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6 Conclusions

The thesis that | have set out to defend in this dissertation hes been that semantic
relationships in sentences form a model of a text and that it is passble to aquire this
model interadively. There ae anumber of ways to make the user-asssted aayuisition
relatively painless define general, damain-independent semantic relationships; find clues
in syntax that hint at underlying semantic relationships; ask the user simple, well-direded
guestions when consultation is necessary; apply simple leaning techniques to approved
analyses to al ow the system to ad more aitonamously on future sentences.

6.1 Summary

The bulk of this dissertation was abou the design and implementation o parts of
TANKA’S $mantic analyzer. The purpose of HAIKU is to recgnize semantic relationships
in the sentences of atext. Chapters 2, 3 and 4 dedt with HAIKU’ s three semantic analysis
modues.

6.1.1 ClauseLevel Relationship Analysis
In chapter 2 | described the dause level relationship analyzer. CLRs are assgned to
clauses in coordinate, subadinate and correlative syntadic relationships. The CLR
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148 Conclusions

marker dictionary lists a subset of candidate CLRs appropriate to the dausal conredive
in a sentence HAIKU hdds competitions between the candidates using preference rules
that choose between pairs of CLRs. The rules prefer one CLR over ancther depending on
the wnredive paarity and the verb plrase pdarity, tense and modality. The CLR with
the most paints a the end d al competitions is presented to the user for approval. To
help with future asdggnments, approved CLRs and clausal attributes are stored and
generalized on urequal attribute values.

6.1.2 CaseReéationships

Since cae analysis was previously described by Delisle (1994, in chapter 3 |1 showed in
detall the processof choosing a set of semantic relationships. Initial seledion comes from
a broad review of existing systems in theoreticd and computational linguistics, seeding
the set with linguisticdly and pradicdly motivated relationships. Building a marker
dictionary grounds the set in the surfacesyntadic phenomena that express the
relationships. Marker dictionary construction also exposes we&knesEs in the wverage of
the set.

In chapter 3 | also described a methodcd evaluation d the caes using their distribution
in texts and among the ca&e markers. The evauation criteria were generality,
compl eteness and uniqueness (absence of redundant and superfluous cases).

6.1.3 Noun Modifier Relationship Analysis

The nounmodifier relationship analyzer described in chapter 4 assgns NMRs to ead of
the modifiers of a noun. Premodifiers must be bradketed into locd modifier-nead pairs,
eat o which recaved its own NMR. The semi-automatic bradketer handes adjedive
and noun pemodifier sequences of any length. It leans from reduced sublradetings of
previous phrases to dedde whether a subphrase is left-branching or right-branching.

HAIKU assgns NMRs to modifier-head pairs from bradketed premodifier sequences and
from postmodifying prepositional phrases and appasitives. Modifier-head-marker triples
are compared to previous triples. NMRs associated with the most similar such previous
triples are candidates for the relationship between the modifier and head under analysis.
One of these candidates is chosen as the best NMR based onits frequency of occurrence
in previous assgnments. The NMR analyzer also generates automaticdly taxonamic
relationships between a ompoundand its head.

6.2 GoalsRevisited

In chapter 1 | presented five goals for the projed. | will now return to those goals and
relate them to the results presented in the preceding chapters.
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6.2.1 Semantic Relationships

The first goal was to construct usable, genera purpose sets of semantic relationships. |
have described the construction d three such sets. clause level relationships, cases and
noun modifier relationships. Each of the lists was inspired by a union d semantic
relationships foundin reseach in dscourse analysis, in case theory and valency theory
and on noun prases.

The dause level relationships cover the senses of a large number of coordinators and
subardinators found in conventional and eledronic dictionaries. In the building code,
clouds and small engines experiments no rew CLRs were nealed to acourt for the
semantic relationshi ps between events represented by clauses in those texts.

HAIKU'S case marker dictionary contains sveral hunded lexicd items (atomic and
phrasal markers) whose many senses are awvered by the caes. Some caes are marked by
fewer markers than ahers, bu no case «ists for only a single marker. Inspedion d the
representation d ead case in the marker dictionary identified paentially over-general or
over-spedfic cases.

