinations of simple expressions 
an be grouped togetherusing parentheses. The query in �gure 4 also demonstrates the use of time rela-tions available in Q4M, e.g. `�' (temporal in
lusion) and `℄[' (temporal 
onta
t)(see also [Mengel, 1999a℄). These temporal relations are shorthand for more
omplex operators on the attributes of an element, and rely on a parti
ular
oding of the 
onne
tion between annotation and spee
h, so `$a ℄[ $b' is thesame as `($a.end == $b.start)'. If times are 
oded as 
oating point numbers,a user de�ned toleran
e would be a useful addition here. Regular expressions
an be used instead of element names to denote a range of names. Immedi-ate and non-immediate dominan
e relations are provided by the `1^' and `^'operators, and linear pre
eden
e among 
hildren of an element is provided bythe `<<' operator. Figure 5 shows an overview of the operators available inQ4M.The result of a query is a list of tuples of nodes in the internal representationthat mat
h the query; in the example given above, these would be tuples of12



Fig. 5. List of de�ned Q4M operators($p, $s, and $w) elements. The output of Q4M is then stored as a new stru
turewithin the internal representation where it 
an be a

essed for display to theuser or be used for subsequent manipulation within the workben
h. Within theMATE workben
h, there is an intera
tive query formulation tool that assiststhe user when produ
ing queries, as des
ribed in se
tion 6. Further informationabout the MATE query language in
luding a grammar and implementationdetails 
an be found in [Mengel, 1999a℄.
5 MATE stylesheets and displayIn order to support 
exible display and editing of 
orpus �les, we require a
exible mapping between the logi
al stru
ture of the data and the displaystru
ture. We might want to highlight 
ertain elements whi
h satisfy somequery, only display a summary of the do
ument, or omit 
ertain parts ofthe stru
ture. This 
exibility helps in the exploration of the 
orpus and en-ables users to write spe
i�
 editors for parti
ular annotation tasks. To providethis 
exibility, �rstly we assume (as is fairly standard in user interfa
e de-sign) that the visual appearan
e of a displayed do
ument 
an be de
omposedinto display obje
ts (se
tion 5.3) whi
h form a hierar
hi
al stru
ture, su
has XHTML[Pemberton, 2000℄ or Java display obje
ts [E
kstein et al., 1998℄.This display stru
ture 
an then be des
ribed as an XML do
ument. Formu-lated this way, the transformation between logi
al and display stru
tures is amapping from a dire
ted graph to a tree. A suitable method of des
ribing su
hmappings is to use a programming language based on stru
tural re
ursion (seefor example [Abiteboul et al., 2000, pp 101�℄).13



<senten
e><det>The</det><noun>
at</noun><verb>sat</verb><pos>on</pos><det>the</det><noun>mat</noun></senten
e>
<msl:stylesheet><msl:template mat
h="($a senten
e)"><Verti
alList><msl:apply-templates/></Verti
alList></msl:template><msl:template mat
h="($a noun)"><TextBox 
olour="Red"><msl:apply-templates/></TextBox></msl:template><msl:template mat
h="($a *)"><TextBox 
olour="Bla
k"><msl:apply-templates/></TextBox></msl:template></msl:stylesheet>Fig. 6. An example XML �le and asso
iated stylesheet5.1 Stylesheet Language and Pro
essorWe have de�ned a de
larative, fun
tional, tree-transformation language formapping a logi
al do
ument stru
ture into a di�erent do
ument stru
ture. Theemerging standard in this area is XSLT, but sin
e it was not fully de�ned whenthe workben
h was designed, and still la
ks some fun
tionalities ne
essary tous, we de
ided to implement a slightly di�erent and simpler transformationlanguage, MATE Stylesheet Language (MSL), for our needs. MSL uses theMATE query language des
ribed above (se
tion 4), allows the stylesheet writerto a

