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Abstract

Syllable-to-word (STW) conversion is important
in Chinese phonetic input methods and speech
recognition. There are two major problems in
the STW conversion: (1) resolving the
ambiguity caused by homonyms;, (2)
determining the word segmentation. This paper
describes a noun-verb event-frame (NVEF)
word identifier that can be used to solve these
problems effectively. Our approach includes (@)
an NV EF word-pair identifier and (b) other word
identifiers for the non-NVEF portion.

Our experiment showed that the NVEF
word-pair identifier is able to achieve a 99.66%
STW accuracy for the NVEF related portion,
and by combining with other identifiers for the
non-NVEF portion, the overall STW accuracy is
96.50%.

The result of this study indicates that the NVEF
knowledge is very powerful for the STW
conversion. In fact, numerous cases requiring
disambiguation in natural language processing
fall into such “chicken-and-egg” situation. The
NV EF knowledge can be employed as a general
tool in such systems for disambiguating the
NVEF related portion independently (thus
breaking the chicken-and-egg situation) and
using that as a good fundamental basis to treat
the remaining portion. This shows that the
NVEF knowledge is likely to be important for
general NLP. To further expand its coverage, we
shall extend the study of NVEF to that of other
co-occurrence restrictions such as nhoun-noun
pairs, noun-adjective pairs and verb-adverb pairs.
We believe the STW accuracy can be further
improved with the additional knowledge.
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1. Introduction

More than 100 Chinese input methods have been
created in the past [1-6]. Currently, the most
popular input method is based on phonetic
symbols. Phonetic input method requires little
training because Chinese are taught to write the
corresponding pinyin syllable of each Chinese
character in primary school. Since there are
more than 13,000 distinct Chinese characters
(with around 5400 commonly-used), but only
1,300 distinct syllables, the homonym problem
is quite severe in phonetic input method.
Therefore, an intelligent syllable-to-word (STW)
conversion for Chinese is very important. A
comparable (but easier) problem to the STW
conversion in English is the word-sense
disambiguation.

There are basically two approaches for the STW
conversion: (a) the linguistic approach based on
syntax parsing or semantic template matching
[3.4,7,8] and (b) the statistical approach based
on the n-gram model where n is usually 2 or 3
[9-12]. The linguistic approach is more laborious
but the end result can be more user friendly. On
the other hand, the statistical approach is less
labor intensive, but its power is dependent on
training corpus and it usualy does not provide
deep semantic information. Our approach adopts
the semantically oriented NVEF word-pairs (to
be defined formally in Section 2.1) plus other
statistical methods so that not only the result
makes sense semantically, but the model is aso
fully automatic provided that enough NVEFs
have already been collected.

According to the studies in [13], good syllable
sequence segmentation is crucia for the STW
conversion. For example, consider the syllable
sequence “zhe4 liangd chel xing2 shi3 shun4



chang4” of the Chinese sentence g1~ Bl
"EliiE} (This car moves well).” By dictionary, the
two possible segmentation results are (we use
“/” to indicate syllable word boundary)

(1) “zhed/liang4/chel xing2/shi3/shun4 chang4”
(2) “zhed/liang4/chel/xing2 shi3/shun4 chang4”
using the longest-syllabic-word-first strategy
[14]. The two ambiguous portions are /chel
xing2/shi3/ (I{ {17,711 B} fﬁl,i{ﬁ,ﬁll,ﬁi,f\,%,
1}/) and /chel/xing2 shi3/ (/{ﬁl,ﬁﬁi,é{ =R
i {f1}/), respectively. In this case, if the system
has the information that “ H1- = [i(car, move)” is
a permissible NVEF word-pair and its
corresponding syllable-pair  “chel-xing2shi3”
has been collected, then the correct segmentation
and word-pair “ i -~ F (chel-xing2shi3)" of
this syllable sequence can be determined
simultaneously.

Since NVEF word-pairs are usualy the key
features of a sentence, if identified correctly,
they become good reference words for the
n-gram models to predict the remaining
unconverted syllables. We [15] showed that the
knowledge of NVEF sense-pairs and their
corresponding  NVEF  word-pairs (NVEF
knowledge) are useful for effectively resolving
word sense ambiguity and getting highly
accurate  word-segmentation  for  those
ambiguous NV EF word-pairs in Chinese.

