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Abstract

This paper focuses on the use of

two algorithmsfor the integration of

two broad-ceeragedependengbased
parsing systemsinto ExtrAns, an an-

swer extraction system that operates
over Unix manualpages. In the pro-

cess, ExtrAns usesa semanticinter-

preter that corverts the output of the

parserinto flat logical forms. The se-

mantic interpreterfor the first parsing
system, Link Grammay usesa top-

down algorithm, whereaghe semantic
interpreterfor the secondparsingsys-

tem, Conor FDG, usesa bottom-up
algorithm. After showing the differ-

encesbetweenthe structuresreturned
by both parsing systems, the paper
comparesthe algorithmsfor semantic
interpretationand commentson their

adequayg for the productionof flat log-

ical forms.

1 Intr oduction

Dependeng Theoryis not new. Early concepts
of syntacticdependeng were developedin the

1930s(Tesnere, 1934; Peskovskij, 1934). The

currentsuige of dependengbasedparsergSut-

cliffe et al., 1996; Sleatorand Temperlg, 1993;

Jarvinenand Tapanainen,1997) has spavned a

revival of researchin dependengtheoryandap-

plications(Kahaneand Polglere, 1998; Kahane,
2000).
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Theapplicationchoserfor the currentstudyis
Answer Extraction (AE). The fundamentalgoal
of AE is to locatethoseexact phraseswithin text
documentsthat answera query worded in nat-
ural language. AE can be seenas a type of
information retrieval (IR) that retrieves “answer
passages{O’Connor 1975)andit hasreceved
much attentionrecently as the increasinglyac-
tive QuestionAnsweringtrack in TREC demon-
strategVoorhees2001b;Voorhees2001a).

Giventhe shortsize of the text to be returned,
AE requiresmorethoroughlinguistic processing
than documentretrieval does. It is telling that
purelycorpus-basedndbag-of-word approaches
performedvorseon50-byteanswerghanon 250-
byte answersn the QuestionAnsweringtrack of
TREC9 (Voorhees,2000). Several answerex-
traction systems,including the best systemin
TREC9, FALCON, usedsomesort of flat logical
formsin the procesgHarabagiwetal., 2000).

In this paperwe comparetwo different ap-
proachesfor the semanticinterpretationof the
outputof two broad-ceeragedependengbased
parsersand grammarsfor ExtrAns, an answer
extraction systemthat usesflat logical forms.
We decidedto build the semantidnterpreterson
top of the output of the chosenparsersso that
the parsersdo not needto be modified. Such
a two-stageapproachenablesthe use of com-
mercial parserswithout having to accesso their
sourcecodes. The first parserchosenis Link
Grammar(Sleatorand Temperlg, 1993),a pub-
licly available parserand grammardevelopedat
Carngjie Mellon University We usea top-dowvn
approachwhere the dependenciesre traversed



startingfrom the headand following the depen-
dencieauntil all thewordsarecovered.Theother
parserchosenis Coneor FDG (Tapanainerand
Jarvinen,1997),a commercialparserand gram-
mar developedat the University of Helsinki. In

this casea bottom-upapproachs devisedwhere
thewordsaretraversedandtherelationswith their
headsareexplored.

Section2 introducesExtrAns andtheflat logi-
calformsusedby ExtrAns. Section3 focuseson
the top-dowvn and the bottom-upsemanticinter-
pretersimplementedn ExtrAns, beforereaching
thefinal conclusionin Section4.

2 Flat Logical Forms for Answer
Extraction

ExtrAns is an answerextraction systemthat op-

eratesover UNIX manual pages(Molla et al.,

2000b). The generalarchitectureof ExtrAns is

shavn in Figure 1. In an off-line stage,the
manualsentencesre processedind the logical

forms produced. Theselogical forms are con-
vertedinto Prolog-like Horn clausesand stored
in adatabaseln anon-line stage the userquery
is processedimilarly to produceits logical form

and subsequenset of Horn clauses. ExtrAns
finds the answersto the questionsby corvert-

ing the Horn clausesof the questionsinto Pro-
log queriesandthenrunningPrologs defaultres-
olution mechanisnto find thoseHorn clausesn

the databasehat can prove the question. This

default searchprocedureis called the synonym
modesincethe logical forms corvert all the syn-
onymsinto a synorym representatie, according
to a small WordNet-stylethesaurugFellbaum,
1998).ExtrAnsalsohasa hyponynmodethatex-

pandsthelogical form of the querywith thefirst-

level hyporyms,andanappoximatemode which

returnsthe sentencesvith the highestoverlapin

thelogical forms.