ess information from the DTD, and provides a simple fun
tion languagebut is otherwise similar to XSLT. Transformation spe
i�
ations written inXSLT or MSL are 
alled stylesheets; ea
h stylesheet 
onsists of one or moretemplates and ea
h template 
ontains a query against whi
h elements in theinput do
ument(s) are mat
hed and a set of instru
tions to follow if a mat
his found. These instru
tions will often in
lude one to re
ursively pro
ess the
hildren of the mat
hing node, hen
e `stru
tural' re
ursion.Figure 6 shows an example XML �le, and an example stylesheet whi
h pro-du
es MATE display obje
ts. It uses three templates to 
reate display obje
tswhi
h will 
ause nouns to be displayed in red, while other words will be dis-played in bla
k. Ea
h element in the XML �le will be 
ompared in turn againstthe queries in the templates until a mat
h is found, and then the body of thetemplate will be pro
essed. The instru
tion <msl:apply-templates/> will
ause the 
hildren of the element to be pro
essed in their turn, and when thetext 
hildren of an element are pro
essed, a default rule adds their text to thedisplay stru
ture.In order to de�ne editing interfa
es we need to be able to give the user lists14



of allowed element names, attribute names and allowed attribute values; thisinformation is de�ned in the DTD of the annotation s
heme. It is thus ne
es-sary to be able to refer to this information in stylesheets, for example to 
reatea menu of allowable attributes. We have done this by adding new 
ommandsto the stylesheet language whi
h provide iterators over element and attributede�nitions in the DTD. An alternative approa
h, 
urrently being developed bythe XML S
hema [Thompson et al., 2000℄ working group of the World WideWeb Consortium (W3C) and others, is to say that DTDs are not a suÆ
ientlyexpressive data modelling language, and to seek to de�ne an extended s
hemalanguage for XML. Su
h a s
hema language 
an be 
oded in XML itself andhen
e the standard XSLT queries and operations 
an be used to a

ess s
hemainformation.When the stylesheet pro
essor is run, one must spe
ify a stylesheet writtenin MSL as des
ribed above, and a do
ument or set of linked do
uments totransform. Normally, the stylesheet pro
essor 
reates a display stru
ture whi
his then pro
essed by the display pro
essor (se
tion 5.3) to show something tothe user. It 
an also be run in an alternative mode, where the input do
ument
an be transformed into an arbitrary output do
ument stru
ture in the internalrepresentation, thus providing for transformations of the 
orpus annotations.
5.2 User A
tionsIn order to allow the user to intera
t with displays 
reated with MATE displayobje
ts, we have added 
ertain a
tion properties to ea
h obje
t whi
h de�newhat will happen if for example a user 
li
ks on an obje
t in the display. Whenone of these display a
tions o

