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1. Introduction

ThePrage Dependacy Treebak (PDT, asdescribede.g.,in (Haji¢, 1998) or morerecetntly in (Haji¢, Pajas
andVidova Hladkg, 2007) is a projectof linguistic annotatio of appra. 1.5 million word corpts of naturdly
occuring written Czechon threelevels (“layers”) of complity anddepth morpholagical, analytical,andtec-
togrammatical. The aim of the project is to have a refererte corpus annotatedy usingthe accumulatedindings
of the PragueSchoolas muchas possible while simultaneasly shaving (by expeliments,mainly of statistical
natue) thatsuchaframework is notonly theoetically interestingout possiblyalsoof practicaluse.

In this cortribution we wantto shaov thatthe deepesttectogammatical)layer of representationof sentence
structue we use whichrepiesentslinguistic meanimy” asdescribedn (Sgall,Hajicova andPanesova, 198) and
which alsorecord certainaspect®f discoursestructue, hascertainpropertiesthatcanbe effectively usedin ma-
chinetranslatiort for languagsof quite different natureat the transferstage.We believe thatsuchrepesentation
notonly minimizesthe“distance”betweerangua@satthislayer, but alsodeleggatesindividuallanguag pherom-
enawherethey belorg to - whetherit is theanalysistransferor geneation processesyegardlessof methalsused
for perfaming thesesteps.

2. The Prague Dependency Treebank

The PragueDepenleny Treelankis a manuallyanndatedcorpus of Czech. The corpus sizeis appox. 1.5
million words(tokers). Threemaingrouws (“layers”) of anndationareused:

¢ themorphologcal layer, wherelemmasandtagsarebeinganndatedbasedn their context;
e theanalyticd layer, whichrouchly correspndsto the surfacesyntaxof thesentence,
¢ thetectogammaticalayer, or linguistic meanirg of thesentencén its context.

In geneal, unique annotatio for every sentencéandthuswithin thesentencaswell, i.e. for every token)is used
on all threelayers. Humanjudgmentis requiredto interpret the text in question; in caseof difficult decisions,
certain“tie-breaking”rulesarein effect (of rathertechnicalnature) no attempthasbeenmadeto definewhattype
of disambigationis “proper” or “improper” atwhatlevel.

Techncally, the PDT is distributedin text form, with an SGML markip throughou. Tools are provided for
viewing, searchingandeditingthe corpts, togethe with somebasicCzechanalysistools (tokenizatia, morghol-
ogy, tagging suitablefor various expeliments. The datain the PDT are organizedin sucha way that statistical
experimentscanbe easily conparedbetweervariows systems the datahave beenpre-divided into trainingand
two setsof testdata.

In the presehsectionwe describebriefly the Prage Depenéng Treebak structue andits history

2.1. Brief History of the PDT

The PragueDepen@ng/ Treebankprgect hasstartedin 199%6 formally astwo prgects,onefor specification
of the annotatim scheme,and anotter one for its immediate“validaion” (i.e., the actualtreebaning) in the
Institute of Formal and Applied Linguistics, Faculty of Mathematicsand Physicsat CharlesUniversity, Pragee.
The annotatia partitself hasbeencarriedout in its Linguistic DataLab. Therehasbeenbroal cogerationat

*  Supporteddy the Ministry of Educationof the CR ProjectLNO0A0063andby the NSFGrant0121285.

1. We supposeghe “classic” designof an MT system,namely Analysis- Transfer- SynthesidGeneration).Although we
believe thatoverall, our representatiogoesfurtherthanmary othersyntactico-sematic representationof sentencestructure,
we arefar from calling it aninterlingua,sinceit canin generalhave differentrealizationin differentlanguagedor the same
sentence.
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1) Od vlady cekame autonaonni ekologickou politiku
od vliadc Cekat autonanni ekologicka politika
RR--2-—----- NNFS2----A-- VB-P---1PAA- AAFS4---1A-- AAFS4----1A-- NNFS4----A--

‘From the-goverrmentwe-areawaiting an-atononouservironmentpolicy’
Figurel: Exampe morphologcal annotgion: form, lemma,tag

the beginning of the project,especiallywith the Institute of the CzechNational Corpuswhich (in a similar vein
to the British National Corpis) hasbeenconstitutedat the time asthe primay site for collectionof and puHic

accesso largeamaintsof Czechcontemprarytexts®. A preliminary versionof the PDT (called“PDT 0.5") has
beenreleasedn the summerof 1998, thefirst versioncontainirg the full volumeof morphologcal andanalytical
anrotation hasbeenpublishedby the LDC in the fall of 2001 (Haji¢ et al., 200L). The funding for the prgect

which currenlly corcentraten the tectograrmaticallayer of anndation asdescribedelow is securedhrowgh

2004.

