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5 Future Work

In this chapter | consider various related projeds and extensions to the work described in
the previous chapters. The first three sedions ded with extensions to clause level
relationship analysis (5.1), case analysis (5.2 and nounmodifier relationship anaysis
(5.3. These extensions represent small, reasonable projeds that fit within the existing
TANKA framework. Crucially, HAIKU has been designed to all ow many of these extensions
as smple “plug-ins’ that would na require significant aterations to the existing system.
More significant departures appea in sedions5.4and 5.5.

5.1 ClauseLevel Relationship Analysis

5.1.1 Evaluation

Clause level relationship analysis has been so far evaluated on a relatively small scde.
The requirement for complete, corred parse trees up to the level of clauses limits the
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amourt of data avail able for CLR analysis.* The problem is compounded by the fad that
datafor CLRA arelikely to be sparse in average texts (as aready seen in clouds and small
engines).

In order to test the preference rules and compare their performance to the use of stored
atribute patterns, larger experiments are needed. Such experiments could aso help
investigate a orrelation between the syntadic verb phrase feaures and CLRs.

5.1.2 Generalizing User Assignments

The CLR analyzer extension that leans from generalized user assgnments considers four
attributes: tense/modality and pdarity of both clausesinvolved in the CLR. A more fine-
grained generalization onthe tense/modality attribute is possble. Two clauses may differ
ontheir tense, but have the same level of modality (stronger, weger, nore). CLRA could
replacediffering tenses with a variable while maintaining the modality value if it is the
same for both clauses. For example, imagine the second clause from one sentence has
tense/modality of f ut ure_si npl e/ st ronger _nodal and the second clause from another
sentence has nust _pr esent _cont i nuous/ stronger _nodal . CLRA could generali ze the
two attribute valuesto X/ st r onger _nodal .

5.1.3 Embedded CLR Structures

The CLR analyzer canna hold competitions between embedded CLR structures becaise
an embedded CLR structure has no syntadic verb plrase fedures. Recdl sentence (21)
from chapter 2.

(21) Theprinter can print if the program issues the print command before the system
shuts down.

The dause identifier *statement 1* refers to the subtree for the printer can print;
*statenment2* to the subtree for the program issues the print command and
*st at ement 3* to the system shuts down. CLRA first assgns a CLR to the relationship
between *st at enent 2* and *st at ement 3* resulting in CLR structure S CLRA then
asdgns a CLR to the relationship between * st at enent 1* and S The tense/modality and
polarity for *st at enent 1* are can_pr esent/ weak_nodal and pos, bu the structure S
has no dstinct tense/modality or polarity values.

Similarly, the stored attribute pattern representation is not defined for embedded
structures. One posshility would be to trea the dtributes of the embedded structure &
variables. Usualy, howvever, variables in attribute patterns are the result of two patterns
having different values for a given attribute. The variables in patterns for embedded
structures would na be the result of known mismatches in attribute values and therefore

1| should stressthat the death of corred parses is a weakness of the parsing technology, not of the

CLRA mechanisms, athough CLRA’s dependence on good parsing may rightly be wnsidered a
weaknessof the semantics-from-syntax phil osophy.
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may be overgeneralizations. To mitigate the dfed of these variables, attribute patterns
from embedded CLR structures could be given a lower weighting for pattern lookups.
Becaise the CLRA implementation daes not currently weight patterns, a generd
weighting scheme would also need to be invented and justified.

5.1.4 AreAttribute Patterns Empirical Preference Rules?

HAIKU uses either stored attribute patterns or preferencerules to find a CLR to suggest to
the user. In sedion 2.5.51 said that CLR competiti ons giving corred analyses also result
in stored patterns, so the knowledge encoded in the preference rules is not lost when
using stored petterns. That is, stored attribute patterns identify what values of the verb
phrase feaures result in the asggnment of a particular CLR—knowledge that comes from
the succesdul applicaion d preference rules. As more sentences are analyzed, an
attribute not relevant to the assgnment of a CLR is more likely to be generdized to a
variable than attributes that are relevant. For example, if the polarity of one of the dauses
is not relevant in the assgnment of a particular CLR (i.e., may be positive or negative),
the system is more likely to asggn that CLR to sentences with either pdarity vaue than if
the polarity were relevant.

An interesting experiment would be to test this equivalence between preference rules and
attribute patterns by using stored patterns in CLR competitions. In a competition, HAIKU
would look upall of the stored patterns containing the two competing CLRs (CLR; and
CLRy). It would then generalize dl the stored patterns containing CLR;, generalize the
patterns containing CLR,, and compare the feaures of the inpu sentence to bah
generali zations.? The better match would win.

