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Abstract

This report is concerned with the referential aspects of nominals in Japa-
nese. In particular, it deals with the automatic recognition of 1) noun
usage and 2) pronominal anaphora. The classification of noun usage in
the first part of this report includes the demonstrative, indexical, anaphoric,
and so on. In the second part, the issue of automatic recognition of pro-
nominal anaphora is addressed. Pronominal anaphora includes anaphora

by pronouns and zero pronouns.
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_Part 0. Introduction

This report is concerned with the referential aspects of nominals in Japanese. A refer-
ring expression in a discourse may introduce a new object or may denote a previously
referred object or some object in the common knowledge of the discourse participants.
Thus, a full-fledged natural language understanding system is‘ required to tell these refer-
ential functions apart. For example, if a system is said to understand a discourse, it
should be able to answer if an expression in the discourse denotes some object which has
been denoted by another expression.

If more than one expression refers to an object in a discourse, the expressions are said to
be co-referential. For an expression, the closest precedent co-referential expression (if
any) is called the antecedent, and the two expressions are said to be anaphoric (the poste-
rior expression is called anaphor). Finding anaphoric relations leads to the recognition
of co-references necessary for understanding discourses.

This report consists of two parts. The first part deals with the recognition of noun
usage and the second part the recognition of pronominal anaphora. In this report, nouns
are classified according to how they refer to objects and what they refer to. The classifi-
cation includes demonstrative, indexical, anaphoric, and so on. As mentioned above, it
is important for a discourse understanding system to recognize these kinds of noun usage.
In the second part, the issue of the antomatic recognition of pronominal anaphora is ad-
dressed. Pronominal anaphora includes anaphora by pronouns and zero pronouns, which

are non-realized (elliptical) obligatory deep case elements.
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Part . Statistical Recognition of Noun Usage
in Spoken Japanese

- This part discusses ways to recognise the usage of Japanese nouns, and describes
experiments on a statistical recognition method. The part shows, through experi-
ments, the effectiveness of the statistical recognition method and the importance of
using background probabilities as well as lexical, syntactic and contextual clues. A .
travel domain dialogue corpus (the ATR-ITL Speech and Language DataBase:
SLDB) was used for the experiments.

1. Intfroduction: Japanese Nouns

Japanese nouns often lack marks for definiteness even when their translations to another
language are definite. This poses a problem in machine translation where the source lan-
guage is Japanese and the definiteness in the target language should be explicitly marked.
Moreover, the fact poses a difficulty for natural language understanding systems which

need to determine whether nouns are anaphoric (1.e., if they denote previously mentioned

objects).
Because of the above mentioned problems, a few classification methods have been pro-
posed:
Table 1
Proposal Classification
Murata et al. (1993) genericity, definiteness
and others; also by number
Bond et al. (1995) genericity, ascriptivity, definiteness, countability,
referential or not, and number
Siegel (1996) definiteness and number
Heine (1998) definiteness

All of these methods used heuristics for classification. The paper presented here classifi-
es Japanese nouns into finer classes and uses statistics for classification. Moreover,
while the previous works discuss the issue in relation to machine translation, the present
work keeps the discussion within the mono-language framework, considering applications

in mono-lingual dialogue systems.
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2. Noun Usage

2.1 Specificity

Before discussing the usage of Japanese nouns, let us examine objects referred to by
noun phrases. A discourse object, i.e., an object referred to in a discourse, can be speci-
fic or non-specific. A specific object is an identifiable object. In classical logic, a
specific object would be represented with a logical constant. In languages like English, a
specific object is referred to by a definite noun phrase in many cases, but also by an in-
definite noun phrase when it is first introduced.

A non-specific object cannot be identified even by the speaker, and would be expressed
as “something such and such” in English and as a logical variable in classical logic. A
non-specific object is, in most cases, not subject to being an anaphoric antecedent, because
it is, in terms of logic, supposed to exist as a variable only in the scope of a quantifier in a
sentence. In some cases, it is not easy to judge whether an object referred to by a noun
phrase is meant to be non-specific or introduced as a specific object. In the travel do-
main corpus which will be used in the experiment below!, quite a few unspecific objects
are referred to, because the objects of a reservation, such as rooms, are non-specific when

the reservation task is in progress.

2.2 Generic noun phrases

The referent of a noun phrase may be a class of objects (e.g., the class of dogs). The
subject of the English sentence “The dog barks.” can refer to the class of dogs. Such ref-
erence is said to be generic. A generic expression referring to a specific class may be an
indefinite noun phrase as in “Dogs bark.,” as well as a definite noun phrase such as “the
dog.” The corpus used here does not have many generic examples, for it is a dialogue

corpus in the travel domain where generic statements do not often appear.

2.3 Definite noun phrases and the modes of identification

In this paper, a noun phrase for which the speaker expects the hearer to identify its ref-
erent is said to be definite?. Thus, the referent of a definite expression is normally spe-
cific. Definite reference can be classified into various kinds according to the mode of

identification, as explained below.

I “the corpus” henceforth

2 of. Arakawa (1995)

(V)
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2.3.1 Anaphora
In many cases, the referent of a noun phrase can be identified by the fact that it has been

mtroduced by a preceding expression in the discourse. Such reference is said to be an
anaphora. The preceding expression A which denotes the referent of an expression B for
the last time is called the antecedent of B. Here, B is said to be anaphoric to A.

2.3.2 Indexical

The referent of a noun phrase may be identified by the meaning of the noun phrase and
the context where it has been uttered. For example, the referents of expressions such as
“today,” “here” and “I” can be identified by the meaning of the expressions and the situa-

tion in which they are uttered. Such use of expressions is said to be indexical.

2.3.3 Proper nouns

According to philosophers like Kripke (1980), proper nouns denote their referents by
virtue of naming and the history of the name use. The referent of a proper noun is identi-
fied by the knowledge that it is called by the name (proper noun). Some (English) proper

nouns, such as product names, may denote classes (e.g., the class of some commercial

product).

2.3.4 Demonstrative
The speaker of a noun phrase may identify the referent by pointing to it. Such mode

of identification is called demonstrative and often uses demonstratives such as “this” and

“that.”

2.3.5 Definite descriptions

The referent of a noun phrase may be identified solely based on the meaning of the
noun phrase itself independent of the context of the utterance. For example, the referent
of “the largest star in the universe” should be identified by the description independent of
the context. In actuality, it is rare to find a definite description which can identify its ref-
erent without any contextnal information; in most cases, we identify the referents of de-
scriptions by both the meaning of the description and the information concerning the uni-

verse of discourse.

2.4 Predicative use
Traditionally, indefinite noun phrases such as that in “Hillary is a cat.” have been ana-
lyzed as predicates. That is, the sentence above has been analyzed as a logical statement

“cat(Hillary).” The predicative use is called ascriptive in Bond et al. (1995).
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2.5 Others
There are other types of noun phrase usage which do not necessarily involve reference

to specific objects.

Interrogatives
Interrogative noun phrases (interrogative pronouns and noun phrases modified by inter-
rogative modifiers; e.g., “which book™) do not denote specific objects.

Nouns which are actually modifiers
In Japanese, some words are classified as nouns but function only as modifiers used

with the adnominal postposition “no.” (E.g., “Betsubetsu-no”: separate)

- Numeratives
In English, “two cups” as in “two cups of coffee” is a numerative. They are a kind of

quantifier and often denote non-specific objects.

Symbols
For example, alphabetic letters fall under this category.

Nominalized verbs
The infinitive and gerund of a verb can make up a noun phrase.

Idioms
Some noun phrases in idiomatic expressions do not have referents (e.g., “the sake” in

“for the sake of” in English; “72&” in “?72% ?” in Japanese).

Complementizers
Marks to indicate nominal clauses such as relative pronouns (e.g., “what”) or the com-

plementizer “that” in English. In Japanese, “koto” is an example.

3. Clues to Recognize Noun Usage in Japanese

In this section, we are going to examine what kinds of clues can be used to recognize
the usage of Japanese nouns. Below, our consideration will be limited to common nouns
(which do not include date/time expressions such as “Friday”). The clues to recognize

common noun usage are lexical, syntactic or contextual, as explained below.

3.1 Lexical clues
The usage of some nouns can be judged lexically, i.e., without checking the context of

their occurrences. Judgment may be decisive or probabilistic.
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3.1.2 Decisive clues

Nouns which are always complementizers, idiomatic or adjectival are lexically classi-
fied as such. For example, the nominal form of some verbs which are listed as nouns in
the lexicon may always be treated as verbal. Letters are symbols. Words like “T /5>

(both) are inherently anaphoric.

3.1.2 Probabilistic clues
To classify nouns with many types of usage, the probabilities of their usage are used to-

gether with other clues (see 4.2). For example, the probability of the word “BIEE”

(room)'s being indefinite is taken into account in the usage recognition process.

3.2 Syntactic clues
Some nouns may be judged to have a certain usage from their syntactic environment.
For example, reference by a quantified noun is normally non-specific. Like lexical clues,

syntactic clues can be decisive or probabilistic.

3.2.1 Decisive clues
Noun phrases modified by interrogative modifiers are interrogative. Common nouns
following numbers are quantifying expressions (though they may be definite; e.g., “the

last ten minutes”).

3.2.2 Probabilistic clues
Demonstrative modifiers are clues for the usage of the noun phrases they modify:

Table 3.1

Demonstrative modifier Reference type
Z @ (proximal) demonstrative, indexical or anaphoric
<@ (mid-distal) demonstrative or anaphoric
& (distal) demonstrative or reference to something in the “speak-
er's mind.”

Expressions in an intensional context (a negative context or a volitional context) tend to
be non-specific rather than specific. To draw an example in English, “a camera” in “Taro
did not own a camera”™ does not introduce a specific object to be referred to afterwards.
Similarly, in phrases expressing non-actual situations such as “to buy a camera” in “Taro

wants to buy a camera.,” noun phrases tend to be used non-specifically.

3 In the corpus, the demonstrative use hardly occurs because it is a corpus of simulated relephone conversa-
tions.

4 from Katagiri (1992)
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Some other probabilistic clues are as follows. Modified noun phrases are more likely
to be definite than otherwise. Expressions about the past would more likely be specific
than non-specific, as descriptions of the past would tend to be factual. Expressions
modified by quantifiers are more likely to be non-specific than specific. Here, quantifiers
include numerative ones (indicating quantity) and logical ones such as “nanika-no”

(some).?

3.3 Contextual clues
Contextual clues are used for finding anaphora: if a noun phrase has an antecedent can-

didate, it is likely to be anaphoric.

4. Experiments

Experiments were carried out on the automatic classification of common nouns. In the
experiments, common nouns were classified using statistics from a corpus tagged with

noun usage classification.

4.1 The Corpus
4.1.1 General information

The common nouns in the dialogue corpus were manually tagged with their usage.
The corpus used was part of a travel domain corpus (SLDB) developed at ATR-ITL. The
part contains 200 dialogues (7,650 utterances). The domain covers tasks such as making

reservations for hotels, transportation, theaters and restaurants, as well as services at hotels.

4.1.2 Classification
Noun usage is classified as follows. The letters are used to mark each usage. (Most ex-

amples below are English equivalents.)

Definite nouns

X  Non-personal indexical; e.g., “today”
Demonstrative; e.g., “this room”
Anaphoric; having antecedents
Referent identified via background knowledge

Referent identified via modifiers

a o om o g

Other definite uses; such as reference to something in the speaker's mind or the
contents of the preceding utterances (1.e., not anaphoric to specific expressions in

the discourse)

5 Logical quantifiers are not found in the corpus.
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Indefinite nouns

U Non-specific;
P Predicative;

n New object;

e.g., “I'd like to reserve a twin room.”
e.g. “... 1s a twin room.”

introducing new objects

e.g., We are closed on Sundays.
e.g., “which book”

e.g., “gogo” (pm)

e.g., two cups of coffee

e.g., “A”“B” “C”

verb derivatives

e.g., “for the sake of ...”

noun clause markers; “koto,” etc.