In this paper, we shall show that the NVEF
knowledge can be used effectively in the STW
conversion for Chinese. Section 2 describes our
approach. The experimental result is presented
in Section 3. Directions for future research will
be discussed in section 4.

2. Development of an NVEF-based Word
Identifier

Hownet [16] is adopted as the system’'s
word-sense dictionary, which provides the
knowledge of Chinese lexicon (58,541 words),
parts-of-speech (POS) and word senses. We
have integrated Chinese words in Hownet,
Sinica corpus [17], Cilin (tong2yi4ciZ2ci2lin2* [ﬁj
Z m 7 fF ") [18], Chinese dictionary
(guo2yu2ci2dian3* [/ ™) [19] and Chinese
word lists in [20] into a commonly-used
machine-readable dictionary (MRD) caled
common MRD, which provides the knowledge of

Chinese lexicon (in which the top 60,000 words
are selected from the list of 252,307 words in
descending order of word frequency), word
frequencies and syllable words. The syllable of
each word in common MRD was trandlated by
the inversed process of phoneme-to-character
system presented in [4,8]. Word frequency is
computed according to a fixed size training
corpus consisting of 4,539,624 Chinese
sentences abtained from the on-line United
Dailly News [21] (during the period of 17
January, 2001 to 30 December, 2001).

2.1 Definition of the NVEF Sense-Pair,
Word-Pair and Syllable Wor d-Pair

The sense of a word is defined as its DEF
(concept definition) in Hownet. Table 1 lists
three different senses of the Chinese word “ i
(Che/carfturn).” In Hownet, the DEF of a word
consists of its main feature and secondary
features. For example, in the DEF “character|¥
', surnamel{t, human| *, PropaNaﬂe|EI” of
the word “Hi(Che),” the first item “character|¥
4" is the main feature, and the remaining three
items, “surname| #* " “human| * " and
“ ProperNamelElj ;' are its secondary features.
The main feature in Hownet can inherit features
in the hypernym-hyponym hierarchy. There are
approximately 1,500 features in Hownet. Each
feature is called a sememe, which refers to a
smallest semantic unit that cannot be further
reduced.

Table 1. Three different senses of the Chinese
word “Fi(Chelcar/turn)”

Word POS/Sense (i.e. DEF in Hownet)

Hi Che  N/character|¥ 5, surnamelf:,human| * ,ProperNamelEJJ
Hi car N/LandVehiclel!
frturn Vieut]fll

The Hownet dictionary used in this study
contains 58,541 words, in which there are
33,264 nouns, 16,723 verbs and 16,469 senses
(including 10,011 noun-senses and 4,462
verb-senses). In our experiment, we have also
added the DEFs for those words not in Hownet.

A permissible NV word-pair such as “ -/ il
(car-move)” is caled a noun-verb event-frame
(NVEF) word-pair. According to the sense of the
word “Hi(Che/car/turn)” and the word “ i~ [l



(move),” the only permissible NV sense-pair for
the NV word-pair “ i -~ E (car, move)” is
“LandVehicle| i "-“VehicleGo| Fi! " We call
such a permissible NV sense-pair an NVEF
sense-pair. Note that an NVEF sense-pair is a
class that includes the NV EF word-pair instance
“Hi-=F" as well as the corresponding NVEF
syllable word-pair “chel-xing2 shi3.”

2.2 Definition of the NVEF KR-Tree

A knowledge representation tree (KR-treg) of
NVEF sense-pairs is shown in Fig.1. There are
two types of nodes in the KR-tree: concept
nodes and function nodes. Concept nodes refer
to words and features in Hownet. Function
nodes are used to define the relationships
between their parent and children concept nodes.
If a concept node A is the child of another
concept node B, then A is a subclass of B.
Following this convention, we shall omit the
function node “subclass’ between A and B.
Noun-sense class is divided into 15 subclasses
according to their main features. They are
bacteria, animal, human, plant, artifact, natural,
event, mental, phenomena, shape, place, location,
time, abstract and quantity.

