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ABSTRACT

Parsers are essential components of many Natural Language Processing applications. In
such applications, parsing is the process of analyzing and assigning grammatical types to
each word, phrase, and clause in a sentence. A broad-coverage parser attempts to analyze
any grammatical sentence of a natural language. A parser depends upon a grammar, which is
a set of codified rules of language, to analyze the sentence structure. Often in such systems,
the strength of the parser/grammar has a direct effect on the desired results. Achieving good
results rests on reliable evaluation methods to determine and eliminate weaknesses in the

parser or grammar.

DIPETT (Domain Independent Parser of English Technical Text) is a broad-coverage parser
of English technical text that is used primarily in the TANKA (Text Analysis for Knowledge
Acquisition) project. The TANKA project seeks to build a model of a technical domain by
semi-automatically processing written text that describes the domain. No other source of
domain-specific knowledge is available. The accuracy and completeness of a semantic
representation generated by TANKA is partly determined by the accuracy of DIPETT’s
syntactic analysis of the text.

Test suites have long been accepted in NLP because they provide for controlled data that is
systematically organized and documented. This thesis investigates the use of test suites for
evaluating the performance of parsers of English sentences, and uses two test suites to
evaluate DIPETT. The evaluation results were used to make significant improvements to
DIPETT, and the test suites were used in part to compare DIPETT's performance to that of
several other publicly available large-coverage parsers.

The thesis argues that a test suite for a broad coverage natural language parser must
necessarily be systematic, broad in its coverage of phenomena tested, and corpus-like in its
coverage of phenomenon interaction. A test suite of example sentences extracted from Quirk
et. al.”’s comprehensive English grammar is proposed, and the results of evaluating DIPETT
on that suite are compared with the evaluation results on a publicly available test suite,
TSNLP (Test Suites for Natural Language Processing).
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Chapter L. Introduction

AN EVALUATION OF A RULE-BASED
PARSER OF ENGLISH SENTENCES

1 Introduction

1.1 Natural Language Processing

Parser Evaluation is an emerging research area within the domain of Natural Language
Processing. Natural Language Processing (NLP) is the intersection of many disciplines:
artificial intelligence, linguistics, cognitive science, and statistics. In general terms, it is about
making computers understand and generate human language. Programming a computer to
emulate the language skills of even a very young child is an extremely difficult task, for the

knowledge required surpasses the capacity of today’s computer systems.
Some potential uses and applications of NLP research are:

e Writers’ aids

e spelling, grammar, and style checkers

e on-line dictionaries, thesauri, and dictionary access systems
e Information management tools

e automatic indexing systems

e text retrieval and information extraction systems, with a natural language
component

e text summarization
e Translators™ aids
e machine translation systems

e terminology management databases, electronic multilingual dictionaries and
thesauri

e translation memories. specialized workstations

e Natural language front ends for information systems, database systems, computer
systems

e Natural language generation modules for larger systems, for example, to synthesize
results of information extraction or text summarization
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e Speech processing systems

e speech understanding, recognition, synthesis, communication

1.2 Text Processing in NLP
The need for proficient text processing systems is ever increasing. Two examples of research
projects within the School of Information Technology and Engineering are related to the

processing of written text.

1.2.1 Text Summarization

The amount of written text in the world, particularly on-line text, has become so great that it
is unmanageable without tools for retrieving and filtering. World-Wide Web browsers and
search engines often return vast quantities of text, both relevant and irrelevant to the
searcher, that are beyond human capacity to scan or absorb. Some of the purposes of

information retrieval and text summarization applications are:

e to find appropriate documents on a certain topic,
e to summarize text for certain purposes,

e to produce a shorter version of a text while retaining the main points of the original.

1.2.2 TANKA: Text Analysis for Knowledge Acquisition

Building knowledge bases is essential in the development of Al systems. The development
of a new AI system often requires the building of a new knowledge base. Traditionally,
knowledge bases are constructed by a cycle of interviewing experts, building a prototype,
testing, then re-interviewing the expert. Knowledge acquisition, therefore, remains a
difficult, expensive, and labour-intensive task. This is commonly called the knowledge
acquisition bottleneck. Applications that analyze text for the purpose of knowledge
acquisition aim to automatically extract and codify knowledge contained in written texts into

a knowledge base.

o
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The TANKA' project seeks to build a model of a technical domain by semi-automatically
processing written text that describes the domain. No other source of domain-specific

knowledge is available.

1.3 Parsers and Parser Evaluation

Parsers are essential components of many NLP applications. In such applications, parsing is
the process of analyzing and assigning grammatical types to each word, phrase, and clause in
a sentence. For example, a parser recognizes noun phrases, verb phrases, and relative clauses
as well as parts of speech. A broad-coverage parser attempts to analyze any grammatical
sentence of a natural language. A parser depends upon a grammar, which is codified rules of
language, to analyze the sentence structure. The parser uses the grammar to find analyses;
the process as a whole may be seen as a form of deduction. The output of a parser/grammar
is an analytical representation of a sentence called a parse rree. Parser output provides more
syntactic information than flat part-of-speech annotations, but does not generate a full

sernantic representation of a sentence.

Often in such systems, the strength of the parser/grammar has a direct effect on the desired
results. Achieving good results rests on reliable evaluation methods to determine and

improve weaknesses in the parser and grammar.

1.3.1 The Domain Independent Parser of English Technical Text

DIPETT? is a broad-coverage parser of English technical text that was developed for a Ph.D.
research project (Delisle, 1994), and is used primarily in the TANKA project. Broad-
coverage parsing is required to parse large-scale technical text. The accuracy and
completeness of a semantic representation generated by TANKA is partly determined by the
accuracy of DIPETT’s syntactic analysis of the text. DIPETT is a linguistic theory-neutral
parser (it does not presuppose any particular linguistic theory of language) with a broad

surface-syntactic coverage of English. The core of DIPETT’s grammar is based on Quirk et

' Text Analysis for Knowledge Acquisition

* Domain Independent Parser of English Technical Text

(V3



Chapter 1. Introduction

al. (1985), a standard academic grammar of English, and Winograd (1983). DIPETT is
implemented as a logic grammar (Prolog) and is particularly rich in “lookahead” and

heuristics for efficient parsing of complex syntactic structures.

1.4 Goals of the Thesis

The goal of this thesis was to investigate the use of test suites for evaluating the performance
of parsers of English sentences, and to use such a test suite to evaluate our in-house parser,
DIPETT. The evaluation results were used the to make improvements to DIPETT, and the
test suites were used in part to compare DIPETT’s performance to that of other publicly

available large-coverage parsers.

The thesis shows that a test suite for a broad coverage natural language parser must
necessarily be systematic, broad in its coverage of phenomena tested, and corpus-like3 in its

coverage of phenomenon interaction.

[ propose a test suite of example sentences extracted from Quirk et al.’s comprehensive
English grammar (Quirk et a/ 1973, 1985), and compare the results of evaluating DIPETT on
that suite with the evaluation results on another publicly available test suite, TSNLP*

(Lehmann er al., 1996b).

1.5 Organization of the Thesis
Chapter 2 of the thesis gives an overview of general parser evaluation literature. Various

methods of parser evaluation are discussed, including diagnostic and progress evaluation.

Chapter 3 gives a summary of the literature from the TSNLP project. One of the tools
commonly used for diagnostic evaluation is a test suite; the TSNLP project was concerned
with the design and use of test suites in NLP. The design of the TSNLP test data and their

annotation schema is described.

3 Corpora comprise arbitrary (but relevant) combinations of phenomena.

* Test Suites for Natural Language Processing
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Chapter 4 reviews the existing test methods and evaluations of DIPETT. A proposal for a
broad coverage test suite for DIPETT is presented, as well as a proposal for a diagnostic and

progress test system for DIPETT.

Chapter 5 presents a diagnostic evaluation of DIPETT on the test suite described in chapter

4, and on the TSNLP sentences, and compares the resulting evaluations.

Chapter 6 shows how the evaluation results can be used to make improvements to DIPETT.

Some improvements are described, and their effect on DIPETT’s performance is analyzed.

Chapter 7 provides a brief comparison of DIPETT with three other publicly available

parsers.

Chapter 8 gives a summary of the thesis, discusses problems, and presents future work to be

done in evaluating and optimizing DIPETT.



Chapter 2. NLP and Parser Evaluation Literature

2 NLP and Parser Evaluation Literature
This chapter presents a general survey of the literature and current research projects relating

to parser evaluation. The following are presented:

1. The Sparck Jones and Galliers review, which mentions some long running research

projects.

2. The EAGLES’ project and the Human Language Technology (HLT) survey, which

introduce NLP evaluation terminology.

3. A brief summary of parser evaluation metrics and research this past decade.
4. Short descriptions of some current large parser evaluation projects.
5. The most recent proposals for solving some of the problems outlined in part 3.

Research in parser evaluation has mainly been conducted and published through conference
workshops. Workshop proceedings and papers published prior to 1995 are often difficult to
acquire. However, copies of later papers are often available through the Internet, and some

of these and other publications provide good reviews of early research in this field.

2.1 “Evaluating Natural Language Processing Systems: An Analysis and
Review”

Sparck Jones and Galliers (1996) provide an outline of early efforts made to evaluate NLP
systems. The material in this book is not specific to parser evaluation; indeed, natural
language parsers are barely mentioned. The book is concemed with performance evaluation
of NLP systems as a whole, not just the performance of the parser/grammar. The book
provides a comprehensive review of research activity relating to NLP evaluation. It ranges
across a broad spectrum of NLP applications, including generic systems, machine
translation, message understanding, speech understanding, speech recognition. This book is
generally too broad to be very useful for this thesis, although it does describe the early
parser/grammar evaluation (Parseval) workshops and the EAGLES and TSNLP projects (as

’ Expert Advisory Group on Language Engineering Standards



Chapter 2. NLP and Parser Evaluation Literature

they existed before 1995). The final state and contribution of these research initiatives will be
described below, as will the concept of performance evaluation. A review of the Sparck

Jones book was published by Walter (1998).

2.2 Evaluation Guidelines
The EAGLES project subgroup on evaluation suggested that three purposes of evaluation
could be distinguished (Balkan er al., 1994c; Sparck Jones & Galliers, 1996):

e Diagnostic evaluation aims at localizing deficiencies in a system.
e Progress evaluation compares successive stages of development of a system over time.

e Adequacy evaluation determines whether a system meets some specified requirement.

The EAGLES report also provides a survey of glass-box and black-box test techniques for
testing software (EAGLES, 1995):

e Black-box test methods do not use explicit knowledge of the system internals. Black-box
testing focuses on testing of functional requirements and so tests for correct outputs.
e  Glass-box test methods use knowledge of the system internals to guide the selection of

test data and is therefore the testing of known software paths.

2.3 Survey of the State of the Art in Human Language Technology

The HLT Survey — Survey of the State of the Art in Human Language Technology (Cole et
al., 1996) presents a useful and descriptive introduction to NLP evaluation terminology. This
survey covers a broad spectrum of NLP products and disciplines: text analysis, machine
translation, broad-coverage natural language parsers, speech processing, and character

recognition. The authors distinguish three different goals and three classes of evaluation.

2.3.1 Adequacy Evaluation

Adequacy evaluation determines whether an NLP system will suit the needs of a given

purpose: will it meet the user requirements, how well, at what cost. [t provides users and
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application developers information to determine whether an NLP system is adequate for their
particular task, and if so, whether it is more suited than others. Both diagnostic and
performance evaluation techniques may be used, but are unlikely themselves to be sufficient.
Described as following the “Consumer Reports paradigm”, adequacy evaluation provides
comparative information of parsers but does not necessarily identify the best parser, thus

allowing the user to make an informed choice.

2.3.2 Diagnostic Evaluation

Diagnostic evaluation tests system performance with respect to the space of possible inputs.
In NLP application areas where coverage is important, particularly systems with explicit
grammars, large rest suites are commonly used for diagnostic evaluation. The purpose of a
test suite is to enumerate linguistic phenomena in the input domain and their most likely
and/or important combinations. A test suite may include invalid as well as valid inputs. Test
suites allow automated regression testing to ensure that system changes have the intended
effect and no others. Possible limitations of diagnostic evaluation are (1) such test suites may
not reflect the distribution of linguistic phenomena in actual application domains, and (2)
coverage of any particular linguistic phenomena is not in itself indicative of fitness of an

application to a user’s purpose.

2.3.3 Performance Evaluation

Performance evaluation is a quantitarive measurement of system performance in one or more

specific areas. We distinguish:
Criterion: What it is we are interested in evaluating — precision, speed, error rate.

Measure: Which specific property of system performance we report in an attempt to
measure the chosen criterion — ratio of successes to total outputs, seconds to process,

percent incorrect.

Method: How the appropriate value for a given measure and a given system may be

determined.
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Such metrics have traditionally been applied to quantify the performance of information
retrieval systems, although the concepts have been adopted and are now being used in NLP
evaluation as a whole. Much of the discussion in parser evaluation literature has sought to
determine appropriate measures for evaluating and comparing output analyses of parsing

systems.

2.3.4 Evaluation of Broad-Coverage Natural Language Parsers

According to Ezra Black (Cole er al, 1996; chapter 13.4) objective evaluation of natural
language parsers essentially was not practiced at all Before 1991. In 1991 the Parseval
system for syntactically evaluating broad-coverage English-language parsers was introduced,
and has become widely adopted in spite of several limitations and drawbacks (which will be

discussed below).

Parser developers now recognize the necessity of rigorous testing for effective parsing-
system development. Comparative evaluation of broad-coverage parsers (of a given
language) in terms of a common analysis has been discussed in the literature, but may never
be possible or ultimately even desirable. Diagnostic tests that determine accurate and
rigorous performance statistics on individual systems, rather than coarser-grained scores

obtained from comparing systems with others, may be a preferable objective.

2.4 Reviews of Existing Methods: Evaluation of Parsing Systems
Workshop

Carroll e al. (1998) and Srinivas et. al (1998) have published recent papers that provide an

excellent review of existing methods of parser evaluation and research in parser evaluation

since 1991. Both of these papers were presented at The Evaluation of Parsing Systems

Workshop of the First International Conference on Language Resources and Evaluation at

the University of Granada, 1998.

Carroll er al. (1998) organize parser evaluation methods into three categories: no corpus,

unannotated corpus, and annotated corpus methods. Much of the same material was earlier
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published by the SPARKLE® project group (Carroll et al., 1997). Srinivas et al. (1998)
organize parser evaluation methods into three different categories: extrinsic, intrinsic, and
comparative methods. Since all three sources present much the same information, their

summaries are combined here.

A corpus is a collection of sentences that may be annotated with information such as part-of-
speech tags for each word. The corpus annotation is known as the gold standard. The
accuracy of annotated corpus evaluation metrics depends upon the accuracy of the gold

standard.

2.4.1 Intrinsic Evaluation

2.4.1.1 Test Suite based evaluation (No corpus)

Test suite based evaluation is the same as diagnostic evaluation defined above. The
traditional approach to evaluating a parser’s grammatical coverage consisted of listing the
constructions covered and those not covered by a given grammar or parser (for example, see
Grover et al., 1993). A test suite, usually a list of sentences maintained as a database, is used
to track improvements and verify consistency between successive generations of grammar
development (progress evaluation). Test suites may also be used to pinpoint faults in a
grammar (diagnostic evaluation). The advantages are that this is relatively easy, requires no

corpus, and parse results provide a direction for improving the system.

The disadvantages are that performance on a test suite does not provide information about
coverage of English sentences in real text. For instance, rare and marginal constructions are
often not covered by a grammar or tested through the test sentences. Also, coverage of
various constructions does not guarantee coverage of their interaction in combination with

others.

S Shatlow Parsing and Knowledge Extraction for Language Engineering
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2.4.1.2 Coverage (Unannotated corpus)
Conventional grammars can be seen as collections of rules that precisely specify possible
constituent structures. By defining the set of legal structures, the grammar also defines the

class of legal sentences.

A useful first step in evaluation is to determine the percentage of examples from a given
corpus for which the parser/grammar is able to assign at least one complete (not
fragmentary) analysis (Briscoe & Carroll, 1995). Coverage is inversely proportional to the
number of sentences for which no full parse tree is generated. This calculation does not
require corpus annotation and can be made for a large corpus. The performance measure
calculated is very weak because there is no guarantee that any of the analyses (parse trees)
found are completely correct. A parser may generate a full parse tree that is incorrect because
more than one representation of a sentence may be possible. Prepositional phrase mis-
attachment is an example. So there may be incorrect yet full parse trees included in the result
and these can be found only by manually checking the output, a labourious process. In
addition, more permissive grammars will score more highly using this measure. The
grammar S -> W= (a sentence can be composed of any sequence of words) would do very

well on this measure.

2.4.1.3 Average Parse Base (Unannotated corpus)

It is possible for a sentence to have more than one correct analysis generated by a grammar;
analyses that may or may not be semantically and pragmatically reasonable. Very often, a
grammar that provides good coverage does so at the expense of allowing a iarge number of

spurious parses. This problem is known as over-generation.

The IBM group (Black er al., 1993) suggested calculating the parse base (PB). They define
the PB as the geometric mean of the number of analyses (parse trees generated) divided by
the number of input tokens (words) in each sentence parsed. One can, using this measure,
predict the average number of parses that will be generated for a sentence of n words. The
IBM group describe a problem with PB, that is, it assumes that numbers of parses grow

linearly with sentence length while in practice it appears that the relationship is “more nearly

11
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exponential” (Carroll ez al., 1998). PB therefore overestimates the expected number of parses

for short sentences and underestimates for long sentences.

To address this problem, Briscoe and Carroll (1995) provide a revised measure of ambiguity
rate, the average parse base (APB). This is defined as “the geometric mean over all
sentences in the corpus of "Vp where n is the number of words in a sentence, and p, the
number of parses for that sentence”. A sentence of length n drawn from the corpus and

analyzed with that grammar/parser would be expected to give APB" parses.

APB can be computed for large corpora and provides an estimate of the degree of ambiguity
in a grammar. This is a useful measure to keep track of during grammar development.
Calculating APB for different versions of a grammar tested on the same data ensures that the
coverage is increasing but the ambiguity is not. Disadvantages of the APB measure are: a
low-coverage unambiguous grammar would do very well on this measure alone. APB should
be used in conjunction with an independent measure of coverage. The main disadvantage
though, is that it is not possible to meaningfully compare performance of different parsers on
different data, as the inherent ambiguity in the data interacts with the ambiguity of the

grammar.

2.4.1.4  Entropy (Unannotated corpus)

Statistical parsing methods attempt to solve the over-generation problem outlined above by
allowing the parsing system to assign scores to analyses. A common way to assign weights is
to use a probabilistic grammar. A probabilistic grammar (Brew & Moens, 1998) assigns a
set of legal structures to each word sequence of the language, and gives a probability to each
such structure. The probability of a word sequence is the sum of the individual probabilities
of all its structures. Word sequences that have no legal analysis according to the grammar
have zero probability. In many cases such grammars are induced from an annotated corpus

data rather than coded by people.

A probabilistic grammar can be used to calculate the entropy (randomness) of an

unannotated corpus. This yields a measure of how well induction of a grammar has captured
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regularities in the corpus through minimizing unpredictability and ambiguity. This measure
is specific to a given probabilistic grammar and corpus, but the approach can be used to

compare the effectiveness of different grammars.

The main advantage of the entropy measure is that it allows meaningful comparison of
different probabilistic grammars of the same corpus. The disadvantages are that it is
applicable only to probabilistic grammars, and only provides at best a weak measure. That is,
a low ambiguity score on the corpus does not mean that the probabilistic grammar derived

from it will necessarily be accurate.