2.2. TheMorphological Layer

Theanndationatthemormpholagical layeris anunstricturedclassificatiorof theindividual tokers (wordsand
purctuation)of theutterancento morphologcal classegmorplological tags) andlemmas. Theoriginalwordform
is presered, too, of course;in fact, evety token hasgottenits unigue ID within the corpus for obviousrefererce
reasos. Sentencdourdariesarepresered and/a correctedf found wrong (astaken from the CzechNational
Corpts).

Theteis nothirng unexpectedatthislevel of annotatim, sinceit follows closelythedesignof theBrown Corpus
andof the taggel WSJportion of the PennTreebank However, sinceit is a corpts of Czech thetagsetsizeused
is 4257, with about11Q differenttagsactuallyappeaing in the PDT. The datahasbeendoible-anmtatedfully
manually, our morghologicd dictionary of Czech(Haji¢, 2001 hasbeenusedfor geneatinga possibldist of tags
for eachtokenfrom which theannotateos selectedhe correctinterpretation.

Thete are13 catggoriesusedfor mormphologcal anndationof Czech:Part of speechDetailedpartof speech,
Gencer, Number Case Possessas’Gendr andNumber, Person;Tense Voice, Degreeof Compaison, Negation
andVariant.In accoré@ncewith mostannotatio prgectsusingrich morplologicalannotatio schemesso-called
positioral tagsystems used whereeachpositionin theactualtagrepresetationcorrespondso onecateyory (see
Fig.1).

2.3. The Analytical Layer

At theanalytical layer, two additional attributesarebeinganndated:
¢ (surface)sentencetructure,
e analytical function.

A single-roteddepenlencytreeis beinghbuilt for every sentencé asaresultof theannotatio. Everyitem (token)
from the morplological layerbecanes(exadly) onenock in thetree,andno nodes (exceptfor the single“tech-
nical” root of thetree)areadded The order of nodesin the original sentencés beingpreseredin anadditioral
attribute, but non{projective constructims are allowed (and handed properly thanksto the original token serial
nunber). Analytical functions,despitebeingkeptat noces,arein factnamesof thedepeeng relationshetween
adepement(child) noce andits governa (parer) noce. As statedabore, only one(marually assignedanalytical
anrotation(dependeny tree)is allowedpersentence.

According to the pure depemleng tradition thereareno “constituentnoces”#, asopposede.g. to the mixed
representationgn the NEGRA corpus (Skutet al., 1997 which contairs the headanndation alongidethe con
stituentstructue; we arecorvincedtheconstituehnodesarein generahotneede for deeperanalysisgventhough
we found experimentallythatfor parsirg, someof theanndationtypically found atthe constituentevel mighthelp

2. ThelCNC hasnow over 0.5 billion wordsof Czechtext available.
3. Sentence-breasrrorsaremanuallycorrectedat the analyticallayeraswell.
4. And no equivalentmarkupeither
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#10(lemma#/tag:Z#-----—---- )
AuxS

¢ekédme(lemma:cekat_:T/tag:VB-P--1P-AA-)

Pred
d(lemma:od/tag:RR--2--—--—- ) politiku(lemma:politika/tag:NNF S4--—-A--)
AuxP Obj

b

vlady(lemma:viada/tag:NNFS2-----A--) - autonomni(lemma:autonomni/tag:AAFS4----1A—) ekologickou(lemma:ekologicky/tag:AAFS4----1A--)
Obj Atr Atr

Figure2: Analytical anndation (sentencdérom Fig. 1): form, function(+ depemnlenciespreseredword order)

(suchassubordnateclauseroat markup; for moredetails,see(Collinsetal., 199)). However, therearestill mary
“techrical” dependencieteft - we arehereatthelevel of the surfacesyntax,andthereis oftenno linguistic reason
to createa depenéng/ betweere.g.ananalytical verbform, or a purctuationandeverything else etc.

Coordnationandappositions handledusingsuch“technical” depenénciestoo: the conjunctionis thehead
andthe memtersareits “dependent’nodes. Commonmodifiersof the coodinatedstructurearealsodependents
of thecoordirating conjurction, but they arenot markedascoordnatedstructuremembes. This additionad “coor-
dinatal structue membe” marlup (_Co, _Ap) gives anaddedlexibility for handlingsuchconstrictions.

