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Abstract

How to deal with unrestricted ex-
pressions in spontaneous utterances
is one of the issues in spoken lan-
guage translation. Omne method is
to automatically paraphrase utter-
ances prior to transfer. In the spo-
ken Chinese language, there are a
large number of variants due to dif-
ferent word orders. In this paper,
we focus on how to paraphrase ut-
terances by reordering words and
propose a pattern-based approach.
We also describe a method of auto-
matically learning paraphrasing pat-
terns from a paraphrase corpus, and
an efficient description tool of inte-
grating human experiences into pat-
terns. Experimental results are also
reported.

1 Introduction

Spoken language use is considered to be the
most convenient means for human-computer
communications. One of the characteristics
of spoken language communications is that
spontaneous utterances are allowed. Sponta-
neousness brings about enormous variations
in expressions. When faced with a spoken
language, a translation system will drop in
performance because of the inability to deal
with such variations. Accordingly, how to
deal with unrestricted expressions has become
one of the issues in spoken language transla-
tion research.

To resolve this problem, a paraphrasing
approach has been proposed in which the

spoken language input is automatically para-
phrased prior to transfer (Yamamoto et al.
2001). Paraphrasing aims at bridging the
unrestricted variations in the input and the
limited expressions accepted by the transfer.
However, the target of paraphrasing is not
clear because specifying the scope of a trans-
fer is very difficult.

There have been some cases of paraphras-
ing researches with certain targets. For ex-
ample, there has been work on rewriting the
source language in machine translation with a
focus on reducing syntactic ambiguities (Shi-
rai et al. 1993), research on paraphras-
ing paper titles with a focus on transform-
ing syntactic structures to achieve readabil-
ity (Sato 1999), and research on paraphras-
ing Japanese in summarization with a focus
on transforming a noun modifier into a noun
phrase (Kataoka et al. 1999). One idea might
be to paraphrase the spoken language input to
expressions that are close to the correspond-
ing written language (Zhang and Yamamoto
2001). However, defining the expressions of a
written language is also very difficult.

From the viewpoint of system develop-
ment, the transfer and the paraphrasing pro-
cessor should be developed independently.
The paraphraser should focus on transform-
ing one expression into other different expres-
sions with the same meaning in the source lan-
guage and the transfer should focus on trans-
ferring expressions having different meanings
between the two languages. The goal of para-
phrasing should be to generate as many dif-
ferent expressions as possible in order to cover
the expressions that can be processed by the
transfer. The paraphraser should continue to



generate new expressions until one expression
can be accepted by the transfer. For this pur-
pose, the paraphraser should consider para-
phrasing at all levels, for example, syntactic
structures, word orders, synonyms, etc.

In a spoken language translation system
from Chinese to another language, a para-
phraser of spoken Chinese is required. Chi-
nese has comparatively free word orders and
in the spoken language the word orders ap-
pear even freer (Zhang and Yamamoto 2001).
Quite a large part of all variants are due to
such word orders. Compared to other vari-
ants, variants of word orders are relatively re-
stricted because they are made from the same
words. In this paper, we focus on how to
paraphrase utterances on word orders. If a
language is completely free in terms of word
orders, possible variations in word orders for
a sentence can be obtained by giving out the
permutation of all words in the sentence. Chi-
nese is not a language with completely free
word orders and how to obtain the correct
paraphrases on word orders is a problem. En-
glish is also not a language with completely
free word orders. In English, words may ap-
pear far from their canonical positions. A
method of unscrambling English word orders
has been researched (Ramsay 2000).

2 Word Reordering in Spoken
Chinese

Word orders in the Chinese language mainly
follow the SVO (Subject-Verb-Object) type.
According to common knowledge, a tempo-
ral representation or locational representation
usually precedes a verb, and a modifier usu-
ally precedes a modified word. In the spo-
ken language, word orders appear relatively
free. In this section, we overview the phe-
nomenon of word orders in the spoken Chi-
nese language.

A preliminary investigation was conducted
on a Japanese-Chinese bilingual travel conver-
sation corpus, in which the Japanese utter-
ances were taken from the ATR travel con-
versation corpus (Takezawa 1999) and the
Chinese sentences were translations of the
Japanese utterances. Because the conversa-

tion scenes were considered during the trans-
lation process, the Chinese sentences were
close to the spoken style. First, we grouped
the Chinese sentences with respect to their
corresponding Japanese utterances. The Chi-
nese sentences in each group can be thought
of having the same meaning. Then from the
groups, we picked out the variants that dif-
fered mainly in word orders and classified
these variants into the following types accord-
ing to the components reordered.