2.4.1.5 Part-of-speech Assignment Accuracy (Annotated corpus)

A part-of-speech tagger is an NLP system or subsystem whose purpose is to identify or
assign the correct lexical syntactic category to a word in a sentence. The accuracy with
which a tagger or parser/grammar performs this function has been measured in a variety of
ways: ratio of correct tags per word, possibly subdivided into ambiguous and unambiguous
and/or known and unknown words. An advantage of using this measure is that there is a
considerable amount of manually corrected tagged material to use as test corpora (for
English). The disadvantages are that this measure cannot be used to evaluate broad-coverage
parsers that use pre-tagged text as input, and many of them do. Also, it provides only a
partial measure of the accuracy of syntactic analysis. This measure is used mostly to evaluate

taggers and lexical parsers.

2.4.1.6 Zero Crossing Brackets (Annotated corpus)

Parsers are either constituency-based or dependency-based systems. Dependency-based
parsers are described below. Constituency-based systems represent sentences and phrases as
a tree structure that is generated according to the grammar’s phrase structure rules. The
phrase structure rules embody the grammar’s definition of language syntax. Constituency is
the relationship between a whole syntactical element and its parts, as defined by the phrase

structure rules.
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A common sort of parse tree representation identifies the constituent parts of the sentence
using a bracket notation. Such a bracket notation can easily identify nested constituents, and

alternative representations for the same sentence. For example:
[[the dog] [ saw [the duck]] [in {the pond]]] [[the dog] [ saw [the duck [in [the pond]]]]]

A phrase boundary can be represented by an interval [i, /] where i is the index of the first
word in the phrase and ; is the index of the last word in the phrase. i and j have the same

value for a single word phrase.

In an attempt to directly measure parsing accuracy, the IBM group defines structural
consistency. This is the percentage of sentences for a test corpus which receive at least one
complete analysis, of which one has no crossing brackets when compared with the gold
standard. The crossing brackets measure is essentially the number of constituents in the
analysis that are inconsistent with the gold standard. Conversely, one could count the
constituents that exactly match the gold standard structure. A phrase boundary in a parse tree
(£, /] and another in the gold standard [,/ '] have crossing brackets if 7 <i’<=j <j'that is,

if the phrase boundaries overlap and neither phrase is properly contained in the other.

The structural consistency measure is somewhat better than simply measuring coverage, but
requires an annotated corpus. The drawbacks are that it favours systems which yield
relatively flat parse trees — there will be no crossing brackets if the parser uses the grammar

S -> W+,

2.4.1.7 Best-first/Ranked Constituency (Annotated corpus)

Briscoe and Carroll (1993) measure the accuracy of probabilistic parsing systems as the
percentage of highest-ranked analyses output by a parser/grammar that are identical to the
gold standard. This measure may be extended so that the top » analyses are compared, and
scoring is relative to their ranking. This measure gives a meaningful score of how often a
parser would deliver an appropriate analysis. However, it is dependent on having access to
an accurate annotated corpus that is fully compatible with the parser output. Again, measures

that are based only on the absence of crossing errors on the sentence level are not usable for

14
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parsing systems that supply fragmentary parses (partial bracketing) since a sparse bracketing

improves the score.

2.4.1.8 Tree Similarity (dnnotated corpus)
Tree similarity measures of various types have been defined, for example, the ratio of rules

correctly used in a derivation over the rules used in the gold standard derivation.

This measure is more fine-grained than full parse tree identity. A grammar/parser may never
produce fully correct analyses yet may consistently produce analyses that are very similar to
the correct one. This measure is also more tolerant of errors in the annotated test data.
However, it is also a weaker measure than full identity and of course, it still needs a detailed

and compatible annotated test corpus.

2.4.2 Extrinsic Methods

Extrinsic evaluation is possible when a parsing system is embedded in an application and the
parsing system’s contribution to the overall performance of the application can be measured.
The objective of this type of evaluation is adequacy evaluation of a parser. Extrinsic
evaluation can also be used as an indirect method for comparing parsing systems even if they
produce different representations for their outputs, as long as the output can be converted

into a form which may be used by the application.

2.4.3 Comparative Metheds

The objective of comparative evaluation methods is to directly compare the performance of
two or more parsing systems that use different grammar formalisms or different statistical
models. Comparative evaluation helps in identifying the relative strengths and weaknesses of
the systems, and may suggest possibilities of combining different approaches. However, such
an evaluation scheme requires a metric that is insensitive to the representational differences
in the output produced by different parsers. To achieve this, the metric may have to abstract
away from individual representations in order to be able to directly compare them. A
drawback of this approach is that the strengths of representation of certain parsers might be

lost completely because of the abstraction process.
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2.4.3.1 Parseval/Penn Treebank (Annotated corpus)

An early parser evaluation scheme, designed for comparative evaluation of parsing systems,
is the Parseval/Penn Treebank system (Harrison et al., 1991; Marcus er al., 1993). The
Parseval system has gained wide usage, in spite of several limitations and drawbacks,
possibly because no workable alternatives have been developed. The Parseval scheme
provides an evaluation metric that made it possible to quantify and compare the performance
of different parsers — a previously impossible task. The Parseval evaluation procedure
compares parser output to the annotated analyses given in a freebank. A treebank is an
annotated set of sentences, similar to a gold standard, except that the only annotation

required for the treebank is phrase bracketings.

The Parseval scheme uses bracketing information from the treebank representation of a

sentence and the parse analysis of a sentence to compute three figures (Srinivas er al., 1998):

1. crossing brackets, as described above

[\

recall, a ratio of the number of correct brackets in the system parse to the total
number of brackets in the treebank parse

precision, a ratio of the number of correct brackets in the system’s parse to the total

(V3]

number of brackets in the system’s parse.

There have been several objections to the limitations of this scheme:

e The original published description and the evaluation software are specific to the English
language.

e A significant limitation of the Parseval metric is that it was not designed to evaluate
parsers that produce partial (fragmentary) parses. Further, it can only be applied to parse
trees generated by constituency-based parsers.

e It is not fine-grained enough to evaluate parsers with respect to specific syntactic

phenomena.
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Sparck Jones and Galliers (1996) write that there was little consensus on sentence

structure across candidate analyses for the same sentence. That is, there was little

agreement on how the treebank parses should be represented.

e Carroll er al. (1999) states that the treebank structures have been criticized as being *flat’
(contain relatively few brackets) and so, crossing-bracket scores will tend to be low.

e Srinivas er al. (1995) observed that the precision measure penalizes a parser for inserting
extra, possibly correct brackets. if the treebank annotation is skeletal.

e Lin (1995) observed that the crossing-brackets measure penalizes mis-attachments more

than once. A shallow parse, containing less syntactic information, scores better on the

Parseval metric.

2.4.3.2 Dependency Structure-based Scheme (Annotated corpus)

Dependency-based parsers produce a set of dependency linkages between the words of a
sentence. The fundamental assumption of dependency grammar theory is that syntactic
structure consists of lexical nodes (representing words) and binary relations (dependencies)

linking them.

In contrast to phrase structure (constituency based) representations, dependency
representations have no phrase structure categories, that is, there are no phrasal nodes. A
dependency exists between two words if one word is sensitive to or conditioned upon a
property of the other, as defined by some grammar rule. Dependency relations are binary,

directed, and may be typed in order to distinguish different kinds of dependency.

To overcome the Parseval/Penn Treebank grammar/treebank bracket mismatch problems,
Lin (1995) proposes evaluation based on dependency structure, in which phrase structure
analyses from parser and treebank are both automatically converted into sets of dependency
relationships. The dependency relationships, rather than phrase boundaries, are then used in
the comparison. Lin states that the advantages of dependency-based evaluations are:

inconsequential differences (in bracketing) are ignored; parsers may be selectively evaluated

17
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with respect to any given type of syntactic phenomena; and errors in parser output may be

pin-pointed precisely.

Hogenhout and Matsumoto (1996) state that Lin's alternative discussed above is difficult to
apply. They suggest a more detailed evaluation method using constituent boundaries, and
suggest a new set of measures (all related to counting of brackets) which give more
information than the current measures. Their proposal is not addressed, however, in either

Carroll er al. (1998) or Srinivas et al. (1998) (described above).

Carroll et al. (1998) does mention Atwell’s (1996) objection to Lin’s approach, that
transforming standard constituency-based analyses into a dependency-based representation

would lose certain kinds of grammatical information.

2.4.3.3 Relation Model

Srinivas er al. (1996) propose an alternative comparative parser evaluation method which
overcomes some of the limitations of the Parseval scheme, and can be used to evaluate both
full and partial parses. They review this proposal in Srinivas ef al. (1998). The objective of
the relation model is to compare parsers irrespective of their output representation. Srinivas
et al. suggest a normalized representation of a parser’s output. using chunks and dependency

links.

According to the literature (Carroll et al. , 1997) a chunk is a unit of adjacent word tokens,
from text, which are linked by dependency links. Each identified chunk is labeled as to its
category — adjectival, adverbial, finite verb, nominal, prepositional, participial. Chunk
categories are more granular than the syntactic phrasal categories typically used in

constituency-based syntax.

Srinivas er al. (1998) propose to normalize the output of parsers which produce highly
structured analyses (for example, constituency-based parsers) by flattening phrasal
constituents to chunks. Then, the accuracy of a structure can be measured as the accuracy of

the chunks and the relations between chunks (expressed as dependency links between the

18



Chapter 2. NLP and Parser Evaluation Literature

heads). Fragmentary parses are penalized because unattached constituents are missing

dependency links.

2.5 Some Recent NLP Evaluation Projects

2.5.1 SPARKLE — Shallow Parsing and Knowledge Extraction for Language
Engineering

SPARKLE (Carroll er al., 1997) is a large research consortium with participation by
researchers based in Italy, England, France, and Germany. The goal of the SPARKLE project
is to develop flexible, multilingual tools for semi-automatic acquisition of [linguistic
knowledge from text. The goals of the SPARKLE project have been and are to be realized in
stages. First, to develop shallow parsers able to produce phrasal-level syntactic analysis of
naturally occurring free text (English, French, German, and Italian). Second, to develop a
lexical acquisition system capable of learning, from free text, the knowledge of words that is
essential for NLP applications. The SPARKLE acquisition system is intended to process the
output of the shallow parsers to extract lexical knowledge about semantic classes of
predicates, subcategorization, and argument structure for the language of focus. The third
goal is to verify and validate the results and apply them to an industrial pilot project.
SPARKLE is an ongoing project, 1996 - present, and provides funding for parser evaluation

research.

2.5.2 EAGLES - The Expert Advisory Group on Language Engineering Standards
The purpose of the EAGLES project (1993-1996) was

e to accelerate the provision of standards for very large-scale language resources such as
text corpora and computational lexicons

e to develop means of manipulating such knowledge; and

e to develop means of assessing and evaluating natural language resources, tools, and

products.
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The ISO 9126 Standard sets out a general framework for designing an evaluation. The
EAGLES group, together with the TEMAA’ project (TEMAA, 1997) seeks to apply this
general framework to perform an adequacy evaluation of products in the areas of writers’
aids (spelling and grammar checkers are two examples) and translators’ aids. This has led to

augmentation of the ISO 9126 Standard (EAGLES, 1995).

The lexicon/syntax interest group of EAGLES (Sanfilippo er al., 1996) has developed a
specification of grammatical dependencies for verbal arguments. A tailored version of this
standard became the basis for the most recent proposal for a parser evaluation system

(Carroll et al., 1998, described below).

EAGLES-II (1997-1998) held two intensive workshops to consolidate, extend and
disseminate the EAGLES work.

2.5.3 TEMAA - A Testbed Study of Evaluation Methodologies: Authoring Aids

The TEMAA project objective (TEMAA, 1997) was to develop a conceptual framework for
an evaluation methodology for NL products. The TEMAA project focused on adequacy
evaluation, specifically the evaluation of spelling checkers and of grammar checkers, and
used as input the work of the EAGLES Evaluation working group. An important
achievement of the TEMAA project was the design of a formal evaluation framework, the
parameterizable test bed (PTB). The PTB is implemented as a software program that outputs

an evaluation of the NL product.

2.5.4 TSNLP - Test Suites for Natural Language Processing

The TSNLP — Test Suites for Natural Language Processing project (Lehmann et al., 1996b)
started in December 1993 and ended in October 1995. The project was concerned with the
design and use of test suites in NLP. Because the TSNLP test suite was used extensively for

this thesis, the TSNLP literature is reviewed in some detail in the next chapter.

7 Testbed Study of Evaluation Methodologies: Authoring Aids
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2.5.5 DIET- Diagnostic and Evaluation Tools for Natural Language Applicaticns
The TSNLP successor DIiET (Diagnostic and Evaluation Tools for Natural Language
Applications) is expected to deliver greatly improved access tools and corrected TSNLP test

data (Netter er. al., 1998).

2.6 A Current Proposal for Evaluation Systems
Measuring parser accuracy has proved to be a difficult problem, and a number of approaches
have been proposed in the literature. Constituency-based evaluation methods have serious

drawbacks.

Carroll et al. (1998) describe and justify a new dependency-based technique which
overcomes some of the shortcomings of previous proposals. The grammatical relation
scheme (Carroll et al., 1997) is only superficially similar to the scheme proposed by Lin
(1995). The grammatical relation scheme is built upon modifications and refinements to the
EAGLES subcategorization standard (Sanfilippo er al., 1996). A grammatical relation (GR)
specifies the syntactic dependency that holds between a head and a dependent. GRs are

organized hierarchically. A number of GRs have been defined.
Parser evaluation using the grammatical analysis scheme is based on calculating:

1. Recall — the number of GRs returned by the parser that match GRs in the annotated

sentence divided by the total number of GRs in the annotated sentence.

%)

Precision — the number of GRs returned by the parser that match GRs in the
annotated sentence divided by the total number of GRs returned by the parser for that

sentence.

LI

. F-score — a measure combining precision and recall into a single figure.

Carroll er al. (1999) describe a new 10k-word corpus of naturally-occurring English
sentences, annotated 1 this standard and show an example of its use in evaluating a robust
parsing system. This new evaluation scheme has been used in the SPARKLE project to

evaluate their four (multilingual) broad-coverage shallow parsers.
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3 Test Suites for Natural Language Processing

3.1 Parser Evaluation and DIPETT

As shown in chapter 2, some parser evaluation methods are used for the purpose of directing
and monitoring the development of parser/grammar systems, while others are appropriate for

comparing different systems.

The primary goal of this thesis is to evaluate our in-house parser, DIPETT, for the former
purpose — diagnostic and progress evaluation. That is, the goal is to evaluate DIPETT to
extend its coverage, improve the quality of the parse tree output, and possibly find and

reduce processing inefficiencies.

It is appropriate to use a fest suite (intrinsic evaluation, test suite based evaluation) to achieve
these goals. As the TSNLP test suite was used extensively for this purpose, this chapter

provides a review of the design and development of the test suite.

3.2 TSNLP — Test Suites for Natural Language Processing

3.2.1 TSNLP Background

The TSNLP (Test Suites for Natural Language Processing) project was started in 1993 and
finished in 1996. The purpose of the project was to investigate all aspects of the construction,
maintenance, and application of systematic test suites as diagnostic and evaluation tools for
NLP applications. The TSNLP project produced much insight into the nature of test suite
design and delivered three large, publicly available, multi-purpose test suites (English,
French, and German). TSNLP was a huge consortium-based project funded by LRE®. The
consortium participants were the University of Essex (England), DFKI® (Germany), ISSCO'"

(Switzerland), and Aerospatiale“ (France). The consortium produced twelve conference and

® The Linguistic Research and Engineering Programme of the European Commission (DG XIII).
? Deutsches Forschungszentrum fiir Kiinstlich I[ntelligenz GmbH. Saarbriicken, Germany.
' The Istituto dalle Motle per gli studii semantici ¢ cognitivi. Geneva, Switzerland.

"' The Common Research Centre of Aerospatiale. Suresnes, France.
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book articles and ten project reports (work package deliverables). It is not possible (nor is it

necessary) to review all of the TSNLP material in depth for this thesis.

The TSNLP project (Balkan et al., 1994c) defines a test suite for NLP as “a more or less

systematic collection of specially constructed linguistic expressions (test items, phrases or

sentences), perhaps with associated annotations and descriptions.” Most of the test suites

that existed in 1994 had been written for specific existing systems, or were simply

collections of “interesting” sentences.

The TSNLP project had a number of goals:

[\

(U8 )

To provide guidelines for test suite construction.

To develop an annotation schema that would be neutral to linguistic theory, evaluation
type, and application type.

To construct substantial multilingual test fragments applicable to a broad range of NLP
application types.

To develop a linguistic database to store, access, and manipulate test data items and their
corresponding annotations and analysis.

To investigate (semi-)automated test suite construction tools and methods.

By 1996, the TSNLP project had delivered a large broad-coverage test suite. The

characteristics of the TSNLP test suite are:

[t supports various types of testing and evaluation (diagnostic, progress, adequacy) and is
relevant to a number of applications (including parsers and grammar checkers).

It is useful to both application developers and applications users.

It is multilingual: Test data are available in English, French, and German, and have been
produced in parallel in that they test the same range of phenomena. The test data can be

extended to other languages.

£
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e [tisreusable: The test items are stored in a relational database, where test items created
for different purposes are associated with detailed annotations, and from which

application- and purpose-specific test items can be extracted.

3.2.2 Study of Existing Test Suites

During the first phase of the TSNLP project, a study of existing publicly available test suites
was performed (Estival et al., 1994a). The purpose of the study was to identify relevant
characteristics for the description of test suites and to get an overview of the types of test

suites that existed. Nine test suites chosen and tested differed in a number of properties:

e Source language: English, German, French.

e Size: 346 to 3200 test items.

e State of development: none claimed to be complete.

e Purpose: diagnostic, in all cases, although some were also used for the purpose of
adequacy evaluation.

e Intended target: four for parsers, four for MT systems, one for database query interface.

e Intended user: six for system developers, three for users or external evaluators.

e System state: six for systems under development, three for commercial systems

Generally, it was found that the existing test suites were only somewhat systematic.
Although they were primarily concerned with coverage of syntactic phenomena, seven of the

nine had been designed in an ad hoc manner. The general shortcomings found were:

e Lack of coverage of phenomena other than syntactic phenomena, for example,
morphology (word formation), semantics (sentence meaning), and extra-linguistic items
(punctuation, abbreviations, acronyms, and formatting).

e Lack of systematic testing of ill-formed constructions.

e Lack of systematic testing of the co-occurrence of different constructions.

e Lack of documentation and annotation.
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e Most were too system-specific to be reusable.

e Difficult to interpret results.

The main conclusion of this report was that the design of test suittes could be improved to

make them more useful, reusable, portable, and maintainable.

3.2.3 Test suites vs. Text corpora

An important issue in test suite design was to consider what exaactly are the differences
between a test suite and a corpus (Balkan er al., 1994a and 1994tb). In general terms, test
suites are constructed of systematically chosen test items, whille a corpus consists of
selections of naturally occurring text. For certain purposes, test suittes provide a more direct

tool. Some of the differences between test suites and corpora are:

Control over test data

Test suites allow for systematic construction of test data focused upon specific phenomena.
The phenomena may be tested alone or in combination with ow®hers. Corpora comprise
arbitrary (but relevant) combinations of phenomena. Test suites alleow for greater focus and

more control of test data than do corpora.

Systematic coverage of phenomena

Tests suites may provide test items that systematically test varriations over a specific
phenomenon. Such variations occur only by accident in a corpus, @s a corpus provides only

a representational sample.