Others -
G  Generic
Q Interrogative;
p  Adjectival;
q Numerative;
s  Symbol;
V  Verbal;
x  Idiomatic;
C Complementizer;
4.1.3 Statistics (Table 4.1)
X 116 2.239%
D 4! 0.08%
£ 727{13.98%
F 572{11.00%
T 554{10.65%
d 3] 0.06%
DEF |1976/38.00%
U 1535{29.52%
P 217 4.17%
n 52| 1.00%
INDEF | 1804|34.69%
G 11} 0.21%
0 176f 3.38%
P 415| 7.98%
q 32y 0.62%
s 20 0.04%
\% 59 1.14%
b:¢ 53] 1.02%
C 672 12.92
Total | 5200] 100%
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4.2 Algorithm

The algorithm is rather simple.  First, the grammatical heads of noun phrases in a
corpus are marked automatically with labels that are supposed to be relevant for noun
usage recognition (4.2.1). Second, the probability of each noun usage relative to the
marking patterns® is obtained from the training corpus (4.2.2). Third, in the classification
stage, each common noun is given the label which has the greatest probability for its given
marking pattern (4.2.3). ‘

4.2.1 Marking

Lexical markers

« Semantic features
The following semantic features are given to each noun.

QUANT: quantifiers such as “3X"C” (all) and “7> < & A" (much)
LOC: location
HUM: human
SYMBOL: e.g., letters
SAHEN: sahen verbal nouns’
INDEXICAL: e.g., “&X X 97 (today), “& 3 (tomorrow)
ANAPHORIC: always anaphoric;
e.g., “[A H” (the same day)
» Semantic codes
The codes from a published thesaurus (Ono et al. 1981) are given to the nouns in the

COrpus.
= Statistical properties
The following probabilities are given to each noun.

VERBAL: the probability of being V in the corpus

MODIFIER: the probability of being p in the corpus
DOMAIN_OBJE: the probability of being F in the corpus
NON-SPECIFIC: the probability of being U or P in the corpus
SPECIFIC: the probability of being F, £, T or n in the corpus
IDIOM: the probability of being x in the corpus

6Eg.,p( X | QUANT+, HUM*, SPECIFIC=0.32, MODIFIED#)
t Usage | Marking pattern

7 Nouns which transform into verbs by suffixing the auxiliary verb “suru”
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T e T

COMPLEMENT: the probability of being C in the corpus

Syntactic markers?®

WA: nouns marked by the topic marker “I3” (wa). Since a topic tends to be a previ-
ously introduced object, a “wa”-marked noun would be more likely to be definite
than otherwise.

ANAPHOﬁIC: nouns modified by anaphoric modifiers such as “[7]” (the same) and
“M” (both).

MODIFIED: nouns with modifiers

KONO: nouns modified by “ Z @ (proximal demonstrative)

SONO: nouns modified by “# ?* (mid-distal demonstrative)

ANO: nouns modified by “# ?” (distal demonstrative)

NO-MODIFIER: nouns modifying other noun phrases via the adnominal postposition
wgy»

PAST: nouns modified by predicates in the past tense; the case elements of predicates
in the past tense

INTENSION: nouns in intensional contexts such as a negative predicate or a volitional
context (e.g., case elements of the verbs with the volitional auxiliary verb “tai”).

PREDICATIVE: Non-proper nouns before copula (The English sentence “A is a B” is
translated into the Japanese sentence “A wa B desu” where “desu” is the copula.

WH-Q: nouns modified by interrogative

ANYTHING: nouns modified by indefinite modifiers such as “nanika-no” (any).

CLASSIFIER: Common nouns following numbers (like in “two cups™).

QUANTIFIED: Existentially quantified nouns (e.g., ‘.‘heya-ga aru/nai” [there is a/no
room]); nouns with CLASSIFIER; nouns modified by counters (e.g. “huta-kago-

no ringo” [two baskets of apples])

8 The DEF/INDEF ratio varies with syntactic markers. The following table shows the DEF/INDEF ratio

with some markers in the corpus.

Markers Average = 1.26
WA 2.58
MODIFIED 1.64
PAST 2.29
INTENSION 0.93
QUANTIFIED 0.37

10
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Antecedent candidates

The algorithm looks for antecedents for common nouns. Antecedent candidates are
comumon nouns, date/time nouns, proper nouns, saken nouns®, and nominal compounds
(ending with nouns or nominal-suffixes).

When an antecedent candidate is found, the corresponding common noun (anaphoric
noun candidate) is marked with the type of the antecedent candidate. The types are as
follows.

1. Exact string match: the antecedent has exactly the same form as the noun (marked as
ANTEL).

2. Partial string match: the antecedent shares part of its form with that of the noun
(marked as ANTE2). E.g. “7} /%" (number) and “7# — K7 > /¥—" (card number)
3. Semantic code matching: the antecedent has the same semantic code as the noun

(marked as ANTE3).

4. Semantic feature matching: for generic place nouns (“& Z A “& 7= 0" “FH"), a
candidate with {roc +] is sought. For the generic personal nouns (“4 A\ “FEL7), a
candidate with [EUM +] is sought (marked as ANTE4).

The program first looks for an ANTE1 candidate in the preceding utterances.!0 If it

fails, it looks for an ANTE 2 candidate, and so on.

4.2.2 Statistics
For every marking pattern, the probability distribution for each noun usage is obtained.
The occurrence of a statistic property with the probability p in a marking pattern is

counted as its p times number of occurrence.

4.2.3 Classification
For each noun, the most probable type of noun usage is chosen based on its marking

pattern and the statistics obtained above. Again, the occurrence of a statistic property

with the probability p in a marking pattern is counted as its p times occurrence.

9 In the experiment, nouns with [WH-Q +], [ANYTHING +], [PERSON 1], [PERSON 2], [VERBAL +], [SAHEN
+] and [symBoL +] are excluded from the candidates of both anaphoric nouns and antecedents. Moreo-
ver, a noun whose probability of being marked as [IproM +) and [coMpLEMENT +] is higher than 0.8 is
not considered as a candidate for an anaphor nor an antecedent.

0 In the experiment, up to 40 utterances preceding anaphoric noun candidates (covering 442 [99.8%] ana-

phora in the corpus)
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4.3 Results

The following two tables show the results for closed and open tests. Ref. stands for
the number of usages given by human taggers. Est. stands for the number of calculated
usages. Match stands for the number of matches between Ref. and Est.

Recall =Match/Ref.
Prec. (precision) =Match/Est.
DEF and INDEF stand for definite uses (X, D, £, ¥, T, d) and indefinite uses (U,' P, n) re-

spectively.

4.3.1 Closed test

The results are given in Table 4.2. Both test and training data reflect the entire tagged
corpus. In Table 4.2, note that the Match numbers for DEF and INDEF are not the sums
of the numbers for Match for the definite and indefinite uses respectively. They are the
numbers of the cases where the definite/indefinite uses were correctly judged. This is al-

so the case for the open test.

Table 4.2 (the closed test)

Class | Ref. Est. {Match
X 116| 115] 114
D 4 5 4
£ 727|  774] 631
F 572| 554| 472
T 554| 522 431
q 3 3 3
DEF | 1976 1973
U 1535| 1647] 1371| 89.3% 83.2%
P 217 57 40
n 52 50 36
INDEF | 1804| 1754
G 11 5[
0 176| 174] 174] 98.9% 1004
- 415  417| 402| 96.9% 96.4%
q 32 33 32 100% 97.0%
= 2 2 2 100%  100%
v 59 59 59  100%  100%
x 53 48 48] 90.6%  100%
C 672| 735| 663| 98.7% 90.2°
Total| 5200| 5200 4486 86.3% 86.3%

12



Part I

4.3.2 Open test

The open test was carried out as a 5-way cross validation (i.e., the following result is the
sum of five open tests where the corpus was divided into five parts and each part and the
rest were used as the test and training data respectively). The results are given in Table
4.3. The explanation of Match for the closed test applies to the open test as well.

Table 4.3 (the open test)

Class | Ref. Est. |Match | Recall | Prec.
X 116 95 94 81.0% 98.9%
D 4 2 0 0.0% 0.0%
£ 727 757 576 79.2% 76.1%
F 572 568 454 79.4% 79.9%
T 554 468 342 61.7% 73.1%
d 3 1 0 0.0% 0.0%

DEF 1976| .

U 1535 1632 1305 85.0% 80.0%
P 217 69 34 15.7% 49,.3%
n 52 43 29 55.8% 67.4%

INDEF | 1804] 1

G 11 . .
176 171 171 97.2% 100%

P 415 394 367 88.4% 93.2%
q 32 30 29 90.6% 96.7%
s 2 2 2 100% 100%
A% 59 56 56 94.9% 100%
X 53 43 42 79.2% 97 .7%
C 672 720 640 95.2% 88.9%

Total | 5200f 5200 ’

4.3.3 The Effects of Marking

Table 4.4 compares the prediction accuracy (=recall=precision) for experiments where
groups of markers were used/not used. The background (bottom-line) accuracy (at the

top) is shown for comparison. The accuracy rates are obtained by 5-way cross validation.
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Table 4.4 |
Accuracy
Background (bottom-line) 29.5%
(the probability of use U)
Statistic Markers Not Used 51.1%
Non-Statistic Markers Not Used 66.3%
All Used 79.7%

The right halves of the tables
For example, Table

The following tables show the effects of some markers.
show the recall and precision for the most relevant types of usage.
4.5 shows the results for the use T, when the contextual clues (ANTEs) were used and not
used. The results were obtained by 5-way cross validation. The numbers in the top

left-most cells stand for the number of occurrences of the markers in both training and test

data.

Table 4.5
ANTE Total T T
2287 Accuracy Recall Precision
Used 79.7% 61.7% 73.1%
Not Used 79.0% 53.0% 61.5%
Tabie 4.6
MODIFIED Total bl £
2244 Accuracy Recall Precision
Used 79.7% 79.2% 76.1%
Not Used 75.7% 53.0% 61.5%
Table 4.7
PREDICATIVE Total P P
667 Accuracy Recall Precision
Used 79.7% 15.7% 49.3%
Not Used 80.2% 9.2% 55.6%
Table 4.8
INTENSION Total U U
350 Accuracy Recall Precision
Used 79.7% 85.0% B0.0%
Not Used 81.1% 85.4% 79.4%
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Table 4.9
QUANTIFIED Total U U
481 Accuracy Recall Precision
Used 79.7% 85.0% 80.0%
Not Used 80.4% 85.1% 80.6%
Table 4.10
PAST Total DEF DEF
45 Accuracy Recall Precision
Used 79.7% 87.5% 85.0%
Not Used 79.9% 87.5% 85.3%
Table 4.11
WA Total DEF DEF
704 Accuracy Recall Precision
Used 79.7% 87.5% 85.0%
Not Used 80.2% 87.0% 85.6%

4.3.4 Antecedent resolution
Table 4.12 shows the recall rates of antecedent resolution in the cases where the algo-

rithm could/could not recognize the anaphoric usage (T) correctly. The rates were cal-

culated only for anaphora whose antecedents are single noun phrases.

Table 4.12
# of anaphora whose antecedents are single 443
elements
# of correct antecedent choices 235

(for correct usage estimation)
Recall (235/443) 53%

# of correct antecedent choices 317

(non-restrictive)
Recall (317/443) 72%

4.4 Discussion

Table 4.4 shows that the usage statistics for each noun are important for usage recogni-
tion: lexical, syntactic, and syntactic clues alone do not yield good results.

In the tables showing the effects of lexical and syntactic markers, often the use of a

marker brings about a minor loss in overall accuracy. This is due to the sparseness
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caused by the introduction of a new factor in the decision. That is, the more markers, the
less data for each marking pattern with a given corpus.
Although the accuracy of the classification is lower than the results in Heine (1997), this is
due to the complexity of the tasks with the corpus used (her corpus deals with only the
scheduling task). Though heuristic rules in other works were examined, most of them
were not decisive, and the weight for non-decisive heuristic rules should be statistically
obtained for optimization as in this work.

Accuracy will be improved by improving the accuracy of antecedent resolution, alt-

hough this will require an extensive use of knowledge.
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Part Il. (Zero) Pronominal Anaphora Resolution

1. Infroduction

1.1. The Issue

Pronominal anaphora resolution here means to find the antecedents (the closest
preceding co-referential expressions) for (zero) pronouns among the precedent mor-
phemes. Let us look at the following example in Japanese.