In orderto evaluatethe impactof the parsers
and semantidnterpretersn ExtrAns, we useda
collectionof 500 UNIX manualpagesanda test
setof 26 querieswith theiranswersandran Extr-
Ans in the approximatemode to maximisethe
likelihood of ExtrAns returningan answerto a
query Theresults(Tablesl and2) indicatethat
the choiceof parserdid not causea majorchange
in theperformancef thesystem A moredetailed

Parser Precisiort | Recall | F-score
Coneor FDG | 28.3% 21.9%| 0.177
Link Grammar| 31.8% 15.8% | 0.150

Table 1: Averageprecision, recall and F-score
(with equalweightingfor precisionandrecall) per

query

Parser No resultsre- | No relevant re-
turned sultsreturned

ConexorFDG | O 8

Link Grammar| 1 11

Table2: Numbersof timesno relevant answers
werefoundfrom atotal of 26 queries

evaluationis describedn (MollaandHutchinson,
2002).

2.1 The Logical Forms

An importantfeatureof thelogical formsusedby
ExtrAns is that they do not have nestedexpres-
sions.Theability of theseflat logical formsto un-
derspecifymakesthemgoodcandidatesor NLP
applicationsspeciallywhentheapplicationsen-
efit from the semanticcomparisonof sentences
(Copestak et al., 1997; Molla, 2001). In the
caseof ExtrAns, the logical forms only encode
the dependenciebetweenverbs and their argu-
ments, plus modifier and adjunctrelationsand
they arecalledminimallogical forms(MLFs). 1g-
nored information includescomplex quantifica-
tion, tenseandaspecttemporalrelations,plural-
ity, andmodality We have amguedelsavherethat
too detaileda logical form may interferewith the
answerxtractionmechanisnand,if necessarin
asubsequergtage additionalinformationcanbe
addedncrementally(Moll4etal., 2000D).
TheMLFs of ExtrAnsusereificationto achieve
flat expressionsyery muchin theline of (David-
son,1967;Hobbs,1985; Copestak et al., 1997).
TheMLFs donotreify all predicatesasopposed,
say to (Hobbs, 1985; Copestak et al., 1997;
Molla, 2001). In the currentimplementation
only reificationof objects eventualitiegeventsor
states),andpropertiesis carriedout. The MLFs
! Averageprecisionover queriesfor which precisionis
definedj.e.whenthenumberof returnsis non-zero.In cases

with non-definedorecisionthe F-scorewassetto zero,and
includedin theresults.
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Figurel: ExtrAnsarchitecture

are expressedas conjunctionsof predicateswith
all the variablesexistentially bound with wide
scope.For example,the MLF of the sentencesp
will quickly copyfilesis:

holds(e4),
object(cp,01,[x1]),
object(s _command,o2,[x1]),

evi(s _copy,e4,[x1,x6]),
object(s _file,03,[x6]),
prop(quickly,p3,[e4]).

In otherwords,thereis anentity x1 whichrep-
resentsan objectof type command (thes_ pre-
fix indicatesthe synorym classof command);
thereis an entity x6 (a file); thereis an entity
e4, which representsa copying eventwherethe
first agumentis x1 andthe secondargumentis
X6 ; thereis an entity p3 which statesthat e4
is done quickly, and the event e4, thatis, the
copying, holds. Thereificationof the event,e4,
hasbeenusedto expressthat the eventis done
quickly. The entitiesol, 02, 03, and p3 are
not usedin this MLF, but other more comple
sentencesnay needto refer to the reification of
objects(requiredfor non-intersectie adjectves
the alleged murder) or properties(required for
adjectve-modifyingadverbsverybright).