The eisting case set has also been sufficiently complete to acount for verb argument
relationships in many texts, including (most recently) the clouds text and the small
engines text. On the other hand, several cases were not assgned in those experiments. In
chapter 3 | rgeded the posshility that cases sich as Redpient, TimeFrom and TimeTo
are superfluous, even if they appea to occur rarely in the test texts. The inclusion d
similar cases in many other case listsisindired evidenceof their utility.

Semantic relationships within noun phases in the sparc and small engines texts were dl
covered by the existing NMRs. Nonetheless there ae possbiliti es for new relationships
(see sedion 5.3.2. Experiments with more texts will determine if the @verage of the
current set of NMRsis aufficient.

6.2.2 Semi-Automatic Recognition of Semantic Relationships

The second goal from chapter 1 was the wmpletion d the HAIKU semantic analyzer.
Chapters 2, 3 and 4 contain detalls of the design and implementation d eadh o its
modues. As planned, the cmporents make use of linguistic knowledge and o small
amournts of closed, damain-independent knowledge. They lean from user assgnments to
make better suggestions to the user. The success of the implementation is suppated by
the data from experiments, as simmarized in the foll owing sedions.

6.2.3 Learning

The third goa was to evaluate HAIKU's ability to lean from previous analyses to make
better suggestions to the user. Results of the experiments described in chapters 2, 3 and 4
show that as more text is analyzed, the propation o corred anayses by the system
increases dedlily.
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For the clouds and small engines texts, the dause level relationship analyzer got 76% of
CLR assgnments corred using preference rules only. The problem with the preference
rules is that if they prefer the wrong CLR for a given inpu, they will aways prefer the
wrong CLR for similar inpus. Experience using HAIKU has reveded that correding the
system on the same mistakesis smple, bu annoying.

Leaning from user assgnments helps HAIKU avoid such behaviour, bu there is the
problem of knowing when to use stored CLR attribute patterns and when to stay with the
preference rules. For the 127 CLR asggnments from the clouds and small engines texts,
CLRA got 77% corred using stored attribute patterns and preference rules. More
experiments are needed to determine if there is a significant difference in performance
between the two methods and aso to seeif performance improves over time when using
stored attribute patterns.

HAIKU asdgned 439case patterns in the clouds experiment and 584 ptterns in the small
engines experiment. For both experiments the propartion d clauses for which the crred
CP was among the system’s suggestions increased over the course of the experiment. For
the clouds experiment HAIKU had corredly assgned 50% of the CPs after 208 clauses. It
corredly assgned 72 of the CPs for the rest of the text. In the small engines experiment
HAIKU had corredly asggned half of the CPs after the first 100 clauses. For the rest of the
clauses, it corredly assgned 68%. Figure 4 and Figure 5 in chapter 3 ill ustrate how the
cumulative number of corred assgnments by HAIKU increased at a higher rate than user
assgnments throughou both experiments.

In the sparc experiment HAIKU's bradketer made 63% of the 194 bradketing dedsions
corredly: 52% in the first half of the experiment, 74% in the second half. For the small
engines experiment the bradketer made 62% of the 164 cedsions corredly. For the first
quarter of that experiment the number hovered just over 50% after which it jumped fairly
quickly up to abou 65% where it stayed for the rest of the experiment. Always guessng
left branching would have resulted in 91% success for the small engines text, bu only
45% for the sparc text. Based on dhers' observations of branching frequencies, it is
unlikely that either of these two texts is representative of texts in general. Yet the sparc
text shows that the predominance of |eft-branching compoundsisnot universal.

The noun modifier relationship anayzer assgned 726 of the NMRs in the sparc
experiment corredly: 51% in the first third of the experiment, 83% for the rest of the text.
The small engines experiment showed similar numbers. 49% of the first 100 assgnments
were made rredly by the system, 71% of the assgnments for the rest of the text. On
average NMRA made 69% of the assgnments corredly over the eatire text. The
improvements iow that NMRA can lean from user assgnments. Furthermore, since
only 57% of the sparc assgnments and 436 of the small engines assgnments were
perfed matches on reduced modifier-head pairs, partial matching was resporsible for a
significant portion (15% and 26 respedively) of the corred analyses.