Example:
(5 HOBRIZ ) L% FERTHENTZ, | "late unadon for lunch at the school cafeteria today.”
[Fh, BhWlL2»ro/z?] "Was it good?"
Morpheme sequence: 4H
D
BE

Wz v
5 < Antecedent
%

2
-(:\

B~

7z

Fi ~— Pronoun

In this example, the anaphora resolution for the pronoun [ £ #] is to select the prop-
er antecedent [ 9 %3] in the morpheme sequence.

Various kinds of clues for anaphora resolution or antecedent selection have been pro-
posed.'  For example, one can expect that if the other conditions are the same, the
closer the morpheme is to the pronoun, the more likely it is to be the antecedent. If an
antecedent candidate is in the same sentence the pronoun is in, there are syntactic con-
straints on the candidacy. The Centering Theory (Grosz, Joshi, and Weinstein 1995)
claims that grammatical functions such as Subject and Object have to do with the selec-
tion of the antecedent. Semantic affinities between the pronoun and morphemes
should play a role too. For example, the antecedent of the pronoun [#*#1 | (he) would
have the masculine gender and a singular number.

In this report, the case frame is considered to be an important key for resolving anaph-
ora. Since a pronoun and the antecedent are co-referential, if the antecedent is a nomi-
nal, the replacement of the pronoun with the antecedent in the case frame (sentence)
should be semantically fine. To take the example above, since [%#L] is the subject in

' See the References for past research on pronominal anaphora resolution.
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the case frame [ # > L\>] , the antecedent should also be able to be in the subject posi-
tion for [HBw> LV ] ; ie., the expression |9 Z2F LB v Lvy] should be semantically
fine.

1.2. The Current Approach

A simple filtering program which judges if pairs of pronoun case frames and antece-
dent candidates would make up anaphora is used. For example, the program judges if
the pair of (((## (1T <#BIF>) (B L <E%F>)) [the pronoun case frame] and
(9 %23 <E#HE&F>) [an antecedent candidate] is appropriate to be anaphoric. Auto-
matic resolution is successful when the first antecedent candidate which is judged to be
the antecedent is actually the antecedent. The evaluation of the candidates starts from
the utterance previous to the utterance where the pronoun occurs and recedes along the
time line (in the experiments, only inter-sentential anaphora resolution was tested). In
each utterance, kinds of intra-sentential ordering of the candidates are tested (see 3.3).

For the judgment of the appropriateness of the pronoun-antecedent candidate pairs, a
statistical method was used: the probabilities of the pronoun-antecedent candidate pairs
and the replacement of antecedent candidates into the pronoun case frames were calcu-

lated from the statistics in a corpus.

2. The Scope of the Experiments

In this section, the 1) anaphora data for statistics and evaluation, 2) qualifications on
the experiments, and 3) auxiliary data employed will be explained.'2

2.1. Anaphora Corpora
The main data for the experiments is a corpus of travel conversations tagged with the

usage and anaphoric relations on pronouns and zero pronouns. 375 dialogues in the
ATR-TTL Speech and Language DataBase (SLDB) tagged for this purpose were used.

2.2. Qualifications
Not all of the anaphoric data in the corpus was used. The following is the list of
qualifications with regard to the data: '
- Only anaphoric pronouns are used: those for demonstrative or indexical use, for ex-
ample, are excluded.’?
- Only inter-sentential anaphora are examined: intra-sentential anaphora are excluded.
- Only those with single antecedents are used. Moreovver, the pronouns “&%H 5,7
CEoB N T CE,” and “FALEAL” are excluded, as they are assumed to have

12 See the Appendix for the location of the data.

13 A real system that resolves anaphora should distinguish pronouns for anaphora use from those for other

uses. For the automatic classification of pronoun uses, refer to (Yamamoto et al. 1998).
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multiple antecedents.

+ Only those with nominal antecedents are used: those with predicative antecedents,
for example, are excluded. The nominal in this report is defined by the following
parts of speech:

«EBEFD> <EHZE> <REF> <BHAM> <BEFD VLR
<HF> <HED> <BIBIE> <A\%B> <FEHTE> <FEFHNEFED)

2.3. Auxiliary Data:

+ Case Analysis Corpus

As mentioned above, case frames play important roles in the experiments. The
case frames were taken from the case analysis corpus created at ATR-ITL for the
SLDB dialogues.

- Dictionaries for Semantic Information

To make anaphora resolution robust, semantic abstraction by semantic codes (sem-
codes, hereafter) and semantic features (HUM, LOC, TLOC) is used.

Semcodes:
A semcode list has been prepared at Department 3 of ATR-ITL following the
system of The Kadokawa Thesaurus (K% et al. 1981). <H#&e> (temporal)

expressions not included in the list are added manually.

Semantic Features:

A semantic feature dictionary was build manually.

3. Details

Although the basic idea for the experiments is the same for pronouns and zero pro-
nouns, there are minor differences. Below, details unique to regular pronouns are ex-
plained first, and then those unique to zero pronouns are explained. Finally, details
common to both regular pronouns and zero pronouns are explained.

3.1. Pronoun Anaphora Resolution

3.1.1. The pronoun-antecedent candidate pair

As mentioned earlier, the filter program judges if pairs of pronoun case frames and
antecedent candidates are appropriate to be anaphoric. The following is an example
pair and the format of pronoun-antecedent candidate pairs. Although the antecedent
candidate is associated with a case frame, its predicative (verb or adjective) was not ac-
tually used.
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A sample pair:
TCC22071-0150~1, 15, TCC22071-0140-1, 11,
(B (% M&BHES) (fENL <KEFE> —K))
(TR A <EEBEF>) (Z &Y F>) (K <KEFH> RE7)) 0BJE) -),C

The format:

the utterance ID of the pronoun
the sub-utterance index of the pronoun
the utterance ID of the candidate
the sub-utterance index of the candidate
(((pronoun
second-case-frame-component [in most cases a BiE (case marker)]

_U'lb-lkool.\?}——'

third-case-frame-component [in most cases a verb])14
(first-case-frame-component

second-case-frame-component

third-case~frame-component)

CASE) ; the thematic role (deep case) of the pronoun

"o "on

polarity) ; "+" if antecedent, else "-
6. C iff the COND case in a TFQ or a confirmation question [optional]

3.1.2. Screening Process

The pronoun-antecedent candidate pairs which are judged inappropriate to be anapho-
ric are screened out. Statistic screening and hand-coded constraints were used in the
experiments. There are two kinds of statistic screening: one uses positive and negative
examples of pronoun-antecedent candidate pairs, and the other uses the case frame data-
base. Moreover, hand-coded heuristics that pass certain kinds of pronoun-antecedent

candidate pairs as appropriate were used.

3.1.2.1. Screening by Leaming

Pronoun-antecedent candidate pairs are used to learn which pairs are likely to be ana-
phoric. The anaphoric pairs are positive examples and those without actual antece-
dents are negative examples.

Pronoun-Antecedent Combination Check

If the combination of a pronoun and a candidate nominal often appears in the set of

pronoun-antecedent candidate pairs but mostly as a negative example, then the combi-

nation is screened out. The candidate is matched by the morpheme (the form & part
. of speech) or only by its part of speech.

Example pattern:  (##. (Z1ZA <E@%5>)) morpheme matching
(F <EEEE>) part-of-speech matching

'« When the pronoun occurs in the construction PRON-?-NOMINAL, the case frame contains (PRON
(> <E{EBHED) NOMINAL).  When the pronoun occurs in a copular construction such as PRON-
{3-NOMINAL-7Z, the case frame is represented as (PRON (1% <f&EhE>) NOMINAL).
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Case Frame Check
If the substitution of the antecedent for the pronoun in a case frame often appears in
the set of pronoun-antecedent candidate pairs but mostly as a negative example, then
the combination is screened out.
Example pattern: ((£#1 (7 <#&BIE>) ({Eh <KGF> —&)) (T3A <EBEE>))
Substitution ->((ZiZ A <EBEFD) (7 AEBIFE>) (Eh <KEFHE> —B))
Patterns are matched via semcode as well. E.g.,
(("354™ "922") (% <AEBhE>) ("260" 391" "396" "808a"))
Case frames using only Bh& without the predicative are also used. E.g.,
(T A <EEEHE>) (2 <HEBhE>))
(("354" "922") (% <HEBhED>))

3.1.2.2. Screening with Case Frame Database
If the substitution of the antecedent for the pronoun in a case frame does not appear
enough in the case frame database compared to the occurrence of the case frame
without the pronoun part, the pair is screened out. Because sparseness is expected,
semantic features and parts of speech are used instead of morphemes.
Example: If the case frame (((TLOC +)) (~ <#&BIF>) (F <&KEF> AB#)) does
not appear enough in the case frame database compared to the frame without the
pronoun part ((™~ <#&Bh&E>) (F <KEF> HE 7)), itis screened out.

3.1.2.3. Constraints
The following non-statistic constraints were used to judge certain kinds of pronoun-
antecedent candidate pairs as inappropriate to be anaphoric.
Nouns in Modifier Use Check
Nouns used as modifiers such as "#5,” "3l 4 ,” "£&Z” are screened out from the
antecedent candidates with a hand-made dictionary.
Pronoun-Antecedent Feature-Conflict Check
Feature conflicts between pronouns and antecedent candidates are handled by hard

coding ( § ). (These constraints can be leamned and the hand-coding will tumn out to

be unnecessary [see 5. Results]. The constraints are set weak so that they do not
screen valid combinations out.)
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(case (first (first pattern))
(H#Z 22 #Z) " ((HWM +) (LOC -) (TLOC +)))
(BBH Hob) " ((TLOC +) (HM +)))

((B72<) 7 ((TLOC +)))

((£) " ((HM +)))

((Th &h) ’ ((HWM +) (TLOC +)))
((#h#&h) NIL)

((Zbs EH5) NIL)
((£55) " ((HM +) (TLOC +)))
({(Tob o8 Eob) " ((HM +)))
((#%) * ((HM -) (LOC +) (TLOC +)))
))

LISP code describing conflicts between pronouns and features

3.1.2.4. Heuristics
The following heuristics were used to pass certain kinds of pronoun-antecedent can-
didate pairs as appropriate to be anaphoric. (The heuristics turned out to be meffec-
tive in the experiments.)
Same Pronoun Check
If the antecedent candidate is a pronoun of the same form, it is judged to be the ante-

cedent.

COND in the Previous TFQ/Confirmation Check
If 1) the pronoun has the thematic role COND (CONDition) and 2) the antecedent
candidate is in the previous utterance and of the type TFQ (True-False Question) or
Confirmation-Question and has the thematic role COND, then the candidate is
judged to be the antecedent.

3.2. Zero Pronoun Anaphora Resolution

3.2.1. The pronoun-antecedent candidate pair

As mentioned earlier, the filter program judges if pairs of (zero) pronoun case frames
and antecedent candidates are appropriate to be anaphoric. The following is an exam-
ple pair and the format of pronoun-antecedent candidate pairs. Although the antece-
dent candidate is associated with a case frame, its predicative (verb or adjective) was not
actually used.
A sample pair:

TAC22013-0090-1, 16, TAC22013-0020-1, 5,

(((E <85> HET) OBJE)
(F4y <HELF) (8 HBF>) (H FBFA> 78 7)) +)
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The format:

the utterance ID of the pronoun

the sub-utterance index of the pronoun

the utterance ID of the candidate

the sub-utterance index of the candidate

(((predicative thematic-role)
(first-case-frame-component
second-case-frame-component
third-case-frame-component))

1 LA LA

polarity) ; "+" if antecedent, else "-

Ol > o DN —

3.2.2. Screening

3.2.2.1. Screening by Learning

Pairs of zero pronouns with their case frames and their antecedent candidates can be
used to learn which pairs are likely to be zero pronoun-antecedent pairs. The pairs
with actual antecedents are positive examples and those without actual antecedents are
negative examples.

Zero Pronoun-Antecedent Combination Check

If the combination of the thematic role of the zero pronoun and the candidate often

appears in the corpus of zero pronoun-antecedent candidate pairs but mostly as a nega-

tive example, then the combination is screened out. The candidate is matched with its

form, semcodes, semantic features, or parts of speech.

Example patterns:
(DEST (&8E <HEF>))
(DEST ("151d"))
(DEST ((TLOC -)))
(DEST <HEE>)
Case Frame Check

If the embedding of the antecedent to the zero position of the case frame often ap-
pears in the corpus of zero pronoun-antecedent candidate pairs, but mostly as a nega-
tive example, then the combination is screened out. A pattern matched with mor-
phemes, semcodes, semantic features, or parts of speech.

