
Treebank-BasedMultilingual Unification-Grammar Development

Aoife Cahill
�
, Martin Forst

�
, Mair eadMcCarth y

�
, Ruth O’Donovan

�
,

Christian Rohrer
�
, Josefvan Genabith

�
, Andy Way

��
Schoolof ComputerApplications

�
Institut für MaschinelleSprachverarbeitung

Dublin City University UniversiẗatStuttgart
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Abstract

Broad-coverage, deep unification gram-
mar developmentis time-consumingand
costly. This problem can be exacer-
bated in multilingual grammardevelop-
ment scenarios. Recently(Cahill et al.,
2002)presentedatreebank-basedmethod-
ology to semi-automaticallycreatebroad-
coverage,deep,unification grammarre-
sourcesfor English. In this paper we
presenta projectwhich adaptsthis model
to a multilingual grammardevelopment
scenarioto obtainrobust, wide-coverage,
probabilistic Lexical-Functional Gram-
mars (LFGs) for English and German
via automaticf-structureannotationalgo-
rithms basedon the Penn-II and TIGER
treebanks. We outline our methodused
to extract a probabilistic LFG from the
TIGER treebankandreporton thequality
of the f-structuresproduced.We achieve
an f-scoreof 66.23 on the evaluationof
100randomsentencesagainsta manually
constructedgoldstandard.

1 Intr oduction

Parsingis animportantstepin naturallanguagepro-
cessingassyntacticstructureis aprimedeterminant
for semanticinterpretationin theform of predicate-
argumentstructure,deepdependency structureor
logical form. Rich unification (or rather: con-
straint)grammarssuchasLFG or HPSGmodelboth
(morpho-)syntacticandsemanticinformation.

Manually scaling deepunification grammarsto
real text (suchas the Penn-II treebank,Marcuset
al., 1994), however, is extremely time-consuming,
costlyandrequiresconsiderablelinguistic andpro-
cessingexpertise,asit involvesperson-yearsof con-
certed grammar, lexicon and system (processing
platform) developmenteffort. What is more, few
hand-craftedgrammarsachieve full coverageof the
target corpus. Indeed,the only hand-crafted,deep
unificationgrammarscaledto the full Penn-IItree-
bankwe areawareof is theEnglishLFG grammar
developedaspart of the ParGramprojectat Xerox
PARC (Riezleret al., 2002;Butt et al., 2002). This
situation,we suspect,is even worsefor languages
other than English, as they have received consid-
erablyless(linguistic andcomputationallinguistic)
attention. Accordingly resourceproblemscan be
exacerbatedin multilingual grammardevelopment
scenarios.1

Recently (Cahill et al., 2002) presented a
treebank-basedmethodologyto semi-automatically
createwide-coverage,deep,unificationLFG gram-
mar resourcesfor English. The methodis based
on anautomaticannotationalgorithmthatannotates
Penn-II treebanktreeswith LFG f-structureinfor-
mation. F-Structuresare recursive attribute-value
structures approximating to predicate-argument-
modifier representations.Alternatively, f-structures
canbeviewedasencodingsof deepdependency re-

1Sometimes multilingual grammar development offers
uniqueadvantagesunavailableto monolingualgrammardevel-
opment: theseare caseswherean existing grammarfor lan-
guageA can be migratedto a closely relatedlanguageB for
which suchresourcesdo not exist andthussignificantlyboost
grammardevelopmentfor languageB. (Gamonet al., 1997)
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Figure1: C- andf-structuresfor anEnglishandcorrespondingIrish sentence

lations. (Cahill et al., 2002) show how basedon
the f-structureannotatedversionof Penn-II,wide-
coverage,robust, probabilisticLFG grammarscan
bederivedto parsePenn-IIdata.

In thispaperwefirst introduceLFG and,in partic-
ular, the level of f-structurerepresentationandmo-
tivate why we think LFG provides a suitablerep-
resentationformat for multilingual grammardevel-
opment. Next we presentthe basicideasunderly-
ing the approachpresentedin (Cahill et al., 2002)
as applied to English. We outline how this ap-
proachcan be adaptedand migratedto a different
languageand treebankresource,namely German
andtheTIGER treebank(Brantset. al, 2002).Ger-
man is substantiallyless configurationalthan En-
glish, and the TIGER treebankannotationconsists
of graphswith crossingedgesratherthantreeswith
traces(asin Penn-II).In addition,the TIGER tree-
bank featuresconsiderablyricher functional anno-
tationsthanthoseprovided in thePenn-IIresource.
We outlinehow LFG grammarsfor Germancanbe
derived from the f-annotatedTIGER resource.We
extract a probabilistic LFG and run someparsing
experiments. We evaluateboth the quality of the
automaticannotationof the treebank,and the out-
put of the parserwhich usesthe probabilisticLFG.
Finally, we presentcurrentwork on automaticex-
tractionof lexical resourcesfrom thef-structurean-
notatedPenn-II treebankandrecentwork on long-
distancedependencies.We thenconcludeandout-
line furtherwork.