Three function nodes are used in the KR-tree as

shown in Fig. 1:
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Figure 1. An illustration of the KR-tree using “ *
Pu(artifact)” as an example noun-sense subclass.

() Major-Event (= f1g1[F): The content of its
parent node represents a noun-sense subclass,
and the content of its child node represents a
verb-sense subclass. A noun-sense subclass
and a verb-sense subclass linked by a
Major-Event function node is an NVEF
subclass sense-pair, such as “&LandVehicle]|

Hi" and “=VehcileGo|E” in Fig. 1. To
describe various relationships  between
noun-sense and verb-sense subclasses, we
have designed three subclass sense-symbols,
in which “=" means “exact,” “&” means
“like” and “%" means “inclusive.” An
example using these symbols is given below.
Given three senses S, S; and S; defined by a
main feature A and three secondary features
B, Cad D, let S, = A, B, C, D,
S,= A, B, and S;= A, C, D. Then, we have
that sense S; isin the “=A,B” exact-subclass;
senses S and S, ae in the “&A,B”
like-subclass; and senses S; S, and S; are in
the “%A" inclusive-subclass.

(2)Word-Instance (1 {7]): The content of its
children are the words belonging to the sense
subclass of its parent node. These words are
learned automatically by the NVEF
sense-pair identifier according to sentences
under the Test-Sentence nodes.

(3) Test-Sentence (JH[IEERH): Its content includes
several selected test sentences in support of
its corresponding NV EF subclass sense-pair.

2.3 An NVEF Word-Pair |dentifier

We [15] have developed an NVEF sense-pair
identifier for word-sense disambiguation (WSD).
This sense-pair identifier is based on the NVEF
KR-tree and the techniques of longest syllabic
NVEF-word-pair ~ first (LSNVWF) and
exclusion word list (EWL) checking. By
modifying this identifier, we obtain our NVEF
word-pair identifier described below.

Step 1. Input a syllable sequence.

Step 2. Generate all possible NV word-pairs
whose corresponding NV  syllable
word-pairs are found in the input
sequence. Exclude certain NV word-pairs
based on EWL checking.

Step 3. Check each NV word-pair to see if its
corresponding NV sense-pairs (there can
be severa such pairs) can be matched to
an NVEF subclass sense-pair in the
KR-tree. If one such NV sense-pair
matches an NVEF subclass sense-pair in
the KR-tree, then this permissible NVEF
sense-pairs and their corresponding NV EF
word-pairs can be used for the sentence.
Resolve conflicts using the LS-NVWF



strategy.
Step 4. Arrange al remaining permissible

NV EF sense-pairs and their corresponding
NVEF word-pairs in a sentence-NVEF
tree. If no NVEF word-pair can be
identified from the input sequence, a null
sentence-NV EF tree will be produced.
A system overview of the NVEF word-pair
identifier is given in Fig. 2. The output of this
NVEF word-pair identifier is caled a
sentence-NVEF tree, as shownin Fig. 3.

‘ LS-NVWF & EWL checking ‘

input syllables NVEF word- L sentence-NVEF tree
pair identifier
< KR tree O ( Hownao

Figure 2. A system overview of the NVEF word-pair
identifier.

TN

Figure 3. A sentence-NVEF tree for the Chinese
syllables “yin3 liao4 1i3 han2 you3 bu4 ming2 wu4d
zhi2( | There are uncertain
mattersin the drink).”

2.4 A Word ldentifier for the non-NVEF
portion

To supplement the NVEF word-pair identifier
for the portion of syllable sequence that is not
converted by the NVEF knowledge, a separate
word identifier is developed. A system overview
of the identifier for the NVEF portion and
non-NVEF portion is given in Fig. 4. Our word
identifier for the non-NVEF portion includes
four sub-identifiers whose details are given
below:

D Number-classifier-noun phrase (NCN
phrase) identifier: There are many specific
linguistic units, such as names, addresses,
determinatives-measure compounds (DM) etc. in
syllables which need to be recognized in order to
supplement the NVEF word-pair identifier
(which works in a top-down fashion) Although
the number of these linguistic units are infinite,
they can be recognized by finite regular

expressions [22]. Following this fact and
Chinese grammar, we have developed an NCN
phrase identifier to identify phrases consisting of
the numbers, classifiers, and nouns, in particular,
the commonly-used number-classifier-noun
syllable pattern, such as syllables “yil bai3 wu3
shi2 ge4 guanl zhong4 (- 1= {5 [one
hundred and fifty audience).”