(1) prepositional phrases
[2 — 1 — 1]35 43 BITHRIEGD,
(Please call me again, could you?)!
(2 — 1 — 2] 151 4%k ITHIBFD,
[2 — 1 — 3] EPHT IS 41 gy

(2) auxiliary verbs
[2 — 2 — 1]RPHZ HiFEFIE
(Whom should T tell?)
(2 — 2 — 2] FHiffEFRr RPI%

(3) objects of verbs
[2 — 3 — 1] seHIRR BHIETF 157
(May I have your name?)
[2 — 3 - 2]EBMETF Rei iR,

(4) modifiers and the modified words
(2 —4 - 1]&F Bo—piny 25 9?
(Is there medicine of a small volume?)

(2 — 4 — 2125 &F Bo—pify 197

(5) interrogative pronouns
(2 — 5 — 1]JL4 B Eigne?
What time will we arrive in Shanghai?
( g

(2 — 5 — 2] 3 ki JLgi We?

The examples show that in the spoken
language, an object of a verb may ap-
pear at the beginning of a sentence like in
[2 — 3 — 2], while it usually follows a verb like
in [2—3 —1]. The object “#&fEZF" appear-

ing at the beginning of the sentence becomes
more informative.

3 Pattern-based Paraphrasing

The task of word order paraphrasing is de-
fined as follows.

!The sentences in each group have the same mean-
ing and so the English translation is given once.



a) Given an input sentence, automaticall
p ) y
generate different sentences that satisfy

conditions (b) and (c).

(b) The denotative meanings of the gener-
ated sentences should be the same as that
of the input sentence.

(¢) The differences between the generated
sentences and the input sentence should
just be in the word order.

3.1 Why Adopt a Pattern-based
Approach

In such a paraphrasing task, the following
problems must be considered:

(i) how to identify paraphrase objects: which
components in a sentence will be re-
ordered,

(i1) how to generate a new sentence: what
will the new word order be, and

(iii) how to assure meaning-retaining: how
will the generated sentences keep the
same meaning as the input.

The examples in the last section show that
reordered components may be either objects
of verbs, prepositional phrases, interrogative
pronouns, or auxiliary verbs, and that a few
components may correlate with each other at
lexical, syntactic, or semantic levels. For ex-
ample,

e a verb decides whether its object can be
put at the beginning of the sentence,

e a prepositional phrase and a verb decide
whether the two parts can be reordered,

e the semantics of an interrogative pro-
noun decides where it can be moved to,

e the syntactic structure of a modifier de-
cides whether the modified word can be
separated from it, and

e the semantics of a verb and the question
interjection decide whether the auxiliary
verb “TJPL (may)” can be put at the end
of the sentence.

For problem (i), it is necessary to identify
the subject, object, and other components in
a sentence and such identification involves a
full parsing and semantic analysis. There has
been research based on such a deep analysis
(Ramsay 2000). For problem (ii), although
some types of word reorderings can be ob-
served from the corpus, there are still many
variations unable to be described clearly. We
have no knowledge about any general rules for
word reordering. Problem (iii) also involves a
full understanding.

In order to avoid the large cost of a deep
analysis, we propose a pattern-based ap-
proach to paraphrasing on the word order
and present an idea of automatically learning
patterns from a paraphrase corpus. The ap-
proach can resolve the above three problems
simultaneously. The contexts of instances are
utilized to define which components will be
reordered. The new word orders learnt from
these instances can ensure that the meaning
of the input is retained by the generated sen-
tence.

3.2 Paraphrase Corpus

A paraphrase corpus of the spoken Chinese
language was created on the basis of the Chi-
nese sentences in the Japanese-Chinese bilin-
gual travel conversation corpus. 20,000 Chi-
nese sentences were rephrased manually by
Chinese natives according to the following
principles.

e Fach rephrasing must keep the same in
meaning as the original sentence and re-
flect the characteristics of the spoken
Chinese language as much as possible.

e The words can be reordered or some
words can be replaced with synonyms, or
the syntactic structure can be changed.

o At least two different sentences must be
given for every original sentence.

e Fach original sentence must be rephrased
by two people. Then, the results from the
two people must be examined by a third
person. From the results, at least two
sentences are to be selected.