2 Lexical-Functional Grammar

Lexical-Functional Grammar (Kaplan and Bres-
nan, 1982; Bresnan,2001) is an early member
of the family of unification (or constraint)gram-
mars (such as FUG, PATR-II, GPSG, CUP or
HPSG).Minimally, LFG involvestwo levelsof rep-
resentation:c(onstituent)-structure andf(unctional)-
structure. C-structurecaptureslanguagespecific
phenomenasuch as word order and the group-
ing of constituentsinto larger phrasesin the form
of context-free trees. F-structurerepresentsab-
stractsyntacticfunctionssuchassubj(ect),obj(ect),
pred(icate)etc. in the form of recursive attribute-
value structures. The basicidea is that while lan-
guagesmay differ markedly with respectto sur-
facerealisation(c-structure),they may still exhibit
very similar abstractsyntacticfunctional represen-
tations(f-structure). Figure1 illustratesthis point.
Irish is typologically a VSO-language,while En-
glish is an SVO-language. The sameproposition
expressedin Irish and English exhibits markedly
differentc-structureconfigurationsbut is associated
with isomorphic(up to thevaluesof PRED nodes)
f-structurerepresentations.

C-structureandf-structurerepresentationsarere-
lated in terms of ”functional annotations”of the
form �������! #"$����� to treenodes,i.e. attribute-value
structureequations(or moregenerally:disjunctive,
implicationalandnegative constraints)describingf-
structures.



F-structuresapproximateto predicate-argument-
modifier representations,simplelogical forms (van
Genabith and Crouch, 1996) or deep depen-
dency relations. LFG is particularly attractive
for multilingual grammardevelopmentas the level
of f-structure representationabstractsaway from
language-specificsurface realisation (Butt et al.,
1999). At the sametime LFG provides a pre-
cise, flexible, computationallytractableand non-
transformationalinterface betweenc-structureand
f-structurerepresentationfor bothparsingandgen-
eration(Butt et al., 2002). Unlike otherunification
grammarformalisms,LFG hasenjoyed a substan-
tial body of work on automaticf-structureannota-
tion architecturessummarisedin (Cahill etal., 2002;
Franketal., 2003).Theseapproachesautomatically
annotate(treebankor parse-generated)treeswith f-
structureequationsto generatef-structuresfor those
trees.

3 F-structuresfr om Penn-II

(Cahill etal., 2002)presentanautomaticf-structure
annotationalgorithmfor thetreesin thePenn-IItree-
bank.They show how wide-coverage,robustproba-
bilistic LFGscanbederivedautomatically. Givena
tree,thetaskof f-structureannotationis to annotate
treenodesautomaticallywith f-equations.As asim-
pleexample,considerthefollowing CFGrule (i.e. a
local treeof depth1):

NP % DT ADJP NN SBAR

Sucha configurationwould beassociatedwith f-
structureannotationsasfollows:

NP % DT ADJP NN SBAR�
SPEC=

� �'&(�
ADJ

����� �'&)�
RELMOD

This indicatesthat theNN is theheadof theNP,
theDT is a specifier, theadjective phraseis partof
themodifying adjunctset,andtheSBAR is a mem-
berof theRELMOD set.