Answer extraction is performed by finding
those sentencesvhose logical form predicates
form a supersetf the logical form predicatesf
the question. More specifically a Prologcall is
producedwith all variablesin the logical form
convertedinto Prologvariables.The default Pro-
log resolutionmechanisnsufiicesto find the an-
swers.For example,the Prologcall generatedor

2ExtrAnsusesadditionaldomainknowledgeto infer that
cpisacommand.

thequestiorwhich commancaopiesfiles?is (sim-
plified):

2.

object(s _command,O1,[X1]),
evt(s _copy,E4,[X1,X6]),
object(s _file,03,[X6]).

Given that the MLFs are simplified logical
formscorvertedinto flat structuresExtrAnsmay
find sentencethat,logically speakingarenot ex-
actanswersut arestill relatedto theusers ques-
tion. Thus, given the questionabove, ExtrAns
may alsofind sentencesuchas cp copiesfiles,
cp doesnot copyfiles or if the usertypesy, then
cp copiesthefiles(Mollaetal., 2000b).

3 Logical Form Generationfrom Link
Grammar and Conexor FDG

Thegeneratiorof theMLFsis donein two stages.
First a parserand grammarproducesa syntac-
tic analysisof eachsentencen the form of a
dependeng structure. A logical form generator
thenproducedogicalformsfrom thisdependeng
structure. Whereasformer versionsof ExtrAns
usedLink Grammarfor thesyntacticanalysisthe
currentversionis ableto useeitherLink Gram-
maror the Coneor FDG parser

3.1 The Outputs of Link Grammar and
Conexor FDG

Exampledependeng structuregeturnedby Link
Grammarand Conexor FDG are shavn in Fig-
ures2 and3 respectiely. As the differenceshe-
tweenLink Grammarand Coneor FDG aredis-
cussecelsavhere(Molla andHutchinson,2002),
herewe just summariseéhe maindifferences.
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Figure2: Outputof Link Grammar
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Figure3: Dependeng returnedby Conexor FDG

Direction of dependency: In contrast with
Coneor FDG, Link Grammars‘links’ donotin-
dicatethedirectionof dependence.

Clausal heads: While Coneor FDG follows
the orthodox corvention of choosingthe main
verbastheheadof theclauselLink Grammaigen-
erally chooseghe subject.

Graphs: Link Grammars linkagesare not al-
ways tree structures(e.g. linkagesof sentences
with relative clauses).

Conjunctions: Link Grammaranalyses COOF
dinatingconjunctionasthe headof a coordinated
phras€® However in Conecor FDG’s analyses
the headwill be eitherthe first or the last con-
junct, dependingon the position of the coordi-
natedphrasewithin the sentence.

Dependencytypes: Link Grammarusesa set
of about90link types,with mary subtypeswhile
Con&or FDG usesa setof 32 dependengrela-
tions. Differentdistinctionsare madein the two
setsof dependengtypes.

Non-dependencyinformation: Coneor FDG
returnsthe baseform and morphologicalinfor-
mationfor eachword, alongwith a “functional”
tagand“shallow syntactic’tag (this information
hasbeenremovedfrom Figure3). Link Grammar
returnssufiixeson somewordsindicatingwhich
word classthey belongto.

3The version used in ExtrAns differs from the Link

Grammardefault behaiour thatreturnsa separatearsefor
eachconjunct.

3.2 Logical Form Generation from Link
Grammar

The Link Grammarparserreturnsseveral depen-
deng structuresvhenthe sentenceareambigu-
ous, and the dependeng structuresinclude in-
flectedforms of the words. As a consequence,
ExtrAns usesa disambiguationprocessand a
third-partylemmatiser An additionalmodulere-
solvespronominaknaphoraln theevaluationde-
scribedin Section2 theanaphoraesolutionmod-
ule wasdisabledandthefirst parsewaschoserin
orderto enablea fair comparisorbetweenLink
GrammarandConexor FDG.

