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Abstract

A severe problem for NLP applications dealing
with multilingual language resources is the ac-
quisition of knowledge that is obligatory in one
language but not explicitly expressed in another
language. In this paper, we focus on numeral
classifiers, which are required in languages like
Japanese but are usually not explicitly used in
languages like English, which don’t have such a
classifier system.

We propose a uniform method to assign the
numeral classifiers of languages that have a nu-
meral classifier system to the numerals of non-
classifier languages. The omitted classifier in-
formation is extracted from a bilingual corpus
based on phrasal correspondences in the con-
texts of the respective sentences.

1 Introduction

Various NLP applications, such as machine
translation, are confronted with the need to ac-
quire knowledge that is obligatory in one lan-
guage but not explicitly expressed in another
language. However, based on the assumption
that the word sequences of bilingual sentences
have the same semantic information, knowledge
of specific features of one language that do not
exist in the other language can be extracted
from phrasal correspondences.

In this paper, we focus on numeral classi-
fiers (cf. Section 2), which are required in lan-
guages like Japanese to categorize the objects
that speakers count or quantify but are usually
not explicitly used in languages like English,
which don’t have such a classifier system. In
the case of a machine translation application,
knowledge of omitted classifier information has
to be recovered when translating into languages
with numeral classifier systems.

Our corpus-based method extracts the omit-
ted classifier information from corresponding

phrases of bilingual samples similar to the input.
First, we retrieve bilingual sentence pairs from
the training corpus by performing a dynamic
programming match between the input sentence
and training sentences of the same language. In
the second step, a phrase alignment method is
applied to the selected bilingual sentence pairs
in order to identify corresponding phrases (cf.
Section 4). The aligned phrasal knowledge of
numeral classifiers is then reused to generate
numeral classifiers corresponding to numeral ex-
pressions of the non-classifier language as de-
scribed in Section 5.

2 Numeral Classifier

Numeral classifiers are components of a gram-
matical system that reflects how speakers cate-
gorize objects that they count or quantify. They
form a group of morphemes that usually oc-
cur adjacent to quantity expressions that in-
clude numbers. Around 37 East and Southeast
Asian languages have numeral classifier systems
(Adams and Conklin, 1973).

Japanese, for example, has more than 150
different numeral classifiers, but only 30-80 are
found in daily use (Downing, 1996). Japanese
classifiers (josushi) are a subclass of nouns and
can postfix to numerals and quantificational
nouns, such as su (some) or nani (what), to
form a noun phrase. They cannot form gram-
matical noun phrases on their own.

However, in languages without such a classi-
fier system, like English, numerals can directly
modify countable nouns or can even be used
anaphorically, i.e. without any quantified noun.
Uncountable nouns have to be reclassified as
countable ones or embedded in a partitive con-
struction (Quirk et al., 1985).

Although similar patterns for languages with
classifier systems have been reported in (Croft,
1994), classifiers, their relationship to nouns,



and their realization (i.e. the syntactic posi-
tion of numeral classifier phrases within the sen-
tence), are language-dependent. The selection
of numeral classifiers is determined by the in-
herent semantic properties of the noun whose
quantity is being specified in the context of the
respective utterance.

Concerning the realization of quantifier con-
structions, (Asahioka et al., 1990) distinguishes

the types given in Table 1 for Japanese'.

Table 1: Japanese Quantifier Constructions

Type Form
prenominal  XC “no” Nm
appositive N XC m

floating N m XC
partitive N “no” XC m
attributive XC N m
anaphoric  XC m
predicative N “wa” XC “da”

Therefore, the generation of numeral classi-
fiers requires not only the selection of an appro-
priate classifier but also its type for its realiza-
tion within the context of the sentence.

3 Related Research

Previous work in numeral classifiers focused
mainly on the syntactic, semantic and func-
tional aspects of numeral classifier systems
within a particular language (Downing, 1996).
Less research has been conducted on the gener-
ation of numeral classifier phrases.

(Sornlertlamvanich et al., 1994) proposed an
algorithm for generating numeral classifiers in
Thai that uses default classifiers associated with
each noun defined in a lexicon. However, no
evaluation results have been published.

(Bond and Paik, 2000) reuses semantic classes
from an ontology for the generation of Japanese
numeral classifiers. Their algorithm associated
classifiers with semantic classes and used in-
heritance to dynamically select the classifier of
a noun according to its most typical semantic
class. They evaluated their algorithm using 90
noun phrases modified by sortal classifiers and
achieved an accuracy of 81%. The upper bound-
ary of their method was given as 88%.