Ellipsis is not anndatedat this level (no traces no emptynodes etc.),but a specialanalytica function (ExD)
is usedat nodesthat are lacking their governa, even thoud they (techrically) do have a governa nodein the
anrotatior?.

Ther are24 analyticalfunctiors used, suchasSb (Subjet), Obj (Object,regadlessof whetherthe direct,
indirect, etc.), Adv (Adverbial, regardlessof type), Pr ed, Pnom (Predicate/ Nominal part of a predcate for
the (verbal) root of a sentence)At r (Attribute in nown phrases)At v, At vV (Verhal attribute / Complenent),
AuxV (auxiliary verb - similarly for mary otherauxiliary-type words, suchasprepaitions (Aux P), subodinate
conjunctions(AuxC), etc.),Coor d, Apos (coodination/apposition“head”), Par (Parentlesishead, etc.

A simpleexampleof theanalyticallevel anndation of the sentencdérom Fig. 1 is in Fig. 2.

2.4. The Tectogrammatical L ayer

Thetectogrammaticallayeris the mostelaboraed, compicatedbut alsothe mosttheaetically basedayer of
syntacticesemantiqor “deepsyntactic”)represent@on. Thetectograrmaticallayeranndationschemes divided
into four sublayers:

¢ dependenciesndfunctional anrotation,

¢ thetopic/focusannotatia including reorceringaccoding to thedeepword ordet

e corderence,

¢ thefully specifiedectograrmaticalannotatio (including the necessargrammaical information).

As anadditioral datastructurewe usea syntacticlexicon, mainly captuing the notionof valeng. Thelexiconis
not neededor the intergretationof the tectogammaticakrepiesentatioritself, but it is helpful whenworking on

5. ltisthe(recursvely) closestparentthatis physicallypresenin the original sentene.

6. Not courting theadditiond coordinationandspecialparentheticamarkupwhich effectively triplesthatnumber

7. Nor for further analysis(say alogical one)basedon it, nor (in the otherdirection)for generationsynthess) of surface
sentences.
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the annotatio sinceit defineswhena particdar nodeshouldbe createdthatis missingon the surface. In other
words, the notion of (valercy-based)ellipsisis definedby the dictionary But before describinghedictionary, let
usdescribehefirst (“core”) sublayerof annotatio.

Dependencies and Functors

Thetectogammaticalayergoesbeyondthe surfacestructue of the sentencereplacing notionssuchas“sub-
ject” and“object” by notiors like “actor”, “patient”, “addressee’etc. Therepresentatioitself still reliesupa the
languagestructurdtself ratherthanon world knowledge. Thenodesn thetectograrmaticaltreeareautosematic
wordsonly.8. Depenlenciedetweemodesepresentherelationshetweerthe (autosematic) wordsin asentence,
for the predcateaswell asary othernodein the sentenceThe depadenciesarelabeledby functois®, which de-
scribethe dependeng relations.Every sentencés thusrepesentedsa depadeny tree,the nodesof which are
autoseranticwords,andthe (labeled edges namethe depenlenciesbetweera depeidentandits governor

Many noces found at the morghologcal and analytical layersdisapper'® (suchas function words, prepo
sitions, subordnate conjunctions,etc.). The informationcarriedby the deletednodesis not lost, of course:the
relevantattributesof theautoseranticnodesthey belongto now containenoudy information(atleasttheoretically
to recorstructthem.

Ellipsisis beirg resolhed at this layer Insertion of (surface-fleletednocesis driven by the notion of valercy
(seebelow thesectionon Dictionary) andcompleterss(albeitnotin its mathenaticalsense)if awordis deemed
to beusedin acontet in whichsomeof its valercy framesapplies thenall theframe’s obligatay slotsarefilled”
(usingreguar depadeng relatiors betweemodes)y eitherexisting nodesor by newly createchodesandthese
nocesareanrotatedaccodingly. Textud ellipsis (oftenfoundin coadination directspeectetc.)! is resohed by
creatirg anew nodeandcopying all relevart informationfromits origin, keepingtherefererce aswell.

Every nodeof thetreeis furthemoreannotatedy sucha setof granmatical featuresthat enatbes to fully
captue the meanimy of the sentencdandtherefae, to recover - at leastin theory- the original sentenceor a
sentencavith synaymauslinguistic mearing).