Table 1. Part of the part-of-speech set of the
Penn Chinese Treebank

Symbol Explanation

NN €ominon noun

NR proper noun

NT temporal noun

PN pronoun

DT determiner

DEC i in a relative-clause
DEG associative fJ

M measure word

JJ other noun-modifier
VA predicative adjective
VC b

VE # as the main verb
VA% other verb

AD adverb

P preposition excl. # and
LC localizer

CD cardinal number

0D ordinal number

SP sentence-final particle
BA j# in ba-construction
CC coordinating conjunction

In this way, a paraphrase corpus of 64,480 sen-
tences was created, comprising 20,000 original
sentences with each original sentence having
at least two variants.

3.3 Extraction of Instances

By pairing each variant with its correspond-
ing original sentence, 44,480 pairs were ob-
tained. Hereafter, we call such pairs as para-
phrase pairs.

Word segmentation and part-of-speech tag-
ging was carried out on the paraphrase pairs.
The part-of-speech tagger accepted Penn Chi-
nese Treebank tagsets comprising 33 parts-of-
speech (Xia 2000). This part-of-speech sys-
tem typically provides syntactic categories for
pattern generalization. A part of the Penn
Chinese Treebank tagsets is shown in Table
1.

From among the paraphrase pairs, we ex-
tracted those pairs satisfying the following
two conditions.

e the morpheme number of the original

sentence is equal to that of the variant.

e each morpheme of the original sentence
appears in the variant and vice versa.

The extraction produced 829 paraphrase
pairs. One example is shown in [3 — 1].

[3 — 1] an extracted paraphrase pair.
[original]

% /VE % /VE #/1] B3 /NN
(Are there any messages for me)
[variant]

®AY /11 BF /NN F /VE ¥&FH /VE

The extracted paraphrase pairs provided in-
stances for learning word order paraphras-
ing patterns. Because there were some errors
in the word segmentation and part-of-speech
tagging, these errors were modified towards
the 829 paraphrase pairs before the pattern
making process.

3.4 Automatic Generalization

A paraphrasing pattern consists of a match-
ing part and a generation part. The matching
part specifies the components that will be re-
ordered as well as the context condition. The
generation part defines the new word order.
First, an instance of the paraphrasing pat-
tern is formed from one extracted paraphrase
pair by taking the original sentence as the in-
stance of the matching part and the variant
as the instance of the generation part. In this
way, 829 instances of paraphrasing patterns
are formed from the 829 extracted paraphrase
pairs. For example, the instance formed from
[3 — 1] is shown in [3 — 2], where the arrow
connects an instance of the matching part and
an instance of the generation part from left to

right.

[3 — 2] an instance of a pattern
% /VE %% /VE #f /1] B3 /NN -
®A /11 BF /NN F /VE ¥&F /VE

Then, the formed instances are generalized.
The instances consist of pairs of a morpheme
and its part-of-speech. Replacing each mor-
pheme with a wild card will generalize the in-
stances to the syntactic part-of-speech level.
However, the observations show that verbs,



prepositions, and adverbs play an important
role in word reordering. Therefore, we only
apply wild card replacements to morphemes
whose parts-of-speech are in the following cat-
egories: NN, NR, NT, PN, CD, and JJ. The
pattern generalized from the instance [3 — 2]
is illustrated in [3 — 3]. In a generalized pat-
tern, the lexical information may be a mor-
pheme or a variable element represented by
symbol X;.

[3 — 3] a generalized pattern
#/VE ®F/VE /1] /NN -
/11 /NN F /VE &F /VE

3.5 Implementation of Paraphraser

The paraphraser processes each input sen-
tence in the following steps.

(1) select one pattern from the pattern set.

(2) match the input sentence with the match-
ing part of the selected pattern.

(3) If the matching succeeds, generate a new
sentence according to the new word order
defined in the generation part.

(4) select another pattern to continue steps

(2) to (4).

Pattern enera ization

nhanced b uman  perience

4.1 Problems in Automatic
Generalization

Through a preliminary experiment using au-
tomatically generalized patterns, we found
the following problems.

e Some patterns have too specific restric-
tions at the lexical level, especially when
the original sentences are very long. We
can imagine the coverage of such patterns
to be low. A long sentence usually in-
cludes clauses and noun phrases modify-
ing nouns. From the viewpoint of the de-
pendency grammar, a modifier depends
on its modifiee and therefore has no se-
rious effect on the reordering of other
words. Accordingly, there is the pos-

sibility of generalizing patterns further

by converting such modifiers to more ab-
stract expressions.

e On the other hand, some patterns give
erroneous results because certain mean-
ingful morphemes, such as & CD
and JLE NT | areautomatically gen-
eralized to their parts-of-speech. There-
fore, a means is needed to avoid some
morphemes from being automatically re-
placed with wild cards.