Example patterns:

((4WE <HWE>) DEST (3§ <ABhE]> FELH)) Morpheme Matching
(("151d") DEST ("223" "302b" "314b" "386c")) Semcode Matching
(((TLOC -)) DEST (35 <AK@hzE> AEH)) Sem. Feature Matching
(<H > DEST (3§ <&KEhEi> A 7)) Part-of-Speech Matching

3.2.2.2. Screening with Case Frame Database

A pair of a zero-pronoun case frame and an antecedent candidate is screened out if the
embedding of the antecedent to the zero does not appear enough in the case frame da-
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tabase compared to the occurrence of the case frame itself. Because sparseness is ex-
pected, semantic features and parts of speech are used instead of morphemes. The case
frame database is constructed from zero-pronoun antecedent pairs.
Example: If the case frame (((TLOC +)) DEST (G <&#F> FHE 7)) does not appear
enough in the case frame database compared to the frame
(DEST (% <A EF> AEW)), itis screened out.  Similarly, if the case frame

(<HEE> DEST (FF <AEjE> FE#H)) does not appear enough in the case frame da-
tabase compared to the frame (DEST (& <AEjF> #E 7)), itis screened out.

3.2.2.2. Constraints
Nouns in Modifier Use Check
As with regular pronouns, nouns that are used as modifiers such as “4¢jl,”

“Bll 4 ,” “&4” are screened out from the antecedent candidates with a hand-made dic-
tionary.
Zero Pronoun-Antecedent Feature Conflict Check

Feature conflicts between zero pronouns (case slots) and antecedent candidates were
handled by hard coding. (These constraints can be learned, but full leamning requires
more data. The constraints are set weak so that they do not screen valid combinations

out) (Ref. {)

(case (second (first pattern))
((AGEN) ~ ((TLOC +)))
((CONT) ’* ((TLOC +) (HWM +) (LOC +)))
((DEPT DEST LOCT) ’ ((HUM +) (TLOC +)))

((EXPR) * ((TLOC +)))
((MUTL) " ({TLOC +)))
((GOAL) * ((HWM +)))
((RECP) * ({TLOC +)))
((ROUT) ” ((HUM +) (TLOC +)))

))

LISP code describing conflicts between zero pronouns and features

3.3. Intra-sentential Ordering
Three kinds of intra-sentential ordering were tested. In the standard setting, if one

condition did not bring about ordering, then the next condition was used for ordering.

3.3.1. Ordering by Semantic Affinity

In this ordering, priority is given to a pair where the substitution of the antecedent
candidate for the pronoun (for a zero pronoun, the embedding of the antecedent candi-
date to the zero position of the frame) occurs more in the case frame database.
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3.3.2. Ordering by Grammatical Function

In this ordering, priority is given based on the Centering Theory's. Namely,
#%BhE (TOPIC) > % > I > #%BhE (Other Case Markers) > Others. Zero pronouns
(see 3.4) get a higher priority than other elements (i.e., AGEN > OBJE > ZERO > {RENER)

under the assumption that zero pronouns are used to refer to the most salient objects.

3.3.3. Ordering by the Order of Occurrence
In this ordering, priority is given to an element that occurs later (i.e., closer to the pro-
noun). This is the default ordering.

3.4. Data Reliability & Thresholds

The screening methods mentioned above use the numbers of occurrences of syntactic
patterns. When the corpus used is not large enough, these numbers may not represent
the probabilities of occurrences. Roughly speaking, when a probability is calculated as
a fraction, the larger the denominator 1s, the higher the reliability of the calculated prob-
ability can be. Thus, the experiments were set so that screening would be done only
when the denominators are larger than certain thresholds (which depended on the types
of screening). The thresholds were empirically determined.

4. Results
4.1. Pronoun Anaphora Resolution

Below, A-E each signifies a different way for 5-way cross validation tests. The
scores are success rates from anaphora resolution. The "Total" scores on the right are
cross validation summations. The nine sets of scores following '"The Best Score' are
obtained by removing one screening process or heuristic or adding one kind of intra-
sentential ordering from '"The Best Score'" anaphora resolution process. The last set of
scores shows the baseline, namely, the score obtained when the program judges the
closest precedent nominals to be the antecedents of pronouns. By default, intra-
sentential ordering is done only by the occurrence order (ordering by semantic affinity
& grammatical functions is not used).

- The Best Score

A B C D E Total

5821 (39/67) | .6552 (38/58) | .6491 (37/57) | .6301 (46/73) | .5733 (43/75) [.6152 (203/330)

- Pronoun-Antecedent Combination Check (Case-Based) 0Off

A B C D E Total

5224 (35/67) | .5345 (31/58) | .5439 (31/57) | .6164 (45/73) | 0.52 (39/75) |.5485 (181/330)

15 The Centering Theory by Grosz, Joshi and Weinstein (1995) concerns the preference by grammatical
functions only in the previous utterance, while the ordering here is not limited to the directly preceding

utterance.
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- Case-Frame Check (Case-Based) Off

A B C D E Total
5373 (36/67) | 6379 (37/38) | 0.614 (35/57) | .6164 (45/73) | .5867 (44/75) [.5970 (197/330)

- Screening with Case Frame Database Off

A B C D E Total
5821 (39/67) | .6724 (39/58) | .6491 (37/57) | .6301 (46/73) | 0.56 (42/75) [.6121 (202/330)

- Nouns in Modifier Use Check Off

A B C D E Total
5672 (38/67) | 6552 (38/58) | .6491 (37/57) | .6301 (46/73) | .5733 (43/75) |.6121 (202/330)

- Pronoun-Antecedent Feature Conflict Check Off

A B C D E Total
5821 (39/67) | .6724 (39/58) | .5965 (34/57) | .6027 (44/73) | .5733 (43/75) {.6030 (199/330)

- Same Pronoun Check Off

A B C D E Total
5821 (39/67) | .6552 (38/58) | .6491 (37/57) | .6301 (46/73) | .5733 (43/75) (.6152 (203/330)

- COND in the Previous TFQ/Confirmation Check Off

A B C D E Total
5522 (37/67) | .6552 (38/58) | .6491 (37/57) | 6301 (46/73) | .5733 (43/75) |.6091 (201/330)

intra-Sentential Ordering by Semantic Affinity On

A B C D E Total
5672 (38/67) 0.5 (29/58) .6667 (38/57) | .6164 (45/73) 0.6 (45/75) 1.5909 (195/330)

Intra-Sentential Ordering by Grammatical Function On

A B. C D E Total
5821 (39/67) | 6207 (36/58) | .6842 (39/57) | .5479 (40/73) | 0.52 (39/75) |.5848 (193/330)

- Non-Stochast ic Checks [Nouns in Adj., Feat. Conflict, Same Pron. & COND-TFQ] Off

A B C D E Total
5373 (36/67) | 6724 (39/58) | .5965 (34/57) | .6027 (44/73) | .5733 (43/75) |.5939 (196/330)

. Stochastic Checks Off

A B C D E Total
A776 (32/67) | 5517 (32/58) | 4912 (28/57) | .5890 (43/73) | .4933 (37/75) |.5212 (172/330)

- Baseline: All Checks Off (Linear Order Only)

A B C D | E Total
4328 (29/67) | .5517 (32/58) | 4035 (23/57) | .5342 (39/73) | .4933 (37/75) |.4848 (160/330)

+ Closed Test
The success rate for the closed test with the same conditions as the cross validation

(open experiment) with the best score is 0.7273 (240/330).
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-+ Summary

Due to redundancies in screening, removing one kind of screening does not bring
about much deterioration of the result. The Case-Frame Check (by a Case-Frame

Database) and the Same Pronoun Check can be safely removed. The efficacy of the
Nouns in Modifier Use Check, the Pronoun-Antecedent Feature Conflict

Check, and the GOND in the Previous TFQ/Confirmation Check seems small (if

any).
Intra-sentential reordering by semantic affinity or grammatical functions has negative

effects in the experiments above.

+ Success Rates with regard to Pronouns (the best cross validation score)

Pron. Success Rate
HFEZ 0.0 (0/1)
HH5H 1.0 (1/1)

Nl 857 (6/7)
Zb5s 0.5 (51/102)
Zob 0.0 (0/1)

h 652 (15/24)

. 0.64 (32/50)
55 606 (20/33)
Fob 0.0 (0/1)

Fh 704 (76/108)

1% 0.5 (1/2)

4.2. Zero Pronoun Anaphora Resolution

A-E each signifies a different way for 5-way cross validation tests. The scores are
success rates from anaphora resolution. The "Total" scores on the right are cross vali- -
dation summations. The seven sets of scores following "The Best Score" are obtained
by removing one screening process, heuristic, or one kind of intra-sentential ordering
from "The Best Score' anaphora resolution process. The last set of scores shows the
baseline, namely, the score obtained when the program judges the closest precedent
nominals to be the antecedents of zero pronouns.

- The Best Score

A B C D E Total
5354 (257/480) | .5131 (216/421) | .4322 (236/546) | 4953 (261/527) |.4959 (241/486)1.4923 (1211/2460)

- Zero Pronoun-Antecedent Combination Check (Case-Based) Off

A B C D E Total
4792 (230/480) | 4988 (210/421) | .3773 (206/546) | .4611 (243/527) |.4753 (231/486).4553 (1120/2460)
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- Case-Frame Check (Case-Based) Off

A B C D E Total
4813 (231/480) | .4608 (194/421) | .3938 (215/546) | .4497 (237/527) |.4383 (213/486){.4431 (1090/2460)

+ Screening with Case Frame Database Off

A B C D E Total
5333 (256/480) | .5036 (212/421) | 4121 (225/546) | .4820 (254/527) {.4753 (231/486) | .4789 (1178/2460)

* Nouns in Modifier Use Check Off

A B C D E Total
.5333 (256/480) | .5107 (215/421) | .4322 (236/546) | .4934 (260/527) | .4959 (241/486)|.4911 (1208/2460)

+ Zero Pronoun-Antecedent Feature Conflict Check Off

A B C D E Total
.5333 (256/480) | .5131 (216/421) | .4322 (236/546) |..4934 (260/527) |.4959 (241/486)1.4915 (1209/2460)

[ntra~Sentential Ordering by Semantic Affinity Off

A B C D E Total
.5188 (249/480) | .4964 (209/421) | .4267 (233/546) | .4877 (257/527) 1.4856 (236/486) | .4813 (1184/2460)

« Intra~Sentential Ordering by Grammatical Function Off

A B C D E Total
.5375 (258/480) | .5202 (219/421) | .4231 (231/546) | .4972 (262/527) |.4877 (237/486){.4907 (1207/2460)

- Non-Stochastic Checks [Nouns in Adj., Feat. Conflict] Off

A B C D E Total
.5312(255/480) | .5107 (215/421) | .4322 (236/546) | .4915 (259/527) | .4959 (241/486)1.4902 (1206/2460)

- Stochastic Checks (+ Intra-Sentential Ordering by Semantic Affinity) Off

A B C D E Total
2708 (130/480) | .3017 (127/421) | .2161 (118/546) | .2638 (139/527) | .2778 (135/486) |.2638 (649/2460)

- Baseline: All Checks Off (Linear Order Only)

A B C D E Total
1750 (84/480) | .2399 (101/421) { .1465 (80/546) | .1841(97/527) | .1872(91/486) |.1841 (453/2460)

+ Glosed Test
The success rate for the closed test with the same conditions as the cross validation

(open experiment) with the best score is 0.7663 (1885/2460).