The Dictionary (Syntactic, Valency L exicon)

The tectogammaticallayer dictionary is viewed mainly as a valeng dictionary of Czech. By valeny (as
theoketically definedin (Panevova, 1975; for recentaccoun of the compuationalsideandthe actualdictionary
creation, see(Skounalova, Straiakova-Lopatkovaand Zabdkrtsky, 2001) we meanthe necessityand/orability of
(autssemantic)vords to take otherwordsastheir depemnlents asdefinedbelow.

Every dictionary entryis calleda lexia, which maycontainoneor morealternatve (valency frames A frame
corsistsof a setof (valercy) slots Eachslot containsa function section(the actualfunctor, and an indication
whetrer the functa is obligatory'?), andan associatedorm section. The form sectionhasno direct relationto
the tectogammaticalrepresentatio, but it is animportant link to the analyticallayer of anndation: it contains
an(uncerspecifiedpnalyticaltreefragmentthatconfamsto the analyticalrepresetationof a possiblesxpression
of the particularslot. Often, the form sectionis as simple asa small (analytical)subtre with one (analytical)
degendeny only, wherethe dependentnodehasa particula explicitly specifiednomphemiccase!®; equallyoften
it takestheform of atwo-edg subtre with two analyticaldepenlencies:onefor a prepaition (togethe with its
casesubcatgorization) asthe depemlentfor the surfacerealizationof the root of the lexia itself, andonefor the
prepsition’s depemlent(whichis completelyundespecified).However, the form sectioncanbe a subtreeof ary
compexity, asit mightbethe casefor phrasalverbswith idiomaticexpressionsetc.

Moreover, theform sectionmightbedifferent for differentexpressiongsurfacerealizatiors) of thelexiaitself.
For exanple, if the lexia is a verbandits surfacerealizationis in the passie voice, the form of the (analytical)
nodes corresponihg to its (tectogammatical)valercy slotswill be differentthanif realizedin the active voice.

8. By “autosenantic”, asusual,we meanwordsthathave lexical meaning asopposedo justgrammaticafunction.

9. Attwo levelsof detail;hereweignoreso-calledsyntactiogrammatemesvhich provide themoredetailedsubclassification.
10. Basedonthe principle of usingonly autosemantigvordsin therepresentation.

11. Nominal phrasesasusedin headingssportsresults,artifact namesetc. arenot consideredncompgete sentencesgven
thoughthey do not containa predicate.

12. By “obligatory” we meanthat this functor (slot) mustbe presentat the tectogrammaticalayer of annotation this has
immediateconseqencedor ellipsisanndation,cf. below.

13. Czechhasseven morphemiccasesnominatve, genitive, dative, accusatie, vocatie, locative, andinstrumentalusually

numberedl to 7. In theexamplein Fig. 1, the casetakesthe 5" positionin the positionalrepresentationf thetag.
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However, relatively simplerulesdo exist to “convert” the active formsinto the passive onesthat work for most
verbs;therefae, for suchverbs,only the canaical (active) forms'# areassociateavith the correspadingvalengy
slots. For irregular passvization problemsthereis alwaysthe possibility to include the two (or more) different
realizatims explicitly into thedictionays.

A similar mechaism is in placefor nomindizations. Verkal nours typically sharethe function sectionof
thevaleng framewith their sourceverks, but the form sectionmight be a reguar or anirregular transformof the
corresponéhg form section.Again, if thenecessaryransfomationis regular, only thecanamicalform sectionneed
to bepresent{or evenno frameatall, if theverbto-nown derivation is regularin thefundion sectionaswell).

Otherissuesareimportantin the designof thevaleng lexicon aswell, suchasrecipraity, informationabait
vetbsof contol (Panevova, RezrickovaandUresova, 20®), etc.,but they areoutsidethe scopeof this ratherbrief
discussion

Theissueof word sense(s)s not really addressedin the valeng dictionary. Two lexias might have exadly
thesamesetof valeny frames(asdefinedabove, i.e. includingthe form section(s)f the slot(s));in sucha case,
it is assumedhat the two words have differert lexical meaning(pdysemy)®. It is ratherpracticalto leave this
possibilityin the dictionay (however “dirty” this solutionis from the purist syntacticviewpaint), sinceit allows
to link the lexias by a singlerefeenceto, e.g. the WordnetsensegPalaand Sevetek 199). Thelexical (word
sensedisambigation is, however, being solved outsidethe tectogranmaticallevel of annotatiom, even though
eventually we plan to link the two, for obvious reasons. Thenit will be possibleto relatethe lexias for one
languageto anotterin their respectie (valeny) dictionaies (at leastfor the majority of entires).Fromthe point
of view of machne translation this will sene asanadditioral sourceof syntacticallybasednformationof form
corresponéncebetweerthetwo langua@s.