4.2 emi-Automatic Generalization
A escription ool

The above analyses show that the clauses and
noun phrases used as modifiers need to be fur-
ther generalized, and at the other hand, some
morphemes of PN and NN need to be specified
to avoid automatic generalization. Specifying
such generalization information requires hu-
man experience and knowledge. Considering
that it is almost impossible for people to write
many patterns in the above forms, we devel-
oped a simple and efficient description tool for
people to define the relative information.
The description tool consists of description
symbols and a transformation mechanism.
The description symbols are designed to spec-
ify generalization information on instances,
and the transformation mechanism automat-
ically transforms the defined instances into
patterns according to the definitions of the
description symbols. The description sym-
bols are only defined in the instance of the
matching part of each pattern. The trans-
formation mechanism automatically searches
for the corresponding part in the instance of
the generation part. The definitions of the
description symbols are given below.

: these symbols are used to enclose
a sequence of pairs of a morpheme and its
part-of-speech. The enclosed part may
be a syntactic component, e.g., a noun
phrase or a clause. Except for the part-
of-speech of the last pair, the other part
will be replaced with a wild card. In the
Chinese language, the syntactic property
of a sequence of words is most likely re-
flected at the last word, so the part-of-



speech of the last word is retained. In
this way, a sequence of pairs can be gen-
eralized to the syntactic level.

: these symbols are used to enclose a
pair to inhibit the morpheme of the pair
from being automatically replaced with
a wild card. In this way, the lexical in-
formation of the word can be utilized to
define the context.

: these symbols are used to enclose
a pair. The morpheme of the pair will
be replaced with a wild card. Besides
the parts-of-speech that are automati-
cally generalized as described in Section
3.4, morphemes of other parts-of-speech,
e.g., VV or M, may also be generalized to
the syntactic level in the contexts which
they appear.

The usages of the symbols are explained be-
low.

[4 —1][in tan ]

catch sight o /VV / E F/VV g
sea [NNHJ/ E room /NN §E can /VV
help /VV # me / N change /VV  —
one / /MW =
/VV  /VV R/ N /VV —/ /
JVV /B E/VV /NN B/ B /NN
ng /
[4 — 2][ att rn]
/ E /NN fg/VV  /VV /N /VV
/ L VR
fE/VV /VV / N /VV / /
/ E 1/NN 1§/
In [4 — 1], the verb phrase FBHY (to

catch sight of the sea) is a modifier of
the noun The part-of-speech of
the last word is DEC and it keeps the re-
lation that the verb phrase modifies the fol-
lowing noun. Here, the sequence is enclosed
by . The pair VV s en-
closed by . Such a defined instance is
processed by the transformation mechanism
and is generalized to the pattern shown in
[4 — 2], where Y; implies the possibility of be-
ing matched with any sequence of morphemes
and parts-of-speech and X; implies the possi-

bility of being matched with any morpheme.
[4 — 3][in tan ]

BB/VV /VV /N perm /VV —
£ hair /NN 15/ —
H#g /NN gE/VV o /VV E/ NNV —
NN 15/
[4 — 4][ att rn]
8/VV /VV ./ N /VV — /NN
[N
/NN §8/VV  /VV ./ N JVV —
g/
In [4 — 3], thenoun — (onetime) hasa

special usage in that it modifies the preced-

ing verb and not the following noun. The pair

— NN s enclosed by to main-

tain the lexical information. The generalized

pattern [4 — 4] shows that the morpheme —
is maintained.

Paraphrasing  periment

An experiment on paraphrasing utterances
by reordering words was conducted using the
proposed approach.

5.1 Pattern Construction

At first, word order paraphrasing patterns
were created. By using the description tool,
generalization information was manually de-
fined on the 829 formed instances. By ob-
serving the defined instances, we found that
certain words can cause some types of word
reorderings. By identifying such words in the
instances, we attempted to give out other
variants by reordering words manually and
also took manually-made variants as instances
of generation parts of patterns. From [5 — 1],
for example, we got three other variants.

[5—1][in tan ]
weL /vy o/ room /NN / /VV
rea ast /NN 1§/ —

/ /NN /o FBL/VV VYV

NN 15/

[variant 1] JNN ®BL/VV ) /NN
/ vV g

[variant 2] /NN / /NN /7]

PL/VV  /VV By

[variant 3] / /NN / /VV



/NN ®PL/VV g/

By pairing the instance of the matching part
with each of the other variants (1 2 3), three
other defined instances were obtained. In ad-
dition, by pairing any two different variants,
six other defined instances were acquired. As
a result, nine additional defined instances
were acquired. In this way, in addition to the
829 defined instances, another 319 defined in-
stances were obtained, giving a total of 1148
defined instances. Then, the defined instances
were automatically transformed into patterns
by the transformation mechanism.