© Summary

Due to redundancies in screening, removing one kind of screening does not bring
about much deterioration of the result. Unlike in the pronoun experiments, intra-
sentential-ordering by semantic affinity or grammatical functions does not have

negative effects.
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5. Discussion

With more data and heuristics, one may expect the result to be near 70% (see the re-
sults for the closed tests). However, close examination of the result (See the Appen-
dix) seems to tell us that "deep knowledge" is required to attain more. As for heuris-
tics, it may be of help to detect parallelism in the preceding utterances.
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Part lll. Appendix

A1l Summary of Tags

(PRON: SHOUOU. DAT. NEW

ZERO:
NOUN:
A

U o

D mmd mEH oo

[op)

*, zero-conv
* hutu-conv)
(PRON)  Reference to propositions in miltiple utterances
Fields 3 & 4 specify the closest elements of the antecedent, but there
are also unspecified elements.
(ZERO)  Antecedents are distributed widely in the discourse.
The closest antecedent is specified after "A;".
(PRON)  The anaphoric element (anaphor) is part of a conjunctive (e.g.,
i),
(PRON)  The antecedent is part of a complex noun
[Z2—I— 28R <- [#55] T05S22003-0030-1

(ZERO) ditto
(NOUN) ditto

(PRON) Reference to accumulated contents
TIS12002-330-1{w* [, [SHIDIEZAE] [TR] I TIVIWITI$ ],

1"

(ZERO) ditto

(NOUN) ditto

(PRON) Difficult to extract antecedent

(NOUN) ditto

(PRON) Referent is not referred to in the discourse.
(ZERO) ditto

(NOUN) ditto

(PRON) Noun [#®iZ5] (the other) Case 1

The referent can be explicitly extracted.
(NOUN) Generic Use

(PRON) Noun [#?iZ# ] (the other) Case 2
The referent cannot be explicitly extracted.
(ZERO) Hearer
(NOUN) ditto
[N.B. The meanings of G & H completely differ for NOUN and for the other. ]

) Reference to Unspecified People
NOUN) Reference to Unspecified Objects

(

(ZERO) [ Z®H 5] : The Group/Organization/Place where the speaker belongs.
(NOUN) ditto

(PRON) ditto

(NOUN) Proper Name
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[N.B.

Appendix

Predicative Use (e.g. It is a dog.)
Interrogative or Nouns modified by Interrogative
Speaker

ditto

Copular Topic Introduction

The OBJECT zero pronoun for topic introduction construction such as
[TOPIC-T¥ 4%, ... .

Not to be confused with the first character "T" of utterance IDs

specifying antecedents. ]

The antecedent is the nominal form of verbs/adjectives or a < Z &3>,

Indexical

ditto ( T2H5] %] T2z])

[#% 6] . The Group/Organization/Place where the speaker belongs.
ditto
ditto

Reference to something in the speaker’s mind.
ditto
ditto

Deictic Reference
ditto

Reference to a situation where the dialogue takes place.
ditto
ditto

Meaning "~ which you said now" especially the pronominal [#® |
in the sense of "the" (exceptions: [#D#| [#0k] [#0HEE
ete. ).

Referent is specified by the modifier

Generic Person

Introduction of a New Object
Adjectival

Numerative (e.g., [U& D)
Symbol

Reference to some intention by a subject OBJE (e.g., given for [iZ
W, FHTT ) or [FosEY T ).
Referent difficult to specify (idiomatic expressions or non-verbal

abstract nouns)
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-t (NOWN) Given for the following cases:

1. The head is

ZAa] (eg., [#0ED] & (D) 122 ).

2. The following functional nouns with modifiers

[(pED]
(A0 ]

[z
[7-&]
ReX NN
RS0
(A
(1337
(59 ]
ESR

22
EXd

E¥%d
X2l
fE9 ]
[#47 ]

TEA [PED] 02 &l3n/zLET,

ED [PDY] LY TS —N=DF T, EFTEBELA

W22 E9,

TR RTHLIIEED [ZE] TLHRWDT, #FETT,
CRBETS [720)] IhELEEHEILNL VR TYT &,
CHESTOZTHAHD [03 1] BATTH,

SiRwve, Fo [EBD] T,

CHBEEERA L 2wt AGEnol [E2 3] T,
CEFEHermEHOFERO [1Z7] T,
CTHIHEFER, BELZVEVT [59)] KE->TE T,
LA BENEFEL I T, LRV [F] oA vt

&é%ﬁ@fﬁbi’é—o
[1Z22°] 1AW E 5,

 BEHEDNDABEESLELETOT, FTREGE [FE)

lZnWzLE LT

CHGRETO LAV [FAF)] RATTIT Ef,
CARBHOSHEIASHEN DS [ D) TLT,
CEILBFRTVEOIAD [XH] T,
TEHZFRNIC I o TEoTnS [BIF] LA T,

3. The filler [1Z9 |

4. Non-numerative

?:  (ZERO) Invalid

& non-anaphoric uses of the nouns in 2

zero pronoun (non-obligatory case element)

* . (NOUN) Morpheme analysis error
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A2 Statistics of Pronominal Usage

A2.1 Usage of Anaphoric Pronouns

The classification of reference by pronouns in the 375 dialogues which can be used
anaphorically (%22 (B H5 BN W TBEZZIIZE6 1 Tob T2 T2
(20| [ Zob i (2 [ENENIEEE TEo6 TER T ]). (See "Summary of Tags"
for the details of the uses.)

Use | Occ. Description
T- 658
A 42 Anaphoric Reference to Multiple Propositions
C 4 Antecedent within Complex Noun
E 15 Antecedent Difficult to Specify
Y 82 Hearer/Hearer's Place
K 57 Speaker/Speaker's Place
X 27 Indexical
D 12 Accumulative
F 8 Referent not in Discourse
a 7 Referent in Speaker's Mind
b 34 Deictic
c 7 Reference to Discourse Situation
d 1 That-Which-You-Said-Right-Now
Total | 952
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A2.2 Usage of Zero Pronouns

The classification of reference by zero pronouns in the 375 dialogues.

A2.2.1 Deep Case! (Thematic Role) Distribution

Case Occ.
AGEN 6810
CONT 6
DEPT 11
DEST 170
EXPR 1380
GOAL 111
IDEN 2
LOCT 60
MUTL g
OBJE 7531
RECP 1406
RESL 2
ROUT 3
Total 17501

A2.2.2 Referential Properties

Usage | Occ. Description
T- 3539 Anaphoric
A 262 Antecedents in Multiple Utterances
C 18 Antecedent within Noun Phrase
D 11 Accumulative
T 1745 Referent not in Discourse
H 3038 Hearer
I 96 Unspecified Person
K 1293 Speaker's Place
S 4817 Speaker
Y 481 Hearer's Place
a 10 Referent in Speaker's Mind
c 1 Reference to Discourse Situation
g 422 Generic Person
t 285 Reference to Intention
T 426 Copular Topic Introduction
? 1057 Invalid Zero Nouns
Total 17501

1 See TR-IT-0220 for definitions.
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A3. Statistics of Pronominal Anaphora

A3.1 Pronoun Antecedent Distance

Dist. | Occ. | Acc. Acc. % Non-0 Non-0
Dist.Acc.| Dist.Acc. %

0 113 113 25.17% - -

1 230 343 76.39% 230 68.45%
2 61 404 89.98% 291 86.61%
3 20 424 94.43% 311 92.56%
4 8 432 96.21% 319 94.,94%
5 4 436 97.10% 323 96.13%
6 3 439 97.77% 326 97.02%
7 2 441 98.22% 328 97.62%
8 1 442 98.44% 329 97.92%
9 3 445 99.11% 332 98.81%
10 1 446 99.33% 333 99.11%
17 1 447 99.55% 334 99.40%
19 1 448 99.78% 335 99.70%
22 1 449 100.00% 336 100.00%

Appendix

The distance from pronouns to antecedents (only when antecedents are contiguous)
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A3.2 Zero Pronoun Antecedent Distance

Dist. | Occ. | Acc. aAcc. % Non-0 Non-0
Dist.Acc.| Dist.Acc. %

0 460 460 14.73% - -
1 940 1400 44 ,83% 940 35.30%
2 447 1847 59.14% 1387 52.08%
3 280 2127 68.11% 1667 62.60%
4 191 2318 74.22% 1858 69.77%
5 99 2417 77.39% 1957 73.49%
6 91 2508 ' 80.31% 2048 76.91%
7 79 2587 82.84% 2127 79.87%
8 71 2658 85.11% 2198 82.54%
9 51 2709 86.74% 2249 84.45%
10 53 2762 88.44% 2302 86.44%
11 51 2813 90.07% 2353 88.36%
12 38 2851 91.29% 2391 89.79%
13 34 2885 92.38% 2425 91.06%
14 30 2915 93.34% 2455 92.19%
15 18 2933 93.,92% 2473 92.87%
16 18 2951 94.49% 2491 93.54%
17 13 2964 94.91% 2504 94.03%
18 14 2978 95.36% 2518 94.56%
19 18 2996 95.,93% 2536 95.23%
20 21 3017 96.61% 2557 96.02%
21 17 3034 97.15% 2574 96.66%
22 17 3051 97.69% 2591 97.30%
23 9 3060 97.98% 2600 97.63%
24 13 3073 98.40% 2613 98.12%
25 5 3078 98.56% 2618 98.31%
26 10 3088 98.88% 2628 98.69%
27 4 3092 99.01% 2632 98.84%
28 2 3094 99.07% 2634 98.91%
29 7 3101 99.,30% 2641 99.17%
30 4 3105 99.42% 2645 99.32%
31 1 3106 98 .46% 2646 99.36%
32 3 3109 99.55% 2649 99.47%
33 2 3111 99.62% 2651 99.55%
35 3 3114 99.71% 2654 99.66%
39 1 3115 99.74% 2655 99.70%
42 1 3116 99.,78% 2656 99.74%
43 1 3117 99.81% 2657 99.77%
44 1 3118 99.84% 2658 99 .81%
45 1 3119 99.87% 2659 99.85%
46 2 3121 99.94% 2661 99.92%
49 1 3122 99.97% 2662 99.96%
55 1 3123 100.00% 2663 100.00%

The distance from zero pronouns to antecedents

(only when antecedents are contiguous)
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A3.3 Pronoun Antecedent Parts-of-Speech

A3.3.1 Overall Statistics

Appendix

The parts of speech of the antecedents of anaphoric pronouns in the 375 files.

Parts-of- Oce. %
Speech

<L > 224 25.99
<[EF & 5> 172 19.95
<FEE> 125 14.50
<ft4 > 111 12.88
<4 FA4> 103 11.95
<HER TS 37 4.29
<Y B4 F)> 13 1.51
<#& Ehgal> 11 1.28
<#EA> 9 1.04
<E|Fa> 8 0.93
<H B> 7 0.81
<¥&Bygil> 7 0.81
<A EhgA> 5 0.58
< BhEhE> 5 0.58
<EI| Bl za> 5 0.58
<3E (R FE)> 5 0.58
<AN%&> 3 0.35
<BhEhE> 3 0.35
<tEf5eBhEn> 2 0.23
<RENE> 2 0.23
<3l 7 EhEE> 1 0.12
<5 | BhEE> 1 0.12
<{EEREF> 1 0.12
<BhEhEaE s> 1 0.12
<HELEB))E]> 1 0.12
TOTAL 862 100%
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A3.3.2 Breakdown

Nominal
Parts—of-Speech| Occ. %
CEmA D 224 25.99
KEFBEFD 172 19.95
RAFED 111 12.88
AL EAADD 103 11.95
FEEEE 37 4.29
SHELED 13 1.51
<EGED 9 1.04
<EllEED 8 0.93
<CHERD 7 0.81
<ElIBhEED 5 0.58
AN 3 0.35
CEEBIED | 1 0.12
TOTAL 693 80.39
Propositional
Parts—of-Speech} Ocec. %
GGERE> 125 14.50
HRBNEAD 7 0.81
CARBED 5 0.58
<FHBLENED 5 0.58
<BhEhEaD 3 0.35
CBhENZREEESD 1 0.12
TOTAL 146 16.93
Others (See below for examples)
Parts—of-Speech| Ocec. %
<K& Bzl 11 1.28
EARED 5 0.58
CEEGEENED 2 0.23
CRCEREAD 2 0.23
<M 37 BERD 1 0.12
<B|FBhED 1 0.12
CBEEHER 1 0.12
TOTAL 23 2.67

Examples of <#BI7d> (case marker) Antecedents
Most of them are regarded as propositional.
TBS22003-0250-1 12 (T <k HIFE>)
TBS22004-0270-1 13 (T <#58h5>)
P TRALNTLEIDY I TENTHBRINLET,
TCS22052-0210-2 14 (T <#BhE>)
[ ZETRALNTLE N, N TRALYITEWNET N, |
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TCS22061-0140-1 23 (T <#&BhF>)

[ ZETEALNTLEID, I TZNTHRETT, |
TCC23054-0050-1 4 1z 2&EELT <#&8HF>)

