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ABSTRACT

One problem in Chinese language processing is the
lack of grammatical regularity in the language. This
leads to very complex Chinese grammar in order to
obtain satisfactory results, which in term increas-
es the complexity in the parsing process. In order
to simplify this process, it is desired that simple
grammar is to be used. However, this will cause
ambiguities in the parse result.

Word segmentation is an tradition preprocessor
to a Chinese parser. Unfortunately, word segmenta-
tion is a process which is error-prone, and once an
error is made, the parsing cannot be recovered. In
this paper, a preprocessor called lerical scanner 1s
used to replace the word segmentation process. The
lexical scanner is a integrated part of the parser, and
is a kind of segment on the fly approach. Howev-
er, this has to be combined with guarded parsing in
order to achieve good results.

In this paper, we introduced a technique called
Guarded Parsing which was first introduced by us
for syntactic pattern recognition {1]. In this ap-
proach, simple grammar is used so that the effort
in building and maintaining the grammar is much
reduced. The parsing process will also be simpli-
fied. Ambiguity is resolved by the use of guards
which not only checks the syntactic compatibility,
but also take semantic information into considera-
tion.

This work is a part of the Hong Kong Univer-
sity Machine Translation (HKUMT) project. The
project is supported by the Industry Department,
Hong Kong Government.

I. INTRODUCTION

Although it is often said that Chinese language does
not have a well structured grammar, parsing tech-
nique is still an indispensable part in natural lan-
guage processing and machine translation. Also,
the resulting parse tree gives invaluable information
on each word of the sentence, such as the parts of
speech, the thematic roles etc. This information is
important for us to understand the sentence and
eventually perform the translation. This is especial-

ly. important, because if high quality translation is
to be achieved, language understanding is a neces-
sity.

Also, even when a sentence is grammatically cor-
rect, it still may not be a valid sentence. This will
cause further problem because in Chinese language,
a lot of words can perform more than one role, e.g.
both noun and verb. Also, some elements in a sen-
tence can be implicit. For example, the subject or
object of the sentence can be skipped, and still be a
valid sentence. Furthermore, the subject/object can
be another sentence, which does not contain subject
or object [2]. This will cause a lot of problem during
parsing, and a lot of possible parse will be resulted,
if only simple grammar is used [3].

The following two sentences are examples where
sentences are used as subjects or objects of the sen-
tence.

877 MR
£ B B BRSO S e

In order to reduce the number of possible parses,
both syntactic and semantic information have to be
used to prune away the invalid sentences. For ex-
ample, only sentences/clause that represent events
can be used as subjects/objects. This simple rules
immediately reduces a lot of possible parse trees.

Natural language is not context free, although
mostly is. However, efficient parser can only be
build for context free, or context free based gram-
mar. The advantage of guarded parsing is that the
parser is basically a context free parser. Only simple
modification is required.

This work is a part of the Hong Kong University
Machine Translation (HKUMT) project, which is
supported by the Industry Department, Hong Kong
Government. More detail about the project will be
described in the next section.

II. THe HKUMT PROJECT

The HKUMT project is our first attempt to Machine
Translation between Chinese and English. The source
language is Chinese while the target language is En-
glish. The project was started in mid 1996, and is
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Figure 1: Block diagram of Interlingua approach in
HKUMT

expected to finish by mid 1999. We plan to handle
the finance domain first.

There are basically three strategies for Machine
Translation — The Direct, Transfer and Interlingua
approach [4,5] In order to achieve high quality trans-
lation, the interlingua approach is selected. This re-
quires understanding the meaning of the source lan-
guage and represent it in an interlingua text format,
which contains only the meaning of the sentence and
is supposed to be language independent. Figure 1
shows the block diagram of our approach.

The guarded parsing process is an integral part of
the analysis stage. The interlingua text is generat-
ed from an internal frame-based structure produced
using a rule-based system from the resulting parse
tree.

The analytic dictionary include information such
as the word sense of the words, the attributes as-
sociated with each word sense, such as whether the
object is edible, etc. The ontology model include
information such as what kind of attributes that an
entity can possess, the associated slots in the frame
representation, and what information can be filled
in the slot. The ontology model also contain the in-
heritance information between different object class-
es. The analytic dictionary and the ontology model
contain information that is required for the guard
checking in the parsing process. More detail of the
parsing process will be described in the following
section.

If more than one possible parse tree is produced,
the parse tree with the highest score is used. The
scoring system will not be discussed here.

An frame based structure containing the infor-
mation about the sentences will be generated from
the resulting parse tree using mapping rules for the
concepts included in the sentence. The interlin-
gua text representation is then generated from this
frame structure. An explicit text representation is
required for later extension, when we want to per-
form translation for more than one language.

The target language generation is relatively sim-
ple when compared with the analysis part, because
we do not need to handle peculiar sentence struc-

tures. Apart from literal beauty consideration, we
can always use a particular form for each sentence
structure and obtain correct result. Of course we
have also to consider rhetoric in order to achieve
better translation.