Theconstructiorof theflat logical formsout of
Link Grammars dependeng structuresfollows
two steps(Molla et al., 2000a). In thefirst step,
the direction of the dependencés addedto the
links returnedby Link Grammar In mostcases
this is doneby looking up the link typein ata-
ble. Thereare somespecificcaseqfor example
thelink typeB, arathercomple link typeusedin
a numberof situationsinvolving relative clauses
andquestionswherethe direction of the depen-
deny dependsn the context anda moreelabo-
ratealgorithmis necessaryor thesecases.

In the secondstep, the logical form is con-
structedby atop-dovn procedurehatstartsfrom
the headof the main sentencgThe dependeng
labelsbelow correspondo thoseof the example
in Figure?2):

1. Startingfrom thesentenceoot, find thehead
of the main sentence.The sentenceaoot is
indicatedby ‘///II' on the left in Figure 2.



Theheadof thesentenceats isfoundafter
following thelinks Wd(thelink thatconnects
thesentencevith theroot or “wall”) andSs
(connectinga subjectwith the verb).

2. Follow the subjectdependeng (Ss) to find
the headof the subjectandbuild its logical
form object(man,ol,[x1]) . Thesub-
jectdependengis attachedo themainverb
or theleftmostauxiliary verbif thereis ary.

3. Follow thedependenciesf thesubjectmod-
ifiers (R) andbuild their correspondindogi-
calform evt(come,el,[x1])

4. Build the logical forms of the other verb
arguments(O™). In our examplethe object
is a conjunctionthat introducesan object
lattice  object(banana,o2,[x2]) ,
object(apple,03,[x3]) . X2Cx4,
X3Cx4.

5. Createanentity for themaineventuality e2.

6. Build the logical forms of the sentence
modifiers and adjuncts (MVp. In our
example they are with(e2,x5) , ob-
ject(fork,04,[x5])

7. Add thelogical form of themainevent(e2)
and the holds predicate holds(e2)
evt(eat,e2,[x1,x4])

Most of theabove stepscanbecomevery com-
plex, sometimesnvolving recursve applications
of the algorithm. For example,the logical form
of the relative clausethat cameis generatedy
applying the generalalgorithm recursvely. On
top of this, specific particularities of the de-
pendeng structuresreturnedby Link Grammar
(summarisedn Section3.1) add compleity to
theprocesg{Mollaetal., 2000a).

This algorithm would ignore complete sen-
tenceconstituentswheneer an unexpectedlink
appeared.As a result, a specialrecovery treat-
ment has beenimplementedto find the unpro-
cessedvords,locatetheir headsandrecursvely
applythetop-dovn algorithm. Thelogical forms
of the resultingislandsare addedto the logical
form of the top sentence.The resultis a logical
form that encodeghe gist of the sentenceleav-
ing someattachmentlecisionsunspecified.

3.3 Logical Form Generation from Conexor
FDG

In contrastwith thetop-davn approachusedwith
Link Grammay a bottom-upapproachis usedto
exploretheoutputof Conexor FDG. Logicalform
predicatesare constructedincrementally com-
bining information from one or more words in
the sentence.We associateeachpredicatewith
the word in the input sentencevhich introduces
the predicate. This enablesus to map syntactic
head-dependentlationsonto logical predicate—
argumentrelations. Thatis, if the dependeng
structureshaws a certainlogical agumentthen
we caneasilydeducewhich predicatesmeedto be
modified.

The algorithm for the semanticinterpretation
hasthree stages. The first stage,called Intr o-
spection associates (possibly underspecified)
predicatewith eachword. The secondstage Ex-
trospection usesdependeng relationsto fully
specifyeachpredicateby filling in its aguments.
Lastly, a Re-interpretation stageis neededo re-
analyselogical constructssuch as coordination
andnegation, sincetheir correctargumentstruc-
tureis not deduciblesolely from the dependeng
structure.