(4 B OBZZDEZLTE - T DFARDAETLEID, | F
TCC23054-0070-1 20 (17 <#&BhEE>)

[ OB EBOET, ITERTERBVLET, |
TCS32008-0070-1 4 (T <k&BHF>)

[ TEABLOITZVETR, | [FNTEEBTT, )
TDS12005-0200-2 21 (T <& 8HF>)

[ ZETEALNTTD, I [FNTRETT, |
T0OS12002-0130-1 4 ({Z/F T <#EBHEE>)

[ Foe A FHT AT T ) TFZITIT
T0S32003-0130-3 17 (T <#&Bh7>)

(BEELDIET, ITZRTODR TN, 1A
TSS12001-0240-2 3 (035 <#&Bhza>)

(BN, TN TRBETISVWET, |

Examples of <@#{&3]> (prenominal) Antecedents
TAS12012-0110-1 1 (34 <E{KF>)
[ RTN [FHEDRT I
TAS32004-0230-2 8 (FD <E{KF>)
[ZD&H71=0 1 TZH6DRT V]
TCS13020-0110-3 1 (Z0> <E{KFT>)
(ZDBFITZHLLDH
TGS13002-0160-2 1 (Z7 <iE{EF>)
(ORI (=ZH0RN  TZALTHRBVLLET, |
T0S22003-0240-2 1 (£ <i=H{KFT>)
[ ZDERT (=IEDHAN 112213
Examples of <##%: 817> (conjunctive particle) Antecedents
TCS33015-0280-2 16 (T <HkcBhzEd>)
[EA-MUIESPNELT, £H50
TDS33007-0140-1 8 (¥ <&k dnda>)
TBEREFETHLIIEDDIUL, ZNTRBRATT, |
Examples of </&B)7> (interjection) Antecedents
TAS13015-0370-1 1 (Fhid <EEhE>)
[ZRE R, 2T b TEET 4,
TAS33015-0110-1 1 (F4LiE <EEE>)
(23U Ae D EEEH T4, ZHUZ LT Vied, |
Example of <iF 37 EfA> (coordinate particle) Antecedents
TAS33018-0060-2 5 (& <iF3rBHE]>)
(WA e T b EHHH )
Example of <5| FIB#> (quotative particle) Antecedents
TAS13016-0310-1 27 (0&H%> <5| AELEI>)
(&3, ZIEEZ TNTZTEE U

39



Appendix

Antecedents of COND Anaphoric Pronouns ,
A typical example of COND case pronouns is [ #ATif>I5T9, | "That's
fine." The COND case pronouns have more propositional antecedents than
nominal antecedents (cf. Antecedents of Non-COND Anaphoric Pronouns below).

Propositional 108

Nominal 95

Others 2

Total 225

Antecedents of Non-COND Anaphoric Pronouns

Propositional 45

Nominal 591

Others 9

Total 645

40



Appendix

A3.4 Zero Pronoun Antecedent Parts-of-Speech
A3.4.1 Overall Statistics

Parts-of-Speech Occ. %
<EE4 > 1461 41.51
<4 ga)a]> 801 22.76
<FEEE> 407 11.56
<P B4 F> 362 10.28
<[EH4 5> 197  5.60
<4 F> 95/  2.70
<HER T 49/  1.39
<#&BhEa> 25/ 0.71
<K& BfyEA]> 22|  0.62
<BhEh > 17 0.48
<&l Bhygal> 12 0.34
< AN&Z> 11} 0.31
<BlFEH94 5> 11 0.31
<Az > 11l 0.31
<YE{KBhEE> 6 0.17
<5| FiBhEe> 5 0.14
<BhEfEaREEr> 5 0.14
<[ > 5 0.14
<HiBhEhEA> 5/ 0.14
<{RBhE> 3l 0.09
<F &> 3 0.09
<$E#iBhEal> 2 0.06
< 37 Bfyza]> 2 0.06
<R EhED> 1l 0.03
<FZ> 1 0.038
<HHBh BN FE RS> 1] 0.03
Total 3520] 100%
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A3.4.2 Breakdown

Nominal

Propositional

COthers (See bel

Parts-of-Speech Occ. %
<EIRAF> 1462 41.53
<& B> 8011 22.76
<G54 FA> 362| 10.28
<EFLF> 197  5.60
<fR4& 5> 95  2.70
<EREF> 49 1.39
<El|BhEa> 12 0.34
< N4> 11 0.31
<El|FE A4 5> 11 0.31
<YE(RBhE> 6 0.17
<H > 5 0.14
<HEA> 3 0.09
<EllFA> 1{  0.08
Total 3015 85.65

Parts-of-Speech Oce. %
<TEE> 4070 11.56
<#& Bfyga)> 25 0.71
<Bh@Ehza> 17 0.48
<A@z > 11f  0.81
<BhEhERIEEER> 5 0.14
<H{BhEhEA> 5/ 0.14
<®E BhEh A g > 1 0.03
Total 471] 13.38

ow for examples)

Parts-of-Speech | Occ. %
<f&EhE]> 221 0.62
<5 F8hE> 5/ 0.14
<{ZBhzEE> 3 0.09
<HfeBhEe> 2| 0.06
<37 37 BhEe> 20 0.06
Total 34 0.97
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Examples of <# B> (case marker) Antecedents

Only one case 1s inter-sentential anaphora
[TDS33008-0280-1]
1 2 3 4 5 6
BPHERETARS T, HEFE I B
[TDS33008-0290-1]
1 2 3 4 5 6 7
ZAZ . KE&EE T T,
wE (4)
(0BJE NIL)  TDS33008-0280-1,1-11

7 89 10 11 12 13 14 15 16 17
—AN—#FHTIAL W T T R,

The rest are actually subsumption rather than anaphora. In these cases, the
obligatory cases were substituted for by the case elements tagged as the
antecedents.

(TCC22033-0050-2]

123 4 567 8 9 1011121314 1516 17 18 19 20

FJIWHY 2 E A THES 9 XHICBE WL 2 ATT I,

B (12)
(OBJE NIL)  TCC22033-0050-2,1-10

(Here, <#%BhEA> "IZ" (10) has been assigned no deep case in the case analysis
database.)

Example of <3| 815> (quotative particle) Antecedents

In all cases, <5|FBIF> was "2>" (if) or "> 97" (whether), asking the truth
values of propositions.

[THS32002-0040-2]

1 2 3 4 5 6 7 8 9 10 1112

FRENLAME 2 7Yy 0 F L 2 B TLEE v,

[THS32002-0050-1]

1 2 3 4 5 6 7 8 9 1011 12 13 14

BHERXL I T oCc., AL BFEBL (S v,

B (2)
(OBJE NIL)  THS32002-0040-2,1-8

Examples of <f&BhE> (topic marker) Antecedents

There were two cases of cataphora, one of which 1s
[TSS832001-0160--2]
1 2 3 4 5 6
FRTLAES WK T LE 9,
< (3)
(OBJE NIL)  TSS32001-0160-3, 1-25
(TSS32001-0160--3]
1 2 3 4 5 6 7 8 9 10 11121314 15 16 17 18
BL BD I N D F I BB L 2% o T, HBBE TL BLEXN D 205
19 2021 2223242526
WE * EL T h TiE,
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There was also a long distance anaphora whose antecedent is the topic of the

entire discourse:

{T0832006-0060-1]
i 2 4 5 6 7 8 9 10111213 14 15

3
ANJTAFFZ=VFT— 2T D iF o $Hn a—A B H B AT T o,

{T0S32006~0220-1]

1 2 3 456 7 8 9 10 1112 1314 15 16 17 18 19 20 21 22
) T T, Led 0 F0O AEFTER FL O -2 12 L 2w E Bw E 7,
L (14)

(0BJE NIL)  T0S32006-0060-1, 4

Examples of <% B> (conjunctive particle) Antecedents
Two cases where <#&#tBIFH> "7T" has the OBJE case
[TAS32004-0170-21

1 2 3 45 6 7 8
TiE B BITT T R%E T 3,
FE (5)

(0BJE NIL)  TAS32004-0170-2,2-4
(TCS12005-0270-2]
12345 6789
TR o T T,
E @
(0BJE NIL)  TCS12005-0270-2,1-3

Examples of <i¢ 3ZBhF> (exemplar particle) Antecedents
The < 3ZBIFE> "7 is used to exemplify nominals.
(TCC22074-0040-11

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16
TE . KRR & KELS L D 2w AT T FhED
&b (9 -

(0BJE NIL)  TCC22074-0040-1,5-8
The <I¢37BYEA> "7=9" is used to exemplify verbals.
[TCS13019-0160-1]

1 2 3 4 56 7 8 9 10 1112 131415 16 17
i, BEBEIEY 0 F £EEHMN T . FR 0 BrE A M o b

18 1920 2122 2324 25 26272829

Fhet | EE 5 L 70 TE L,
T& (25)

(OBJE NIL)  TCS13019-0160-1, 10-24

44



Appendix

A3.5 Regular Pronoun Antecedent Usage

A3.5.1 The Usage of Nouns as Antecedents of Pronouns
The usage of the last morphemes of antecedents (see Part I for the definition of
usage). The Rate is the occurrence of the use as antecedent divided by the total
occurrence of the use, which represents the likelihood for uses to be antecedents..

For example, 0.3% of X (indexical) became antecedents of some pronouns.

Usage Rate % Description
I 121/3615]  3.3% Non-specific
f 44/1841F 2.4% Definite by Modifier
F 38/1901} 2.0% Definite by Background
T/C 32/1622| 2.0% Anaphoric
N 29/233| 12.4% -Proper Noun
n 23/2391  9.6% New Object
P 18/465] 3.9% Predicative
7/1269] 0.6% Complementizer
P 4/1139] 0.4% Adjectival
q 4/178] 2.3% Numerative
S 3/151]  2.0% Symbolic
v 2/699| 0.3% Verbal
D V11l 9.1% Accumulated Contents
b 1/15]  6.7% Deictic
X 1/343!  0.3% Indexical
Avr. 328/14669] 2.2% Average

Note Although one might expect that nouns referring to non-specific objects (e.g., 1
& P) are less likely to be antecedents, their rates of being antecedents are higher
than those of the uses f, F & T which refer to specific objects. (This may be partly
because of the nature of the dialogues (i.e., the reservation task)).

Some peculiar examples of antecedents

Complementizer
TAC23023-0150-2, 19

[VA V=) I ET] <~ [FNTHETT, |
TAS13001-0320-2, 9

[BHEIZER LW Z LT «- [#NTBEWLET, |
TAS22031-0200-1, 21)

[(TXFAFITRy FEBANTAI LI TEET] « [FNTBENLET, J
TAS32012-0180-1, 11

[ZHDTEENHZET] <~ [FNTHEETT, |
TAS33017-0270-1, 11

[Frv Y EVELLNHITET] < [FNTHETT, |
TGS22001-0150-1,12

[Fr VbV BERENHIIETTH, FNTLALNTLE I D, |
TCC22013-0050-2, 5

(43 CF ey s 4TI 0] <« [FRIZEBEL LI ZATY, |
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p Adjectival
TAC22012-0180-1, 8
MHE] - [EBHI2LTH] (WETHA) Lhhsb)L)
TDS33008-0100-1, 8
[(BESHEAIANV] < [FRDLEF) TT R, ]
T0S13003-0180-2,1
[FROI—R] <~ [ZH5Da— 2]

q Numerative
TAS12022-0070-1, 11
(VA roBHEZ _5E]
TDS12008-0070-1, 16
[NS2FyOFPLBITF&R b 0% _FHE|
TDS12008-0070-1,16
[BIF&EB/NAF % ZHEE |
THS12002-0190-1,6
[FEEEHETHERHE FV] « [THEHAROEE T, |
s Symbols
TAS32010-0120-1, 1, TAS32011--0220-1,9; TAS13015-0270-1, 3
BEEST /- FFF <« [2h (F1h) TLALWTLL D P |
V Verbal
T0S13020-0140-1, 3; TGS13020-0130-1,3
(B#%o | = [340LH5%b0]
D Accumulated Contents
TCS22051-0140-2, 1
(UETEIALWTLE I B | [FNTHETT, |
A3.5.2 The Usage of Pronouns as Antecedents of Pronouns
Most of the pronouns which are the antecedents of some pronouns are themselves

anaphoric.
Usage Rate % Description
T- 64/725| 8.83% Anaphoric
X 127 3.70% Indexical
D ‘ 1/12] 8.33% Accumulated Contents
Avr. 66/1715] 3.76% | Average
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A3.6 Grammatical Functions of the Antecedents of Regular Pronouns

The grammatical function of the last morphemes of antecedents of pronouns.
The rate is the occurrence of the grammatical function as antecedent divided by the
total occurrence of the grammatical function, which represents the likelihood for
grammatical functions to be antecedents. For example, 33.0% of the 2%-case
became antecedents of some pronouns. Note that these figures may be related to
the Forward Center (Cf) priority. '

Grammatical Func. Rate %o
<fRBhF> 74/211 35.1%
i 62/191 32.5%
% 22/102 22.6%
Iz 44/210 21.0%
Other <¥& B> 78/264 29.5%
Other 169/876 19.3%
Average 449/1854 24.2%

A3.7 Grammatical Functions of the Antecedents of Zero Pronouns

The figures can be interpreted similarly with those of the Grammatical Functions
of the Antecedents of Regular Pronouns. Note that not much regularity is found
between the two tables (A3.6 & A3.7).