Conclusions 151
6.24 Coverage

The fourth goal was to evaluate HAIKU’ s coverage of semantic relationships in a text and
its sengitivity to errors in parse trees and misdng parse trees. The system can recver
many semantic relationships even from incorred or fragmentary parse trees.

It was no surprise to discover that clause level relationship analysis suffered the most
from parse erorsin the experiments. HAIKU got the oppatunity to assgn CLRs for 67%
of the dause-clause @nstructions in the clouds text. In the more syntadicdly complex
small enginestext, only 28% of constructions requiring CLRs were analyzed.

Case analysis is the least sensitive to parse erors becaise it alows the user to corred
mistakes in case marker patterns. Sampling 100 erbs at randam from the small engines
text showed that HAIKU extraded between 926 and 9% of the cae patterns in the text
(at 95% confidence). The number would have been much smaller if the system were
limited to assgning case patterns to corred CMPs only. In the clouds experiment, 696 of
the CMPs constructed from the parse trees were rred. For the small engines
experiment, ony 55% of CMPs were rred.

Noun modifier relationship analysis works with the smallest parse tree fragments and
shoud be the least sensitive to parse arors. With DIPETT’s partial parsing fadlity, many
noun phases are parsed corredly even if the parser canna conred their parses to larger
trees. Unlike in case analysis, however, the user is not given the oppatunity to repair
incorred parses. Sampling 100 modifier-noun girs in the small engines text showed that
between 7906 and 924 of the pairsin the text receved NMRs (at 95% confidence).

6.2.5 User Burden

The final goal stated in chapter 1 was to evaluate the burden that semi-automatic HAIKU
analysis places on the user. Experiments have shown that the system can be used to
reaver multi ple semantic relationships from several hunded sentencesin just afew days
(starting from scratch) withou overly taxing the user.

Burden is evauated in terms of the onus ratings (see sedion 1.4.4 assgned to ead
interadion duing the clouds and small engines experiments. The onus ratings assgned
for interadions in bah experiments appea in Table 37. In those experiments 1739 d the

onus
0 1 2 3 average
clouds CLRA| 50 1 0 0 0.02
CA| 384 50 5 0 0.14
CLRA | 17 4 0 0 0.19
small engines CA | 480 89 15 0 0.20
NMRA | 808 71 7 0 0.10

Table 37: Onus ratings for the clouds and small engines experiments



152 Conclusions

1981 HAIKU interadions (88%) were considered trivial, while only 27 d the interadions
(1%) were mnsidered dfficult.

Burden can also be eraluated by looking at the number of HAIKU interadions per sentence
and the amourt of time spent on ead sentence. In the clouds experiment there were on
average 0.10CLRs and 0.86case patterns assgned in ead sentence, requiring on average
1 minute and 49semnds. In the small engines experiment there were 0.04 CLRs, 1.05
case patterns and 1.59NMRs per sentence, coincidentally also requiring 1 minute 49
sewnds. In bah experiments the average time per sentence relative to the number of
HAIKU interadions deaeased over the murse of the experiment.

6.3 ClosingWords

Semantic relationships in sentences form a mode of a text that can be aquired
interadively, with relatively littl e burden onthe user. This thesis is defended through the
satisfadion d five goals: the @nstruction d sets of general, patable semantic
relationships; the implementation d a semi-automatic system that reaognizes the
semantic relationships in sentences using syntadic and linguistic dues; confirmation o
the system’s ability to lean to work more aitonamously; confirmation that the semantic
relationships are sufficient to model complete texts; and confirmation that the burden
placal onthe user is low. The design, implementation and evaluation d HAIKU diredly
addressd eat of the goals.

The @nclusion is that the interadive reavery of semantic relationships in a text is
viable. The syntax does hald clues abou the underlying semantic relationships between
syntadic dementsin a sentence HAIKU can use these duesto reaognize agood pation d
the semantic relationships in atext automaticdly, By leaning from mistakes correded by
auser it can improve its performance Finaly, there ae waysto €licit knowledge from the
user withou requiring open-ended subjedive knowledge entry.

Systems that aqquire degp semantic knowledge from texts fully automaticdly are not
forthcoming. This dissertation hes $iown that it is feasible to aauire some knowledge
from texts garting from scratch—withou big semantic knowledge bases, withou big
tagged corpora, with just alittl e help from auser and allittl e leaning.