Intr ospection: The first stage consists of

analysingeachword and partially constructing
the associategredicate. We call this stageln-

trospectionsinceeachwordis examinedin isola-
tion. Thealgorithmiteratesthroughthe wordsin

the sentenceandfor eachword the word’s base
form and part of speechare usedto add infor-

mationto the predicateassociateavith thatword.

For example,Figure4 shaws the resultsof Intro-

spectioronthewordscats notandrun. As exem-
plified by the caseof cats objectpredicatesntro-

ducetheir own logical aguments whereasther
predicatedntroduceempty argumentsthat need
to befilled (indicatedby ‘ ?).

Extrospection: The logical agumentsof non-
object predicatesare addedduring the second
stage,which again iteratesthroughthe wordsin
the sentence. We call this stageExtrospection,
sinceinformationis deducedy examiningthere-
lation betweeneachword andits head(if it has
one).

If a word is a modifier of its headthen the
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Processingstage

Predicatesassociatedvith ‘cats’, ‘not’ and‘run’, andthehol ds predicate respectively

Introspect(cats) | object(cat,02,[x2])

Introspect(not) | object(cat,02,[x2])

,log _op(not,l4,[?])

Introspect(run) | object(cat,02,[x2])

,log _op(not,l4,[?])

, evt(run,e5,[?])

Extrospect(cats) | object(cat,02,[x2]) ,log _op(not,l4,[?]) , evt(run,e5,[x2])
Extrospect(not) | object(cat,02,[x2]) ,log _op(not,l4,[e5]) , evt(run,eb,[x2])
Extrospect(run) | object(cat,02,[x2]) ,log _op(not,l4,[e5]) , evt(run,eb,[x2]) , holds(eb)
Re-interpretation| object(cat,02,[x2]) ,log _op(not,l4,[e5]) , evt(run,eb,[x2]) , holds(14)

Figure 4: (a) Conor FDG's analysisof cats do not run, and (b) the incrementalconstructionof

predicates.

emptyargumentis instantiatedvith a valuetaken
from the predicateintroducedby the head. De-
pendingon the natureof therelationbetweerthe
headandthemodifierthenew valueis thereifica-
tion (1) or the logical agument(2) of the heads
predicate:

(1) don'trun
log _op(not,I1,[
evt(run,el,[x1])

[e1]),

(2) redcar

prop(red,pl,[
ject(car,01,[x1])

ob-

[x1]),

If aword is a syntacticargumentof its headit
is theheads predicatevhichinstantiates logical
argument:

(3) catsrun
object(cat,01,[x1]),

evt(runel,[  [x1])

In only a few casesnotably PPagentsin pas-
sives,a chainof dependencieis inspectedn or-
derto assignthe properlogical aguments. Fig-
ure 4 givesanexampleof incrementaMLF con-
structionthroughExtrospection.An exampleof
how argumentsand modifiers contritute to the
MLFs can be seenin the Extrospectionof cats
and not, respectrely. Argumentsin multivalent
predicatesare managedso that they are ordered
in a canonicalform, ensuring,for example,that
thesubjectof a passve verbis secondn theargu-
mentlist.

Extrospectionis bottom-upin nature,in that
for eachword the algorithm looks ‘up’ at its

unique head, rather than looking ‘down’ at its
dependents,of which there may be several.
This bottom-upnature makes the algorithm ro-
bust when facedwith disconnectedlependeng
structures,which result when a completeparse
cannot be found. In such cases,the Extro-
spectionstage may assigna dummy argument
if no logical amgumenthas yet been assigned.
For example, if ate cakes is parsedas a dis-
connectedchunk, Extrospectionof cake yields
evt(eat,el,[X]) , with dummyargumentX,
andwhencakestoo hasbeenprocessetheresult-
ing predicatesare evt(eat,el1,[X,x1]) A
object(cake,0l,[x1]) If averbhasno
argumentsin the dependeng structure the MLF
generatorarbitrarily assumeshe verbsto bein-
transitive, sinceit lacks accessto a lexicon to
checktransitvity. The sameprocessf introduc-
ing dummyargumentsensuresfor example,that
eat recevesadummysubjectin Eatingcakesis
fun.