In fact, the original sentence and the vari-
ant of each paraphrase pair were paraphrases
of each other. Therefore, the matching part
and the generation part of each pattern could
be reversed to form a new paraphrasing pat-
tern. In this way, another 1148 patterns were
obtained. After deleting duplicated ones,
2026 patterns remained.

5.2 Pattern Application

A paraphrasing experiment was carried out
on the paraphrase corpus using the obtained
patterns. Because sentences that include
the punctuations , and are com-
plicated and necessitate other pre-processes,
only the extracted 39885 simple sentences
were tested. FEach pattern maintained the
number of sentences producing it. To con-
duct an open test, each input sentence was
only matched with patterns excluding those
with the same sentence IDs.

4251 sentences were generated from the
39885 input sentences. Some of the input
sentences were paraphrased into one or more
variants and some were not paraphrased
at all. Then, the generated sentences
were checked by Chinese natives from two
viewpoints, i.e., naturalness and meaning-
retaining, with their corresponding input

sentences. 3 51 sentences were correct and
an 88 accuracy was achieved. Some correct
results are shown below.

[5—2][in

WA are there more cheap HY
room WG

(Are there any cheaper rooms? )

B RAES
&H N5
5 — 3][in 1]
in here W Pl ma reserve

restaurant P15
(May I reverse a restaurant here?)
G "
LA
WL g
G2 "
G

Results such as these showed that many
types of word reorderings were generated
by the current patterns. The generated
paraphrases will be supplied to the transfer
if the input sentence cannot be translated.
If one of them can be translated, we can
say that the paraphraser is effective in the
translation system.

iscussion

The proposed pattern-based paraphrasing has
the following advantages.

(1) The paraphraser is easily implemented.
Only word segmentation and part-of-
speech tagging are required and no other
syntactic and semantic analyses are in-
volved. Therefore, the process time is
short. This is a kind of paraphrasing that
depends on the surface information.

(2) By the proposed learning method, para-
phrasing patterns on word orders are
automatically obtained from the para-
phrase corpus, and with the developed
description tool, the pattern generaliza-
tion is enhanced by human experiences.

The new word orders of the current pat-
terns consider the following types of word re-
orderings.

e prepositional phrases and main verbs
e interrogative pronouns and main verbs
e some adverbs and main verbs

e verbs and their objects



e auxiliary verb “WPA (may)” and the re-
maining part of the sentence

e modifiers and modified words
e measure words and modified nouns.

Since most word reordering types are consid-
ered, the generation ablity of the paraphraser
is powerful.

On the other hand, the coverage of the cur-
rent patterns is still low. Only 4251 sentences
are generated from the 39885 sentences. One
reason is that errors from the part-of-speech
tagging cause pattern matching failures. For-
tunately, this problem can be improved partly
by modifying the generalized patterns. In the
generalized patterns, the lexical information
may be a morpheme or a variable element. If
the lexical information is a morpheme, we can
replace its part-of-speech with a wild card. In
this way, the results of any part-of-speech tag-
ging are ignored.

Another reason is that patterns are too spe-
cific to match with more sentences. If a sen-
tence is close to the syntactic structure of
a sentence that appears in the pattern con-
struction, it can be well paraphrased. Other-
wise, it cannot be paraphrased even though
it includes possible reordering objects. How
to generalize patterns further and how to in-
crease patterns are open issues.

Conc usion

In this paper, we proposed a pattern-based
approach for paraphrasing the spoken Chi-
nese language on the word order. We de-
scribed a method of automatically learning
patterns from a paraphrase corpus. To in-
crease the coverage and accuracy of patterns,
a simple and efficient description tool was de-
veloped to enable the integration of human
experiences. Then, a paraphrasing experi-
ment was conducted and an 88 paraphras-
ing accuracy was achieved. It was also con-
firmed that the generation ability of the cur-
rent patterns is powerful. At the same time,
however, the results showed that the coverage
of the patterns is still low due to an insuffi-
cient generalization.

In the next phase, we are going to para-
phrase the spoken language focusing on the
substitution of synonyms and the change
of syntactic structures. We hope for more
automatically-produced paraphrases.
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