5.2 CaseAnalysis

5.2.1 Assigning Cases Oneby One

When comparing the cae marker pattern of a dause to that of a previously analyzed
clause, HAIKU will suggest the previous case pattern only if both CMPs have the same
number of markers. If the two CMPs have different lengths, HAIKU will not suggest any
cases a al, even for markers that the CMPs have in common.

Instead of giving up onthe CMP, HAIKU could suggest cases marker-by-marker. If a
particular marker appeas in bah CMPs, the crrespondng case from the previous CP
could be suggested. For markers in the arrent CMP that do nd appea in the previous
CMP, HAIku could look for other instances of the marker with the airrent verb and

2 The generalizaion of modality to stronger, weaker or none & described in 5.1.2 would be lessprone to

overgenerali zation than the more @arse generali zation of tense/modality together.
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suggest those previous cases. If the marker has never appeaed with the airrent verb,
HAIKU could even ched for instances of the marker with ather verbs.

For example, when HAIKU is analyzing (242), it assembles the CMP psubj - pobj - at - adv
and looks for previous CMPs with four markers. Since neither (240) nor (241) have
CMPs with four markers, HAIKU asks the user to supgy the cae pattern.

(240) [Bernice psubj/exprl oSt [her keys ponjoss] [0n Tuesday onrar] -
(241) [Charles psibjexer] lost [at the racetrack ayat) -

(242) [A‘J ax psubj/’?’?’?’?] |OSt [hlS poern pobj/????] [at the Cl Ub at/????] [yester day adv/????] .

Threeof the four markers in the CMP for (242) have drealy been encountered with the
verb lose. HAIKU could suggest Experience for psubj , Objed for pobj and LocaionAt
for at . The user would oy have to supdy one cae, TimeAt for adv.

Even when HAIKU does find a perfedly matching CMP, it asks the user to choose anong
al of the previous case patterns that have been associated with the CMP. Often these
previous case patterns have caes in common. For example, at one point in the clouds
experiment, twelve CPs had been acamulated for the CMP psubj - pobj (Table 36). If a
new clause gpeas with the CMP psubj - pobj , HAIKU will suggest all twelve CPs to the
user.

(1) AGT-DIR (2) AGT-EFF (3) AGT-OBJ
(4) CONT-EXPR (5) EXPR-CAUS (6) EXPR-MANR
(7) EXPR-MEAS (8) EXPR-OBJ (9) EXPR-TAT
(10) OBFMEAS (11) RECP-MEAS (12) RECP-OBJ

Table 36: Twelve case patterns for psubj - pobj

The user first looks at CP (1) considering Agent as a potential case for psubj . If he
deddes that Agent is indeal the mrred case, he must chocse a cae for pobj . But now
there ae only redly three CPs to chocse from, since nore of the others assgn Agent to
the subjed of the sentence Instead of suggesting twelve CPs for psubj - pobj , HAIKU
could first present only the (five) cases correspondng to psubj . If the user chooses Agent
(for example), then HAIKU could suggest only the three objed-marked cases Diredion,
Effed and Objed. The disadvantage to assgning cases one by onre is that slightly more
user input would be required (for example, typing a number seleding ead case instead of
one number for awhaole CP).

5.2.2 Aggressive Case Analysis

When HAIKU encounters a dause with a CMP that has aready appeaed with aher
clauses, it suggests all of the previous case patterns. Although experiments have shown
that the number of acaimulated CPs for any CMP grows dowly, it might be possble to



Future Work 139

reduce user burden by making HAIKU choase asingle CP (or at least a proper subset of the
acaimulated CPs) to suggest to the user.

The dhoice @uld be based onthe number of times ead CP has been previously assgned,
or on some score cdculated from the number of times ead individual case within the
CPs has ocaurred. Experiments would be needed to seehow the cae analyzer's siccess
rate is affeded, and to determine if the benefit to the user of chocsing from fewer
suggestionsis sgnificant.

5.2.3 A General Purpose Case Pattern Dictionary

The output of case analysisis alist of the verbs in a text and the caes assgned to their
arguments. Many systems that use caes for semantic analysis of text require knowledge
of the kinds of case roles allowed for verbs. Briscoe & Carroll (1997 identify the need
for adictionary that contains the number and categories of a predicae’ s arguments. HAIKU
could be used as atod to creae such a dictionary. Delisle & Szpakowicz (1997) explore
the construction d adictionary of predicae-argument structures.

By combining the marker - case asociations with subcategorization information, HAIKU’ S
output could also be used to identify which cases are cre for verbs (seesedion 3.2.4.