urs, 
ode in one of the attributes of the displayobje
t des
ribes the resulting behaviour. The 
ode is written in a Lisp-likesyntax whi
h allows any Java method to be 
alled. The basi
 idea is that the
ode 
an manipulate the internal representation and/or the display obje
ts.In this way, user a
tions on the display stru
ture 
an modify the internal rep-resentation. We provide a `redisplay' method, whi
h reruns the stylesheet onthe modi�ed part of the database and redisplays the output. A method is pro-vided for spee
h playba
k (given a spee
h �le and start and end times, whi
h
an 
onveniently be expressed as attributes of an element). Finally, methodsare provided for invoking other programs or user interfa
e 
omponents su
has the query formulation window or the waveform display window. We arenot entirely satis�ed with the a
tion syntax, sin
e it is probably too 
omplexfor the average stylesheet designer, but it has enabled us to experiment withediting a
tions. In future work we will look at de�ning a set of 
ommon editingparadigms, so that stylesheet writers will be able to use these without havingto know about the 
ode that does the modi�
ations of the database.15
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Fig. 7. Linking display obje
ts and 
orpus elementsBe
ause we want a
tions on the user display to have e�e
ts on the underly-ing 
orpus (i.e. we want to support editing), we need to keep ba
k-pointersfrom the display obje
ts to the parts of the 
orpus whi
h they refer to. Sin
eea
h display obje
t was 
reated by the instantiation of some template in thestylesheet, whi
h mat
hed against an element in the input do
ument, this 
on-
ept of ba
k-pointer 
an be de�ned in a 
onsistent way (as shown in �gure7).5.3 Display obje
tsWe have de�ned a set of Java 
lasses for di�erent types of MATE display ob-je
ts whi
h are based on the Java Swing user interfa
e 
lasses[E
kstein et al., 1998℄. At present, only a limited number of display obje
ttypes have been implemented in the workben
h: lists, tables, menus, soundplaying, waveform display, and text. However, the workben
h is set up so thatit is possible to write new Java 
lasses of display obje
ts to provide the desiredfun
tionality. A new 
lass must support a de�ned interfa
e, whi
h is similar tothe interfa
e required for Java user interfa
e obje
ts. At the time of writing,we are in dis
ussion with other groups to extend the range of display obje
ttypes that we support. For example we have re
ently added a display obje
twhi
h displays do
ument stru
ture as a tree using the Java interfa
e 
lasses. Inaddition, we have de�ned an XML DTD whi
h des
ribes the format of alloweddisplay obje
t stru
tures to provide do
umentation and to allow validation ofstylesheets.
6 Using the MATE Workben
hIn this se
tion, we provide a brief des
ription of the MATE workben
h froma user perspe
tive. In order to use the workben
h on a 
orpus, one needs a16



proje
t dire
tory whi
h 
ontains the �les relating to this 
orpus. The work-ben
h 
omes with several demonstration dire
tories, whi
h ea
h 
ontain someXML �les and DTDs, stylesheets, a MATE proje
t �le whi
h 
ontains a listof all the �les whi
h belong to this proje
t, and some run �les whi
h spe
ifya stylesheet to be applied to some XML �les to 
reate a parti
ular display.6.1 Starting up the Workben
hWhen the workben
h is started, a �le 
hooser menu appears, and the user
an sele
t a proje
t whi
h 
an then be run to display a parti
ular interfa
e,
ausing a list of the �les referen
ed by the proje
t �le to appear in the right-hand window. An interfa
e 
onsists of one or more windows, whi
h 
an ea
h
ontain a spee
h player, or a number of panes of text. Some example interfa
esare des
ribed in the next se
tion.Querying fun
tions 
an be 
alled in two ways: 1) the proje
t on whi
h thequery is to be performed 
an be 
hosen from a menu in the startup window,without 
reating a display; 2) if a display has already been 
reated, the proje
tunderlying the display will be queried. Both of these methods bring up a querywindow whi
h intera
tively guides the user through the pro
ess of 
omposinga query. The results of the query are displayed in a list, and if a display isalready present, 
li
king on an element in the list repositions the main displayon that element.Conversion tools 
an be 
alled from the startup window; we 
urrently havetwo available. One 
onverts from Entropi
s Xlabel format to a simple XMLformat, 
reating an element for ea
h label (by default 
alled \word") withstart and end time attributes and 
ontent from the label. The fragment0.3654 26 the0.8234 26 
atbe
omes<word start="0.0000" end="0.3654">the</word><word start="0.3654" end="0.8234">
at</word>The other tool performs a 
onversion from the BAS Partitur format[S
hiel et al., 1998℄ into an XML format { this parti
ular format is one ofmany possible XML representations.The workben
h in
ludes an audio player program whi
h supports the play-17