Grammatical Func. Rate %o
<fRBhE> 642/3673 17.5%
B3 289/2472 11.7%
% 604,/2598 23.3%
iz 193/4707 4.1%
Other <#% B> 262/7845 3.3%
Other 1133/19866 5.7%
Average 3123/41161 7.6%
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A4 Examination of Errors

This section presents errors found in the best score case of the pronoun anaphora
resolution experiment (the Way A of the cross validation).

Format:

# «Pronoun Utterance ID>,<Promoun Morpheme Index> <Pronoun Case Frame>

{—<Antecedent Candidate Utterance ID>,<Candidate Morpheme Index> <Candidate Morphemes| *
<Text> (Pronouns are indicated by bold+italics and antecedents by underlines.)

<Comment s>
A4.1 Positive Cases: (The system judges antecedents to be non-antecedents.)
1) TAS12016-0110-1,5 (Tho (» <BEBFE>) (&R <EE4T>))
—TAS12016-0100-1,6 (K& <EER&>)
HEE 3, b—vA- VB A ZHAR, ZHILBOIFH T @, i3V, T
ZHLDBLRTEERIICTERERIBATLEID,

Failed in the Zero Pronoun-Antecedent Combination Check.
Insufficient Training Data
2) TAS32014-0230-1,2 (BX (FT <EEIF>) (F <AK®EH> HED)) (cf. 14)
—TAS32014-0220-1,11 (SEF <HEF>)
HWE: ST BERIOELES, AFED, Y—HADTa—2 T BT ET,
BIAZE :Lodh EAETITEIINILET, E9bHI3ED,
Failed in the Case-Frame Check (Case-Based) (insufficient < B l¥>+%FC combination
in the training data).
Insufficient Training Data
3) TCC22014-0140-1,8 {(THhL (D <#EEBT>) (FB <FiE4£F>)) (cf. 16)
—TCC22014-0130-1,9 (135 <EWBLF>)
BEE T ITRAVA N — LB ENETR, TELDIENE, TWEFAR, ZHRNL, —
HIEHENAWELET, bLBEEIZLALITNIE., Z6560BHEBTLELS TS
F oy A LTI ETH,
Failed in the Zero Pronoun-Antecedent Combination Check.
Insufficient Training Data
4) TCS13001-0110-1,1 (THS (T <RBIF>) (i <XEiF> IED))
—-TCS13001-0100-1,16 (F—EX <¥Z&HF]>)
HUE FONELET LR\ ETUUBHERIIBRBIT T —EARNEDET,
IHELIIERDI)— = TR ED =R MELIZR S TLENE T,

Failed in the Zero Pronoun-Antecedent Combination Check (Z 5 5 =<2 ZE>).

Probably inevitable with the scheme of the experiment.
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A4.2 Negative Cases: (The system judges non-antecedent candidates to be
antecedents.)

5) TAS12018-0190-2,3 (B3 (T <#&BF>) (B <XBFE> ZLRY))

—TAS12018-0150-1,9 (4> <ERF>)

—TAS12018-0160-1,8 (GBM <V ELF>)

—TAS12018-0160-1,6 (4> <#EEE:>)

—TAS12018-0180-1,18 (Z& <HEiELF>)

—TAS12018-0180-1,5 (49 <ERF>)

BYUE 2/ —FDOBMBO, ZEESOERE&NE Z+HR o TRBYET,
T, ZABESOEMNTTOT, B— AR AVOEMBIHERHEET,
T3 OT, WERT, —HEVEN+HF/LIZRIET,
B ABECELETE, —A=FERLENDIETT,

BGAZE (30, 0 ELE, Uedh, #ATTHNEBEVLET,

"Z#" in the COND case can be taken as referring to the entire condition offered.

6) TAS13017-0120-1,3 (THL (0 <BEBF>) (=TT <EELF>))
—TAS13017-0090-1,14 (H <#EREEFE>)
—TAS13017-0090-1,10 (JA <#ER&>)
HME I, IO B— AE—BAH T T EFALE- TRIET.
HIAFE ZHTTh, EOLBOREITINEL,
HYE TV, ZE56DONN—TFT 4T, +— A RKETIZ>THBYET,
Insufficient training data (genitive data tends to be sparse).

7) TAS32004-0160-1,1 ((Fh (T <BEF>) B <KehE> LEY))
—TAS32004-0150-1,29 (5 <& iEL>)
HME BB LIANC, SN+ N AT =R FLTH—ERFy— B TR
STENWETITNEDL, 2H50D, FTLALNTLEID,
HIAZE : FATEBEVLET,

The result can be taken to be correct.

8) TAS32008-0130-1,7 (Fh (o <BEhE>) (L <KBFH> HE))
—TAS32008-0120-2,6 (ZE& <@L E>)
HIAZ  TIIX T LD _HBEXIIHVETHN,
HUE I, ZE8WET, B3P LAO 8 BRI WET,
HIAZ 25 TIh, TIEEAIZLIID2,

The result can be taken to be correct.

9) TAS32008-0180-1,3 (D (D <BEEPF>) (BFES <LTHLFT>)
—TAS32008-0170-1,8 (& <EEFE>)
HME T SBAREE, co—F— 4o TILDOARNE ZEEIHEBER TR,
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ZLT, £560BEFEEFN., E—H, U=, —EFEFTISVETH,

Inevitable with the scheme of the experiment. (The recognizer would have to know
that a hotel room normally does not have a direct phone number.)

10) TAS32008-0190-1,3 (Fh (T <#BFE>) (O <BEF>))
—TAS32008-0180-1,8 (F <¥F>)
HYE DD 8RR, ma—d — =R T ORE ZEEICEBET TR,

ZFLT.EZLLOBEHFRESHS, t—H, W=, —EFEHETIIVWETR,
FIAE EREREATHNATIR, EFESE. Z—= A=, —EFEETT,
Inevitable with the scheme of the experiment. (The recognizer would have to
recognize the parallelism in the utterances.)

11) TAS32014-0230-1,2 (Fh (FT <BBIF>) B <K®F> LEAD))
—TAS32014-0220-1,16 (Sra— <ELHELF>)
—TAS32014-0220-1,14 (—HAR <ELELF>)
M E SRR TEERESNVELED, ABOY— I ADL s — R I BWETITET,
FIAZE :Uod EAETIZELINTLET, E20d0a kD,
Requires more analysis: the pattern{ %2V & TlZ [refers to time.

12) TAS33013-0150-1,1 CEHH (D <EE&FE>) (& <BEBLF>))
—TAS33013-0140-1,9 (GHfE <P ELF>)
HIAE  E NSRS T, B — =t — R BLID LB TOET,
FEHDE-DFHFDOEFENRLALNTT D,

Insufficient Training Data

13) TBS32004-0150-1,1 (THhb (T <BBF>) (EAL <BEH>))

—TBS32004-0140-1,13 (K/L <fERFE>)

—TBS32004-0140-1,8 (¥ T A —Ah <E @A FE>)

—TBS832004-0140-1,6 (K/v <fEREE>)

—TBS32004-0140-1,1 (oI —2h <EiEL5E>)

HYE BEFELELE, VYV VARI T H —F DL DR T )V =a—3— I BB TX
T, VI~ LBR—AE R BT AN AR RE N\ TEs
NET, THE5TEABLNTLEIN,

Inevitable with the scheme of the experiment. (The recognizer would have to know

the task structure.)
14) TBS33001-0260-1,1 (THBh (T <fREIFE>) (fF <KBF> TLED))
—TBS33001-0250-1,5 (J\ <#Eid>)
—TBS33001-0250-1,3 (Z <¥EI>)
BYE IV, TOTIENET, ZOoBBRICKKBIZSHVETHRIUFT AV TIEWET, &
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EEENEFELHE. ME _—O—FNNTT, TELIEFIIMNTRNATTRN, —
B2 A TIEWES,

Insufficient Training Data ?

15) TCC22011-0090-1,1 (B (0 <BRBhF>) KoV <EIBhF>))
—TCC22011-0080-2,9 (AE <V ELF>)
—TCC22011-0080-2,7 (L7 <EI8h3>)
A I, S TLED, TIvIRVAV LT AR TERVATT A,
HIAE : EAIE—HBVLESBN T,

Insufficient Training Data ?

16) TCC22014-0140-1,8 (THD (D <EEET>) HE <E@ELF>))
—TCC22014-0130-1,20 (K/Vv <EREE>)
—TCC22014-0130-1,15 (F/V <#EREE)

HBEF T IYIRVAL =R EVETR ZHODENI, TVEEAN. ZHRNV, —

B ERAMELET, b LB EREL LALITIE, ZBADBHETLELA 3
F oI AV LT ETA,

Insufficient Training Data ?

17) TCC22071-0140-1,6 (R (1 <REFE>) D <EFELFT>))
—TCC22071-0130-1,10 (1F5 <& @LF>)
—TCC22071-0130-2,1 ({ <f\&F>)
HYUF TLETAD. BODENILD, Hrolbi= LOIZ) THESRWATT A, (TTT
D3
FIAKE T, EAE. BB TBAZR IV EDIZAZ AN TR L DRATT,

Inevitable with the scheme of the experiment. (The recognizer would have to
recognize the parallelism in the utterances.)

18) TCC22071-0150-1,15 (FH (& <#B1F>) (fFh <K&8FE> —B))
—TCC22071-0140-1,19 (K < @4 350>)
—TCC22071-0140-1,11 (JITA <E@ELE>)
HIAE 25T h, L, TEBICTHEAZRIENEZOITKE AL TRNZH DR ATT,
BYUE DD, OO ELE BEEDIIINGLo L FAEENDINEINNI IE-EVIIT
HL ETONEEA,

Inevitable with the scheme of the experiment. (cf./%#1] here refers to the topic.)
19) TCC22071-0160-1,16 ((FFL (3% <#&BhE>) (fEh <&K8F> —B))
STCC22071-0150-1,28 (D2 <{t4&FA>)

HEE IO, SN ELER BEEDIIOIN L ENEENDNEINL, To&N T
AL EFONERE A TN TIEITT R, B IFEDIINTEIELT, AR ENDLD
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E3 FHWTEDET,
Insufficient Training Data (cf.l##1] here refers to the topic.)

20) TCS13001-0120-2,1 (B (T <&BE>) (B <K8FE> TEY))
—TCS13001-0110-1,3 (L& <LTEAF>)
—TCS813001-0120-1,3 (¥ <L F>)

HYE ZOLITEROI)—=0 TR D =+ MELIZ2 o TLEVWET A,
FIAF (A X, TN TRETT L, EATBEOLET,

Inevitable with the scheme of the experiment (a difficult case).

21) TCS22022-0160-1,2 ((THB0 (D <BEEBF>) (125 <EiE4F>))
—TC822022-0150-1,25 (&4 <E@4AF>)
—TC822022-0150-1,20 (N —3/oF— <EFAFE>)
—TCS22022-0150-1,14 (B <E@4L F>)
HEYE B —ODIEHIOEHLTT TN, ZHLIFEREF 2N E & —%fE 2 T
LT, Bl IS ADIEHIER 2 — AD T OIE B L Z - NV EE
DA TT,

Inevitable with the scheme of the experiment (a first wrong record may be saved by
the analysis of the copula pattern).