5.3 Noun Modifier Relationship Analysis

5.3.1 Noun Modifier Bracketing
Storing Pairs from Prepositional Phrases

Whenever the system bradkets alist of premodifiers, it stores the reduced sublradetings
to help bradket subsequent noun phiases. The system could be extended to store pairs
resulting from postmodifying prepositional phrases as well. For example, for the
postmodifying prepositional phrasein (243 the system would store pair (244).

(243) apot for soup

(244) (soup pot)

Storing these extra pairs would increese the likelihood d the system finding evidence
when bradketing new noun piiases.

Branching Frequencies

In sedion 4.7.1 |1 noted that left-branching triples do nd aways outhumber right-
branching triplesin atext, as has been observed by others. It will be important to continue
to monitor these frequencies in future experiments to determine whether the sparc text is
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unique in its predominance of right-branching triples. If left-branching predominance is
confirmed, the system could be modified to guessleft in the &sence of other evidence

I nsensitivity to the Bracketing Threshold

Results presented in 4.7.1also reveded the insensitivity of the bradketer to the value of
the threshald applied to previous bradeting evidence It is passble that a single technicd
text is unlikely to have bath right-branching and left-branching evidence for a given
triple, rendering the comparison threshold irrelevant. Future experiments may confirm
thisresult or, if conflicting evidenceis common, find a suitable default threshold value.

5.3.2 Other Noun Modifier Relationships

Experiments with the noun modifier relationship analyzer have not yet uncovered the
neal for new NMRs. Nonetheless it is possble to think up rew ones. For example,
Container and Content are aurrently stretched to cover part-whole relationships, which
might deserve their own NMRs. The possbility of a Resemblance NMR was investigated
insedion 4.7.3.

Another possble aldition to the NMRs would be inverse relationships. An NMR and its
inverse relationship expressthe same semantic relationship, bu the roles of modifier and
heal are reversed. Some of the NMRs adrealy have inverses. Container and Content;
Locaed and Location. It seems that some other roles might have natural inverses. Source,
for example, has the paraphrase “modifier is the source of compound”. An inverse Source
would have the paraphrase “compound is the source of modifier”, and could be
introduced to acourt for (245).3

(245) water faucet
water_faucet is the source of water

Not al NMRs, however, have compelli ng examples for inverse relationships.

The adition d new NMRs will be left to future work. More experiments would look for
noun phases that are not covered by the eisting NMRs, and povide data &ou the
distribution d NMRs in texts. As with the caes, overrepresentation in texts might be an
indicaionthat an NMR istoo general and that more spedfic NMRs are needed.

5.3.3 Methodsfor Choosing the Best NMRs

Sedions4.6.4and 4.7.2 dscribed various methods for choosing the best NMRs from two
lists of candidates. Experimental evaluation d the different methods was inconclusive.
Future experiments doud continue to evaluate dl of the implemented methods to
determine if one method is sgnificantly better than the others. Alternatively, a more
theoreticdly soundcdculation for choasing NMRs could be sought.

3 Without an inverse Source NMR, (245) would be assgned Product.
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5.3.4 Taxonomic Information from NMRs

In sedion 4.7.3 | noted that not al NMRs dhodd result in the generation o isa
structures. At present the only such NMR is Property, for which i sa generation is
disabled. If new NMRs are added to HAIKU, it is possble that there would be other
relationships (such as a Resemblancerelationship) that shoud nad result ini sa structures
either. The simplest solution would be to add such relationships to the list of i sa-
defeding relationships along with Property.

A more general solution would be to associate with ead NMR what type of hierarchicd
structure shoud be aitomaticdly generated for that NMR. In this way, any taxonamic
relationship could be aswciated with individual NMRs. The eisting NMRs would all
indicate an i sa relationship except Property, which would indicate that no taxonamic
relationship shoud be generated. Other taxonamic relationships could be indicaed as
well, such as the islikea relaionship from sedion 4.7.3 or even a meronymic
relationship for NMRs like Instrument or part-whole NMRs.

54 A Unified Set of Semantic Relationships

The choice of a surfacerepresentation d a sentence is often arbitrary, as ill ustrated by
(246) and (247), bah o which describe the same events.

(246) A man was murdered yesterday with a handgun because a jeal ous husband
returned early.

(247) the murder of a man yesterday with a handgun because of the early return of a
jealous husband

In bah examples, a handgun is the Instrument of a murdering event, ajedous husband is
the Agent of a returning event, etc. There is obviously some overlap in HAIKU's three
types of semantic relationships.

Deverbal nours sich as murder and return are known to mark case-like relationships.
Levi (1978 cdls such nours nominali zations, and acourts for their semantics with four
case-like roles: Act, Agent, Patient, Product. HAIKU has NMRs that resemble caes to
acourt for compound with deverba noun reads.