As with the caseof disconnectedlependeng
structures,the algorithm gracefully deals with
comple dependeng structureghatarenot fully
covered by the semanticinterpreterby produc-
ing predicateghat may not be connected.With-
out having to introducea recovery stagelike in
thetop-dowvn algorithm,the bottom-upalgorithm
canproducethe sameflat logical form asthetop-
down algorithm.

Extrospectiononly examineslocal relation-
ships betweenwords, that is, the logical amgu-

“The objectof a transitive verb introducesa new amu-

ment,whichin this casetakesthevaluex1 .



mentsof a predicateare deducedjust from the
associatedavord, its syntactichead,andthe argu-
mentsof thatheads predicate While this locality
constraintallows a fastand robust generationof
MLFs, it alsomeanghe presentlgorithmcannot
producethe correctargumentstructurefor long
distancedependenciesincethesedependencies
arenotdirectly expressedn thestructurereturned
by theparser For example theobjectof eat can-
not be correctlyassignedn the cakesthat | like
to eat, sinceeat canonly inspecttheamguments
of like in its searchfor an agument. The ef-
fectsthat this constraintcreateson the accurayg
of ExtrAnsstill needgo be evaluated.

Re-interpretation: The last stage of logical

form generatiome-interpretdogical operatorsx-

pressingconjunctionsjmplication and negation.
In eachof thesecasesthereis a mismatchbe-
tweensemantiadependencandsyntacticdepen-
dence.For example,in Figure4, althoughnot is

dependenbn run, semanticallythe negationgov-

ernsthe verb’s predicate. Re-interpretationn-

volvesreplacingthe agumentof the logical op-
eratorwith thereifiedlogical operatoiin all pred-
icates,for examplethe holds predicatein Fig-

ured.

In orderto generatehe specificlogical forms
required by ExtrAns a few exceptionsto the
generalalgorithmdescribedabove arenecessary
Firstly, sinceMLFs ignoretenseandaspectsub-
jectsaretreatedas argumentsof the headof the
verb chain,ignoring ary auxiliary verbs. This is
achieved by associatinghe samepredicatewith
all verbsin the verb chain. For example,from
cats do not run, we get the desiredeventuality
predicate evt(run,e5,[x1]) rather than
two predicatessuch as evt(do,e2,[x1]),
evt(run,e5,[x1]) In addition, pred-
icates  expressing copula constructions
are not desired either That is, a sen-
tence such as cats are sleepy should give
holds(pl), object(cat,o0l,[x1]),
prop(sleepy,pl,[x1]) . Associatingcop-
ulaswith the samepredicateastheir complement
hasthedesiredeffect. Lastly, if awordis thehead
of a sentence(as detectedby the dependeng
type ‘main’, seeFigure 3), the specialholds
predicatds created.

4 Summary and Conclusion

Even thoughLink Grammarand Coneor FDG
are dependengbasedparsing systems,the de-
pendeng structuresreturneddiffer substantially
andthereforetwo independentogical form gen-
eratorsare needed. This gave us the possibility
to experimenton the methodologiedor travers-
ing the dependeng structuresand constructing
the flat logical forms usedby our answerextrac-
tion systemExtrAns. Whereasa top-dovn ap-
proachwasusedfor Link Grammaya bottom-up
approachwasusedfor Coneor FDG. We found
the bottom-upapproacteasierto implementthan
the top-davn and more robustin handlingcom-
plex dependengstructuresin contrasto thetop-
down approach.the bottom-upapproachwould
alwaysprocessll wordsandproducepartiallog-
ical forms. Theuseof dependengstructureplus
the flat natureof the MLFs makes possiblethis
robustfeatureof the bottom-upapproach.

The choiceof a top-davn algorithmfor Link
Grammar and a bottom-davn algorithm for
Coneor FDG was arbitrary andit is predicted
thata bottom-upapproactwould bethepreferred
choicefor Link Grammaraswell. Wewill pursue
to testthisin the nearfuture.
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