Non-redundant representation of phenomena
Systematically constructed test suites test a phenomenon only oncee. The same phenomena

may recur several times in a corpus, as a corpus is meant to show disstribution and frequency.

18]
(%]



Chapter 3. Test Suites for Natural Language Processing

Negative examples
Testing negative examples may be useful in diagnostic evaluation of any NLP application,
and are particularly necessary for testing grammar-checking applications. Ungrammatical

items do not occur (systematically) naturally in corpora.

Annotation of test items

[tems in test suites and in corpora may be annotated. Test suites are more likely to be
annotated with items specifically relevant to diagnostic evaluation. Annotations may be
specific to a certain application or may be more general. For example, annotations showing
the structure of the test items might classify the phenomenon tested, the grammaticality and
centrality of the phenomenon, and might show morpho-syntactic tagging of the test item, and

possibly an abstract dependency-oriented analysis of the test item.

3.2.4 Methodology of Test Suite Design

Following completion of the survey of existing test suites and an analysis of diagnostic and
evaluation requirements of developers and users, the TSNLP group devised a method for the
construction of core test data (Balkan et al., 1994a, 1996). The TSNLP group define core
test data as test items such as sentences. The test items reflect central language phenomena
applicable to a wide range of NLP applications, including parsers and grammar checkers
(Lehmann er al., 1996b). The TSNLP method is designed to optimize control over test data,
progressivity, and systematicity (Balkan er al., 1996) in order to construct a test suite that is
adequately broad-coverage, multi-purpose, multi-user, multi-lingual, reusable, and has the

advantages over corpora as described above.

Control over test data

TSNLP restricts the vocabulary in size and domain. Ambiguous words are avoided and are
only included when that ambiguity is explicitly tested. The interaction of phenomena is
controlled by keeping the most basic test items deliberately simple. A number of guidelines
were set forth for this purpose (see Estival et al., 1995). Phenomena are tested in isolation

and in controlled combinations.
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Progressivity

Progressivity is the principle of starting from simple test items and increasing in complexity.
This is achieved by ensuring that each test item contains only one distinguishing
phenomenon (that is, only one phenomenon that distinguishes it from other similar test
items). Progressivity necessitates that the design include a definitive list of hierarchically-
arranged phenomena, and an analysis of each test item. The analysis must show each
constituent, its instance and position in the sentence (what and where is it), its lexical or

syntactic category (e.g., noun phrase), and syntactic function (e.g., subject) in the sentence.

Systematicity

Depth of coverage of well-formed and ill-formed test items depends upon their being
systematically generated. In the TSNLP suite, systematicity is achieved for the well-formed
test items by their explicit classification according to phenomena and sub-phenomena. In
particular, the TSNLP data are designed to exhaustively test the treatment of closed class
items in a language. General guidelines were determined to describe the closed class items

that should be tested:

e Pronouns: personal, reflexive, possessive, relative, etc.

¢ Question Words: interrogative, pronouns, complementizers

e Determiners: articles, possessives, demonstratives, quantifiers, etc.

e Auxiliary verbs: copular verbs, modal verbs (including auxiliaries, passives, marginals)
e Conjunctions: coordination, subordination

e Adverbs: negation, common temporal and locative deictics'?

e Prepositions

In the TSNLP suite the ill-formed items are systematically formed from the well-formed

items through the use of four operations.

2 A deictic is a word that points, indicates, or illustrates.
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e Replacement (e.g., change the number of a subject noun phrase)
e Addition (e.g., add a noun phrase or object to a sentence with an intransitive verb)
e Deletion (e.g., delete an obligatory verb or noun phrase)

e Permutation (e.g., inverting the order of a verb and object)

These operations are applied in a precise and constrained manner to grammatical sentences,
according to the phenomenon being tested. For example, agreement and complementation
are common phenomena. In TSNLP the agreement phenomenon allows only the operation
replacement of person or number, while complementation allows replacement, addition, and
deletion. A grammatical sentence could possibly result from an operation, particularly the
latter example, addition or deletion of an object in the case of verb complementation

phenomena, in which case the sentence is not acceptable as an ill-formed item.

Systematicity of the test data was enhanced by construction and use of a test suite

construction tool (tsct).

3.2.5 The TSNLP Annotation Scheme and Database Model

A detailed annotation scheme was designed for the TSNLP test data (Estival et al., 1994b).
The test data are theory-neutral (do not presuppose any particular linguistic theory of
language). Estival et al. claim to have tried to be as neutral and uncontroversial as possible in
choosing their list of syntactic categories and category names. Neither does the test data
presuppose a particular evaluation type, purpose, user, or use. They do cite several
authorities as sources of English grammar: Huddleson, Hornby, Svartvik, and Quirk. For
most phenomena though, they follow Quirk er al. (1991), a standard academic grammar of

English.

The test data and annotations are organized at several levels. These describe the entity sets of
a relational database. An improper SQL subset language is provided so that the user may

query the database. Relationship sets exist, but the user need not know about them. Their
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SQL assumes a natural join if more than one entity is involved in a query. Here is a brief

description of the structure of the database.

Input

The inpur table describes the core data, that is, the set of individual test items, sentences or
phrases. The input table includes only the information about a test item that is independent of
the phenomena that the item is designed to test. Phenomena-related data are contained in
another table. The input table includes attributes such as a unique identification number; the

author, date, and origin of the data; but the interesting attributes are:

e the sentence string
e length in words
e category: S for sentence, S_inter for questions, NP for noun phrase fragments

e a well-formedness code: 0 for ill-formed, 1 for well-formed

Lo iinput. | i-category | . iwf | idength | i:comment
He comes . S
Him comes . S
The ﬂrm, that succeeds , comes. S
Is he carrying it ? ' s

Rare

- A O =
NS I I Y

_inter

Analysis

Each well-formed test item has an associated analysis that gives the syntactic category and
string positions of its lexical and uncontroversial phrase elements. According to Lehmann et
al. (1996b) the TSNLP group deliberately avoided using potentially controversial phrase
structure representations. but instead provided a somewhat underspecified dependency or
functor-argument structure that can be mapped into a constituent structure. The data fields in

the analysis table are:

e The unique identifying number of the sentence (not shown here).
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e The position, text, and category of the lexical and phrase elements.

e Function and domain annotations that describe the minimal dependency structure.

i iinput - ° | “a:position | a-instance | i -~ a-category | afunction:’
He and | succeed . 0:1 He PRON_pers-3-nom-sg-m
) 12 and  COORD_conj
23 R PRQprem-1-nom-sg_ A
03 Heandl NP o subj 12
A 34 sweeed V. Fuc 04
_ 44 . PUNCT()
Phenomenon

The phenomena set was selected on the basis of linguistic relevance and frequency for the
individual languages. The resulting set includes: sentence and clause types; tense, aspect, and
modality; diathesis'’: complementation; modification; agreement; word order; co-ordination;

negation; parentheticals; abbreviations.

The domain of a phenomenon is the syntactic category of the phrase in which it occurs (and
is unrelated to the analysis table a-domain). Almost all of the phenomena can affect several
categories, and the same syntactic category can be affected by more than one phenomenon.
The list of TSNLP domains is as follows: S (sentence), C (clause), NP (noun phrase), AP
(adjective phrase), ADVP (adverb phrase), and PP (prepositional phrase).

The TSNLP convention for naming phenomena is to prefix the name of the phenomenon
with the name of the domain. Examples of the resulting phenomenon names are:
C_Complementation, NP_Coordination, NP_Agreement. A more fine-grained division of
phenomena is still required for some test items. For example, C_ Complementation covers all

of verb subcategorization. Estival er al. (1995) describe further subdivision of phenomena

¥ Diathesis is the phenomenon that changes the predicate structure of the verb. In English, the forms are active; passive; and
transitive verbs having no agent and thus no passive form.
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categories and phenomena naming conventions. An understanding of these conventions is
required if the user wants to fully understand the phenomena associated with a particular test

item.

The phenomena-related data are classified hierarchically. Each phenomenon described in the
phenomenon table is identified with a name, unique phenomenon id, supertype, interaction
with other phenomena, and any phenomena that must be presupposed. Phenomena are

related to test items by a many-to-many relationship set.

| Twinput T ] T pename 7 0 [t < p-prestipposition.

He comes . C Complementatlon Monovalent-Sub;(NP) C Agreement

He comes . C_Diathesis-Active-Monovalent-Subj(NP) C _Complementation, C Agreement
NP_Coordination-Case_assignment- C_agreement, C _complementation

e apd ,I succeed . “Subject_position

C_Agreement,C_Word-Order,

o g
Is he carryingit?  S_Types-Questions YlN_questlons -Inverted C_Complementation

[ll-formed Test Data

A description of ill-formed test cases is provided in the parameter table. Similar to the
analysis table for well-formed input, the data that are provided in the parameter table are the

position and instance of the ill-formed phrase. A comment field identifies the exact nature of

the error.

enput o e o pename. .| Position ] Instance.:| :Comment |
Hlmpemes.‘ ~ C Complementatlon Mong_yejeggsqu(NP) 01 Hm  wrongcase
Test Sets

The test items may be grouped into fest sets. A test set is a group of related test items

containing both positive and negative test items for a common phenomenon.
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User and Application Parameters

This contains information that relates a test suite to its evaluation purpose and application.
Users of TSNLP who want to customize the suite to suit various purposes of their own may

extend this part of the database themselves.

3.2.6 Construction of the TSNLP Test Data
Some five thousand test items were provided for each of the three languages. For English,
there are 1582 grammatical and 3036 ungrammatical items. The data are described

extensively in Lehmann ef al. (1996a).

Vocabulary

The guidelines for test suite construction, which had been developed by TSNLP group, first
required that a lexical domain be chosen. Then, the guidelines required that the vocabulary
for the test items be selected from this domain. They decided to restrict the vocabulary to the
“business” domain. Falkedal compiled an intersection of the vocabulary from five German
dictionaries and translations were used to establish lists for English and French (Estival et
al., 1995). The translations were obtained from a dictionary that covers basic and general
vocabulary. It was expected that the resulting word set would be reusable in each of the

languages. As it turns out, only a fraction of the vocabulary was used.

Syntactic Categories and Functions

As stated above, the TSNLP scheme does not embody any particular linguistic theory, and
the list of syntactic categories to be tested is as neutral as it can be. Estival er al. (1995) are
careful to state that this list is not a proposal for a syntactic theory. It is a list of the labels
needed to describe the test items. The major syntactic categories used in TSNLP are:
sentence, clause, determiner, noun phrase, pronoun, adjective phrase, preposition phrase,
adverb phrase, verb phrase, particle, complementizer, negation, coordination, comparative,
and punctuation. The above category list gives only the category supersets. The actual

TSNLP categories are numerous and descriptive (see Estival er al., 1995).

(93
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Depth and interaction

The simplest test data were constructed one phenomenon at a time. The test item contained
that phenomenon and as few others as possible. Complex constructions were avoided unless
they were specifically being tested. If different variations of a phenomenon were possible, a

test item was constructed for each variation.
[ll-formed input relevant to each individual phenomenon was derived.

Complex test data were created to allow for the co-occurrence of phenomena within a test
item. Treating such interactions required the use of positive and negative “traps”. A negative
frap is an ungrammatical sentence that may be difficult to identify as such, for example,
“Either they or he are going”. A positive trap is a grammatical sentence that may mislead a
system into identifying an error where there is none, for example, “4 great number of them are

2
new .

3.2.7 The Test Suite Construction Tool and the Test Suite Database

A graphical test suite construction tool (fscf) was implemented to facilitate test data
construction, promote systematic production, and to reduce erratic variations in the
instantiation of the annotation schema (Oepen er al., 1995). The tool allows reuse of

previously constructed and annotated data.

The TSNLP database was implemented as a relational database tsdb (Oepen et al., 1995).

Access to the tsdb(1) database is available through the Internet'*.

3.3 DIET — Diagnostic and Evaluation Tools for Natural Language
Applications

The Diagnostic and Evaluation Tools for Natural Language Applications (DiET) project is
the successor to TSNLP (Netter er al., 1998). The main goal of DiET is to develop methods
and tools for the glass box evaluation of NL components, and to provide flexible, user-

friendly tools for the construction of test data. The annotation scheme and core test suites

" http://tsnlp.dfki.uni-sb.de/tsnlp/tsdb/tsdb.cgi?language=english

(93]
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developed in TSNLP will be modified to provide a larger and more varied test set in the
toolbox than supplied by TSNLP. Test data that have been systematically constructed are
useful for diagnostic evaluation, but not necessarily for adequacy evaluation. The DIiET
project will address the issues involved in the customization of test material to specific
domains and applications, lexical replacement tools, devices for document profiling, and

methods for linking test suites to corpora.
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4 A Test-Harness for DIPETT

One of the goals of this thesis was to produce an improved DIPETT. Delisle (1994) and
Barker er al. (1998) showed that DIPETT delivers a parse analysis in a relatively short time,
if it is going to at all. The goal of this thesis was thus to extend DIPETT s coverage, improve
the quality of the parse trees generated, and to track successive revisions to ensure that each

change caused no degradation.

Making such improvements to a broad-coverage natural language parser is a large task. The
first step is to perform an evaluation, but that is a substantial goal in itself. This chapter
describes the methods used for diagnostic and progress evaluation of DIPETT. It is
appropriate to use a fest suite (intrinsic, no-corpus evaluation; test suite based evaluation) for
both diagnostic and progress evaluation, and possibly such performance measures as

coverage and average parse base with respect to an unannotated corpus.

4.1 Review of existing test procedures, materials, and literature

The first phase in the evaluation and optimization of DIPETT was to select a test method and
suite or suites that could be used for diagnostic evaluation. The first step was to examine the
existing test materials that had been used during DIPETT s development, as well as the “real

texts” on which DIPETT’s performance had been tested.

4.1.1 Existing Test Suites

DIPETT's Input and Output

It is important to note that DIPETT’s input is plain, unedited, untagged, text sentences. For
each sentence, DIPETT produces a single parse tree based on its grammar and heuristics but
no semantic information. When a full parse tree is generated., it is the firsr good tree that was
found. This is not always a correct tree or the best possible tree. If a full parse tree cannot be

generated, then DIPETT attempts to produce a fragmentary parse.
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Test Sentences

Delisle (1994), the original author of DIPETT, developed a series of approximately 600
sentences that were intended to test every grammar rule in DIPETT with a specific test case,
as in glass-box testing. Every rule is tested, but not their combinations. Delisle (1994) states
that DIPETT produces a full parse tree for each one of those sentences, and that for 90% of

the test cases the parse tree generated is the “best™ tree.

Progress Testing

Delisle’s test suite was used for progress evaluation, that is, to confirm during development
that an extension to or change in the grammar did not affect the parse performance of the
grammar as a whole. The only performance measure used for progress evaluation was
coverage. That is, if 100% of the test sentences still produced full parse trees then a change
to the grammar had not degraded its performance as a whole. No attempt was made to
compare the parse trees generated by successive versions of the grammar to determine if the

best or even the same tree was still being generated for each sentence.

4.1.2 Previous Test Studies

The QUIZ Manual and the Tax Guide

In his Ph.D. thesis, Delisle (1994) reports that extensive testing was performed on the QUIZ
manual, a 135-page user’s guide to Cognos’ PowerHouse QUIZ report writer. The main text
of the manual was processed, but not the appendices or any other non-textual material that
was inappropriate to English parsing. Delisle also reports that parts of the 1990 Canadian
Tax Guide were prepared and parsed. The purpose of these tests was to demonstrate

coverage and performance.

Test-driving TANKA: clouds and small-engines
In 1996 Barker and Delisle and in 1998 Barker er al. published experimental results of

TANKA’s performance in extracting knowledge from two selected texts. In the first
experiment, a simple child’s science book describing a technical domain, the weather, was

parsed by DIPETT. A syntactically more complex text was chosen for the second
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experiment, a book on the mechanics of small engines. These experiments did not, and were

not intended to, constitute a full-fledged diagnostic evaluation of DIPETT.

4.1.3 Use of the existing suites and studies for diagnostic evaluation
Generally, it was found that the existing test suite and text experiments were not useful for a

full-fledged diagnostic evaluation. The general shortcomings found were:

e The suite of test sentences was designed to exercise DIPETT’s rules, not to pinpoint
grammar deficiencies.

e The test items seem biased toward the testing of syntactic constructions found in the
QUIZ manual, rather than broad-coverage testing.

e No systematic testing of variations over a specific phenomenon.

e Lack of systematic testing of the co-occurrence of different constructions.

e Minimal documentation and annotation.

e The texts tested have all the problems of using a corpus as a diagnostic test tool:

redundant coverage of phenomena, not broad-coverage, not systematic.

4.2 Considerations of Corpus-based vs. Test Suite based testing
The benefits and drawbacks of using a corpus were considered, and use of a corpus for

testing of coverage was rejected for the following reasons:

e A corpus does not guarantee broad-coverage.

e A corpus lacks focus on particular phenomena.

e A corpus does not provide systematic testing of variations over a specific phenomenon.

® A corpus lacks systematic testing of the co-occurrence of different constructions.

e Typically, corpora are large.

¢ A corpus may provide redundant coverage of phenomena, in that the phenomena that do

occur may occur repeatedly.
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4.3 Proposal for Diagnostic and Progress Evaluation of DIPETT

4.3.1 Using the TSNLP Sentences

The TSNLP group has provided an excellent teest suite for diagnostic evaluation. Certainly, a
broad-coverage parser should be able to parse . all of the TSNLP test sentences. However, the

TSNLP test suite has limitations that arose frorn the design requirements:

e The lexicon is limited.
e The phenomena were chosen based on limguistic relevance and frequency across three
languages, not just English.

e Interaction of phenomena is highly controllied.

In short, the TSNLP suite may be useful for highlighting deficiencies in a grammar, but it
lacks the benefits of parsing corpus data and itts coverage cannot be considered broad unless
it were extended as envisaged by its design. Still, a diagnostic evaluation would be

incomplete if the TSNLP data were not considered.

4.3.2 Proposal for a broad-coverage test sumite

To augment the coverage provided by the TSNLP suite, I proposed to design a collection of
test sentences that was annotated and organi zed according to a formal English grammar
description. Quirk et al.’s grammar (1973, 1985) was chosen as the source. The plan was to
extract the example sentences and the ill-formesd'® sentences from Quirk ez al., and organize
them by topic. These would then be used to te-st DIPETT’s performance on a distribution of

syntactic structures.

The advantage of this method was that it drew~ upon the strengths of both test-suite methods

and corpus-like methods:

e The test sentences are not derived from DIPETT’s grammar.

13 ill-formed sentences are conventionally annotated with a star-.
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They provide broad coverage of linguistic phenomena and are indexed according to
linguistic phenomena.

e They are rich in syntactic structure and test a distribution of syntactic structures.

e The grammar is buttressed by an authority.

e The test sentences use an unconstrained vocabulary.

e The coverage of phenomena inreraction is corpus-like in that it is not controlled as in a

test suite.

The disadvantages of using the Quirk sentences as a diagnostic tool are as follows:

e The lexicon is not limited and is therefore harder to manage.

e Sentences contain phrases that are irrelevant to the phenomenon described.

e Redundant structures and variable depth: some sections have many examples, some have
very few.

e The complete collection is large.

4.3.2.1 Creating the Quirk test suite

After some consideration, it was decided to use the comprehensive Quirk er al. (1985)
grammar, and not the abridged Quirk es a/. (1973). The primary reason for that choice is that
the abridged grammar is not properly broad-coverage. The abridged grammar does not cover

marginal auxiliaries, for just one example.