Topic, Focus and Deep Word Order

Topic and focus (HajiCova, Parteeand Sgall, 1998 are marked togetherwith so-calleddeepword orde
reflectedby the orderof nodesin the anndation, is in gereral differentfrom the surfaceword order, andall the
resultingtreesareprgective by the definitionof deepword orde.

By deepword order we meansuch (partial) orderirg of noces at the tectograrmatical layer that puts the
“newest” informationto theright, andthe “oldest” informationto theleft, andall the restinbetween,in the orde
corresponéhg to the notion of “communicative dynanism”. Suchan ordeing is fully definedat eachsingle-
level subtreeof thetectograrmaticaltree;i.e., all sisternodes togetherwith their headarefully orderedleft-to-
right. Theorde is relative to theimmediateheadonly; therefae, thereexists sucha total ordeing of the whole
tectogammaticaltree that the treeis projective. We believe thatthe deepword orde is langlage-uiiversalfor
every utterancen the samecontext, unlessyroughy speakingthe structual differencesare“too big” (or, in other
words, thecorrespadingtranslatioris “too free”).

In written Czechthesurfaceword orderroughy correspondto thedeepword orde (with thenotablesystem-
atic exceqtion of adjectival attributesto nours, andsomeothes), whereaghe granmarof Endish syntaxdictates
in mostcasesfixedorder andtherefae thedeepwordorderwill bemoreoftendifferent(eventhowghnotalways;
even Englishhasits meando shufle wordsarourd to make the surfaceword order closerto thedeepone,suchas
extraposition)

Coreference

Grammatical and sometextual corefeenceis resohed andmarked. This is subjectto future work, despite
someongang testannotatio. Grammatical corderencesuchastheantecedetof “which”, “whom?”, etc.,contiol
etc.) is simplerandtherefae we believe it will be donemoreeasilyandsoonerthatits textual courterpart. (For
more on contol in PDT, see(Panevova, Rezrickova andUreSova, 20@) in this volume.)

3. Machine Trandation and the Tectogrammatical L ayer

The usualscenarioof machne translationis Analysis - Transfer- Synttesis(Generatio). It is commnonly
acceptd wisdomthat the deeperthe analysis,the smallerthe transferand vice versa. It is equally clearthat

14. By “form” we meantheanalyticaltreefragmentasdefinedabove.
15. Ontheotherhand,it is clearthattwo lexiasthatdo not sharethe samesetof framesmusthave differentlexical meaning
aswell, unlesstruly synorymousat a higherlevel of analysis.
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Transfer

- tectogrammatical representation -

& - surface syntax representation - Q
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)
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source language target language

Figure3: TransferbasedVT schemeawith threelevelsof analysisandgeneation

the deepetthe analysis (and smallerand simplerthe transfe), the longe the pathfrom the sourceto the target
languagesandtherebrethe moreerrors arelikely to creepin. We in principle agreewith this, sinceonly caretil
experimentsand variety of evaluations mustbe run to prove or disprove this. We would like to argue at this
point, however, that(eventhough we have notdonesuchcorvincing experimentsyet), intuitively, theremustbean
adwantagdf thetransferendpointsaredefinedatalocally cleaninformationsaddlepointwith asleast‘dirt” from
theotherlangua@ aspossible. There hasbeena nunberof attemptgo usesyntacticstructureof a sentenceo do
MT; recerly, the mostsuccesfubneis statisticallybased’ Yamad andKnight, 200]). We proposehere however,
togoto a“deeper” level of analysis.

3.1. TheOverall Design

Fig. 3 shaws the overall schemeof a transferbasedappioachto machinetranslation This triande-based
schemé® is currently consideredhe comma schemeof all machinetranslationsystemswhetherthey are of
comnercial nature(suchas(FlanaginandMcClure, 20@®)) or of researcmature((Brown et al., 1993, (Knight,
199)) andregadlessof their prevailing methalology (with the exceptian of very few interlingua-baedsystems
(Cavalli-Sforzaetal., 200)).