(Bond et al., 1996) used bilingual information
for the translation of Japanese numeral classi-

'X - numeral, C - classifier, N - quantified noun, m -
case marker

fiers into English. Their analysis of prenominal
classifiers is based on the characteristics of, and
the differences between, Japanese and English,
i.e. restrictions on countability and number of
the embedded English noun phrase in a par-
titive construction. Although their rule-based
approach was implemented in a Japanese-to-
English machine translation system, no evalua-
tion results of its accuracy have been presented.

In our approach, the information required for
the generation of numeral classifiers is extracted
automatically from a corpus using phrase align-
ment between bilingual sentence pairs. This
provides a uniform approach for various nu-
meral classifier constructions.

4 Phrase Alignment

The term phrase alignment refers to the ex-
traction of equivalent partial word sequences
between bilingual sentences. Not only sin-
gle words but also more complex grammati-
cal constituents like noun or verb phrases can
be aligned based on the syntactic structure of
each sentence. Equivalent phrases indicate cor-
responding expressions between two languages.
Based on the assumption that the word se-
quences of bilingual sentences have the same
semantic information, knowledge of specific fea-
tures of one language that do not exist in the
other language can be extracted from these
phrasal alignments.

Various phrase alignment methods have been
proposed, such as (Kaji et al., 1992), (Mat-
sumoto et al., 1993), (Kitamura and Mat-
sumoto, 1995), (Meyers et al., 1996), (Ya-
mamoto and Matsumoto, 2000), (Imamura,

2001), and (Richardson et al., 2001).

An example of a phrase alignment between
bilingual sentences is given in Figure 1. The
circled words and connecting lines mark word
alignments. Based on these restrictions, both
sentence structures can be compared, and
equivalent phrases can be extracted. The equiv-
alent phrases (1)NP and (3)NP of our exam-
ple align the English numerals to the corre-
sponding Japanese numeral classifier expres-
sions. Therefore, we can interpret the English
phrase “at eight” as a time expression (“X ji¥
“X o’clock”) and “two” as the number of people
of the reservation (“X ri” ¢ “X person(s)”).
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Figure 1: Phrase Alignment

5 Generation of Numeral Classifier

In our experiments described in Section 6,
we used English as a representative of lan-
guages without a numeral classifier system and
Japanese as a representative of numeral classi-

fier languages.
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Figure 2: Configuration

The proposed method illustrated in Figure 2
takes an English utterance, containing numer-
als without a quantified noun, as the input and
outputs information (classifier word and real-
ization type) required for the generation of the
corresponding Japanese numeral classifier.

Our resources are (1) a bilingual corpus, in
which sentences are aligned beforehand, (2) the-
sauri of both languages, which are used in aiding
word alignment and incorporating the semantic
distance between words, and (3) the tagger and
parsers of the alignment module.

5.1

Given an input sentence containing numerals,
we retrieve the most similar examples in the

Sentence-Retrieval

training corpus by utilizing the method pro-
posed in (Sumita, 2001). This method carries
out DP-matching of the input sentence and ex-
ample sentences while measuring the semantic
distance of the words. The source parts of all ex-
ample sentences in the bilingual corpus are ex-
amined. By measuring the distance between the
word sequences of the input and example sen-
tences, it retrieves the examples with the mini-
mum distance, provided the distance is smaller
than the given threshold. Otherwise, the re-
trieval step fails with no output. The distance
is calculated by a standard dynamic program-
ming technique (Cormen et al., 1996) as

I+D+2+% %
Linput + Lexample

dist =

(1)

The counts of the Insertion (I), Deletion (D),
and Substitution () operations are summed
up, and the total is normalized by the sum
of the length of the source (Linput) and exam-
ple sequences (Lepampic). Substitution consid-
ers the semantic distance between two substi-
tuted words and is defined as the division of K,
the level of the least common abstraction in the
thesaurus of two words, by N, the height of the
thesaurus (Sumita and Iida, 1991).

5.2 Numeral Phrase Alignment

In order to identify Japanese numeral classi-
fiers corresponding to numeral expressions of
the matched English utterances, the equiva-
lent Japanese utterances of the training corpus
are extracted, and each of the bilingual lan-