Extracting test sentences from the larger comprehensive grammar was tedious, labour-
intensive, and time-consuming. It was possible to extract the sentences from only three
complete chapters, chapters two, three, and four. Even so, only the first two chapters
extracted, chapters two (“A survey of English grammar”) and three (*Verbs and
auxiliaries™), are actually used in this thesis. Chapter four deals mainly with the semantics of
verb phrases, and while the material covered is extremely interesting, it turned out to be not

very useful in diagnosing a surface syntactic parser.
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Both the Quirk test sentences and the TSNLP test sentences focus on the syntax of verb

phrases and so, the relative merits of both can be compared.

The test suite extracted from Quirk er al. (1985) chapters two and three is shown in
Appendix A. Most of the sentences are annotated with information regarding the

phenomenon or phenomena that they illustrate.

4.3.3 DEVAL: A Program for DIPETT Progress Evaluation

DIPETT’s progress evaluation testing scheme was minimal. [t was beneficial to develop a
software program that compares the performance of successive versions of DIPETT, to
ensure that grammar changes do not have any unintended or adverse consequences. Thus, the
DEVAL program was designed and implemented to perform progress evaluation for
DIPETT.

4.3.3.1 Design Issues

Platform

DIPETT is implemented in Quintus Prolog, and local development is performed using Unix
SunOS or Solaris on the KAML lab SparcStations'®. The DIPETT parse tree output files are
therefore Unix files of Prolog structures. There is no advantage to implementing a DIPETT
evaluation program on another platform, but there would be disadvantages: the necessity of
file transfers; lack of integration into DIPETT. Clearly, the DIPETT progress evaluation

software should run on the DIPETT development machines.

Interface or Integrate?

DIPETT progress evaluations should be simple for the user to perform. It would be simplest
for the user if progress evaluation were a one-step operation. DIPETT has two main modes
of operation: a batch mode for processing an input file, and a user screen interface mode for
parsing single sentences and performing other TANKA functions (such as semantic

analysis). It is possible to integrate a self-evaluation module directly into DIPETT, and to

'® Development is also performed at I'Université du Québec & Trois-Riviéres.
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have it accessible through the user interface. The disadvantage of such a complete integration
would be increased DIPETT executable size and potential complications (user options set,

semantic analysis turned off).

It would be possible to make evaluation of DIPETT progress a completely separate program,
but this would necessitate interface through the parse tree output file and likely a two stage
process (parse then compare). The disadvantage of this approach is that it is inconvenient for
the user. DIPETT may take some hours to parse a batch of sentences and it would be
preferable to start the evaluation process and have the report generated without user

intervention.

A hybrid approach was chosen. The DIPETT evaluation module (DEVAL) was implemented
as a standalone prolog program that contains its own user interface and also can be loaded
into the DIPETT executable. Standalone, DEVAL can compare the parse trees in two
separate files and generate a report of the similarities and differences. Loaded into DIPETT,
DEVAL can direct DIPETT to parse a file of test sentences, and then perform the same
comparison operation on the resulting parse tree file. The benefits of this approach are: a

one-pass evaluation procedure, and no modifications required to DIPETT.

Method for Comparing Parse Trees

Various methods for comparing parse trees were considered. [s a two-valued same/different
verdict sufficient? Should the complete parse tree be compared, or just the part of the parse
tree that illustrates the phenomena being tested? It is simple to compare two structures using
Prolog. Since the purpose of DEVAL is to report changes in parse tree output, a yes/no
comparison procedure was chosen that provides an indication of where and how two parse

trees differed if they were found to be different.

The algorithm for locating the first difference in a pair of dissimilar parse trees is a recursive
depth-first search. Prolog data structures are converted to list structures so that the elements

may be compared. The first difference found is reported.
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IF a2t least one ¢f the elements to be ccmpared is ztomic
OR at least one of the elements to be compared is an empty list THEN
evaluate whether the elements are the same or not and
return that value
ELSE IF the elements to be compared are both data structures THEN
convert the data structures to list structures and
compare those
ELSE {both are lists} IF the list head elements are not the same
THEN
compare the head elements
ELSE
compare the list tails

4.3.3.2 DEVAL Outpur

If DEVAL is used with DIPETT to parse a suite of test sentences, then DEVAL saves the
resulting parse trees and parse script files. DIPETT version information is saved in the parse
script, as is a list of all the input and output file names and paths. The input files are the file
of sentences parsed and the associated file of dictionary entries. The output files are the

parse tree file, the parse script file, and DEVAL’s comparison information.

DIPETT generates different parse tree types, depending on the sentence input and the

success or failure of the parse. Examples of DIPETT parse tree types are:

e parse_tree__ decla or_imper — for declarative and imperative sentences.
e parse tree__inter — for interrogative sentences.
e nparse_tree__ frag series and parse_tree  frag — for fragmentary parses.

e error — for sentences that could not be parsed (usually results from a timeout).

DEVAL’s comparison output provides the following information:

e The file names of the parse tree files that were loaded for the comparison and an
indication if they were not loaded successfully.

e A count of the parse trees that were loaded from each of the files compared.

e An itemization of the number of parse tree types for both files.

e A list and count of sentences that were not successfully parsed in either file
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e A list and count of sentences that were successfully parsed in one file but not the other.

e A list and count of sentences that were successfully parsed in both files.

® A comparison of the parse tree structures for the sentences that were successfully parsed
in both files. First, a list is generated of sentences that were successfully parsed and the
parse tree structures are identical in both files. Then, the successfully parsed but non-
identical parse trees are compared. The sentence that was parsed is contained in the parse
tree structure, and that is compared first. If the sentences are the same, then the parse

trees are compared and the first difference found is reported.

4.3.3.3 DEVAL File Names
DEVAL expects all of the files for a test suite to be maintained together in a single directory,
and each separate test suite have its own individual directory. DEVAL file names must

adhere to the following specification:

"FileType=~ - = . | In'or-Ou? . -|'Name Specification- | Example -7~
Sentences Input dir-sent.txt I ch2/ch2-sent.txt
Dictionary Input | dir-dict.txt , ch2/ch2-dict.ext
Original Parse Trees [nput dir-test-trees.pl ch2/ch2-test-trees.pl
Output Parse Trees Output DIPETT defauit | ch2/2zz. DIPETT-HAIKU.OutStructs.pl
Comparison Script Output DIPETT default | ch2/zzz. DIPETT-HAIKU.script
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S A Diagnostic Evaluation of DIPETT

DIPETT v3.0 was evaluated using sentences extracted from Quirk er al. (1985) and
sentences extracted from the TSNLP database. This chapter presents DIPETT’s performance
on both of the test suites and a discussion of the DIPETT problems identified.

5.1 Evaluation Method

5.1.1 Sentence Extraction

Quirk Sentences

Sentences were extracted from Quirk et al. (1985) chapters 2 and 3 as described above in
section 4.3.2.1 and as shown in Appendix A. The sentences were augmented with selections
from chapter 5 of Quirk er al. (1985) that illustrate article usage. Both grammatical and

ungrammatical example sentences were included.

TSNLP Sentences

The complete tsdb(l) data were downloaded and stored as a Microsoft Access database.
Queries were developed to extract test items and their related phenomena and analysis. The
TSNLP database is large — 4612 sentences and sentence fragments in all. The data used for
this thesis was restricted to the set of test items that are complete sentences and clearly either

grammatical or ungrammatical. That is, items having:
e i-category: SorS_inter

¢ well-formedness code: zero or one

The extraction produced 1173 grammatical and 1535 ungrammatical sentences.

5.1.2 Sentence and Lexicon Preparation

DIPETT takes text files of sentences as its input. Each sentence must be terminated by a
period, ellipsis, question mark, or exclamation mark. The text file must be terminated by a

particular end of file marker.
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A lexicon must be produced for each batch file of sentences. DIPETT uses the Collins
wordlist to create an auxiliary dictionary file that contains all possible part of speech entries

for all of the unknown words in the input sentences.

A small Windows program, DICTMAN, was written to aid in the preparation of DIPETT
input files, to ensure that the sentence batch files and auxiliary dictionary files were properly
formed. Appendix G shows the DICTMAN user interface. The sentence and dictionary

preparation program performed the following functions for the sentence batch files:

e Checked that a valid terminator terminated each sentence.
e Marked the lines that contained more than one terminator.
e Flagged any duplicate sentences.

e Flagged the starred sentences.

¢ Appended the DIPETT’s end of file marker to the batch file.

DIPETT’s code includes a built-in dictionary of over 3000 dictionary entries (see section
6.3). The internal dictionary includes many closed class items, words commonly used, and
idioms. One of DIPETT’s known problems is that the built-in dictionary does not necessarily
contain all of the potential parts of speech for open class items. The DIPETT code that
creates auxiliary dictionary files from Collins does not extract entries for words that are
already known to DIPETT. A sentence may contain a word that is known by DIPETT, but
not as the part of speech used in that sentence. In that case, the sentence will always fail to

parse unless the auxiliary dictionary is augmented.

DIPETT's idiom entries are common collocations with clear syntactic function. Idioms are
specially coded in DIPETT s built-in dictionary and must be coded in the same fashion in the

input batch files of sentences.

If the DIPETT code that creates auxiliary dictionary entries from Collins cannot find an

input word, it assumes that it is a propernoun. That assumption is not always correct.
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The sentence and dictionary preparation program DICTMAN performs the following
functions for the auxiliary dictionary files:

e Relates the dictionary entries for any word with all the sentences containing the word.

e Allows editing and insertion of dictionary entries.

e Identifies words that have multiple part-of-speech entries, words entered as both a noun
and a verb, and words that are entered only as a proper noun.

o Identifies sentences that contain an idiom that is coded into DIPETT’s built in dictionary.

e Allows editing of sentences to conform to DIPETT’s idiom conventions.

5.2 Summary of Parse Results

Sentence batch files and auxiliary dictionary files were created for the Quirk sentences and
TSNLP sentences, and DIPETT'’ batch jobs were run to parse the sentences. Appendix B
shows the details of DIPETT’s parse results on the Quirk sentences. Appendix C shows
DIPETT’s parse results on the full TSNLP phenomena. Appendix Cl shows the details of

DIPETT s performance on the TSNLP tense-aspect-modality combinations.

The parse results for the grammatical sentences are summarized in Table 5-1 and the parse

results for ungrammatical sentences are summarized in Table 5-2.

Grammatical Sentences

Coverage is the percentage of examples from a given corpus for which a parser/grammar is
able to assign at least one complete (not fragmentary) analysis. DIPETT produced full parse
trees for 79% of the grammatical Quirk sentences but only 65% of the grammatical TSNLP
sentences. This result was unexpected because the TSNLP sentences are shorter, simpler, and
narrower in their coverage of phenomena and phenomena interaction than are the Quirk

sentences.

Y “DIPETT" referred to in this thesis chapter is DIPETT v3.0.
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Ungrammatical Sentences

Ungrammatical sentences should be rejected by a parser/grammar. DIPETT failed to parse

(generated a fragmentary parse for) 38% of the Quirk sentences and 53% of the TSNLP

sentences. It was found that many of the ungrammatical sentences were not useful for

diagnostic evaluation of DIPETT; ungrammatical sentences are useful only for testing

phenomena that are specifically rejected by the grammar. For DIPETT, ungrammatical

sentences are useful for testing such phenomena as number agreement but not phenomena

such as complementation.

Sometimes the full parse trees generated for ungrammatical

sentences are perfectly reasonable, given the information DIPETT has available. This is

particularly true for the Quirk sentences, where some of the ungrammaticality is purely

semantic, for example:

* The bus hopes to be here at five.

Table 5-1: DIPETT v3.0 — Parse Results for
Grammatical Sentences

-.G_ ammatzcal Sentences Tl

2

Qulrket al: chapter s

DIPETT

,,,,, . -3 :
Number of crrammatlcal sentences 252 308 18 1143
Number of full parses generated by 218 (86%) | 221 (72%) | 18 (100%) 745 (65%)

Number of correct full parses

120 (48%)

117 (38%)

18 (100%)

467 (41%)

Table 5-2: DIPETT v3.0 — Parse Results for
Ungrammatical Sentences

=
Aymememcm-man |

Number of ungrammatical sentences

10

22 44 1519
Number of fragmentary parses 7 (32%) 17 (39%) 5 (50%) 800 (53%)
Full parses of ungrammatical sentences 15 (68%) 27 (61%) 5 (50%) 719 (47%)

47




Chapter 5. A Diagnostic Evaluation of DIPETT

5.3 Evaluation of DIPETT’s Performance on the Quirk Sentences

5.3.1 Summary of Quirk Sentences Results
Appendix B shows the details of DIPETT’s parse results on the Quirk sentences. The results

shown for each sentence are a representation of DIPETT’s parse tree output, comments on
parse tree errors, and an indication of whether the parse tree is correct. The problems
identified in Appendix B are discussed below. Specific grammar rule problems are identified
where appropriate and possible solutions are suggested. Some of the problems can easily be
fixed but others are more difficult, particularly those that occur because DIPETT has very
little specific word knowledge available. Obviously there are limits to the performance that
can be achieved with a surface syntactic parser, more so a parser that outputs only the first

parse tree found.

5.3.2 Evaluation on Quirk Sentences: Problems Identified
53.3.2.1 Adjectives overgenerate from adverbs
DIPETT’s noun phrase grammar contains a rule that states that adjectives can be formed

from adverbs.
adj_equiv (Adj, pos) --> adv_s(2dj)

This rule is likely responsible for overgeneration of adverbs from adjectives. For example, in
the sentence “The evenings have turned very cold just recently.” DIPETT’s parse tree has the
adverb phrase “just recently” interpreted to be an adjective phrase, conjoined with “‘very

cold’'.

An adverbial interpretation for adverbs should be attempted before their conversion to an

adjective is considered.

3.3.2.2 Intensifiers of adjectives and adverbs are conjoined with the head
DIPETT does not distinguish dependents from their heads in adjective and adverb phrases.

For example, in the sentence “The evenings have turned very cold.” the adjective phrase is
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parsed as consisting of adjectives very and cold, assumed joined by an implicit and. This

interpretation is incorrect, since very is an intensifier of co/d and cannot stand alone.

DIPETT generates successful parses for all three of the following sentences, although only

the first is properly grammatical.

The evenings have turned cold.
* The evenings have turned very.

* The evenings have turned very and cold.

DIPETT’s internal dictionary distinguishes categories such as predeterminers, determiners,
cardinal numbers, ordinal numbers, and quantifiers. Intensifiers could be similarly classified,

rather than simply entered into the general-purpose adjective category as a positive adjective.

A related problem also arises, that is, intensifiers may also be mistaken to be noun
postmodifiers. For the sentence “My mother enjoys parties very much” DIPETT mistakes the
intensifier very to be a postmodifier of the head noun parries. DIPETT s rule that allows this

to occur is perfectly acceptable:

noun_post_modifier{adj (ADJ, DEG)) --> adj (ADJ, DEG).

Classification of very as an intensifier in preference to a general adverb would allow its

correct attachment here as well.

5.3.2.3 Adverb attachment to prepositional phrases

Adverbs followed by a prepositional phrase are displayed in the parse tree as if they are
interpreted as the preposition, and not attached to the main verb. For example, DIPETT’s
parse tree for the sentence “Someone was laughing loudly in the next room.” shows the
prepositional phrase “in the next room” as being marked by the adverb loudly and not the
preposition in, although the tokens shown for the phrase are “loudly in”. The preposition in

does not appear elsewhere in the parse tree.
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[-..1

pp loudly
tokens loudly in
[---1

This problem occurred in three sentences of the Quirk test suite, and in each of those it
would be appropriate if the adverb were interpreted to modify the main verb and not the
preposition that follows. Quirk er al. (1973; 5.25) states that few adverbs premodify particles
in phrasal verbs but those that do also premodify prepositions or prepositional phrases. Quirk
et al. (1985) does not offer more than that. From this it can be concluded that adverbs that
precede a preposition should be attached to the main verb, and not the preposition. Some

experimentation would be necessary to verify this.

DIPETT does not parse the adverb before it looks for the prepositional phrase complement,
so the adverb is necessarily parsed by the prepositional phrase rule that allows a required

adverb before the preposition:

prepphrase core(pp([Advs,FP],Np),Restriction) -->
required_adverbs (Advs),
prep_pp(PF,Restriction), np_for_pp{(Restriction, Np).

There is no documentation in DIPETT to cross reference this rule to a specific section in
Quirk er. al. nor is an example sentence given. [t seems likely, though, that this rule is
intended to parse only the small subset of adverbs which do modify prepositions, for
example, "It drove me right up the wall.” 1If this is indeed the case, then it seems that those
adverbs could be classified in DIPETT’s dictionary, in the same manner as are prepositions

that function as adverb particles.

Further, important syntactic markers such as prepositions should not be “lost” in the parse
tree representation. The parse tree output routines do not adequately handle the above

prepositional phrase output structure pp ([Advs, P}, Np) .

3.3.2.4 Prepositional phrases are not recognized as adverbs
DIPETT’s verb complement grammar is nonspecific with respect to objects and adverbials,

generating SVOO_SVOC_SVOA for ditransitive verbs and SVC_SVA structures for copular verbs.
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That strategy appears to be quite effe-ctive for ditransitive and copular verbs. However, the
sentence “Her father works in a factory.” is incorrectly assigned an SVO structure. In such
cases, prepositional phrases are almost always incorrectly interpreted to be an object rather

than an adverbial. DIPETT’s parse for the above example sentence shows clause structure:

S her father V works O PP in a factory

Quirk er al. (1973; 2.11 and 1985; 2.2+4) states that an object complement is normally a noun
phrase or a nominal clause. There is neo indication that a prepositional phrase can serve as an
object unless it is the indirect object o:f a ditransitive verb and appears immediately after the
direct object. Quirk er al. also states that an adverbial is normally an adverb phrase, a

prepositional phrase, or an adverbial cllause, or possibly a noun phrase.

Contrary to Quirk er al.’s definition, DIPETT’s implementation of SVO structures allows the
object to be either a noun phrase or a prepositional phrase. This definition gives rise to

incorrect interpretation of prepositiona’l phrases as objects.

complement_tr(active, nil, svo(¥X)) -->
(np_equiv(post_v, 0, X ,_) ; required prepphrases(¥, )
DIPETT v3.0 contains no rule that would generate an intransitive SV{A} structure from a

prepositional phrase complement.

3.3.2.5 Time-related and place-relate-d noun phrases are not recognized as adverbs

Time and place related noun phrases often function as adverbs in a sentence, but are not
recognized as such by DIPETT. Noun: phrases such as “every year” and *‘this afternoon” are
parsed as noun phrases, which in IDIPETT’s grammar do not function as adverbials.
DIPETT’s grammar is unable to comjppletely analyze sentences such as “They make him the
chairman every year.” which should, according to Quirk et al. (1985; 2.45) be parsed as an

SVOC{A} structure. DIPETT can, howev~er, parse “They make him the chairman annually.”
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Quirk es al. (1973; 2.11 and 1985; 2.24) states that an adverbial can possibly be a noun
phrase. DIPETT’s adverb grammar is convoluted and difficult to follow; there is no

indication that DIPETT does indeed allow a noun phrase to be interpreted as an adverb.

Since noun phrases are never interpreted to be adverbials in DIPETT, they can also give rise
to incorrect interpretation of actual noun phrases. For example, in the sentence “We returned
Jrom lialy last week. " both of the words /taly and last are analyzed as premodifiers of the head

noun week.