To develop this identifier, we first divide the
related words in Hownet into three subclasses
for the construction of the NCN phrase, i.e.
numbers (the POS is “NUM”"), classifiers (the
POS is “CLAS’) and nouns (the POS is “N".)
Secondly, to enrich the knowledge in Hownet,
12 new numbers and 172 new classifiers are
added into the origina Hownet. Then we create
atable listing 13,366 classifier-noun word-pairs
(CN word-pairs) and their corresponding CN
syllable word-pairs, such as “ged-guanl zhong4
(' -#! 58).” This table is caled the CN
word-pair list, which is generated by training
corpus (Monosyllabic nouns are not considered

in thistable).
non-unige segmented sentence and a
syllabic word sentence-NVEF tree
identifier
1

I
unsegmented NCN word uni i
: que-syllabic
syllableinput identifier

word identifier
petfic- NVEF word- _
monosyllabic par dentifir common MRD | | training corpus

word identifier

Figure 4. A system overview of the NVEF-based
word identifier.

Now, take the syllables “yinl yue4 tingl you3
yil bai3 wu3 shi2 ge4 guanl zhong4 (IFﬁ BT
- Fir A [W#%¢ There are one hundred and
fifty audiences in concert hall)” as an example.
The NCN phrase identifier will first identify the
words of number syllables “yil bai3 wu3
shi2( - Fi 7+ o Jone hundred and fifty)”
combi ned by combining two matching number
syllables “yil bai3(—~ i one hundred)” and
“wu3 shi2(=+ [fifty).” Secondly, if the number
of characters of the recognized number syllables
is greater than 1, the NCN word identifier will



continue on checking the following syllables
with the CN word-pair list. In this case, since the
following syllables “ge4 guanl zhong4” are
found in the CN word-pair list, it will be
identified as CN word-pair “ {fi-# 52"

2 Specific-monosyllabic word identifier:
When a monosyllabic word in Hownet has
exactly one POS, and that POS is in the set

{ADJ (adjective), ADV (adverb), AUX
(auxiliary), COOR (coordinator), CONJ
(conjunctive), PREP (preposition), STRU
(structure word)}, we cdl this word a

specific-monosyllabic word. There are 525
specific-monosyllabic words found in the used
Hownet.

Consider the following monosyllabic word “=!
[aready(yi3).” We shal use the POS
information of polysyllabic words immediately
preceding and following this word to decide if
“yi3" should be identified as “ =!I (already)”.
According to the training corpus, the top 3
preferred POSs of words following “ <!
(already)” are V (verb), ADV (adverb) and ADJ
(adjective). Therefore, the top 3 preferred POSs
of syllable words following “yi3” should aso be
V, ADV and ADJ provided that “ =~ (aready)” is
to be identified. The top 3 preferred POSs of
syllable words preceding and following a
specific-monosyllabic word will be called the
top 3 preceding and following preferred POSs,
respectively.

Now, consider the syllable sequence “gongl
cheng2 yi3 wan2 cheng2 le5 (7 AH=I5nY "
[The project has been done)” as an example.
First, by checking syllable-by-syllable from left
to right, our agorithm recognizes that there is a
specific-monosyllabic  word “yi3” in this
sentence. Then, it will use the
longest-syllabic-word-first strategy to identify
the syllable word “wan2 cheng2” following
“yi3" and the syllable word “gongl cheng2’
preceding “yi3". It will check whether at least
one of the distinct POSs of the preceding and
following syllable words are within the set of
top 3 preceding and following preferred POSs of
“yi3", respectively. Since this is indeed the case,
theword “=!” will be identified.