III. GUARDED PARSER

Guarded Attributed Context Free Grammar (GACFG)
was first introduced in {1] for syntactic pattern recog-
nition. It has been shown that GACFG has the
same expressive power as regular tree grammar, we-
b grammar and plex grammar. Since context free
grammar is well understood can its parser can be
constructed efficiently, it 1s a natural choice to be
the basis.

1t is observed that natural language, although not
context free, but is mostly context free. Attributed
grammar was first used by Knuth [6] to describe the
semantic of context free grammar. In order to im-
prove the expressiveness of the language, attributes
are used to represent the complicated properties and
relationships between the lexical entities.

Definition 1 A Guarded Atiributed Contert Free
Grammar (GACFG) is an ordered quadruple
(Vr, VN, S, P) where,

Vr is a finite set of terminals
Vn 15 a set of nonterminals
S € Vy isa start symbol

P is a set of production

Fach instance of z € VUV is associated with a set
of atiributes w(x) € Il, (ihe set of attributes-value
pairs), and each production p € P is of the form

p:GlXo— X1X2.. Xnp, E

where np > 0, Xo € Vy and X; € Vv U Vr for
1<j<np.
G: " — {0,1}

ts a predicate determined from the attributes, and
E: 11" -1

is a semantic rule that determines the attributes of
resultant non-terminals.

Each production rule in the context free gram-
mar is consisted of 3 parts — production of ordi-
nary context free grammar, a guard G which deter-
mine whether the production can be applied, and
a semantic rule £ which determines the resultant
attributes of the nonterminal thus produced.

The following example is for illustrative purpose,
and is much simplified.
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Example Consider the very simple grammar rule:
VP—-V NP
The GACFG version of this rule will be:
G|V—-V NP E

where

G = compatible(V, N P)
VP(action) =V
VP(theme) = NP

The compatible function depends on the verb, and
can be stored in the analysis dictionary entry of the

E:

verb. For example, consider the sentence 2% & 3
where the compatible entry of the verb “eat” in the
dictionary is such that the object should be edi-
ble. The dictionary entry of the word “fruit” con-
tains the attribute “edible”. The resulting VP will
then contain the attributes (action, eat) and (theme,
fruit) in the attribute frame.

The parser for GACFG can be constructed using
a Modified Earley’s Parsing Algorithm which will be
discussed in Section V.

IV. SENTENCE ANALYSIS WITHOUT WORD
SEGMENTATION

Word segmentation is traditionally an integral part
in Chinese language processing. This is a process to
divide a Chinese sentence, which consists of individ-
ual characters, into a sequence of words. Conven-
tional methods include maximum matching or sta-
tistical approach, which can achieve quite satisfac-
tory result. However, once incorrect segmentation
is generated, correct parsing of the sentence cannot
be done [7,8].

In our approach, instead of doing word segmen-
tation, we propose to segment the sentence on the
fly. A preprocessor called Lezical Scanner is insert-
ed between the source language and the parser. It
will return a word of a particular word sense starting
at the current location, whenever the parser request
one. Different possible segmentation is actually gen-
erated and being parsed.

Strictly speaking, segmentation is still performed.
1t also looks like that all possible segmentations are
generated. However, this is not the case. Since the
lexical scanner only returns a word starting at the
current location that matches the word sense that is
requested by the parser, not all possibility are actu-
ally tested. Furthermore, with the help of guarded
parsing, the paths containing invalid segmentation
will be pruned away very soon. Figure 2 shows the
block diagram of the lexical scanner. We will dis-
cuss how this can be incorporated into the Modified
Earley parser in Section V.
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Figure 2: Integrate word segmentation into the pars-
er

V. MobDIFIED EARLEY’S PARSER

The Earley Parsing Algorithm [9] is a parser for con-
text free grammar. It is consisted of 3 processes —
scanner, predictor and completer. Scanner is ap-
plied when an input terminal is consumed by the
parser. Predictor is to generate new states when a
non-terminal is encountered, while completer is used
when a grammar rule is to be applied. Please refers
to [9] for details of the algorithm. You can also use
other parsers [10].

The simplest way is to introduce the guard check-
ing only at the completer stage, when the grammar
rule is to be applied. To further improve efficien-
¢y, we can divide the guard checking into different
stage, so that whenever a lexical unit is encountered,
either by a scanner process, when a terminal is en-
countered or the completer process of another rule,
where a nonterminal is scanned over, we can applied
partial checking. This have the advantage of earlier
pruning of unsuccessful parses so that the number
of states of the parse will be much decreased. How-
ever, it require more complicated programming and
design of the guards.

To incorporate the concept of Lexical Scanner dis-
cussed in section I'V,.we can modify the scanner pro-
cess in the Earley parser (hence the use of the name
lexical scanner). In the original algorithm, the s-
canner process read in a terminal. In our revised
algorithm, the terminal of the grammar is, instead
of words, the word senses such as N, V, ADJ, AD-
V, PP, etc. During the scanner process, whenever,
say, a N is to be scanned, the request is passed to
the lexical scanner, which will search from the cur-
rent position for a Noun. There may be more than
one possibilities, because you may get a Noun for
one character, two characters, .... Also, the point-
ers and the states thus generated during the parser
process have to be carefully adjusted.