According to Quirk et al. (1985; 9.40), it is possible to identify time-related noun phrases.
Time-related noun phrases are marked by the absence of a preposition immediately before a
deictic word such as last, next, this, or that or before the quantitative words some and every.
A syntactic solution is therefore possible for time-related phrases such as “last week” and

“every year''.

5.3.2.6 Adverbs may be misinterpreted to be an intensifier

Not only can intensifiers be mistaken as adverbs as discussed in 5.3.2.2, but adverbs may be
misparsed as intensifiers. DIPETT parses the sentence “Usually, my mother enjoys parties.”
correctly. If the comma is removed, however, then usually is parsed as an intensifier of the

entity “my mother™.

subj
entitcy
intensifier usually
determinatives
deter my
head noun
noun

n mother countnoun
number sg3
tokens usually my mother

This shows that DIPETT allows an intensifying adverb to appear before the determinatives in
a noun phrase nucleus. Quirk et al (1985; 7.62,7.63,7.68,17.111) does describe

premodification of noun phrases by adverbs, but only as a “minor type” of premodification,

1]
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and also states that very few adverbs premodify nouns and precede the determiner in doing
so. Some examples are: “quite a party”, “such a good boy”, “rather a mess”. Intensifying
adverbs may premodify pronouns and predeterminers: “nearly everybody”, “roughly half the

7Y Le

equipment”, “over two hundred dollars™.

There is no specific cross-reference or example offered by DIPETT to explain its rule that
allows any adverb to appear before the determinatives of a noun phrase and act as an

intensifier. The rule does appear to be overly permissive:

np_nucleus(l,entity(intensifier(2&dv), Dets, ATTRS, HEAD, number (N)),N} -
->
({Adv = nil} ; adv_s(Adv)},
determinatives (Dets, Numl),
{adv_det_filter (Adv, Dets), predeter_ filter(Dets)},
rest_common_noun_np{Dets, Numl, ATTRS, HEAD, NUM), {!'}.

Most likely, DIPETT should parse phrases like *Usually my mother” with the adverb separate

from the noun phrase.

3.3.2.7 Predeterminer position is restricted
Quirk er al.’s (1985; 5.16) noun phrase grammar specifies that the predeterminers a// and
both can occur after the head of the noun phrase and within the predication in the medial

adverb position.
DIPETT’s grammar allows only the first of these examples:

v’ Both the students passed the exam.
X The students both passed the exam.

X The students can both pass the exam.

Extending DIPETT s noun phrase grammar to parse the latter two examples should present

no problem.
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3.3.2.8 Object complements not recognized
DIPETT outputs the first full parse tree that it finds, and it looks for verb sequences in the
active voice before looking for stative verb sequences. Superficially, the following sentences

have exactly the same structure:

subject verb object object
N N v $
They consider him a genius.
They threw him a lifeline.

The verb consider is stative, however, and the first sentence has an SVOurectCobject Structure!®
(Quirk er al. 1985; 2.17). The verb throw is active and the second sentence has an
SVOindirectOuiet Structure. DIPETT does not make this distinction. If both verbs are entered into
the dictionary as transitive then DIPETT generates the same active SVOO analysis for both
sentences. DIPETT fails to parse “They consider him a genius” if the verb consider is entered

into its dictionary only as a stative verb.

This situation can be improved upon for verbs that are known by DIPETT to be both
transitive and stative. The dual classification carries useful information: such verbs are likely
to be complex transitive and not ditransitive, or else they should not be classed as stative. In
this case, DIPETT should reject the initial SVactveOingrecOsiet analysis in favour of the more

favourable SViapeOuireciCotiect interpretation that will subsequently be generated.

If a sentence has only a single noun phrase complementing the verb consider, then that noun
phrase is a direct object and not a subject complement, for example, “They are considering
him”. [t may be possible to generalize that transitive-stative verbs are also monotransitive

and not copular, but some experimentation is required to verify this.

The same problems exist for passive sentences. DIPETT’s analysis of the sentence “He was

considered a genius.” identifies the subject complement He to be an object entity in an

'® Odiecr is a direct object. Ongrect is an indirect object. Covject is an object complement.
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SnitVpassiveOO structure, and the two objects are not further differentiated. The above solution

for the active voice also applies to the passive.

3.3.2.9 Date form not recognized

DIPETT’s grammar recognizes a few date constructions. It does not recognize phrases in the
form “the fifih of February . The phrase actually contained in the example sentence is “rhe 5tk

of February”. DIPETT s scanner does not recognize ordinals in the form 5r4.

5.3.2.10 Phrasal quantifiers not recognized

Quirk er. al. (1973; 4.14) describe a large open class of phrasal quantifiers. A few examples

are:

plenty of furniture
lots of students

a great deal of money

DIPETT’s grammar allows some partitive structures but not these phrasal quantifiers. Their
regular structure, described in detail by Quirk et al., suggests that some syntactic solution
may be possible. When DIPETT misses a partitive structure, it generates a noun phrase with
a prepositional phrase postmodifier. The number of the noun phrase depends on the head
noun, but is most often incorrectly interpreted as being singular, as in the following

erroneous analysis of the phrase “a grear number of them’™:

DET a ADJ great HEAD-NOUN-sg number POSTMOD [PP of them]

If such a noun phrase is in a constituent position that is sensitive to number agreement then

DIPETT fails to parse the sentence.

5.3.2.11 Count nouns and zero article

DIPETT s dictionary recognizes countnouns, massnouns, and propernouns. Superficially it
appears that DIPETT’s grammar is permissive in its treatment of countnouns and
determiners; DIPETT accepts ungrammatical noun phrases such as “/ saw book” (Quirk et al.

1985; 5.1). DIPETT’s grammar can easily be made to reject such constructions. That sort of

W
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modification may be completely undesirable, however, unless some mechanism is also
constructed to distinguish nouns and/or syntactic structures that can properly take zero
article. Identifying nouns that admit zero article is an open problem; article contrast is a

semantic issue, not syntactic.

3.3.2.12 Collective nouns not recognized as being plural

DIPETT has no mechanism for identifying collective nouns as plural unless they have been
entered into the dictionary as either a plural countnoun or as a massnoun. Neither strategy is
correct. DIPETT expects plural countnouns to be associated with a singular form, which in
the case of collective nouns does not exist. Massnouns are treated as a singular

undifferentiated body, not as a plural.

The sentence “The police want him.” provides an example. Quirk et al. (1985; 5.78) classify
the word police used in this sense as a collective noun. If police is entered into the dictionary
as a massnoun then the sentence fails to parse, as it should. If police is entered as a plural
countnoun that is the plural of police then a full parse tree is generated but the parse tree
suggests the existence of a singular form (“a police”, for example) . If police is entered as a
plural with an unspecified singular form, then the parse tree fails to print the entity head noun

properly — the root of the head noun is shown as:

n UNBOUND countnoun

Similar problems have recently been reported with summation plurals and other ‘pluralia

tantum’"? (Quirk et al., 1985; 5.76-77).

3.3.2.13 Relative pronoun not recognized

DIPETT’s grammar recognizes noun phrase postmodifiers marked by relative pronouns. The
list of relative pronoun markers is not complete, for example, the word where is missing and
there may be others. DIPETT is unable to parse the sentence “The place where Mary lives is in

London.”

19 Ken Barker recently reported problems with the phrase “thanks in advance”.
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This can be fixed by adding where to the list of relative pronouns in DIPETT’s dictionary,
but some consideration must be given to whether or not that single addition makes the list
properly complete. Quirk er al. (1985; 6.33) classify restrictive and nonrestrictive relative
pronouns (who, whom, whose, which, that, and “zero”). Quirk et al. (1973; 13.7) explain that
relative pronouns can be replaced by special adjunct forms for place, time, and cause (where,

when, why).

3.3.2.14 Postmodifiers and complements

DIPETT’s noun phrase grammar contains simple heuristics to help identify whether phrases
should be identified as a noun postmodifier or as a complement. The heuristics are not
always completely accurate. In particular, noun phrases that appear after the main verb can
have a prepositional phrase postmodifier misattached as a verb complement. For example,
prepositional phrases marked by in or with are assumed to be verb complements, not noun

phrase postmodifiers.

DIPETT analyzes the sentences “7 remember that girl with the red hair” and "I remember all

those fine warm days in the country last year” as SVOO_SVOC_ SVOA structures:

S | V remember O that girl O/C/A with the red hair
S | V remember O all those fine warm days O/C/A in the country last year

In both cases the prepositional phrases should be a postmodifier and not a separate object or

complement (Quirk er al., 1985; 2.28):

S |V remember O that girl POSTMOD with the red hair
S 1V remember O all those fine warm days POSTMOD in the country last year

Conversely, complements may also be misanalyzed as postmodifiers. DIPETT analyzes the
following sentence with a thar-clause postmodifier of trip but the that-clause should be an

adjective complement of besr according to Quirk er al. (1985; 2.28).
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DIPETT S 1V remember O the best trip POSTMOD that | ever had
Quirk ez al. S|V remember O the best trip C that | ever had

It should be noted that DIPETT was designed to be used with a post-editing module to
correct misattachment problems, and places prepositionals at the top level for consistency
(even if that is not always correct). The reattachment module was never built, however, and
it is likely not possible that this problem can be completely solved without semantic
knowledge or human intervention. Still, it may be possible to improve the heuristic

functions.

3.3.2.15 Obligatory adverbials not recognized; obligatory ditransitive verbs not recognized

DIPETT does not recognize obligatory adverbials. Parse trees for sentences such as *You
must put the toys upstairs immediately " (Quirk et al. 1985; 2.18) do not distinguish between the
obligatory adverbial upstairs and the (optional) subordinate adverbial immediately. Similarly,
for the sentence “You must put the toys upstairs.” an SVO structure with a final subordinate
adverbial is generated rather than an SVOA structure. The ungrammatical sentence *You must

put the toys. " parses successfully with an SVO structure.

Similarly, DIPETT recognizes verbs that are transitive, intransitive, and stative, but does not
recognize the verbs that must be ditransitive. DIPETT parses correctly the sentence “He
allowed me a respite.” with an SVOO structure. [t also parses successfully the ungrammatical

sentence “He allowed me. ", by incorrectly assigning an SVO structure.

As DIPETT is a shallow surface parser, these particular problems may be impossible to fix.
One solution would be to extend DIPETT’s simple verb dictionary with a full
subcategorization dictionary. Another solution could be to have DIPETT learn verb
subcategorizations much as HAIKU (the TANKA semantic interpreter) learns semantic case

patterns.

Perhaps one solution is to ignore DIPETT’s performance on ungrammatical sentences.

DIPETT is intended to be a parser, not a grammar checker.
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5.3.2.16 Conjunction misattachment

DIPETT is designed to handle conjoined structures. Almost any kind of structure can be
joined by a coordinating conjunction, that is, full clauses, verb phrases, noun phrases,
prepositional phrases, adjectives, adverbs. Delisle (1994) describes a fairly sophisticated
heuristic mechanism for identifying compound sentences, but DIPETT does not always

identify correctly which phrases or clauses should be joined by a coordinating conjunction.

These heuristics involve counting the number of potential verbs and coordinators in a
sentence, and calculating the verbal density (roughly defined as the verb distribution in the
sentence). The heuristics seem to work well for verbs in the active and passive voice, but the

verb counting function does not appear to count stative verbs properly.

The verb counting function evaluate_nb_potential_verbs returns the following verb counts for

some extremely simple test sentences.

= F U Sentence T\ Voice |- Verb.count correct?
1. They went there and they bought it. active-active 2 yes

2. It was visited and it was bought. passive-passive 2 ves

3. [t was red and they bought it. stative-active 1 unable to parse
4. They bought it and it was red. active-stative 1 unable to parse
5. [t wasred. stative 0 yes

6. They bought it. active 1 yes

Compound sentences are not parsed correctly if any of the clauses are stative.

5.3.2.17 Can’t parse “be being”
DIPETT is unable to parse verb phrases in the form be plus being, for example:

The ship may have been being sunk.

He is being naughty again.

The cause of this problem is that DIPETT’s dictionary does not contain being as a

progressive stative form of be.
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3.3.2.18 Complex transitives are parsed as nominals

Quirk er al. (1985; 15.3) describe nominal clauses as falling into six major categories,
including fo-infinitive and -ing clauses. They show that nominal clauses may function as
subject, object and complement. Yet, their treatment of complex transitives (Quirk er al.,
1985; 16.49-54) makes no mention of the nominal. Complex transitive complementation
occurs when the direct object is followed by a nonfinite clause that is also part of the
predication. The object noun phrase is typically the subject of the nonfinite clause,

commonly called a raised object.

DIPETT treats all nonfinite clause complements as though they were nominals, and does not
provide for complex transitives as described by Quirk er al. Raising of the object is not
shown in the parse tree. Quirk er al. (1985; 16.49) specifically list verbs and verb categories
that may take various forms of nonfinite clause complements. For example, one variant of

complex transitive complementation is object+bare-infinitive:

T VehTpe - | VerbExamples |- ExampleSentence.
Verbs of coercive meaning have, let, make S Don't V let O him C sit like that
Perceptual verbs feel, hear, notice, observe S| Vsaw O her C leave
Verbs that also may take a fo-| o1 oo S He V helped O me C (to) edit it
infinitive

This sort of information could be coded relatively easily in DIPETT by implementing the

complement classes in the grammar and adding the verb classes to DIPETT’s dictionary.

3.3.2.19 Passives are misinterpreted as being stative
DIPETT very often does not recognize past passive verb sequences. Usually, sentences such
as “‘the accident was seen” are parsed with was being the stative main verb, and the past

participle seen being its adjectival complement.

J.3.2.20 Complex to-infinitives not parsed
Quirk er al. (1985; 3.56) show how the aspect and voice auxiliaries #ave and be can occur in
complex nonfinite verb phrases. The perfective, progressive, and passive forms should be

allowed singly and in combination.
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DIPETT’s grammar allows only simple infinitives:

te_infinitive_clause(Type, to_infinitive clause(X)) -—>
simple to_infinitive clause(Type, X), {!'}.

simple_to_infinitive clause(Type, X) -—>
infinitive marker, verb_clause(Type, _, _, [inf], nil, _, X, nil).
DIPETT parses sentences such as “I'm glad to have been working.” with “been working” as the

object of the infinitive have.

Proper parsing of complex so-infinitives requires that DIPETT’s ro-infinitive clause rules be
extended to allow complex infinitives, with the tense parameter of verbd clause not restricted
to (inf}. DIPETT’s verb sequence would also need to be extended, but this presents no
particular problem. The verb sequence grammar for complex infinitives is essentially the

same as that for verb sequences beginning with an auxiliary modal, for example:

Tense . 5o | Withmodal auxiliary:. . " |:In the.complex infinittv
Perfective He can have succeeded. His goal is 10 have succeeded.
Progressive He can be succeeding. His goal is to be succeeding.
Perfective+progressive | He can have been succeeding. | His goal is 70 have been succeeding.
Passive He can be examined. His goal is to be examined.
Perfective+passive He can have been examined. | His goal is /0 have been examined.
Progressive+passive He can be being examined. His goal is t0 be being examined.
Perfective+ He can have been being His goal is to have been being
rogressive+passive examined. examined.

5.3.2.21 “usedto” is not recognized in some instances

DIPETT’s verb sequence grammar recognizes the marginal modal “used 0™, for example,
“She used to attend regularly” (Quirk 1985; 3.44). A problem arises for sentences containing
“used t0” in the passive or stative because DIPETT’s verb phrase grammar tries to match
verb sequences first in the active voice, and then in the passive, and in the stative only if the
previous attempts fail. For passive and stative sentences involving “use r0” or “used t0”,

DIPETT usually finds and accepts an incorrect active interpretation with the main verb use
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and with ¢o as a to-infinitive marker or a preposition before a passive or stative analysis is

attempted.

This problem never occurs in the active voice because marginal modals are always parsed
before the main verb. In that case “used to” is parsed first as a marginal modal, and only if

that fails is use accepted as the main verb of the sequence.

The problem can be remedied by checking for passive and stative interpretations of “used to”

before searching for an active interpretation.

3.3.2.22 Does not recognize “get” as a passive auxiliary

Quirk er al. (1985; 3.66) describe some circumstances under which ger performs the
function of a passive auxiliary “The car got run over (by a bus)”. DIPETT’s dictionary does not
contain ger either as a passive auxiliary, or as a stative. A solution for this problem is

described in section 6.3.7.

5.3.2.23 Mulriple adverbs might be written incorrectly in the parse tree
DIPETT does not write multiple adverbs that are not immediately consecutive within the

predication properly.

For the sentence "I would probably never have believed thar story” DIPETT collects the adverbs

into a list structure showing conjoined adverbs:

[conj_advs(implicit_and, {probably, never]), tokens(([probably,
never])]

For this structure, the parse tree correctly displays:

advs
conj_advs implicit_and probably never
tokens probably never

For the sentence "/ would probably have never believed that story” DIPETT collects the adverbs

into a list structure showing multiple but not conjoined adverbs:

advs ( [probably, tokens({probablyl), never, tokens([neverl)}l)
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The parse tree for this adverb structure does not properly represent the appended adverb. The
second adverb never appears as though it is one of the tokens for the adverb probably. It
should appear separately of its own accord, or listed as one of the adv, but certainly not as one

of the tokens for probably.

advs probably
tokens prcbably never
Tokens never
This problem arises because the parse tree printing routines are unable to handle the
adverbial’s list structure. This is therefore not considered a serious error, as the data structure
generated by the grammar is correct. The problem can be fixed by modifying the parse tree

printing routines prt_node and prt_args, or by changing how adverbs are appended so that the

parse tree printing routines can properly display them.

5.3.2.24 Does not recognize some modal idioms, semi-auxiliaries, and catenatives
DIPETT’s basic verb sequence grammar is based on Winograd's (1983) description.
DIPETT documentation specifies that the grammar allows modal idioms “would rather” and

“had berter”, and the semi-auxiliary “be going to”.

Quirk er al (1985; 3.45-49) list many modal idiom, semi-auxiliary, and catenative
constructions. DIPETT performed poorly on the example sentences intended to test such

structures (see Appendix B). For example:

e DIPETT does not recognize the modal idiom “have got t0™.

e The modal idiom “would rather” is not recognized if would is contracted.

e DIPETT does not recognize the semi-auxiliaries “be bound to” or “be able to” or “be
allowed 10™.

e DIPETT does not recognize the semi-auxiliary “be going ro” when it occurs in passive
verb sequences or an interrogative sentence.

e DIPETT does not recognize catenatives “appeared 10", “failed t0”, “come to”, and others

listed by Quirk er. al.
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If DIPETT is to be considered a true broad-coverage parser of English then the constructions
listed by Quirk et al. must be added to the verb sequence grammar. Adopting Delisle’s
method of implementing modal idioms and semi-auxiliaries directly into the code would
likely result in an unwieldy and unreadable grammar. As far as possible, these constructions

should be generalized into grammar rules that operate on dictionary entries.