Fig. 8. A MATE interfa
e for displaying 
ommuni
ation problems markuping of �-law en
oded spee
h �les and provides limited fa
ilities for segment-ing and labelling portions of spee
h. Other sound �le formats 
an be 
on-verted to this format using a publi
ly available 
onversion program su
h asSoX [Norskog, 1995℄, although a 
onversion program built into the workben
hwould be desirable. The audio player window 
an be started in two ways:1) from the main tools menu, in whi
h 
ase the user is prompted for a �le-name, or 2) by the sele
tion of an audio �le in the right-hand side of the �le
hooser menu. This tool provides a s
alable waveform display, standard play-ba
k fun
tions and the display of intonation 
ontours if these are provided.When a segment of spee
h has been sele
ted, it is possible to use a simpletrans
ription fun
tion, whi
h produ
es an XML element with an id, start andend times, and a label, and this 
an be saved to a �le. We do not envisagethat users will want to use the MATE audio tool for large-s
ale trans
riptionexer
ises as there are existing tools better suited to this purpose.6.2 Example Interfa
esIn this se
tion we present some examples of the MATE workben
h in a
tion.Both these examples use 
olours in order to make the interfa
e 
learer forthe user. The display in �gure 8 shows a human-ma
hine dialogue kindly pro-vided by TRIPS [Ferguson and Allen, 1998℄, whi
h has been annotated usingthe MATE Communi
ation Problems annotation s
heme [Klein et al., 1998℄,[Mengel, 1999b℄. In the top left pane, the �rst two 
olumns 
ontain a tran-18



Fig. 9. A MATE interfa
e for annotating and playing Map Task dialogue movess
ription of the dialogue, segmented into user (U) and system (S) utteran
es.The third 
olumn 
ontains a list of the 
ommuni
ation problems whi
h o
-
urred during ea
h utteran
e, and the fourth a list of notes asso
iated withea
h utteran
e. The bottom left pane 
ontains the full text of all the notespertaining to the dialogue, and the bottom right pane a full des
ription of ea
h
ommuni
ation problem. The top right pane shows a list of all the possibletypes of 
ommuni
ation problem a

ording to this annotation s
heme.Figure 9 shows the display 
reated by running a stylesheet on a set of HCRCMap Task �les. The left pane 
onsists of a list of possible dialogue move typesfrom the Map Task annotation s
heme [Carletta et al., 1997℄, and the rightpane shows the trans
ript of the dialogue, already divided into moves. ThePLAY button above ea
h se
tion of text allows the user to hear the re
ordingof the following dialogue move. This example interfa
e allows the user to labelea
h dialogue move with the appropriate move type from the list in the left-hand pane, by 
li
king on the move to be annotated, and then on the movetype. This 
auses the 
hosen label to appear after the speaker name (giver orfollower) in the right-hand pane. In this example, the �rst two moves on thes
reen have already been annotated, but the remainder have not.Ea
h of these interfa
es is just one example of how one might 
hoose to displaythe data. By writing another stylesheet, it is possible to 
reate a di�erentdisplay whi
h suits the needs of a di�erent user.19



7 Evaluation and Dis
ussionAt the time of writing, the MATE workben
h is undergoing evaluation bymembers of the MATE proje
t and its panel of advisors. There is not yeta full-s
ale evaluation of how well the software works on a large annotationproje
t, whi
h is essential to fully demonstrate the validity of our approa
h.However, we have developed a number of di�erent annotation s
hemes andstylesheets for these s
hemes and these are available with the workben
h.From our evaluation of these s
hemes and the HCRC Map Task 
orpus we
an say that the workben
h provides a 
exible and powerful way of displaying
omplex annotations. We have found that writing stylesheets is an easy wayto tailor displays to fo
us attention on parti
ular aspe
ts of the data. Thequery language allows one to extra
t parts of the 
orpus based on 
omplex
riteria, and is also 
entral to the power of the stylesheet transformations. Thea
tion language provides us with the ability to 
reate and modify annotations,although further work is needed to make writing stylesheets that 
ontain a
-tions easier. More work is needed to do
ument the interfa
e to the databaseto allow other 
ode to a