The necessary modification is presented as fol-
lows, using the same terminology as in the original
paper of Earley’s parser.

Completer: If S is final and « = z, for some z €
{z1,...zn} — X, and G,(Y) =1, then
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(Sms1) — E(Y)and m —m+ 1. There are cases which cannot be handled even
For each < ¢q,1,9,8,X',Y' > € 5; (after all by guard checking, because both cases are ac-
states have been added to S;), such that X' = ceptable. Then we need to choose one of the
X; where X; is the first f symbols of X and interpretation by using scores. For example,
Coti+1) = Dy, add < g, +1,9,0, X, Y + 55 > ﬁ;%ﬂ.ﬁ%

to 5. REMELE

Scanner: If S is nonfinal and Cp(;41) is a termi-

nal, then if 7 = lexical-scan(Cp(j+1)), add < We can associate ea.c.h bﬁnding of word's to ter-
P, j+1, foa, X +Cpi41), Y +Cpit1) > t0 Sigr, m‘mals, and the.apphcatlon of production rules
where the function lexical-scan returned a word with scores, which reflect the possibility of the
starting at position i, matching the word sense a.ssociaf:ion. The parse with higher combined
Cp(j+1) and with length r. score will be selected.

V1. RESOLVE AMBIGUITY VII. ConcLusION

There exist various types of ambiguities which need- L he technique disS:ussed was used as the front end of
ed to be resolved during the parsing process. In this the HKUMT project to parse Chinese sentences in
section, we will discuss how these ambiguities can be the finance domain. Simple grammars is used and
removed or alleviated by using guard checking. ambiguities are resolved by guard checking. Com-
L. ) . . plicated sentences have been tried and successful-
Ambxgu.lty introduced in Segmentation Dur}ng ly parsed. For example, the following sentence will
parsing, whenever tl}e parser request a terml-  have hundreds of parse trees before using guard check-
nal, the type of terminal is sent to the}exxcal 5 ing, which is reduced to only 4. We expect to further
canner. If more than one such word exists, both  reduce the number of parse trees after an improved
parse will continue, until being pruned because 4o of guards and ontology model is completed.

of incompatible guards. For example, consider geptence =
the Chinese sentence: B EFENARIT,
3 0 AHORBEE *FEHEZILMERNEER
For the grammar rule The four parses are:
S — NPVP 1>CLAUSE( NP( CLAUSE( NP( N() ) VP V()
NP — N VvP( V() ) ) ) DE() NP( PROPN() ) )

VP( ADVP( ADV() ) VP( ADVP( ADV() )
VP( V() XNP( KP( NP( N() ) NP( NQO) ) )

We will find the terminal Noun, for which the DEQ) RPC HO) ) ) ) )Y )

lexical-scanner will return both “star”, “week”
and “Sunday”. Only one of them can proceed.
Sentence with same lexical units There are sen-
tences which have the same lexical units but of
different parse trees. These are typical cases of
ambiguities which cannot be resolved by pure

syntactic means. For example,

2>CLAUSE( NP( CLAUSE( XP( ¥() ) vP( VP( V() )
VP( V() ) ) ) DE(Q) NP( PROGPN(} ) )
VP( ADVP( ADV() ) VP( ADVP( ADV() )
VP( v() NP( NP( NP( N() ) NPC NQO) ) )
DEQ) ¥P( XOX ) ) ) ) ) )

ABIBEE BT AHE 3>CLAUSE( NP( NP( N() ) NP( VP( V() VP(
EA gl AN el v() ) ) DEQ) NP( PROPN() ) ) )
They both have'the same structure VP( ADVP( ADV() ) VP( ADVP( ADV() )
VP( V() NP( NP( NP( N() ) NP( NQ) ) )
mun Verb Noun Verb Nou.n| DEQ) NPC N} ) ) ) D)) )

but have to be handled by guard checking. For
the first sentence, we have the case where Noun 4>CLAUSE( NP( NP( N() ) NP{ VP( VP( V() )

Verb Noun forms a sentence, which in term acts VP(C V() ) ) DE(Q) ¥P( PROPN() ) ) )

as the subject of the sentence. This structure VP( ADVP( ADV() ) VP( ADVP( ADV() )
is not possible in the second sentence because vP( V() ¥PC NP( ¥P( N() ) ¥P( NQ) ) )
ZFEZBL 5 not a valid sentence by guard DEQ ¥PCNO ) ) ) ) ))

checking. The same applies for the second sen-
tence where the last Noun Verb Noun forms a
valid sentence, but not for the first example. Furthermore, when attribute building process (by

Total of parse trees = 4
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using the semantic rules of the guarded grammar)
will produce the internal structure of the interlingua
text at the end of the parsing process. The text
version can then be generated.

As a conclusion, the guarded parser for Chinese
sentence is a promising approach to efficient Chinese
sentence processing using simple grammar rules and
guard checking.
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