As Fig. 3 suggestsye propsethreeessentialinalysisstepsandthreegeneation steps:

¢ Morphologcal processing;
¢ Analytical (surfacesyntax)processing;
e Tectogammaticalprocessingundelying syntay;

and of course,transferat thetop of the processindtriangle”*’.
An outpu from onestepis theinput to thefollowing step;thuswe have herefour representatias of the data
alongthe”up-leading” aswell asthe"down-eading”paths(from bottomto top):

e Thesurfaceformof thetext (i.e.,theactualinputandoutpu of thewholesystem).

e Unstrudured morplological representation(cf. Sect.2.2),i.e., anorderel list of lemmasand morphologcal
tags.Theorder correspond to the original word order of the sentence.

¢ Structuedanalyticd representatior{cf. Sect.2.3), in theform of adepemnleng treethatcontairs all tokers from
themorplologicallayer Let's summaize thateverytokenis annotatd by thelemmaandtag comirng from the
morpholagical layer, andby a pointer to its governing noce andan analyticalfunction namirg the depenieny
relation Theleft-to-right orderof the nodesof thetreeis still comingfrom the surfacesentencevord order,
therebre causinghon-gojective treesat times.

16. We shouldrathercall it a“trapezdd” schemesincethetopis alwayscut off in it.

17. Wordsensealisambiguéion (WSD) is notconsidered separatetepin this scenarioput of courseit is takencareof atthe
tectogrammaticalepresentatiotevel, unlesst is alreadysolvedwhile parsingto thetectogrammaticdkvel (basedn different
valeny framesof thewordsin question).
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e Structuedtectggrammaical representatio (for moredetailsandthefour sublayes of annotatio, cf. Sect.2.4)
which doesnot containthe word form, lemma,momhologcal tag, analyticalfunction, nor the surfacedepen
derey links. Instead the tectogammaticadepenéngy, lexia'® andthe functor is usedasthe basicinformation
here supplenentedby grammatemeghat cortain information abait number, tense degree of comparisononly
whereit cannotbe recoreredfrom the lexia and function itself. In the full tectograrmatical represetation,
corderenceanddeepword ordertogethe with topic/foausis anndatedaswell.

Letusnow illustratehow thecorrespaderceamorg quitedistantlangiageqEnglish,CzechandArabic) becanes
more andmoreappareh(andstraightbrward) aswe move up thetranslatior‘triangle”. We will usethe sentence
Theonly remainingbaker bakesthe mostfamousrolls north of Long River, which translatedo CzechasJediny
zbyvajici pekd pete nejzranmgjsi rohliky na sever od Dlouhé feky andto Arabic as(trarscribed)al-xabbaaz'al-
‘axiir "al-baagii yasnacu'ashha 'al-kruasaanad ilaa shimaalmin LongRiver.

3.2. Surface Form and Morphological Layer Correspondence

Even thoughthe examge sentencés quite straightbrwardto translatg(certaidy moreeasilythanmary sen-
tencesin the WSJ), it is clearthatthereare severd undeasant(non-)corespoidencesat the surfaceform, and
similarly atthe mompholagical level: articleshave no correspondacein the Czechsentencewhereasin the Ara-
bic cowunterpart,articlesarein fact part of the Arabic words. Similarly, the supelative is expressedn Czechby
circunfixing, wherea in Endish it is represeted by severalwordsandin Arabic thereis a specificsingleword
(‘ashhal). TheArabicword orderis different,too: thewordfor “baker” ('al-xabbaa? precededs attributesin the
Arabictranslationbut follows themin bothCzechandEnglish. Therefae method basednvery shallov analysis
(i.e., momholagical at most)will have trouble(at least)with differentword courts, different word order and,as
usual,lexical choice(cf. furtherbelow).

3.3. Analytical Layer Correspondence

Fig. 4 shaws the correspondiry trees. The correspondeceof the depenénciesis more visible, but sincethe
nunberof nodesis the sameason the momphologcal layer, the problens menticmedabore did not disappegron
the contray, the surfacestructureof the Arabic supelative constrietion (ashhar’al-kruasaanat) evenreverses
the associatediepedeng relation(comparedto both CzechandEndish, cf. the mostfamots rolls). Sincethe
original word orderis preseredin the analftical depenleng tree,the shapeof the treedoesnot correspad even
for simplenominal phrases®. Overall, eventhoughmary depemlenciesio correspad to eachother therearestill
mary dependencis thateitherdo not correspadto anything in the otherlangua@, or arereversed

3.4. Tectogrammatical Correspondence

Even thowghthereis somesimilarity betweerdangua@esatthesurfacedepeneng syntaxievel, thetectogram
maticalstructue displaysoftenstriking similarity, bothin the structureandin thefuncta correspondece(Fig. 5),
even thowgh we sayagainthatit is notmeantto be an[artificial] interlingua?.