The annotation algorithm automatically trans-
forms treesinto head-lexicalisedtreesusinga vari-
antof (Magerman,1994)’s headrulesandthenuses
configurational,categorial, functionaltag andtrace
informationencodedin thePenn-IItreebanktreesto
associatetreenodeswith f-structureequationsfrom
whichaconstraintsolvergeneratesf-structures.The
annotationis evaluatedquantitatively (Table1) for

the48,424treebanktrees(without FRAG or X con-
stituents)andqualitatively (Table2)

# f-str. frags # sent percent
0 120 0.25
1 48304 99.75

Table1: Coverage& fragmentationresults

all annotations preds-only
Precision 0.93 0.94

Recall 0.90 0.87

Table2: PrecisionandRecallon f-structuresagainst
a manually encodedset of 105 gold standardf-
structuresfrom section23

Basedon this resource(Cahill et al., 2002) de-
rive two parsingarchitecturesto parsenew text: a
pipeline and an integrated model. In the pipeline
model, a PCFGis extractedfrom the unannotated
treebankandusedto parsenew text. The resulting
context-freetreesarethenpassedinto theautomatic
annotationalgorithmto generatef-structures.In the
integratedmodel an annotatedPCFG is extracted
from thef-structure-annotated Penn-IIresourceand
usedto parsenew text. This resultsin annotated
parsetrees,from which an f-structurecan be gen-
erated. The parsersare trainedon sections02-21
and evaluatedagainstsection23. The grammars
are both robust and wide-coverage. They achieve
81.2%f-scoreagainsttheapprox. 2,400trees(sec-
tion 23)and60.6%f-scoreagainstthegold-standard
f-structures.More recentexperiments,with an im-
provedannotationalgorithm,yield anf-scoreof over
75%againstthegold-standardf-structures.

4 From TIGER to a German LFG

The TIGER treebank(Brants et. al, 2002) is
a corpusof (currently) 36,000syntacticallyanno-
tatedGermannewspapersentences.Theannotation
consistsof generalisedgraphs,which may contain
crossingandsecondaryedges.Edgesare labelled,
sothataTIGER treeencodesbothphrase-structural
informationanddependency relations.

(Forst,2003)convertstheTIGER graphsdirectly
into f-structures.However, in orderto beableto ex-
tractanannotatedPCFGwhichcanbeusedto parse
text into f-structures,werequiretreesthathavebeen
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Figure2: TIGERgraph#45,containingcrossingedges

annotatedwith f-structureequations,ratherthanthe
f-structuresthemselves.

Sincethe structureof the TIGER corpusis quite
different to that of the Penn-II Treebank,the ap-
proachtaken to annotatingthe TIGER corpuswith
f-structureequationsdiffers from the approachde-
scribedearlier. Germandoesnot usually rely on
positional information to expressfunctional infor-
mation, a featureof English that was heavily ex-
ploited previously. However, the TIGER corpus
aims to provide functional information by way of
labellededgesin the graphs. By exploiting these
labelswe can annotatethe TIGER corpuswith f-
structureequations.

4.1 From Graphs to Trees

Thefirst stagein annotatingtheTIGERcorpuswith
f-structureequationsis to convert theTIGERgraphs
into treessimilar to thosefoundin thePenn-IITree-
bank. Tracesare used to representthe crossing
edges.Secondaryedgeshave not beenincorporated
into the annotationprocedureat this stage.2 Al-
thoughtheseedgesobviously containvital informa-
tion for thegenerationof f-structures,this informa-
tion is currentlynot utilised,sincetheir treatmentis
unclear. However, wehopeto exploit themin future
work.

Figures2 and3 illustratehow tracesareusedto
representcrossingedges. The TIGER graphindi-
catesby meansof crossingedgesthe fact thatboth

2Secondary edges contain information relating to re-
entrancies(e.g.asharedsubjectin acoordinationconstruction).
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)
)
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)

“Geschäftemachenist seineWelt undnicht diePolitik.”

Figure 3: TIGER graph #45 transformedinto a
Penn-IIstyletreewith indexation

Geschäftemachen and und nicht die Politik form a
discontinuousconstituent,in the middle of which
therestof thesentenceappears.3

4.2 Annotation of Derived Trees

The annotationof the treeswhich result from the
above transformationis a two-stageprocess,with

3Thanksto Michael Schiehlenwho provided the code to
convert thegraphsinto correspondingtreeswith traces
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Figure4: Thetreein Figure3 afterautomaticanno-
tation

bothpre-andpost-editingof theannotatedtrees.
The preprocessingis a simple walk throughthe

tree in order to build a lookup table for the trace
nodes. This is neededsinceoften the traceoccurs
beforethe actualnodein the treeandthe informa-
tion on theactualnodeis neededin orderto assign
anf-structureequationto thetracenode.