After the input syllables have been processed by
the NVEF word-pair identifier, the NCN word

identifier, and the specific-monosyllabic word
identifier, the remaining unconverted syllables
will be segmented in a right-to-left fashion using
the LS-NVWF strategy in the following process.

(©)] Unique-syllabic word identifier: When
a given syllable word maps to exactly one word
in the common MRD, we call the mapped word
in MRD a unique-syllabic word, e.g. the word
“F % @ lyinl yue4  huid”.  These
unique-syIIaEic words will be identified directly
from right to left.

4 Non-unique-syllabic word identifier:
This identifier is used at the very end to dea
with those remaining unconverted syllables. It is
an n-gram based approach. Define the NVEF
freqguency to be the number of sentences
including a given NVEF word-pair in the
training corpus. First of al, the identifier will
select, from the sentence-NVEF tree, the NVEF
word-pair having the largest NVEF frequency as
the main NVEF word-pair. Recall that the
unconverted syllables have been segmented by
the longest-syllable-word-first strategy from
right to left. Finally, it will convert each
segmented syllable word to its corresponding
word by the following steps. (a) find all
distinctly mapped words of a given syllable
word from the common MRD, (b) compute the
co-occurrence frequency of each mapped word
with the key NVEF word-pair one-by-one in
descending order of mapped words' frequencies,
(c) whenever the co-occurrence frequency is
greater than O, then convert the given syllable
word to this mapped word, (d) if al the
computed co-occurrence frequencies in step (b)
are 0, the given syllable word will be convert to
its mapped word with the largest word
frequency.

Take the non-unique syllable word “jind” in
Table Al as example, the list of its mapped
words in descending order of word frequency
were “i%(enter)/212,481", “37(near)/115,913",
“ 3l (exhaustive)/58,387" , “ & (forbid)/17,702",
“Zh(strongly)/8,089”, " (Jin Dynasty)/4,524”,
“% (soak)/1,677" , “ G (cinder)/722" |, ¢ Fﬂ?
(Jiny/114" and *“ ﬁ (red dilk)/41.” Since the
co-occurrence frequency of the mapped words
with the key NVEF word-pair “ 25 3 -p] *
(locale, enter)” isfirst greater than O at the word



“37(near)”, the non-unique syllabic word “jin4”
will be converted to the word “3/7.”

Table Al in the appendix illustrates the
complete process of our STW conversion based
on the NVEF word identifier.

3. Experimental Results

Define the STW accuracy to be the ratio of the #
of correct characters identified over the total # of
characters. We use the inverse trandator of
phoneme-to-character system in [3] to convert a
test sentence into a syllable sequence, then apply
our STW algorithm to convert this syllable
sequence back to characters and calculate its
accuracy.

If a sentence contains an NVEF word-pair, this
sentence is called an NVEF identified sentence.
Since the purpose of this study is to demonstrate
the effect of applying NV EF word-pair identifier
to the STW conversion, we shal focus on
converting NV EF identified sentences.

10,000 NV EF identified sentences are randomly
selected from the test sentences in the KR-tree to
be the closed test set; and another 10,000
sentences are randomly selected from Sinica
corpus to be the open test set. Note that
sentences in open test set are not necessarily
NV EF identified sentences.

The results of the STW experiment are shown in
Table 2 listed in three columns. (1) the NVEF
word-pair identifier; (2) the other four
sub-identifiers for the non-NVEF protion; and (3)
the combination of (1) and (2).

Table 2. Theresults of the STW experiment.
€ (&) ©)

Closed test 99.76% 94.65% 97.10%
Opentest | 99.55% 9364%  95.97%
Average 99.66% 94.08% 96.50%

For more details, the accuracies of the four
identifiers in Section 2.4 are listed in Table 3
below.