Analytical Verb Forms

Verls tendto usevariows auxiliariesto expressperson tense,sometimesunber and othermorghologcal
properties. We believe, however, that oncethe persm, tense,number etc. is determired (disamliguated) then
thereis noneedo have separat@odesfor eachof theauxiliaies. Theauxiliariesarecomgetely deteminedby the
languagein questiontherefae, we mustbeableto hardle theinsertionof apprgriateauxiliaiesat the geneation
stagewhichis by its natue alreay mondingual. In the context of machinetranslation this is especiallyuseful:
we have to take careof the main (autasemantic)verb only duiing the translationproger (the transferphase) put
not of the (presere or absencedf auxiliary soure words. For example, the type of auxiliary in Germanperfect
tense(seirthaken) is grammatically (or, lexically) basedandhasnothingto do with the otherlanguage,sincethat
languagemight usequitedifferentauxiliaries(or noneatall, if it usesinflectionto expressthe perfecttense).

18. Recallthat“lexia” is the lexical unit referenceat the tectogrammaticalevel, andthusit playsherea role similar to the
“lemma” atthe morphologdcal andanalyticallayers.

19. Although the direction of depen@nciesdoes(remainingdeperms on baker, similarly in Arabic 'al-baagii dependson
"al-xabbaazandin Czechzbyvajici depemlson pekd).

20. For example,comparethe differencein the structurefor “I like swimming” in English and “Ich schwimmegern” in
German.
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yashacu
Pred

baker rolls north pekal rohliky na ‘al-xabbaaz ‘ashhar ilaa
!Sb Obj Adv !Sb (!Obj AuxP Sb \\O Obj \O AuxP
The only remaining the [famous S Jediny zbyvajici nejznaméjsi sever ‘al-'axiir ‘'al-baaqii ‘'al-kruasaanaat shimaal
Atr  AuxZ Atr Atr [ Atr AuxP Atr Atr Atr Adv Atr Atr Atr Adv
most River od, min
Adv Adv AuxP AuxP
Long iky River
Atr Atr Atr
Dlouhé Long
Atr Atr

Figure 4: Analytical layercorrespadene: Theonly remainirg baker balkesthe mostfamousrolls north of Long
Riverin English,CzechandArabic

to_bake
PRED

baker %\)north pekaf housky sever éKXKSN SHML

ACT PAT LOC ACT \O PAT LOC ACT PAT LOC
b b % 5 b

only  remaining famous/ River jediny zbyvajici nejznaméjsi Feka AXR BQY SHHR |River

RSTR RSTR RSTR/ DIR1 RSTR RSTR RSTCR/ DIR1 RSTR RSTR RSTR [DIR1
Long Dlouha Long
DPHR DPHR DPHR

Figure 5: Tectogammaticalayercorrespondene: Theonly remainingbaler bakesthe mostfamous rolls north of
LongRiver, againin English,CzechandArabic; for transparecy reasonspnly the lexia andfunctor areshown,
andnotgramnatemessuchasnumbe.
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Articles

Articles posea difficult prodem for translationinto a languagethathasarticles(suchasEndish) from alan-
guagethatdoesnot(suchasCzech).Thechoiceof anarticleis hardy corditionedby wordsof theotherlanguag;
rather it is eitherdeternined granmmatically, referetially, or by the topic/focts distinctiondescribecearlier We
thusbelieve thatarticles,asanotherclassof nonautosematic words,hasno placeat the tectogammaticallayer
of representationsincethetopic/focusanddeepword ordershouldbe sufiicient (together with the granmmarrules
of thetargetlangua@) to inserttheright articlesat theright places.For exanple, the needto use“the” in front of
every superlatveis purely English-gammatsrelatedandcertaily doesnotstemfrom thelanguagebeingtranslated
from or to; thechdce of “a” vs. “the” for ageneal word suchas“keyboard”will be deterninedby thetopic/focus
anrotation: if theword “keyboard is in thetopic, the definitearticle (“the”) typically hasto be used,otherwise
“a” shouldbeusedinstead.