The first stageattemptsto assignan f-structure
equationto eachnodebasedon thefunctionallabels
in the tree. We have compileda lookup tablewith
default f-structureequationsfor eachfunctional la-
bel. E.g.,thedefault entryfor theSB (subject)label
is � SUBJ = " . It is also possibleto overwrite the
default entries.E.g. theNK label (nounkernelele-
ment)aloneis oftenambiguous,thoughgivensome
context, it is often straightforward to determinethe
f-structureequationrequired.For examplean ART
(article)nodewith anNK labelcanusuallybeanno-
tated� SPEC:DET = " .

The secondstagein the annotationprocessin-
volvesoverwriting thedefault annotationsin certain
situations.Theseinclude:* Determining the object of pre- and post-

positions, labelled AC (adpositional case

marker);* Determiningthebehaviour of theCP(comple-
mentiser)labellednode;4* Determiningtheheadof a coordinationphrase
with morethanonecoordinatingconjunction.

Figure 5 illustrates how the flat analysisof a
GermanPPcanbe annotatedto give the correctf-
structureanalysis.

Finally, a post-processingstageexplicitly links
tracenodesand the referencenode. This involves
addingequationssuchas � XCOMP:OBJ = " to nodes
with traceinformation.

Figures3 and4 illustrateacompleteannotationof
aTIGERtreeandFigure6 illustratestheresultingf-
structure.

PP�
=
�

APPR-AC ADJA-NK NN-NK�
=
�

(
�

OBJ:SPEC) =
�

(
�

OBJ) =
�

Nach einer Umfrage

Figure5: A flat analysisof a GermanPPandits f-
structureannotations

4.3 Extracting an LFG from TIGER

Using the above annotationmethodwe automati-
cally annotatethe TIGER corpuswith f-structure
equations.Wecanthenquitesimply readoff aCFG
fromthisannotatedcorpus,resultingin anannotated
PCFGfor German.Wethenuseastandardparserto
parsewith thisgrammar, usingViterbi pruningto al-
waysobtainonly themostprobableparse.Usingthe
samemethodasdescribedin (Cahill etal., 2002)we
collectthef-structureannotationsfrom theresulting
parsetreeandusea constraintsolver to producean
f-structure.

5 Evaluation

In order to evaluate the quality of the grammar
extracted,we set sentences8001-10000asidefor

4In ouranalysis,truecomplementisers,i.e. daßandob, only
contribute a COMP-FORM featureto the f-structure,whereas
otherconjunctionscontribute a semanticform that governsan
object.



subj : conj : 1 : pred : ’Gesch äftemachen’
2 : spec : det : pred : die

adjunct : 3 : pred : nicht
pred : ’Politik’

coord_form : und
xcomp_pred : spec : poss : pred : pro

pred : ’Welt’
pred : ist

Figure6: Thef-structureproducedasa resultof au-
tomaticallyannotatingthetreein Figure3

testingpurposesand developeda gold standardof
100 sentencesextractedrandomlyfrom thesesen-
tences.The100sentenceswerefirst convertedto f-
structuresusingthemethodologyoutlinedin (Forst,
2003).They werethenconvertedinto asetof depen-
dency relations,similar to thoseof the PARC De-
pendency Bank(King etal., 2003),whichwerethen
checked and correctedmanually. Using this gold-
standardit was possibleto usevariousevaluation
metricsto evaluatethegrammar.

5.1 Evaluation of the Automatic Annotation
Algorithm

We first establishedthe coverageof the annotation
algorithmon the entireTIGER corpus. Table3 il-
lustratestheresults.Ideally we would like to gener-
atejustonef-structurepersentence.Therearehow-
ever, a numberof sentencesthat receive morethan
onef-structurefragment.This is mainly dueto sen-
tencessuchasBonn,7. September, wherethereis
no clearrelationbetweentheelementsof the “sen-
tence” andwherewe do not wish to enforcea re-
lation for the sake of having fewer fragments.We
believe that these“sentences”arein fact fragments
andshouldbe treatedaccordingly. Therearealsoa
smallnumberof sentenceswhichdonot receiveany
f-structure. This is asa resultof featureclashesin
theannotatedtrees,mostif whicharecausedby an-
notationdiscrepancies.Wealsoevaluatethequality
of the annotationagainstour manuallyconstructed
gold-standardof 100 sentences.Table4 illustrates
that currentlyour automaticannotationreceivesan
f-scoreof 85.74%whenwecomparethedependency
relationsgeneratedby automaticallyannotatingthe
100TIGER treesto thegold-standardrelations.We
expectthis figure to improve aswe refinethealgo-
rithm.