3.3.2.25 Other linguistic phenomena not covered by DIPETT's grammar
The following are covered by the Quirk sentence test suite but are not covered by DIPETT’s

grammar. All section numbers are from Quirk er al. (1985):

e Pro-forms (2.44)

e Fronting (2.59, 18.20)

e Subjunctive in any form (3.59-62)

e Prepositional verbs (3.69)

e The passive gradient and verbs that cannot be passivized (3.68, 3.74)

e Operator in reduced clauses (3.26)

¢ Directives as distinguished from exclamatives (2.57)

e Proper names may consist of given name(s) and surname together (5.66). DIPETT parses
the surname as an appositive of the given name, for example, the full name “Mary

Smith™ is parsed — proper_noun Mary postmodif appositive Smith

5.4 Evaluation of DIPETT’s Performance on the TSNLP Sentences

5.4.1 Summary of TSNLP Sentences Results

Appendix C shows a complete summary of DIPETT’s parse results on TSNLP grammatical
sentences grouped by TSNLP phenomena. Table 5-3 shows a brief summary of Appendix C.
Appendix C1 shows specific details of DIPETT s performance on the tense-aspect-modality
combinations. DIPETT’s performance on tense, modality, and negation phenomena is

summarized in tables 5-4 through 5-7.
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Table 5-3: DIPETT v3.0 — Summary of Results
on TSNLP Phenomenon

: Senten ars ars,
C_Agreement-Collectives 2 2 0
C Agreement-Coordinated subj(correlatives) 12 6 0
C _Agreement-NP V 2 2 0
C_Agreement-Parentheticals 6 3 0
C_Agreement-Partitives 17 |§! 5 1
C Agreement-Pron V 14 0 14 0
C_Agreement-Relative clauses 7 1 7 0
C _Complementation-Divalent 43 1 41 1
C_Complementation-Equi 9 2 0 7
C_Complementation-Monovalent 2 0 2 0
C_Complementation-Raising 17 4 0 13
C_Complementation-Tetravalent 2 1 0 1
C_Complementation-Trivalent 75 2 44 29
C_Tense-Aspect-Modality 157 45 73 39
C_Negation-Tense aspect modality 287 126 90 72
C_Parentheticals-Embedded 1 1 0 0
NP _Coordination 135 0 135 0
NP_ Modification-Relative clauses 144 132 0 12
NP _Parentheticals 8 8 0 0
S_Parentheticals-Punct_interaction 3 3 0 0
S Types-Questions-Wh 37 13 23 1
S Types-Questions-Y/N 23 4 19 0
S_Types-Questions-Y/N_questions- 14 14 0 0
Non_inverted-Non-tagged

Total 1017 377 466 176

5.4.2 Evaluation on TSNLP Phenomena and DIPETT Problems Identified

5.4.2.1 Clause Agreement Phenomena

The TSNLP group defines agreement as “the relationship between two grammatical elements
such that if one of them contains a particular feature (plurality, for example) then the other
also has to have that feature” (Estival et al., 1995). The TSNLP documentation on

agreement follows Quirk et al. for the most part.

Collectives

DIPETT does not recognize collective nouns as being plural, as discussed in 5.3.2.12 above.
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Table 5-4: DIPETT v3.0 — Performance on TSNLP

Tense
-} “Number of | Correct Full | Incorrect Full

L _ . i | Sentences | - Parses - |- Parses::
simple past and simple present 2 2 0
aux + succeed 15 15 0 0
aux + succeeded 10 10 0 0
aux + succeeding 3 3 0 0
aux + be succeeding 13 12 1 0
aux + been succeeding 10 10 0 0
aux + have succeeded 13 10 0 3
aux + have been succeeding 13 10 3 0
aux + seen 3 1 2 0
aux + be seen 13 0 13 0
aux + been seen 10 0 10 0
aux + being seen 3 0 0 3
aux + be being seen 13 0 0 13
aux + been being seen 10 0 0 10
aux + have been seen 13 0 10 3
aux + have been being seen 13 0 0 13

Total 157 73 39 45

Table 5-5: DIPETT v3.0 — Performance on TSNLP
Tense plus negation

S e Number of - |- Correct:Full | Incorrect Full | 'Fra
o Tense Rttt ol it ithtiectl nloaetbnies
o ST RS - ~-Sentences.--| - Parses . | Parses
aux + not + succeed 37 29 5 3
aux + not + succeeded 4 3 0 1
aux + not + succeeding 4 4 0 0
aux + not + be succeeding 32 19 7 6
aux + not + been succeeding 4 3 0 1
aux + not + have succeeded 32 16 0 16
aux + not + have been succeeding 32 16 13 3
aux + not + seen 4 0 4 0
aux + not + be seen 30 0 24 6
aux + not + been seen 4 0 3 1
aux + not + being seen 4 0 0 4
aux + not + be being seen 32 0 0 32
aux + not + been being seen 4 0 0 4
aux + not + have been seen 32 0 16 16
aux + not + have been being seen 32 0 0 32
Total 287 90 72 125
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Table 5-6: DIPETT v3.0 — Performance on TSNLP

Modality

; - | Number of = "|Coirect Full Pdrses| - Incorrect Full ;
v Divigoons [ Senfences s i =il T E T parsesd arse
can 8 I 3 4
could 8 4 2 2
could’ve 4 2 1 1
°d 12 6 3 3
did 1 1 0 0
does 1 1 0 0
had 4 2 1 1
has 4 2 I !
is 3 1 l 1
*l 3 4 2 2
may 8 4 2 2
may’ve 4 2 l 1
might 8 4 2 2
might’ve 4 2 1 1
must S 4 2 2
must’ve 4 2 l 1
ought to 8 2 2 4
‘s 7 4 1 2
shall 8 4 2 2
should 8 4 2 2
should’ve 4 2 l 1
used to 8 2 2 4
was 3 I | 1
will S 4 2 2
would 8 4 2 2
would’ve 4 2 | I

Total 155 71 39 45

Correlation

DIPETT’s recognition of correlative conjunctions is insufficient. For example, borh..and is
not recognized. Extending DIPETT’s coverage of correlative conjunctions presents no
problem. It should be noted that the coverage of correlative conjunctions in the TSNLP test

suite is not complete either.
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Table 5-7: DIPETT v3.0 — Performance on TSNLP
Modality plus negation

Tinber o]

[ Corréct Full Parses
. Sentences.: .+

- ncorréct Full

can not
cannot
can’'t

could not
couldn’t
dare not
dared not
daren’t

did not

did not use to
did not used to
didn't
didn’t use to
didn’t used to
does not
doesn’t

had not
hadn’t

has not
hasn’t

is not

isn't

may not
mayn’t
might not
mightn’t
must not
Mustn't
need not
needn’t
ought not to
oughtn’t to
shall not
shan’t
should not
shouldn’t
used not to
usedn’t to
was not
wasn’t

will not
won’'t
would not
wouldn't
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Partitives

DIPETT does not recognize many partitives, as discussed in 5.3.2.10 above.

Pronoun Agreement

DIPETT generates a full parse tree for the following ungrammatical sentences:

* [ are new.

* You am new.

3.4.2.2 Complementation Phenomena
In contrast to Quirk er al., the TSNLP group defines complementation to include the subject

as well as objects, prepositions, and obligatory adverbs.

Monovalent, Divalent

DIPETT’s dictionary classifies monovalent (intransitive) and divalent (transitive) verbs, and
DIPETT parsed these sentences very well. The only divalent phenomena that DIPETT failed
to parse properly were the subjunctive (as noted above) and a sentence containing an

intransitive phrasal verb.

DIPETT has provisions for phrasal verbs and the built-in dictionary contains many adverbial
particle entries, but the feature is essentially “turned off” and not used. Preference is given to

nil verbal particle; particles are almost always parsed as a simple adverb, and not as particles.

Trivalent

DIPETT did not perform well on the trivalent complementation tests. DIPETT does not

recognize:

e Object complements as noted above in section 5.3.2.8.
» Obligatory adverbial complements and obligatory ditransitives as discussed in section
5.3.2.15.

e Complex transitives as shown in section 5.3.2.18.
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¢ Transitive phrasal verbs, similar to intransitive phrasal verbs discussed above.

Sometimes DIPETT recognizes wh-complements, but not always; wh-complements may be
misparsed as adverbials. DIPETT cannot distinguish between complementation patterns

obj+pp and iobj+pp, but that would be difficult for a semantically weak parser to achieve.

Tetravalen:t

This is not a common complementation pattern; there are only two example sentences in the
TSNLP data. DIPETT was unable to generate a full parse tree for one of those sentences “She
gives her the money for ir”, and the other was not parsed as tetravalent “She bets her one pound

that he leaves.” Complementation patterns are missing from DIPETT’s code.

Equi and Raising

“Raising” of the object is not shown in DIPETT’s parse trees, as discussed in section
5.3.2.18. Neither are the “equi” clausal complementation phenomena Equi-Obj-control, Equi-
Pobj-control, and Equi-Subj-control shown in DIPETT parse trees. The tests for these
phenomena, described by Soames and Perlmutter (1979), require that the referential subject
of an infinitive or so-infinitive complement be identified. For example, this sentence tests the
phenomenon Equi-Obj-control: “Abrams urges Browne to hire Chiang.” For this sentence, the
object of the verb, Browne, is referentially the subject of the infinitive hire, and DIPETT’s

parse tree could reflect that:

S Abrams V urges O Browne C fo-inf [Sequiotj Browne Vinfnive hire O Chaing]

5.4.2.3 Diathesis

Active

The test items for this phenomenon are a subset of the C_Complementation test items

described above.
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Passive
DIPETT recognizes passive verb sequences only when the passive agent is specified. If the

passive subject is nil, then the sentence is interpreted as being stative. See section 5.3.2.19.

Middle
This is the phenomenon of transitive verbs that have no passive correspondence, for
example, “He has a company.” DIPETT is not aware of verbs that cannot be passivized. This

was also identified by the Quirk test sentences.

Get as a passive auxiliary

DIPETT does not recognize get as a passive auxiliary, as discussed in section 5.3.2.22.

5.4.2.4 Coordination Phenomena
DIPETT was able to parse all of the noun phrase coordination examples. The grammatical
test items for case assignment in the subject position contain a number of examples having

conjoins in the accusative case. For example:

Me and him succeed.

DIPETT accepted all of these constructs and generated full parse trees.

5.4.2.5 Parenthetical Phenomena

DIPETT is extremely sensitive to punctuation and failed to parse all of the parenthetical test
items. The TSNLP noun phrase parenthetical tests items are marked by square brackets,
single dashes, and round brackets with a single comma. DIPETT can parse these tokens with
some minor editing: round brackets instead of square brackets; double dashes instead of

single dashes; remove the commas.

Some of the sentence parenthetical test items contain a sentence terminator such as a period

or an exclamation mark within the parenthesis. DIPETT’s scanner recognizes those as the
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final sentence terminator; it terminates the sentence inappropriately; the sentence thus fails to

parse.

5.4.2.6 Relative Clause Phenomena
DIPETT failed to parse most of the TSNLP test items for relative clauses. A few sentences

that parsed fully were of the form “The committee, the firm of which succeeds, comes.” and

parsed incorrectly having an appositive and not a relative clause .

All of the sentences that failed to parse have commas delineating the relative clauses, and the
relative clauses are marked either by a relative pronoun or by a preposition followed by a
relative pronoun. An experiment was performed to determine DIPETT’s performance on
those TSNLP relative clause test items with all of the commas removed. These results are

more interesting and provide better diagnostic insight.

‘Sentences|F

NP_Modification-Relative_clauses 144

NP_Modification-Relative_clauses-no_commas 144 36 73 35

With commas removed:

e DIPETT correctly parsed all of the test items where the relative clause was introduced
by a simple wh-word, for example, “The committee which he accepts comes”.

e DIPETT parsed some but not all of the relative clauses introduced by a preposition an a
wh-word marker, for example, “The committee about which she argues succeeds”. The parse
trees for the successful parses did not identify the preposition and whi-word as the relative
clause marker.

e DIPETT failed to parse the remaining relative clause test items for reasons unrelated to
relative clause phenomena. Most of the unsuccessfully parsed sentences presupposed
collective noun agreement, and failed to parse because DIPETT does not recognize

collective nouns as plural, for example, “The committee who succeed come.”
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3.4.2.7 Questions

DIPETT’s grammar for questions is deliberately simple. DIPETT was developed for the
purpose of extracting knowledge from text, and it was not expected that much knowledge
would be extracted from an interrogative statement. Still, DIPETT successfully parsed two
thirds of the TSNLP question phenomena test items. DIPETT’s performance on the TSNLP

question phenomena was about the same as its performance on the whole TSNLP data.

3.4.2.8 Tense and Modality Phenomena

TSNLP provides very systematic testing of tense and modality phenomena. DIPETT should
be able to parse all of these sentences correctly. Tables 5-4 and 5-5 summarize DIPETT s
performance on tense phenomena; tables 5-6 and 5-7 summarize DIPETT s performance on

modality. A number of problems were identified in DIPETT’s verb sequence grammar.

The following problems in DIPETT were identified by the Quirk test sentences as well as the
TSNLP sentences:

e DIPETT is unable to parse verb phrases containing forms of “be being” (see 5.3.2.17)
* DIPETT analyzes passive verb sequences as being stative (see 5.3.2.19)

e The marginal modal “use 10 is sometimes not recognized (see 5.3.2.21)

The following problems were identified by the TSNLP suite but not by the Quirk sentences:

Dictionary and Tense Table are incomplete

DIPETT’s internal dictionary includes closed class items such as auxiliaries. DIPETT s code
also contains a tense table that converts DIPETT’s internal tense notation to commonly
accepted names. Neither the internal dictionary nor the tense table is complete. The
dictionary is missing some entries for can, dare, and “used to”. The tense table is missing

some entries for tenses of can, need, and dare.
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Scanner does not recognize some contractions

DIPETT’s scanner is responsible for converting contractions to an uncontracted form. The

scanner does not recognize the negative forms daren t, usen’t, usedn't, and hasn't.

Marginal modal “dare”
Quirk et al. (1985; 3.42) state that the marginal modal dare exhibits abnormal time reference

in that it can be used, without inflection for past as well as present time. Quirk er al. (1973;
3.54) show dared as the past form of the modal dare. The TSNLP suite contains sentences

with the negated form dared nor; DIPETT is unable to parse those sentences correctly.

5.4.3 Comparison of Evaluation Results on TSNLP and Quirk Sentences

ISNLP Sentences

DIPETT’s parse trees were compared manually with the analysis provided in the TSNLP
database. The TSNLP suite is very fine grained and pinpoints problems precisely.
Phenomena are tested in isolation and not in combination, and phenomena coverage is not

properly broad coverage.

Quirk Sentences

The Quirk test sentences are coarser grained than the TSNLP suite. They are broader in their
coverage but not so precise in their diagnostic power. Even though only two chapters of
Quirk ez al. (1985) were used in the evaluation, the Quirk sentences broadly diagnosed most
of the same problems that were identified by the TSNLP evaluation. The Quirk sentences
also identified linguistic phenomena that are not covered by DIPETT and were not covered

or diagnosed by the TSNLP sentences either.
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6 Optimizing DIPETT

Try not to have a good time ... This is supposed to be educational.
-- Charles M. Schulz (1922 - 2000)

Following completion of the evaluation of DIPETT, modifications were made to the
grammar of DIPETT v3.0 to produce a new DIPETT v4.0. This chapter describes the
modifications to DIPETT’s grammar and a re-evaluation to measure the improvement to

DIPETT s performance on the Quirk and TSNLP sentences.

6.1 Defining “Optimize”

In this thesis, the word optimize is used in the common English sense of the word — “to
make the most of” or “make best compromise between opposing tendencies”. Optimize is
not used in the computer science sense of “make faster” or * make most efficient use of

resources’”.

6.2 Optimizing on TSNLP
Despite the fact that the Quirk sentences provided a good diagnostic evaluation of DIPETT’s
grammar, it was decided that the first goal for improving DIPETT should be to improve its

performance on the TSNLP suite:

e As Table 5-1 shows, DIPETT performed worse on the TSNLP sentences than it did on
the Quirk sentences. DIPETT generated a full parse tree for 77% of the grammatical
Quirk sentences but only 65% of the grammatical sentences of the TSNLP suite.

e The TSNLP sentences are simple. Each TSNLP sentences covers a single isolated
phenomenon; the Quirk sentences were deliberately chosen because they were more
uncontrolled in their phenomena interaction.

e The TSNLP sentences are repetitive. Fixing one sentence often fixes several, and can
cause a dramatic performance increase.

e Performance on TSNLP is a useful benchmark. Srinivas er al. (1998) published the
performance of XTAG on TSNLP; XTAG parses 61.4% of the grammatical sentences.
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Had DIPETT’s performance on TSNLP been better, then it would have been more

interesting to optimize DIPETT on the Quirk sentences.

6.3 Modifications to DIPETT

Natural language parsers are notoriously tricky, especially those written in Prolog. Parsing is
also very sensitive to deviations in the lexicon. DIPETT is implemented in Quintus Prolog;
the actual logic grammar of the parser is 600 DCG rules in 3200 lines of Prolog, and the

built-in dictionary contains over 3000 entries.

Modifications to DIPETT were made as unobtrusively as possible to minimize the risk of

introducing errors and side effects.

6.3.1 Correlative Conjunctions

6.3.1.1 *“Both...and”

The correlative conjunctions allowed in DIPETT’s grammar were insufficient. The noun
phrase grammar allowed only “either...or” and “neither...nor”, but the TSNLP clausal
agreement phenomena had several sentences containing the correlative pair “both...and”.
The following rule was added to DIPETT’s grammar, cloned from the rules for “either...or”

and “neither.. .nor”:

/* BOTH/AND Nps. [EAS: added both..and]

*/

either_or_np(POS,conj_nps (both_and,NUM, [Np_e,Np o]),NUM) -->
conj {both), np_nucleus_and_mod(POS,Np_e,Num e),

conj(and), np_nucleus_and_mod(POS,Np_o,Num_o),
{plur_rule_ n(Num_ e, Num_o,and,NUM) }.

6.3.1.2 Additional correlatives required
The addition of “both..and” fixed the immediate problem with the TSNLP C_dgreement
phenomenon, but further additions should be made for DIPETT to be considered truly broad

coverage:

e Quirk er al (1985; 13.33-42) lists “not (only)...but (also)” as a correlative.
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e Similar additions should be considered for every part of speech, not just noun phrases.
For example, as a verb: “He not only protested but also refused to pay his taxes.”
e DIPETT recognizes some forms of “neither..nor” but fails to parse the sentence “He

neither fished nor cut bait.”

6.3.2 The Passive Voice
6.3.2.1 Passives not parsed

Delisle’s original implementation of DIPETT parsed passive verb sequences correctly, but
DIPETT v3.0 was unable to parse any of the TSNLP test items for the passive tense. The
parse trees that were produced were all stative and not passive, and had the past participle

functioning as an adjective complement. For example:

Sentence ... .| DIPETTv3.Qiinterpretation_ . .- : | DIPETT v4.0 interpretation
He was seen. X SHe Veopuer was C adj seen v Viassive Was seen O he
He was green. v/ SHe Vepuar was C adj green v/ SHe Veouar was C adjgreen

It appears that this problem was introduced by an unsuccessful attempt to add parsing of

progressive passives to DIPETT’s grammar, for example, “He was being seen.”

DIPETT's grammar for passive verbs was restored to Delisle’s original implementation, but
updated to conform with the current convention for passing tense parameters. This
modification allowed DIPETT to parse some passives, but did not itself permit parsing of the

above simple passive sentence because the passive subject (agent) is nil.

6.3.2.2 “nil"” Passive Subject
DIPETT’s parse tree output for passive sentences identifies the active subject and active

object relating to the active verb form. Quirk er al. (1985; 3.65) define the active-passive

correspondence for monotransitive verbs:

77



Chapter 6. Optimizing DIPETT

PR

Sentence Woiceé; crive=Passive.correspondence. | DIPETL: intérpretatio
She sees him. Active NP1 + Vaive + NP3 S She Vatwe see O him
He is seen by her. Passive NPz + Vpassie + by NPy Spassive Her Vpassve see O he

DIPETT’s verb complement grammar never did allow for the ni/ passive subject of SVO
structures. Passive SVO structures with #il passive subject were added to DIPETT’s list of
possible transitive complements. The transitive object is the passive subject, and does not
follow the verb. DIPETT’s grammar was made to accept an empty object following the

passive verb:

complement_tr{passive, nil, svo([pass_subj(nil), nil])) --> [].