Choice of Prepositions (and M orphemic Case)

Prepaitionsusuallydo exist acrosdanglages,eventhoud they arenot always usedas separatevords (cf.
Hungarianandotheragdutinative languages) andoftena“default” translationcanbefound for every prepsition.
However, from the experiencewith inflective languagessuchas Czech,we considempremsitionsandmorghemic
casedo be at the same"level” - if notjust a form variant- expressinga particlar tectogammaticalfuncta %%,
Thetefore,whentranslatingnto English,we have to selectprepaitions,whentranslatinge.g.into Czechwe have
to decidethe caseor prepaition??,

Even then,therelationbetweerfunctas andprepsitions/cases notalwaysstraightfoward, for atleasttwo
reasos:

e Thechoice of prepaition is drivenby usagein thetargetlangwage(e.g.,it depend on the noun usedwith the
prepositionor on somesimilar factor)

e Thechdce of prepaition/caseds driven by the governirg word and by the functa of the deperentword (i.e.
theonethathasto getthe prepsition/case).

In both casesthe sourcelanguag@ sentenceepresetation does not help much In thefirst case we simply have
to have alanguagemodelor similar knowledgeof thetamgetlanguage? thatsimulatesusageIn theseconctasea
valercy dictionay of thetarmgetlangua@ (asdefinedin Sect.2.4 comesin hang: oncewe areableto determire
thecorrecttarget word (morepreciselythe lexia asthetranslationof the sourcelexia), a valercy dictionary entry
gives matchirg functas andwith eachof them,its surfaceexpression(by meansof anundespecifiedanalytical-
level anndatedsubtreemostly eitherjust a caseor a prepsitionwith its own subcatgorizationfor a morghemic
case).
Forwords nothaving valengy, theirdepenéntnodes(aswell asdepenéntnodeof all wordswith nonvalengy

modfier functors)acquiretheir prepgition or caseasthe default valuefor eachfunctor.

Word Order

Word orderdiffers acresslanguags, of course,sometimeswildly. Englishhasits word ordermostly gram
matically given (meaniry that the grammardictatesthat sentenceshouldin the SVO order that the rulesfor
systemicorderingmustbefollowed,etc.);someexcegionsin thegrammado allow for someword shufling, such
asextraposition. However, Czechword order is discoursedriven (andthusnotso“free” asoftenmislabeled) The
correctsolution in our opinion, to the word order prablemis thusnot to dealwith it at the transferlevel, but at
theanalysidevel (deternining the deepword orde), andat the geneation stage(usingthe deternineddeepword
orcder to perrapsgeneatean extraposition, andusingthe gramnar rules?* of the target languageto deternine the
correctword orde).

21. Someregular“transformations’notwithstandingsuchasin passvization, wherethe surfacesyntaxexpressioralsoplays
arole.

22. Prepositionshave subcatgorizationfor case,so for subcatgorization-ambiguos prepaitionsthe correctsubcatframe
mustbe selectedogethemwith the preposition.

23. A good languagemodel (asusedin automaticspeechrecognitionsystems)can actually help in mary casesof target-
language-relatedonditionirg.

24. By grammarruleswe meanhereary kind of “rules”; it is expeded that theseruleswill be learnedwithin a statistical
modelingframework.
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Agreement (in the Generation Stage)

Gramnaticalagreerentis agan deterninedby therulesof thetametlanguage andnotby thetranslatioritself.
Its importancein Englishis low, obviously, but it is crucial for otherlangwages.E.g.,in Czech,every adjectie
hasto agreein gerder, numter andcasewith its headnoun We proposeto dealwith this prodem attheanalytical
level, oncethe analyticaltreeis built (which includessolvingthe word order issue,of course);it is not relatedto
thetectogammaticallevel in fact. Thus,for examge, only the numbe is neededo be presered (translatedat
thetectogranmaticallevel®, its depenéntadijectieswill bethe popuatedby the correctmorpghemicvaluesonce
alsothe caseis deternined by the rulesdescribedabove, andoncethe gender of the nounis deterninedfrom the
lexicon. Theformationof thesurfacetext is theneasythrougharny morptologicalgeneratoof thetargetlanguage,
sincetheword order hasbeendefinal in the precedhg stages.

4. Conclusion

We have describe the basicideasandanndation schemdor the PragueDepen@ng/ Treebak, a refererce
corpuswith three-leel linguistic annotéion for morghology, surfacesyntax andso-calledectograrmaticallayer
representation.We have then argued that the tectogammaticallayer is suitablenot only for various linguistic
experiments,but also for practica use, specificallyfor machire translationsystems,sinceit genealizes (and
disamliguates)n suchaway thatit achieves - to a certainextert limited by “languagemeaning - indeendee
of boththesourceandtarget langlages We believe thatour representatiornasthe poterial to improve theoverall
translationquality, andthatthe additional burden of deepeanalysiswill notoutweigh its benefits.
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