Table 3. The STW accuracies of the four
sub-identifiersfor the non-NVEF portion

@ @ B @

Closedtest  100.00% 94.68% 97.45% 89.01%
Opentest  97.25% 94.02% 97.37% 86.10%
Average 98.31% 94.32% 97.41% 87.35%

4. Conclusions and Directions for Future
Research

In this paper, we have applied an NVEF
word-pair identifier to the Chinese STW
conversion problem and obtained excellent rates
as shown in Table 2. The knowledge used in this
study includes: (1) the NVEF knowledge, (2) the
CN word-pair list, (3) the top 3 preferred POSs

following or preceding the
specific-monosyllabic ~ words, 4 the
unique-syllabic word list and (5) the

co-occurrence frequency of words with a
selected key NVEF word-pairs. Besides the
NVEF knowledge in (1), which can be (and has
been) generated semi-automatically, the other
knowledge can all be trained automatically.

Our database for the NVEF knowledge has not
been completed at the time of this writing. The
NVEFs ae constructed by sdecting a
noun-sense in Hownet and searching for
meaningful verb-sense associated with it.
Currently, only 66.34% (=6,641/10,011) of the
noun-senses in Hownet have been considered in
the NVEF knowledge construction. This results
in 167,203 NVEF subclass sense-pairs and
317,820 NVEF word-pairs created in the
KR-tree. In the training corpus, about 50% of
the sentences includes at least one NVEF
word-pair in it.

Based on this experiment, we find that the
NVEF-based approach has the potential to
provide the following information for a given
syllable sequence: (1) well-segmented Chinese
sentence, (2) sentence-NVEF tree including
main verbs, nouns, NVEF word-pairs, NVEF
sense-pairs, NVEF phrase-boundaries, and (3)
the CN word-pairs. This information will likely
be useful for general NLP, especialy for
sentence understanding.

The NVEF knowledge is a general linguistic
key-feature for sentence analysis. We are
encouraged to note that the NVEF knowledge
can achieve a high STW accuracy of 99.66% for
the NVEF reated portion. Our NVEF word
identifier can be easily integrated with other
existing STW conversion systems by using the
NVEF word identifier as a first round filter,
namely, identifying words in the NVEF related
portion (thus, providing a good fundamental
basis) and leaving the remaining unconverted



syllables to other systems with a good potentia
to enhance their accuracies.

We shall continue our work on covering al the
noun-senses in Hownet for the NVEF
knowledge construction. This procedure can
now be done fully automatically with 99.9% of
confidence. The study of NVEF will aso be
extended to that of other co-occurrence
restrictions such as noun-noun (NN) pairs,
noun-adjective (NA) pairs and verb-adverb (ND)
pairs. Note, however, that the study of these
latter pairs will be much simpliefied once the
key-feature NVEFs of a sentence have been
correctly extracted. We shall also try to improve
our NVEF-based approach for the STW
conversion and further extend it to speech
recognition.

The results in [15] indicate that the NVEF
knowledge can also be used effectively for word
sense disambiguation. In the future, we shall
apply the NVEF knowledge to other fields of
NLP, in particular, document classification,
information retrieval, question answering and
speech understanding.
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Table Al. Anillustration of our STW conversion on the syllable input “yinl yue4 hui4 de5 xian4 chang2 yong3
ru4 jind liang3 gianl ming2 guanl zhong4” of the Chinese sentence IF“, 43 FT FYZREEp) * Ty £l 5 (There
are near two thousands audience entering the concert hall)”

Identifier Temp output Temp not-converted syllables
NCNword .. [AI=IF7 - £ yinlyued huid de5 xiand chang2 yong3 ru4 jind [A]
Specific- [BI=[¥] yinl yued hui4 [B] xian4 chang2 yong3 ru4 jin4 [A]

Unique-syllabic

word

Non-unique-
Syllabic word

[CA=[FE-1p * ]
[C]=[#%]

9
T
ey
78
i

[D] [B] [C4] [E] [A] [C]

Final output:
+ / /
+-—+

(guanl zhong4)/human|

(xian4 chang2)/place|

/ / / / /
,*look|
(yong3 rud)/Golnto| N
,#fact| /N
(yong3ru4)/Golnto]| /N
(yinl yue4 hui4/unique-syllabic word)
(de5/specific-monosyllabic Word)
(jind/non-unique-syllabic word)
(liang3 gianl ming2/NCN word)

,#entertainment| ,#sport]| ,*recreation| /N