Just as ome nours participate in case-like relationships with their modifiers, stative verbs
are more gpropriately analyzed by assgning NMRs between their arguments. Frawley
(1992 argues that there is no thematic role in (248 between ball andis, or between red
and is. Rather, there is a relationship between ball and red diredly, while the verb isis
irrelevant.

(248) Theball isred.
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By unifying HAIKU’ s three sets of semantic relationships into ore set, it might be possble
to mix and match evidence from the different levels. Lauer (1995 154) writes: “to
interpret garbage collection, knowledge of the semantics of, and case roles for, the verb
collect are neaded.” HAIKU may indeed have knowledge of the cae roles for collect
acaimulated duing case analysis. It is passble to urcover the verb roat of a deverbal
noun (Hull & Gomez 1996 Barker et al. 1997. The NMR analyzer could ched stored
case patterns for that verb as evidencefor semantic relationship assgnment.

Unifying HAIKU'S ®mantic relationships would be alarge undertaking and there is little
precaedent for such an al-encompassng set. In perticular, validation would be a
considerable endeavour.

5.5 Other Directions Altogether

The extensions described in sedions 5.1, 5.2 and 5.3 could al be implemented within the
existing HAIKU framework. In this saion | investigate projeds that represent a significant
departure from TANKA principles.

5.5.1 Fully Automatic Recognition of Semantic Relationships

Semi-automatic analysis in HAIKU proceeals linealy through a text to avoid disorienting
the user. Sentences appeaing later in atext, however, might have constructions that could
be used to dsambiguate @nstructions appeaing ealier. A fully automatic analyzer could
process entences and phrases in any order to arrive & a aimulative analysis of a
complete text. The system could proceeal in several passes (iteratively), making all of the
unambiguous dedsions and interpretations first and storing them. In subsequent passes
more anstructions could be unambiguowsly analyzed using structures from previous
passes. The number of passes could be limited by requiring that some minimum number
of relationships be remvered onead passfor processng to continue.

Severa iswes would require investigation in bulding a full y-automatic HAIKU. Would it
be justifiable, for example, to use stored structures from texts already analyzed to help
start the processng of a new text? Could existing knowledge resources such as WordNet
replaceHAIKU’ s user as orade? What would be the dfed of incorred parse trees assumed
to be corred? What would be the dfed of incorred stored semantic structures on future
analyses?

5.5.2 Extending HAIKU with WordNet

HAIKU avoids smantic information associated with nours, verbs and adjedives snce
such open-ended information would require alarge knowledge engineeing effort. Some
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such knavledge is avail able, however, in WordNet. HAIKU could make use of WordNet in
several places.”

In clause level relationship analysis the WordNet synonym sets or hypernym sets for the
verbs of eat of the dauses could be added to the stored attribute patterns. There may be
a orrelation between cetain kinds of verbs (such as cause and prevent) and CLRs.
Patterns with a nonnil intersedion d synonym (or hypernym) sets in the verb attribute
would be considered matching. It might also be passbleto discover modal expressonsin
clauses using WordNet. Synonym sets for adverbs in a dause auld be expanded urtil
one of a small number of known modal adverbs is found (such as certainly, probably,
possibly).

In case analysis, case marker pattern matching could be extended to match onsemantics
of the cae fillers. For example, if two syntadic subjeds from two dfferent sentences
share ahypernym, they may mark the same cae.

In sedions 4.4.1and 4.7.31 proposed using WordNet pertainyms to improve avkward
noun modifier relationship paraphrases. HAIKU’'S NMR analyzer could also generdize
NMR arguments using WordNet. Instead of looking for exad matches on modifiers and
heals, HAIKU could look for intersedion d their synonym sets or hypernym sets. For
example, if the modifier of the aurrent triple has no match in the stored triples, the system
could look for matches using elements of the modifier's gynonym set. If no previous
triples match elements of the synornym set, the system could look for matches using
elements of the modifier’'s hypernym set.

5.5.3 Other Sourcesof Syntactic Information

The experiments described in this dissertation underlined HAIKU' s reliance on good farse
trees from DIPETT. It would be an interesting projed to adjust the system to work with
other sources of syntadic information. In its current form HAIKU depends on the adual
structures produced by DIPETT, bu it could be modified to accept structures from other
parsers, as long as they provide mmparable information. For example, any parser that
identifies g/ntadic subjeds, oljeds and pepositional phrases attached to a verb could
feal case analysis in HAIKU. Any system that identifies noun pemodifiers (such as the
parsers described by Voutilainen & Padré 1997 o Zhai 1997 could feed NMR analysis.

*  Delide (1996 describes a system that alows information from WordNet to be alded to DIPETT's
dictionary.