29) TCS22022-0180-1,3 (b5 NIL (8 <K&#hFHE> ZLEY))
—T(CS22022-0170-1,20 (A <V Z4 F>)
—TCS22022:0170-1,17 (Z& <EELF>)

HYH FHLELED, BRABST-HEHDOARE —Lvd—%2H 2 THAER-DOZ LN TD
I LEL XD,
HIASE 3V, FEH6BREVLET,

Inevitable with the scheme of the experiment (the Zero Pronoun-Antecedent
Combination Check cannot screen the (#5565 <# 24 5)>) combination, for £H5
may refer to <V &4 >).

23) TCS22022-0240-1,1 (ChE (D <EEBHT>) (RE—vd— <Bi@4T>))
—TCS22022-0200-1,4 (FEfy <@L >)
—T(S22022-0210-1,15 (E <EiAAF>)
—TCS22022-0210-1,13 (& < iE4 )
—T(CS822022-0210-1,3 (BL¥ <@L F>)
—TCS22022-0220-1,6 (B <H:RFE>)

HYE I 9V ELE, REDARNTT =AY =T/ LERUET, EARMIZEARERHD
BFEECHRBMEFETEET, FIAE BLOZL T O L0 BFETT &b, I
EELZBFOLDBFHERETTRN, TT, BHE— AN TR ER
VE Lo THEVET, Fo, ftld YT A —E 223201 H o LEELY




Appendix

FEOATT N, 560N —yZ— I AMREIDO R ER->TRIET,
Insufficient Training Data ?

24) TGS12001-0160-1,1 (BN (1T <BRBIF>) (B <KBF> L&)
—TGS12001-0140-1,9 (B <EEFE>)
—TGS12001-0140-1,7 (F=—TT7r—7Z5H <EHLE>)
—TGS12001-0150-1,3 (& <ERE>)
—TGS12001-0150-1,1 (=T —Twr R <EEHLF>)

BYE . IOFETTE Ve T s —EERERFRIIRVET, Ty SRR
ZAAELRDET,
HUAZE : FRITZEFBITEVET D,

Inevitable with the scheme of the experiment. (The recognizer would have to know
that {# (flights) have seats.)

25) TGS12001-0180-1,3 (B0 (&2 <#EIF>) (TR <P EAT>))
—TGS12001-0160-1,3 (LB <@L E>)
—TGS12001-0170-1,4 (ZEfE <Ei@A4EF>)

RAE  ZRUEZERITROET
HLE T FEEERTEET,
HIAZ Lo, FAZTHILET,

Inevitable with the scheme of the experiment? (An vacant seat may be reservable,
but there is no training data for reserving vacant seats.)

26) TKS13002-0140-2,1 (B (T <#2BIF>) (B <XKEHFE> LED))
—TKS13002-0110-1,23 (A—h~F v <ELEi@LF>)
AYE IV, BIEBOTENSBEL TEADIRIE Y IRATTES, Frdt —h~=Fy
JTY,
HIAE F s, RERIZOWDTEEI LGV AT,
AEE REOANTLEROFICREMERDEENTRIET,
BLGAE 0 ELT, FATBENLET,

Inevitable with the scheme of the experiment (may be saved by the analysis of the
copula pattern).

27) ' TOS23003-0150-1,1 ((BFZ NIL (7 <Bi#hE>))
—T(0S23003-0130-1,7 (GF <@L F>)
FRIAE EHFEVODIZEADFTT Y,
FALEE I RO TITSNET D,
HIAE 1 pETROAToT=ZEBHIET,
Inevitable with the scheme of the experiment (may be saved by the analysis of the
copula pattern).
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28) TOS32001-0100-1,1 (BT (FT <BBIF>) (bole <KEIF> BH%D))
—T0832001-0090-1,5 (AR <E@E4E>)
HUE GERENERD Y/ 7 27— F—O—T a7t iTo/- 25 T1,
FIETWES L2 NIETITondEEVWET L, ’

This is not necessarily wrong.
29) TOS32002-0110-1,2 (BZ (ET <#BIF>) (ool <KEiF> HE7))
—T0832002-0100-1,5 (ALl <E @4 F>)
HYE EWMELTIR T2 T =T ay /il T L2 AIIBHNET,
TITHHEZETWVEL LA IUTERATIZ S CleBhd iR L BNET L,

This is not necessarily wrong.
30) TOS33002-0150-1,1 (BB (D <BUKBIT>) (5 <Ei@s 7>)
—T0S33002-0140-1,16 (ZEIT <V ZELF>)
HYE FH5TTD, RELLERFE T ORI —A %N OMEITV LTI ETA,
FH5DFREZLBRIZHETHERNET,

Requires more analysis: the recognizer could exclude [EhE7 +] <4 F> from
candidates.
Summary of the causes of the failures
Inevitable: 13
Insufficient Training Data: 10
Requires more analysis: 2
Possibly wrong antecedent: 5

The same pronouns in 2 and 14 and 3 and16 appear in both negative and positive
examples, and they are failed for Insufficient Training Data. When the duplication
and the cases with possibly wrong antecedents, we have 23 cases. Now, inevitably

failed cases with the current scheme are 11 among them. Then, the success rate of the

current method in Way A with completed data and analysis would be 82.5% (52/63;
- 63=68-5 (# of possibly wrong antecedents)).

54

e



Appendix

A5 Data Flow Diagrams for Pronoun Anaphora Resolution
Experiments

A5.1 For Regular Pronouns

SHOUOU. DAT. NEW

[\/ V\
(SHOUDU_TEXT. | isp | (SHOUOU_TEXT-DAT. awk ]
/DB/SLDB/LNG |\S?IDUOU.TEXT |
/JCAS/*. JCAS =
[ pron_morph. awk }
(decomp#ZC. lisp ) v

| SHOUOU.morph |

| 375.morph_case ——{ shouou_morph_merge. awk ]

T [ SHOUOU_morph_case >{ cond_tfq. awk
(dep_morph. I ispj v T
yay ( prontiast_ante.awk ) CoND. TFQ

[ pronllast.ante ‘
R v
*. JCAS | >{pron_anaph_frame. lisp ]
v
| PRON_ANAPH.FRAMES |

AVJ : rem_nom_ante &
(case_frame. l:spﬂ nom_ante in
rem_nom_ante. lisp

( sort -t, +0 -3 +3n )

Vi
( cond_tfq merge. awk J<1—————
v

| PRON_ANAPH. FRAMES. NOM ]

anaph_frame_prob

[anaph frame Iispj ! ’ pron_ante in
= : in anaph_prob. lisp) , || anaph_prob. | isp

Y,
PRON. ANTE

Y
[FRAMES | [anaph. frames| |[ANAPH_FRAME.PROB |

\\A i [HEAD. NOM INAL. FEAT |
A [3X
find_anaph. lisp [ima_nichiji. semcode |
-NOUNS. ADJ Anaphora
Resolut ion [FEATURE. TREE |
RU1GO. SEM




Appendix

Ab.2 ¥For Zero Pronouns

375. zero-conv 226.zero-conv

/DB/SLDB/LNG
/JCAS/*. JCAS

v

(decomp#2C. lisp )

N4

[ parse_zero. awk ]

grep T |
egrep -v "IT§

v

(;erollast_ante.awk 44]

!

zerollast. ante

v

*, JCAS ————D{:zero_anaph_frame.lisp *]
v

ZERO_ANAPH. FRAMES

v

rem_nom_ante &
nom_ante in
rem_nom_ante. lisp

v
(sort -t, +0 -3 +3n)

HEAD. NOMINAL. FEAT

ZERO_ANAPH. FRAMES. NOM

e

jma_nichiji.semcode

FEATURE. TREE

RUIGO. SEM

zero_frame prob in
zero_prob. lisp

—\

J

V

ZERO_FRAME. PROB

NOUNS. AD]
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Appendix

Ab5.3 Index for the Data Flow Diagrams

Programs (in rounded boxes)

anaph_frame. lisp
anaph_prob. lisp
case_frame. lisp
cond_tfq. awk*
cond_tfq merge. awk*
decomp#2C. lisp
dep_morph. lisp
find_anaph. lisp
find_zero. lisp
parse_zero. avk
pronilast_ante. awk*
pron_anaph_frame. lisp
pron_morph. awk
rem_nom_ante. 1isp
shouou_morph_merge. awk
SHOUOU_TEXT. lisp
SHOUOU_TEXT-DAT. awk
zerollast_ante. awk*
zero_anaph_frame. 1isp
zero_prob. 1isp

Data (in rectangular boxes)
* JCAS
*. zero-conv
375.morph_case
anaph. frames
ANAPH_FRAME. PROB
FEATURE. TREE
FRAMES
HEAD. NOMINAL. FEAT
jma_nichiji.semcode
NOUN. ADJ
pronilast. ante
PRON_ANAPH. FRAMES
PRON_ANAPH. FRAMES. NOM
PRON. ANTE
RUIGO. SEM
SHOUOQU. DAT. NEW
SHOUOU. TEXT
SHOUOU. morph
SHOUOU_morph._case
ZERO_ANAPH. FRAMES
ZERO_ANAPH. FRAMES. NOM
ZERO_FRAME. PROB

zerollast. ante

Makes stat files for find_anaph

Makes stat files for find_anaph

Extracts case frames from *.JCAS

Extracts COND from the prev. utterance

Adds COND info to PRON_ANAPH. FRAMES

Reformats *.JCAS

Dumps the morphemes in *.JCAS with case info
Pronoun Anaphora Resolution

Zero-Pronoun Anaphora Resolution

Reformats *.zero-conv

Extracts pronouns with single antecedents
Makes a pronoun-antecedent candidate pair file
Extracts pronouns from SHOUOU.TEXT

Remove nominals from pron-antecedent files
Merges morph files

Reformats SHOUQU.DAT.NEW into SHOUOU.TEXT
Reformats SHOUQU.TEXT back into SHOUQU.DAT.NEW
Extracts zero pronouns with single antecedents
Makes a zero pronoun-antecedent candidate pair file
Makes stat files for find_zero

Case analysis files

Zero pronoun usage original data

Morphemes with their deep cases

Case frames from PRON_ANAPH. FRAMES. NOM

Case frame with probabilities by pos/meg cases
Feature inheritance table

Case frames from *.JCAS

Feature dictionary

Semcode dictionary

Nouns in modifier use

Pronouns with single antecedents

Pronoun-antecedent candidate pairs
Pronoun-antecedent candidate pairs without Nominals
Pronoun antecedent colliocation

Semcode-Feature table

Pronominal anaphora original data

Pronominal anaphora data reformatted for readability
Pronouns in SHOUQU. TEXT

Morphemes with anaphora info

Zero pronoun-antecedent candidate pairs

Zero pronoun-antecedent candidate pairs without Nominals
Stat file for =zero pronoun anaphora resolution
experiments

Zero pronouns with single antecedents
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A6 Location of Data

Noun Usage
/deptd/work7/IR_REF/REF9709/*. hutu*-conv

Case Analysis
/DB/SLDB/LNG/JCAS/T*. JCAS

cf. The files were converted with decomp#2C.lisp for the experiments.

Pronoun Usage and Anaphora

/deptd4/work?7/IR_REF/REF9709/SHOUOU. DAT. NEW

Zero Pronoun Usage and Anaphora
/deptd/work7/IR_REF/REF9709/ {226, 375-226} . zero-conv

Semcodes
The original  /usr/local/TDMI/tdmt-multi-dev/j-morph/dic/jma-atr-sem-code. text
The one used  /deptd/work7/ANAPH/DATA/ jma_nichiji.semcode (<BHRF> entries added)

Semantic Features
The Semantic Feature Dictionary

/deptd/work7/ANAPH/DATA/375. HEAD. NOMINAL. FEAT
Semcode-Semantic Feature Table

/deptd/work2/PS_WORK/DATA/RUIGO/RUIGO. SEM
Semantic Feature Inheritance Table

/dept4/work2/PS_WORK/DATA/RUIGO/FEATURE. TREE

Nouns of Modifier Use
/deptd/work7/ANAPH/DATA/375. NOUNS. AD]

A7 Location of Programs

/dept4/work7/ANAPH/prog/
/deptd/work7/IR_IFT/PRON_NF/
dep_morph. lisp
pron_morph. awk
SHOUOU_TEXT. lisp
SHOUOU_TEXT-DAT. awk
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