ess it.
7.1 Dis
ussionThere are a number of ideas underlying the stru
ture of the MATE workben
h,whi
h we believe are important qualities for any spee
h annotation system tohave.(1) Be
ause of the similarities between spee
h annotations and other kindsof annotation, one should situate the development of spee
h annotationtools into the broader 
ontext of XML editors and browsers. The sameis true for query languages. This is not to deny that handling spee
hrequires spe
ialised software, as does the annotation of video data.(2) As linguisti
 annotations of a 
orpus be
ome more 
omplex, for exampleby in
luding many di�erent types or versions of annotation, it be
omesvery useful to have 
exible options for displaying the data. If one 
ansele
t and highlight parti
ular aspe
ts of the data, it is then possible touse browsing as a way of building intuitions about the stru
tures in thedata and as an aid to the formulation of hypotheses whi
h 
an later be
on�rmed using the query language. Similarly, the ability to de�ne editorstailored to parti
ular annotation tasks 
an speed up annotation 
reationor 
he
king. We suggest that the use of a high level transformation lan-guage to provide a 
exible link between logi
al stru
tures and display20



stru
tures is the 
orre
t way to provide su
h fa
ilities.(3) The system design should be re
exive { de�nitions of user interfa
es,query results, and 
orpus des
riptions should all be in the same formatand expressible in the same data model. If query results are representedas do
uments, they 
an be saved as �les (be
oming part of the 
orpus)and the stylesheet language 
an then be used to de�ne how they willbe displayed. If stylesheets or 
orpus des
riptions (whether DTDs, XMLS
hemas or textual 
omments) are represented as do
uments, we 
an usethe workben
h to write spe
ialised editors to 
reate them, as well as usethe information (su
h as default and allowed values) they 
ontain to writestylesheets to display the annotated 
orpus.(4) In order to handle the 
omplexity of linguisti
 annotations the data modelneeds to extended from trees to general graphs. The query and trans-formation languages used should re
e
t this data model. This point isgenerally a

epted, as demonstrated by the other papers in this volume,although there are di�eren
es between the proposed models. For exam-ple, the three data types implemented in [Taylor et al., 2000℄, 
an also berepresented in the MATE model, although Taylor's implementation maybe more eÆ
ient. Another useful feature of Taylor's data model is theprovision of 
al
ulated or 
onstrained attribute values. The data modelproposed in [Bird and Liberman, 2000a℄ would seem to be useful for 
aseswhere there is massive ambiguity or overlap between annotation segmentssu
h as word latti
es generated by spee
h re
ognisers, where the MATEmethod of hyperlinks 
ould be
ome rather verbose. By 
arefully distin-guishing between abstra
t data model, implementation and inter
hangeformats, it should be possible to a
hieve 
onvergen
e between these dif-ferent proposals.(5) The display pro
essor should be extensible, so that it is easy to add newdisplay options, for example to add tree/graph displaying 
apabilities.
7.2 Future dire
tionsThe transformation language and the data model need to be extended toen
ompass dynami
 interfa
es and the updating of the do
ument stru
ture,whi
h are ne
essary to support the editing of 
orpus annotations.We have 
hosen an ar
hite
ture where entire �les are loaded into memoryand pro
essed as a group. The alternative would be to provide a streaminginterfa
e where larger �les were read and pro
essed a se
tion at a time, andthe extent of a se
tion would be de�ned by a query on the XML stru
ture ofthe �le. If we were to re-implement the workben
h, we would re
onsider us-ing the XSLT query and transformation languages (on
e they be
ome de�ned21



as standards). However, they would need to be extended to support DTD a
-
ess, hyperlinked do
uments and the more extensive 
apabilities of the MATEquery language before we 
ould do this. In addition, we would 
onsider usinga separate database program to support the internal representation, whi
hwould provide faster a

ess to larger 
orpora.7.3 AvailabilityAt the time of writing, the MATE workben
h is undergoing evaluation bymembers of the MATE advisory panel. To get further do
umentation on theworkben
h and to obtain a 
opy of the software, please 
onsult the MATEworkben
h web page at http://www.ltg.ed.a
.uk/software/mate/.
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