This addition enabled DIPETT to parse many of the passive TSNLP test items for low level
tense-aspect-modality phenomena. At that point, problems in the tense table and with being

prevented the remaining passive tense-aspect-modality test items from parsing successfully.

6.3.3 The Progressive Form of be
DIPETT v3.0 did not recognize being as a progressive form of the be auxiliary. This omission

had two main effects:

e All sentences containing passives in the form “be being” failed to parse, e.g.,
“I am being seen.”
e All sentences containing statives in the progressive failed to parse, e.g.,

*I am being good.”

First, an entry was made to DIPETT’s dictionary for being as a progressive form of the
auxiliary verb be. DIPETT’s Lexicalyser also required an entry for being®. These additions

allowed the parsing of progressive passives involving being.

*° So that ger_num_aux, the predicate that returns the number (1%, 2™, or 3¢ person), was forced to return the number Num
instantiated.
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Then, being was added to DIPETT’s dictionary as a progressive stative verb. That allowed °
DIPETT to parse sentences such as I am being good.” but had an unexpected side effect.
DEVAL'’s report showed that all of the perfective progressive passive sentences “have been
being”, which had been parsing correctly, were then parsed as SVOC structures with the main
verb have, object “been being”, and complement seen. The sentence *“I have been being seen.”

was analyzed as:

S 1V have O NP [adjbeen ing-noun being] C/A adj seen

The grammar rules responsible for that interpretation are:

® A past participle may function as an adjective (Quirk er a/., 1985; 7.15)

® A nominal —ing clause may function as direct object (Quirk er al., 1985; 15.12).

Adding being as a progressive thus permits its use as a nominal.

One solution to this problem might be to specifically disallow being to be used as a nominal.
It was decided instead to block the past-participle been from functioning as an adjective.
Quirk er al. (1973; 5.46) states that the —ed participle of verbs can be used as attributive
adjectives. However, been is never used as an adjective. Blocking been as an adjective did not
cause any further problems, and the parse trees for the perfective passive statives were

restored. The sentence ““/ have been being seen.” is analyzed as:

S pass-subj nil Vpassive have been being seen O |

6.3.4 The Marginal Modal “used to”
The grammar for DIPETT v3.0 does not always properly parse sentences containing the

marginal modal “used 10", as discussed in section 5.3.2.21.
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6.3.4.1 “usedto” in the passive and stative

Given a passive or stative sentence involving “use 10” DIPETT finds and accepts an incorrect
active interpretation with the main verb use and with ro as a ro-infinitive marker or as a
preposition.

S He V used O nom-c/ [to-inf Veoputar be C adj seen]
$ He V used O nom-c/ [fo-inf Veopular be C adj good]

That specific problem was fixed by checking for passive and stative interpretations of “used

to”” before searching for an active interpretation.

6.3.4.2 ‘usedto” in aspect and tenses

DIPETT v3.0 recognizes “used to” but not “use to” and does not recognize either with
DO-support. Quirk er al. (1985; 3.44) state that the used marginal modal always takes the ro-
infinitive and occurs only in the past tense, and that “usero” and “usedto” ocecur
interchangeably with DO-support as in “He didn't use(d) to smoke.” They also state that

“did ... used t0” is not considered standard.

Additions were made to DIPETT s dictionary for “used to” and *use to” in the past tense, and

DO-support was added to the verb sequence grammar.

6.3.5 Missing Tenses in Combination with Modal Auxiliaries

DIPETT’s code contains a tense table that converts DIPETT’s internal tense notation to
commonly accepted names. The tense table for DIPETT v3.0 is missing entries for tenses of
can, need, dare, and “used to”. The built in dictionary does not have entries for can and dare

in the perfective or for the past tense of dare.

Entries were added so that DIPETT v4.0 could parse all of the TSNLP tense-aspect-modality
test items. These items include some that contain the past form of the dare modal appearing
as “dared nor”, for example, “She dared not be seen.” The two Quirk grammars contradict
themselves as to the grammaticality of dared, as discussed in section 5.4.2.8. It was decided

to allow it.
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No grammatical sentence should fail in the tense table. A predicate was added so that the
tense table constructs a tense label if an entry is missing. It is unlikely that that predicate will
ever execute, as the TSNLP suite is very fine grained and rigorous in its testing of
combinations of auxiliaries and tenses. The automatic tense label construction predicate was
disabled for the final evaluation of DIPETT v4.0. Experiments should be performed to test

the effect of allowing prepositional phrases as adverbs.

6.3.6 Missing Negative Contractions

DIPETT v3.0 does not recognize negative contractions daren't, usen't, usedn’t, and hasn't.

. 2
These contractions were added to the scanner®'.

6.3.7 Passive Auxiliary “get”
DIPETT v3.0 does not recognize ger as a passive auxiliary or as a copular verb. Entries were
made to DIPETT s internal dictionary so that all forms of get are recognized as both passive

and stative. DIPETT now treats ger similarly to the be auxiliary.

DIPETT v4.0 successfully parses ger as described by Quirk ez al. (1985; 3.66)

“Senténée: "7 S Y Werb form it < | DIPETT v4.0 interpretation
[ got the tickets. Transitive S| Vacivepast get O the tickets
[ am getting very old. Stative S | Vespularpres-coninuous get € very olid
[ got corrected by him. Passive Spassve HIM Vpassvepast correct O [

6.3.8 Adverbial Complements

6.3.8.1 Optional Adverbials

The tetravalent pattern for the TSNLP sentence “She gives her the money for it.” does not exist
in DIPETT v3.0 and the sentence fails to parse. The simplest and most immediate way to fix
that problem is to add the tetravalent complementation pattern SVOOA to DIPETT’s

complements. That was done. and the above TNSLP sentence now parses.

2! Thanks to Stan Szpakowicz for pointing out the coding error “hasen't”.
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A better and more general solution would be to address the problem discussed in section
5.3.2.4. that DIPETT does not always recognize prepositional phrases as being adverbs. If
DIPETT did recognize prepositional phrases can function as adverbs, then the above
sentence would be parsed as an SVOO clause type with an optional subordinate final
adverbial, and a specific entry for SVOOA complement would be unnecessary. That solution is
preferable because Quirk er al. (1985; 2.15) show that multiple optional adverbials can
occur, particularly in the final position. It is neither desirable nor practical to enumerate each

possible combination in the code for complements.

6.3.8.2 Obligatory Adverbials
In their seven basic clause types, Quirk et al. (1985; 2.16) define two obligatory adverbial

clause types: SVA for transitive verbs; SVOA for intransitive verbs.

SVOA4
DIPETT v3.0 is able to parse sentences that have an active transitive verb with complements
o-+pp, but the parse trees that it generates do not differentiate between the SVOO, SVOC, and

SVOA clause types.

Sv4

DIPETT v3.0 is not able to parse sentences that have an active intransitive verb and
prepositional phrase complement; there is no rule for obligatory adverbial intransitive SVA
structures. Since SVA is one of the fundamental clause types, this is a not the same issue as
the optional adverbials discussed above. A rule was added to DIPETT v4.0 to allow SVA
structures having a prepositional phrase:

complement intr{active, nil, sva(X)} -=>
required prepphrases(X, _), {!}.

This rule allows DIPETT v4.0 to parse sentences such as “He depends on me.”

6.3.9 Relative Clauses
DIPETT failed to parse most of the TSNLP relative clause test items, as discussed in section
5.4.25.
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6.3.9.1 Commas

Modifications were made to the rules for noun postmodifiers and to the rules for heuristic
lookahead for relative clauses. Both allow relative clauses to be delimited by commas when
the relative clause is marked by a relative pronoun or by a preposition followed by a relative

pronoun.

6.3.9.2 Ordering of Heuristic Lookahead Rules

Relative clauses may be introduced by a preposition followed by a whA-word. An example of
a sentence containing such a relative clause is: “The firms with which she deals succeed.”
DIPETT v3.0 has a heuristic lookahead rule that specifies that a preposition followed by a

relative pronoun looks like a relative clause.

Prolog code is very sensitive to the ordering of rules. In DIPETT v3.0 the heuristic rule that
identifies prepositional phrases executes first, before the heuristic rule that identifies relative
clauses. More specifically, this occurs only for prepositional phrases modifying nouns in the
pre-verb position, but almost all of the TSNLP noun phrase modification test items are like
that. DIPETT v3.0 produces parse trees for sentences such as the above example as though
the preposition marks a noun phrase post-modifier, which is a prepositional phrase consisting

of a preposition and a noun phrase nominal whA-clause.

The heuristic rules were re-ordered in DIPETT v4.0. A preposition followed by a relative
pronoun looks like a relative clause, and following that rule is one that states that a

preposition “looks like” a prepositional phrase.

6.3.9.3 Parse Tree Output
For the example sentence “The firms with which she deals succeed.” the relativizer is the
preposition followed by a wh-word relative pronoun. DIPETT’s parse tree output has been
modified to reflect that:
-..1
np_postmodifiers
rel clause

rel marker with which

{...1
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6.3.10 The Mandative Subjunctive

The grammar for DIPETT v3.0 does not recognize any of the subjunctive forms. The
mandative subjunctive is quite straightforward. Quirk er al. (1985; 3.59) define the
mandative subjunctive as occurring in subordinate rhar-clauses and consisting of the base

form of the verb only.

A rule was added to DIPETT v4.0 that allows a full thar-clause to take an infinitive verb

sequence:
full that_clause(full that_clause(CL)) -—>
conj (that}, sentence_core_ that(CL).
sentence_core_that (Struct) -—>

np_equiv(NP), verbphrase({inf], NP, Struct).

These rules allow parsing of the mandative subjunctive, but need further consideration before

being accepted as a final solution:

e The full that clause predicate is invoked only through nominal_clause and so, without
further modifications, the parse trees show the mandative subjunctive clause as a nominal

object. For example, the sentence “They demanded that she call him.” is parsed:

S they V demanded O nom-c! [ full-that-c! S she V call O him]

e Quirk er al. (1985; 3.59, 16,32, 16.72) lists specific verbs, adjectives, and nouns that
commonly introduce a that-clause containing the mandative subjunctive. The grammar

should restrict the use of the mandative subjunctive to those nouns, verbs, and adjectives.

6.3.11 Rule for Noun Conjunction Number

DIPETT v3.0 rule plur_rule_n for determining whether a noun phrase is singular or plural

states:

e A noun phrase in the form “X or Y™ is singular if either of X or Y is singular.

e A noun phrase in the form “X or Y™ is plural if either of X or Y is plural.
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These rules are incorrect and inconsistent, and so DIPETT v4.0 has:

e A noun phrase in the form “X or Y™ is singular if Y is singular.

e A noun phrase in the form “X or ¥ is plural if Y is plural.

This modification permits DIPETT v4.0 to correctly parse such TSNLP sentences as “Either

they or he is new” and to reject sentences such as “Neither they nor she are new.”

6.3.12 Declarative Sentences Terminated by Question Mark

DIPETT v3.0 recognizes declarative and imperative sentences, and interrogative sentences
terminated by a question mark. The TSNLP phenomenon S_Types-Questions-Y/N_questions-
Non_inverted-Non-tagged has a number of test items that are simple declarative sentences but

terminated by a question mark, for example, “He can carry it?”

DIPETT labels parse trees for declarative and imperative sentences with sentence type
parse_tree__decla_or_imper, and parse trees for interrogative sentences with type
parse_tree__inter. A new sentence type was created for DIPETT v4.0 so that the test items of
this phenomenon could be parsed. The parse trees for these sentences are labelled

parse_tree__inter_decla_or_imper to show the uncertain status of these sentences.

6.3.13 Stative SVOC and SVOA
DIPETT’s grammar allowed for SVC and SVA clause types with stative verbs, but not the
related clause types for transitive verbs. Rules for the SVOC and SVOA clause types for stative
verbs were added to DIPETT s grammar:
complement_stat(stative, svoc_svoa{[Ob]j, A])) -=>
np_equiv(Obj),
compl_adj_phrase(A).
complement_stat(stative, svoc_svoa([Obj, A])) -2

np_equiv(0Obj},
np_equiv(A).
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6.4 Comparative Evaluation of the Two Versions of DIPETT

6.4.1 Summary of Parse Results

Table 6-1 summarizes the results of parsing both test suites with both parsers. The
modifications to DIPETT’s grammar were intended to improve DIPETT s performance on
the TSNLP suite, as discussed in section 6.2, and a marked improvement in the number of
full parses generated by DIPETT has been achieved — an increase from 635% to-92% full
parses. The same improvements also cause a more modest improvement in the coverage of
the Quirk sentences, even though no attempt was made to “tune” DIPETT to that test suite.

The number of full parses on all of the 578 Quirk sentences rose from 79% to 85%.

Little improvement is shown in parsing (rejecting) ungrammatical sentences, but no attempt
was made to optimize DIPETT for that purpose. Some grammar additions actually permit
DIPETT to successfully parse ungrammatical sentences that were not parsed before. This
condition is not entirely due to shortcomings in DIPETT’s grammar; the ungrammatical
sentences in the test suites must be pruned to those that are properly ungrammatical for a
surface syntactic parser before meaningful results for ungrammatical sentences could be
achieved. The ungrammatical test items for the TSNLP complementation phenomena need
not be used; neither should the Quirk sentences that are semantically but not syntactically

incorrect.

6.4.2 Comparison of Parse Results
6.4.2.1 DEVAL Sentence Comparison
Table 6-2 shows DEVAL’s classification of the comparison of the parse trees generated by

the two versions of DIPETT. The results that need to be examined fall in two categories:

¢ The sentences that were fully parsed by the new version of DIPETT but not the old.

e The sentences that were fully parsed by both parsers, but the parse trees are different.
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Table 6-1: Comparison of Total Number of

Sentences Parsed

Number of grammatical sentences 252 308 18 1143
2 22 5

Number of full parses generated by DIPETT v3.0 (561"50) (’-l-;‘;;) (10108%) (673:;"30)
22 2 5

Number of full parses generated by DIPETT v4.0 (9‘6;) ) (g ?,,i ) (101(?% ) (;2“;2)

Number of ungrammatical sentences 22 44 10 1519
Number of fragmentary parses generated by DIPETT 17 5 800
v3.0 (32%) (39%) (30%) (55%)
Number of fragmentary parses generated by DIPETT 6 15 5 719
v4.0 (27%) (34%) (50%) (47%)

Table 6-2: Comparison of Parse Results for

DIPETT v3.0 and DIPETT v4.0

AT T Quirk e al-Chiapter
umatical Sentences. - JEPp YR ey
&ot suc—:cegsrﬁlwll | 7 d Bv either DIPETT 26 | “ >57 0 88 (8%)
Y parsed b3 (10%) (19%) (0%) °
8 30 0 310
Parsed fully only by DIPETT v4.0 (3%) (10%) (0%) (27%)
2 0 3 0 l
Parsed fully only by DIPETT v3.0 (0%) (1%) (0%) (0%)
. . 210 189 18 599
Both have full parse trees, the parse trees are identical (83%) (61%) (100%) (52%)
Both have full parse trees, the parse trees are not the 8 29 0 145
same (3%) (0%) (0%) (13%)
Total 252 308 18 1143
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. 3 15 651

Not successfully parsed by either DIPETT Q7%) (34%) (50%) (43%)
I 2 0 192

Parsed fully onfy by DIPETT v4.0 (5%) (5%) (0%) (13%)

< 0 0 0 2

Parsed fully only by DIPETT v3.0 (0%) (0%) (0%) (0%)
Both have full e trees, the parse trees are identical 15 24 > 595

ve uipars » HIC parse trees : (68%) (55%) (50%) (39%)
Both have full parse trees, the parse trees are not the 0 3 0 79

same (0%) (7%) (0%) (5%)

Total 22 44 10 1519

6.4.2.2 Change in DIPETT’s Performance on the TSNLP Sentences

Appendix E shows the results of DIPETT v4.0 parsing the TSNLP test items. Table 6-3
shows a summary of the changes in DIPETT’s performance on the TSNLP phenomena. The
data included in Table 6-3 is only for the sentences where a full parse tree changed, or a full

parse tree was generated for a sentence where there had been a fragmentary parse.

The most notable improvements in the performance of DIPETT v4.0 on the TSNLP test

items are:

e Correlative Conjunctions: all of the test items parse correctly.

e Tense and Modality: all of the tense and modal combinations generate full parses.

e Passive Voice: passive voice is identified properly as being passive, and not stative.

e Relative Clauses: all of the test items generate full parses.

e Other additions cause minor changes in the overall score on TSNLP: the subjunctive,

passive get, tetravalent complementation, being as a progressive stative.

6.4.2.3 Change in DIPETT's Performance on the Quirk Sentences
Appendix F shows the results of DIPETT v4.0 parsing the Quirk test sentences. Thirty-eight
new parse trees are generated, and thirty-three parse trees have changed. Almost all of these

changes are improvements — most of the newly generated parse trees are acceptable, and the
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parse trees that are different have changed for the better. Still, not all the parse trees that have

changed are completely correct.

Table 6-3: Summary of Change in Performance

on the TSNLP Phenomena

‘Phenomenona
ggﬁ%ﬁ?&f&ubj(correlatives) 6 6 0 0 0 6 0 6 6
C_Complementation-Divalent 1 1 0] 0 0 1 0 l 1
C_Complementation-Trivalent 1 1 0 0 0 1 0 1 !
C_Complementation-Tetravalent 1 1 0 0 0 l 0 1 1
C_Diathesis-Active 3 3 0 0 0 3 0 3 3
C_Diathesis-Passive 22 12 1 9 0 22 0 12 21
C_Negation-Tense_aspect_modality 199 125 2 72 0 199 0 125 197
C_Tense-Aspect-Modality 86 45 1 40 0 86 0 45 85
NP_Modification-Relative _clauses 112 99 I 12 0 106 6 99 105
S_Types-Questions-Wh 5 5 0 0 0 0 5 5 0
S_Types-Questions-Y/N 5 4 0 0 4 1 1 0
Iia'rll'ﬁ)ne;/se-r(til:(;astlons-Y/N_questlons- 13 13 0 0 0 13 0 13 13
Total 454 312 9 133 0 442 12 312 433

The improvements in the performance of DIPETT v4.0 on the Quirk test sentences are:

e Tense and Modality: all of the tense and modal combinations generate full parses.

e Passive Voice: passive voice is identified properly as being passive, and not stative.
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e The subjunctive parses correctly.
e The verb ger is recognized as a passive.
e being is recognized as a progressive stative verb.

e “used to” parses correctly as a marginal modal.

6.4.2.4 Side Effects and Remaining Problems

Some of the additions to DIPETT's grammar had interesting and unexpected side-effects.
While all full parse trees generated by DIPETT v4.0 have been verified and found perfectly
adequate, a few small deficiencies can be noted in sentences for which the grammar was not

specifically optimized.

Relative Clauses
Almost all of the TSNLP relative clause test items parsed successfully. Those that did not
were the test items for the non-restrictive genitive phenomena. The sentence “The committee,

whose firm succeeds, comes.” should be parsed with clauses:

“The committee comes” and “The committee’s firm succeeds’™

DIPETT v4.0’s parse tree shows, however, that:

“The committee comes” and **The firm succeeds of the committee”.