# f-str. frags # sent percent
0 153 0.42
1 35191 96.46
2 1054 2.89
3 77 0.21
4 2 0.006
5 1 0.003
6 1 0.003
7 3 0.008

Table3: Coverage& fragmentationresultsof Ger-
manAnnotationAlgorithm

PredsOnly Evaluation
Precision 86.79
Recall 84.71
F-Score 85.74

Table4: Evaluationof the f-structuresproducedby
automaticallyannotatingtheTIGERtrees

5.2 Evaluation of the Grammar

An annotatedgrammar was extracted from the
TIGER corpus(excluding the 2000 sentencesset
asidefor testing).Usingthisgrammar, the2000test
sentenceswereparsedusingHelmut Schmid’s Bit-
Par parser(p.c.), which alwaysproducedthe most
probableanalysis.1992sentencesreceiveda parse,
from which 1974 received at least one f-structure
fragment. Only 3.3% of the sentencesreceived a
fragmentedf-structure,mostly dueto the natureof
thesesentences.Table 5 containsthe entire frag-
mentationpercentagesof the f-structuresgenerated
by the grammar. Table 6 illustratesthe resultsof
evaluatingthe treesproducedby the parseragainst
the sametreesasproducedin the conversionfrom
TIGER treesto Penn-II style trees. Theseanno-
tatedtreeswerethenprocessedinto f-structures.To
evaluatethequality of the f-structuresproducedby
theparser, we againevaluatedthe100sentencesse-
lectedrandomlyfrom the2000testsentences.Table
7 illustratestheresults.

# f-str. frags # sent percent
0 26 1.3
1 1908 95.4
2 61 3.05
3 5 0.25

Table5: Coverage& fragmentationresultsof pars-
ing with theannotatedgrammar



Unlabelled Labelled
Precision 66.05 63.22
Recall 69.29 66.33
F-Score 67.63 64.74

Table 6: Evaluationof the treesproducedby the
parser

PredsOnly Evaluation
Precision 70.17
Recall 62.70
F-Score 66.23

Table7: Evaluationof the f-structuresproducedby
theparser

6 Lexical Resourcesand LDDs

In ongoing work we have extracted lexical re-
sourcessuchassubcatframes(LFG semanticforms)
and long-distancedependency paths from the f-
structuresgeneratedfrom the Penn-II treebank.
(Cahill et al., 2003b)We applytheseresourcesdur-
ing parsingto resolve long-distancedependenciesin
f-structure. (Cahill et al., 2003a). We expectto be
ableto extractsimilar resourcesfrom thef-structure
annotatedTIGER bank.

7 Conclusions

We have outlinedwhatwe believe is a novel, semi-
automaticapproachto multilingual grammardevel-
opmentbasedon treebankresourcesandautomatic
f-structureannotationalgorithms.This methodcan
offer substantiallyreducedgrammardevelopment
costif a treebankis available.Dependingonthesize
of the treebankthe methodcan deliver robust and
wide-coverageunification grammars. The method
hasbeendevelopedand testedfor English (Cahill
et al., 2002). We have illustratedhow this method
canbeadaptedto GermanandtheTIGER treebank
resource. We presentresultsof parsing2000 sen-
tenceswith a probabilisticLFG extractedautomat-
ically from the f-structureannotatedTIGER tree-
bank. The parserproducesf-structureswhich re-
ceiveanf-scoreof 66.23whenevaluatedagainstour
gold-standard.We have arguedfor LFG asa suit-
ableframework for multilingual grammardevelop-
ment. However, nothing in the methodologypre-

sentedhereprecludestheir applicationto otherlan-
guagesor corpora. In addition, different annota-
tion schemescouldalsobeappliedto automatically
derive other representations,e.g. HPSGattribute-
valuestructures,dependency structuresetc. Finally,
we do not believe that semi-automatic,treebank-
based,multilingualgrammardevelopmentnecessar-
ily competeswith traditional, predominantlyman-
ual grammardevelopment:indeed,flexible integra-
tion of hand-crafted,deep, HPSG grammarsand
automaticallyextracted,pureCFG-basedtopologi-
cal treebankgrammars(not unification grammars)
hasrecentlybeendemonstratedin (Crysmanet al.,
2002; Franket al., 2003b)andwe considerthis to
bea promisingdirectionfor futureresearchin both
mono-andmultilingual wide-coverage,deepunifi-
cationgrammardevelopment.
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