DIPETT s relative clause grammar needs to be extended to allow for genitives.

Questions

Addition of the parse tree type parse_tree__inter_decla_or_imper to parse some of the TSNLP
test items was discussed in section 6.3.12. That grammar change worked well for some of the
TSNLP sentences, but other sentences (in both test suites) were parsed unintentionally. The
implementation of the grammar addition is not restrictive enough. Two of the problems

identified with the implementation of parse_tree _inter decla_or_imper are:
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e Wh-questions may look like declarative sentences with a wh-word as a determiner. The
Quirk sentence “IWhich cup is yours?” is parsed similarly to “That cup is yours.”

e Sentences may be parsed as imperative parse_tree__inter_decla_or_imper, which is rather
meaningless. The parse tree for the sentence “Have you a box of matches?” s similar to that

for “Have yourself a Merry Christmas!”

If DIPETT’s “question grammar” were stronger, it would parse these examples itself, before
the parse_tree__inter decla_or_imper rule is ever encountered. Regardless, it is not clear that
parse_tree__inter_decla_or_imper is a very useful addition outside of parsing the TSNLP suite.
The rule could be abandoned, but if it is kept, then it should be modified to allow only
sentences that meet the strict TSNLP criteria: yes-no statements that are not inverted and not

tagged.

Tense Labels

DIPETT v4.0 generates full parse trees for all of the TSNLP tense test items and all of the
Quirk sentences relating to verb tense sequences. The tense labels need to be examined
closely. A filter was written to examine the tense labels in parse trees, and it identified

several shortcomings:

e The tense labels are not consistent. For example, the simple present is shown as
present_simple with some modals but presen: with others.
e The could, would, and should conditionals label the pertect aspect as being simple past.

e The modal “used to” does not indicate the continuous aspect.

6.5 Efficiency of DIPETT
Delisle (1994) and Barker er al. (1998) showed that DIPETT delivers a parse analysis in a
relatively short time, if it is going to at all. The parse runs on the Quirk and TSNLP

sentences confirm this result. Most of the Quirk and TSNLP sentences are parsed promptly.
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Excessively long parse times were observed on only a few sentences, and those contained

constructions that are not covered by DIPETT’s grammar.

A simple improvement to DIPETT’s parsing efficiency of verb sequences should be made.
Rejection of verb sequences because the tense is not acceptable is performed late, even when
the acceptable tenses are known in advance. The sentence “/ go.” presents an example in the

case of the simple present. In parsing this sentence DIPETT s top level sentence rule
S --> NP VE

fails twice before it succeeds, because its verb phrase code returns two nonfinite analyses
(imp and inf) of the verb go before suggesting the simple present. If the tense must be
restricted to one of a known list, then this information should be passed into the verb

sequence handler.
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7 Comparing DIPETT to Online Parsers

Empirical assessment of practical parser performance has become an established tecchnique
and continues to be the primary means of comparison among parsing algorithmss. Two
parsers can only be compared meaningfully when they use the same grammar or achieve

demonstrably similar competence on the same test set.

In 1999, several natural language parsers are available through the Internet, and the:ir links
are listed on some of the common NLP repository sites. Is DIPETT ready to be sizmilarly
advertised? This chapter describes a small experiment to compare DIPETT’s capaabilities

with those of some online parsers.

7.1 Search for Parsers

7.1.1 Parsers Available Through the Internet

Parsers on the Internet were found through three main sources: Martin Volk?? at the
University of Zurich maintains a list of online computational linguistics tools; Kenji KZita® at
Tokashima University in Japan maintains a page of speech and language web ressources
including software tools for NLP; the Association for Computational Linguistics provi.des the

NLP/CL Universe®* search engine for NLP and CL Web sites.

A number of parsers were located. Some have a Web interface that allows one to :enter a
sentence and have their parse displayed; other parsers must be downloaded and in:stalled.
The software programs investigated in this chapter are specifically listed as parsers, naot part-

of-speech taggers.

The following parsers have online demonstrations available:

1. Natural Language Processing Parser Demonstration Page (Georgetown Universsity)

2. Natural Language Parser Demo (Alpo Lind, Finland)

* Interactive Online CL Demos — http://www.ifi.unizh.ch/CL/InteractiveTools.htm!

2 Software Tools for NLP — http://www-a2k.is.tokushima-u.ac.jp/member/kita/N LP/nlp_tools.htm}
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3. EngLite Parser — Functional Dependency Grammar Parser (Conexor, Helsinki)

4. ENGCG — Constraint Grammar Parser of English (Lingsoft, Helsinki)

5. The Link Parser — A parser and grammar for English (Carnegie Mellon University)
6. Head-corner parser applied to Alvey Natural Language Tools grammar (University of

Groningen)

7. IPS — Interactive Parsing System (University of Geneva)

Two online parsers are listed but were not accessible:

1. PRINCIPAR — A Broad-coverage Principle-based Parser (University of Manitoba)
2. LINGO — Linguistic Grammars Online — A multi-purpose broad-coverage

grammar of English (Stanford University)

Other parsers have no web-based user interface and must be downloaded:

O
.

PC-PATR — A syntactic parser (Summer Institute of Linguistics)

2. Apple Pie Parser — A bottom-up probabilistic chart parser (New York University)
3. Attribute-Logic Engine (ALE) System and Grammars (Carnegie Mellon University)
4. PAPPI — A principle-based parser

Appendix H contains the Internet addresses for all of the online parsers visited.

7.2 Selection of Parsers for Comparison

7.2.1 Initial Tests and Observations

An initial test of two sentences was performed on each online parser visited; the test
sentences chosen were “The man upon whom [ depended disappeared.” and “The cat has eaten the
canary and I am devastated.” DIPETT is able to parse both of those sentences correctly. The

parser output was examined to determine:

* The NLP/CL Universe — http://www.acl.web.org
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e  Whether the sentences had been successfully parsed.
e If part of speech tagging had been performed.

e Iftense, voice, and internal clause and phrase structures had been identified.

e [fone or more than one parse had been generated.

Table 7-1 shows the performance of the online parsers on the initial test.

7.2.2 Parser Selection

It was decided to use the Link Parser, IPS, and PC-PATR for comparison with DIPETT.
Link and IPS can be accessed online, their output describes parse tree structures (not
dependency based and not simple taggers) and they successfully parsed the initial two test
sentences. PC-PATR is not an online parser, and must be downloaded and installed, but its

parse tree output is easy to read and clearly shows constituent phrases.

Table 7-1: Initial Test of Online Parsers

| L “Parse Tree ldentifies::

.Georgetown NLP'

D GB grammar No Yes No Yes No
emo
Groningen Head- Alvey No Yes No Yes No
corner Parser grammar

. B 25 es
Alpo Lind’s NLP LSP ~ syntax Yes Yes No Yes No
Demo definition
EngLite FDG Depenfiency No Yes No Yes Yes
Parser analysis
ENGCG Morphological | Multiple | oo | repse | No Yes

analysis POS tags
I[;mk Syntactic Link grammar Yes Yes Tense Yes Yes
arser =

[PS GB grammar No Yes No Yes Yes
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7.3 Parser Comparisons

7.3.1 Choice of Test Sentences

Sixty-one sentences were selected; the selections represented a broad range of the TSNLP
phenomena that were also covered by the Quirk test sentences. The linguistic phenomena
tested were: active and passive verb sequences, modality including negation and
contractions, premodification and quantification, correlative conjunction, ger as a passive
auxiliary, complementation, relative clauses, nominal clauses, postmodification and

apposition.

7.3.2 Summary of Parser Performance®

Table 7-2 and Table 7-3 show the parse results of the test sentences. The parses of the

grammatical sentences were evaluated very simply. A parse was considered acceptable if:

e a full parse tree was generated.
e its part-of-speech tags were correct.

e the clause structure, phrases, linkages or bracketings were plausible.

* The definitions of English syntax made by Linguistic String Project. http://cs.nyu.edu/cs/projects/Isp/

2 Terry Copeck installed PC-PATR, and parsed all of the test sentences on all three parsers. Grateful thanks to Terry for his
help and also to Stan Szpakowicz for funding his assistance.
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Table 7-2: Results of Parser Comparison
Experiment — Grammatical Sentences

=TT deceptable Parsesii il
Active verb sequences 8 4 8 8 7
Correlative conjunction 7 0 2 4 6
get as a passive auxiliary 1 0 1 0 1
Modals 15 0 13 3 13
Nominal clauses 4 0 3 4 4
Passive verb sequences 7 2 7 4 7
Postmodification and apposition 9 1 2 3 2
Premodification and quantification 9 0 7 4 2
Relative clauses 6 0 5 6 6
Total 66 7(11%) 48 (70%) | 36 (50%) | 48 (70%)
Table 7-3: Results of Parser Comparison
Experiment — Ungrammatical Sentences
Ungramnatical Sentences. .. ' .. .~ [ PCPATR | ~'Link [ IPS
Number of Sentences Tested — 73
' Number of Full Parse Trees Generated —_— 18

7.3.2.1 PC-PATR
PC-PATR was difficult to install. Pre-processing of the text was required before any parses
were successful: downshifted initial capitals, removed all punctuation, expanded

contractions, replaced personal names with ones known in the lexicon.

Even then, PC-PATR did not perform well. It is not supplied with a full-fledged grammar.
Probably this parser is intended to be used with a user-supplied grammar, and possibly it is

more capable than our experiment indicates. There are two morphological analyzers built in
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(PC-KIMMO and AMPLE) and the 20k-word lexicon contains contractions that the parser

failed to recognize.

7.3.2.2 Link, IPS, and DIPETT
The Government & Binding grammar of IPS is rather non-specific, and its parse trees are not
as detailed as DIPETT s or the Link Parser’s. IPS generated approximately 40% fragmentary

parses on the 61 test sentences.

The output of the Link Parser is difficult to read, but it appears to perform about as well as
DIPETT on the 61 test sentences. The Link Parser developers acknowledge that their

grammar performs poorly on correlative conjunctions.

7.4 Other Tests

7.4.1 Testing the Link Parser on the Quirk Test Sentences
The Link parser was tested on 436 of the grammatical Quirk test sentences extracted for this
thesis; it was able to generate at least one complete parse tree for 87% of those. How many

of the “first” parse trees are correct is being investigated.

7.4.2 Testing DIPETT on the Link Test Sentences
The Link Parser provides a suite of test sentences that it claims to parse 100% correctly.
These sentences were downloaded and parsed using DIPETT v4.0; DIPETT v4.0 generated

full parses for 65% of the unedited sentences.

This seemingly low score does not necessarily reflect weaknesses in DIPETT’s grammar.
Many of the Link sentences contain punctuation, particularly quotations and abbreviations.
These are known weaknessness of DIPETT and outside the scope of this thesis, which was

mainly syntax and not preprocessing.

Further work will be undertaken to determine how many of the Link test sentences that ought

to be covered by DIPETT’s grammar actually do generate a correct parse tree.
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7.4.3 Testing DIPETT on the Alvey Test Sentences

The purpose of this experiment was to compare DIPETT’s performance with other parsers
freely available through the Internet. The Alvey Natural Tools Parser can be acquired but
cannot be used, even for research purposes, without payment of a licensing fee. The
University of Groningen site makes available their Head-corner parser applied to Alvey
Natural Language Tools grammar. A sample set of sentences for the Alvey grammar,
including parse trees generated by the parser, are available from that site. These were
downloaded and the declarative sentences were parsed with DIPETT. DIPETT generated full

parse trees for 56% of those sentences.

It should be noted that many of the sentences are deliberately convoluted and extremely
awkward, and do not contain punctuation to mark the phrases. DIPETT relies on punctuation
to mark some noun postmodifiers, and is as sensitive to its absence as its unexpected
presence. The Alvey test sentence “he hears the abbot who did appear to see neither the message
with which kim agrees in the abbey nor the abbots whom he agrees with.” is an example; humans

may well have trouble identifying the syntax of this sentence.

7.5 Summary and Conclusion

DIPETT most certainly has limitations, and areas where it can and should be improved. This
brief experiment shows that the same can be said for other, better known and more visible
parsers. DIPETT appears to perform at least as well as some of the parsers available on the
web, and better in some cases. None of the parsers visited produce parse trees that are as
detailed as DIPETT’s, and DIPETT’s parse trees appear to be just as easy (maybe easier) to

read. A number of the parsers visited failed to parse simple sentences.

DIPETT should stand up and be counted.
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8 Summary, Discussion, and Future Work
This chapter summarizes the contributions of the thesis and presents some ideas for future

work in evaluating and optimizing DIPETT.

8.1 Summary
The goal of this thesis was to investigate the use of test suites for evaluating the performance

of parsers of English sentences, and to use such a test suite to evaluate DIPETT.

Chapter 2 gives an overview of parser evaluation literature, and establishes that use of a test

suite is an appropriate tool and method of diagnostic evaluation.

Chapter 3 describes the design and development of the TSNLP test suite. The TSNLP
method was to optimize progressivity, systematicity and control of vocabulary and
phenomena interaction in order to construct a test suite that is adequately broad-coverage,

focused on specific phenomena, and non-redundant.

Chapter 4 describes the proposal for this thesis: an alternative test suite of test sentences
extracted from Quirk er al.’s comprehensive English grammar, a standard academic grammar
of English. The Quirk test sentences offer several alternatives to the TSNLP suite —
guaranteed broad-coverage, not a restricted vocabulary, phenomena-interaction is not
controlled. The design of DEVAL. a program for performing progress evaluation is

described.

Chapter 5 presents an evaluation of DIPETT v3.0 on the Quirk sentences, and then on the
TSNLP sentences. Problems identified in DIPETT v3.0 parse trees for the Quirk sentences
are identified, and in some cases possible solutions are discussed. The DIPETT v3.0 parse
trees for the TSNLP sentences are then evaluated and a similar problem list is formed. It is
determined that the TSNLP test suite is finer-grained and more precise in its diagnostic
power, but the Quirk sentences diagnose the same problems and more, although with less

specific detail.
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Chapter 6 shows how the evaluation results were used to make improvements to DIPETT.
The changes in DIPETT’s grammar cause changes in its parse tree output. Some new parse
trees are generated for sentences that had previously failed to parse, while other parse trees
changed. The changes are discussed. Overall, the improvements cause an increase in
coverage scores: from 65% to 92% full parses on the TSNLP suite, and from 79% to 85% on

the Quirk sentences.

Chapter 7 compares DIPETT’s performance to that of other publicly available large-

coverage parsers.

Chapter 8 presents a summary, and future work to be done to improve the Quirk test suite
and optimize DIPETT.

8.2 Conclusions
The systematic procedure described in this paper helped to improve a rather complex parser
of English sentences. Some lessons may be drawn by those who want to use the same

method.

8.2.1 Comparison of the Effectiveness of the TSNLP and Quirk Test Items

DIPETT’s parse trees for the TSNLP test items were compared with the analysis provided in
the TSNLP tsdb(l) database. The comparisons are necessarily manual, and therefore not
easy. The TSNLP suite is very fine-grained and pinpoints problems very precisely. Its design
requires phenomena to be tested in isolation, not in combination. Phenomena coverage of the
tsdb(1) suite is not properly broad unless it has been extended. The test items for the basic
sentence phenomena (complementation, modification, diathesis, modality, tense and aspect,

clause type, coordination, and negation) are exhaustively complete.

The Quirk-based test suite complements the TSNLP suite, and is useful in ways other than
the TSNLP. The parse analyses of the Quirk sentences are not as readily available as for the
TSNLP test items, and the evaluation of the resulting DIPETT parse trees required careful

study. The Quirk test sentences are coarser-grained than the TSNLP suite. They are broader
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in their phenomena coverage, but not so completely or exhaustively precise in their
diagnostic coverage of each particular phenomenon covered. Even though only two chapters
of Quirk er al. were used in the evaluation, the Quirk sentences broadly diagnosed most of
the same problems that were identified by the TSNLP evaluation. The Quirk sentences also
identified linguistic phenomena that are not covered by DIPETT and were not covered or
diagnosed by the TSNLP sentences either. In particular, less controlled combination of
phenomena in the test sentences helped to identify significant problems in DIPETT’s

grammar.

The TSNLP method is designed to optimize control over test data, progressivity, and
systematicity. Their test sentences are deliberately simple and the interaction of phenomena
is highly controlled. Our experience shows that a test suite for a truly broad-coverage natural
language parser must be corpus-like in its coverage of phenomenon interaction, in that

corpora comprise arbitrary (but relevant) combinations of phenomena.

8.2.2 Improvements to DIPETT’s Performance

The modifications to DIPETT’s grammar were intended to improve DIPETT’s performance
on the TSNLP suite, and a marked improvement in the number of full parses generated by
DIPETT has been achieved — an increase from 65% to 92% full parses. The same
improvements also caused a more modest improvement in the coverage of the Quirk
sentences, even though no attempt was made to “tune” DIPETT to that test suite. The

number of full parses on all of the 578 Quirk sentences rose from 79% to 85%.

[ worked with the assumption that a parser produces full parse trees only for correct data.
Little improvement was shown in parsing (rejecting) ungrammatical sentences, but no
attempt was made to optimize DIPETT for that purpose. Some grammar additions actually
permit DIPETT to parse (accept) ungrammatical sentences that were rejected before. This
condition is not entirely due to shortcomings in DIPETT’s grammar. Before meaningful
results for ungrammatical sentences can be achieved, such sentences in the test suites must

be pruned, leaving only those found ungrammatical by a surface syntactic parser. For such
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parsers, the ungrammatical test items for the TSNLP complementation phenomena need not

be used; neither should the Quirk sentences that are syntactically correct but semantically

deviant.

8.3 Future Work

The test suite derived from Quirk can be improved:

Scope: Extraction of example sentences from two chapters provided interesting results.
The test suite can be improved by systematic additions from subsequent Quirk er al.
chapters.

Control and accessibility: The TSNLP database was designed to be extended. The Quirk
test suite would be improved by the development of phenomenon labels and interactions,
and systematic classification of the phenomena tested. Combination of the two test suites

would provide a very powerful diagnostic tool.

Much interesting work remains to be done in evaluating and improving DIPETT:

At the very least, DIPETT should parse as much of the TSNLP suite as the TANKA
group judges is appropriate. Some of the more British particle constructions may be
ignored, but a broad-coverage parser of English such as DIPETT should be able to parse
most of the TSNLP test items.

Solutions have been suggested in chapter 5 for some of the grammar problems identified
in DIPETT. Most of those solutions can be implemented with little difficulty, although
some experimentation will be necessary to confirm their results.

An interesting experiment for DIPETT would be to improve its complement assignments
by integrating a subcategorization dictionary. Or, such a dictionary could be “learned” by
DIPETT, much in the same way that the TANKA semantic module HAIKU learns its

case patterns.



Chapter 8. Summary, Discussion, and Future Work

e New developments in parser evaluation research should be monitored. It would be
interesting to evaluate DIPETT on an annotated corpus, possibly the new grammatical

relation scheme of Carroll er al. (1998, 1999) should that work progress well.

The evaluation and comparison of the performance of parsing systems is an active research
field. Researchers are currently interested in the empirical study of how properties of the
parser, grammar, and input affect actual, observed run-time efficiency of parsing systems. Of
particular interest are the methods, reference grammars, and test data that will facilitate
improved comparability. [n particular, a recently announced workshop®’ is intended to help
the field focus and converge on a common, pre-standard practice in empirical assessment of

parsing systems.

7 Efficiency in Large-Scale Parsing Systems. a Workshop to be held at the 18th International Conference on Computational
Linguistics, Coling 2000
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