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Abstract

This paper proposes a new method for
automatic acquisition of Chinese bracketing
knowledge from English-Chinese sentence-
aligned bilingua corpora. Bilingual sentence
pairsarefirst aligned in syntactic structure by
combining English parse trees with a
statistical bilingual language model. Chinese
bracketing knowledge is then extracted
automatically. The preliminary experiments
show automatically learned knowledge
accords well with manualy annotated
brackets. The proposed method is
particularly useful to acquire bracketing
knowledge for a less studied language that
lacks tools and resources found in a second



and L,). It aso differs from standard context-free
grammars in that the ITG alows right-hand side
production in two directions: straight or inverted.
The following examples ae two ITG
productions:

C->[A B

C-><AB>

Each nontermina symbol standsfor apair of
matched strings. For example, the nonterminal A
stands for the string-pair (A, Az). A; is a
sub-string in Ly, and A; is Ay's corresponding
tranglation in L,. Similarly, (B;, B,) denotes the
string-pair generated by B. The operator [ ]
performsthe usual concatenation, so that C -> [A
B] yields the string-pair (C,, Cy), where C,=A;B,;
and C,=A;B,. On the other hand, the operator <>
performs the straight concatenation for language
1 but the reversing concatenation for language 2,
so that C -> <A B> yields C,=A;B;, but C,=B,A,.
The inverted concatenation operator permits the
extra flexibility needed to accommodate many
kinds of word-order variation between source
and target languages (Wu 1995).

There are aso lexica productions of the
following formin ITG:

A->xly

This means that a symbol x in language L, is
translated by the symbol y in language L,. x ory
may be a null symbol e, which means there may
be no counterpart string on other side of the
bitext.

ITG based parsing matches constituents for
an input sentence-pair. For example, Figure 1
shows an ITG parsing tree for an
English-Chinese sentence-pair. The inverted
production isindicated by a horizontal line in the
parsing tree. The English text is read in the usual
depth-first left to right order, but for the Chinese
text, a horizontal line means the right sub-tree is
traversed before the left. The generated parsing
results are:

@ [[[Mr. Wulgne
Sunday Jeplvels-1s
(2) [[[5% 5eA:] [EIR 47 #ERI - ]
We can also represent the common structure
of the two sentences more clearly and compactly
with the aid of <> notation:;

[[plays  basketbal]lyp  [On

(3) [[<Mr./5E4: WUl R >ghpe < [plays/F] basketball/ 5 5K ] ve
[on/e Sunday/ 2 I K] pe >vpls /o 1s

where the horizontal line from Figure 1
corresponds to the <> Iegel of bracketing.

Mr./5e%: Wu/ 5
plays/T basketball/fsk on/e  Sunday/: ik
Figure 1 Inversion transduction Grammar parsing

Any ITG can be converted to a normal form,
where al productions are either lexical
productions or binary-fanout nonterminal
productions(\Wu 1997). If probability is
associated with each production, the ITG is
caled the Stochastic Inversion Transduction
Grammar (SITG).

2 English
bracketing

parsing supervised bilingual

Because of the difficulty in finding a suitable
bilingual syntactic grammar for Chinese and
English, apractica 1TG isthe generic Bracketing
Inversion Transduction Grammar (BTG)(Wu
1995). BTG isasimplified ITG that hasonly one
nonterminal and does not use any syntactic
grammar. A Statistical BTG (SBTG) grammar is
asfollows:

ATE (AN, AR <AA> AOB yiv;;

Abe uie ADD ey,

SBTG employs only one nontermina
symbol A that can be used recursively. Here, “a@”
denotes the probability of syntactic rules.
However, since those constituent categories are
not differentiated in BTG, it has no practical
effect here and can be set to an arbitrary constant.
The remaining productions are &l lexical. by is
the trandlation probability that source word u;
transglates into target word v;. b; can be obtained
using a datistica word-trandation model
(Melamed 2000) or word alignment(LU 2001a).
The last two productions denote that the word in
one language has no counterpart on other side of
the bitext. A small constant can be chosen for the
probabilities b and by;.

In BTG, no language specific syntactic



grammar is used. The maximum-likelihood
parser selects the parse tree that best satisfies the
combined lexical trandation preferences, as
expressed by the by probabilities. Because the
expressiveness characteristics of ITG naturally
constrain the space of possible matching in a
highly appropriate fashion, BTG achieves
encouraging results for bilingual bracketing
using a word-translation lexicon aone (Wu
1997).

Since no syntactic knowledge is used in
SBTG, output grammaticality can not be
guaranteed. In particular, if the corresponding
congtituents appear in the same order in both
languages, both straight and inverted, then lexical
matching does not provide the discriminative
leverage needed to identify the sub-constituent
boundaries. For example, consider an
English-Chinese sentence pair:

(4) English: That old teacher is our adviser.
Chinese: J3AN & i i Al (i 1)

Using SBTG, the bilingual bracketing result is:

(5) [[[[[[The/AEA~ old/Z] teacher/ZIT] is/3&] our/3&AT1 1]
adviser/ )] /o ]

The result is not consistent with the
expected syntactic structure. In this case,
grammatical information about one or both of the
languages can be very helpful. For example, if we
know the English parsing result shown in (6),
then the bilingual bracketing can be determined
easily; the result should be (7).

(6) [[That old teacher] gyp [is [our adviserlgne Jve s
(7) [[That/AEA old/& teacher/%Ii] [is/ ) [our/3A1H
adviser/Jifije] ] /. ]

From the example, we can see that if one
language parser is avalable, the induced
bilingual bracketing result would be more
accurate. English parsing methods have been
well studied and many powerful models have
been proposed. It will be helpful to make use of
English parsing results. In the following, we will
propose a method of bilingual bracketing
supervised by English parsing.

Here, English parsing supervised BTG
means using an English parser’s bracketing
information as a boundary restriction in the BTG
language model. But this does not necessitate
parsing Chinese completely according to the

same parsing boundary of English. If the English
parsing structureistotally fixed, it is possible that
the sructure is not linguistically valid for
Chinese under the formalism of Inversion
Transduction Grammar. To illustrate this, see the
example shown in Figure 2.

If you wertt to loseweight, you hed better eat lessbread .
R R AR Y R, s 2D 07 T

”A A\m e

Ie$ brTii
Iﬁs breed ety less/b HZ
(a) ® ©
Fgue2 A exanpleodf msmetch subtree

The sub-tree for blacked underlined part of
English and corresponding Chinese are shown in
Figure 2(@). We can see that the Chinese
congtituents do not match the English
counterpartsin the English structure. In this case,
our solution isthat: the whole English constituent
of “VP" is aigned with the whole Chinese
correspondence; i.e., “eat less bread” is matched
with “ iz " shown in Figure 2(b). At the
same time, we give the inner structure matching
according to ITG regardless of the English
parsing constraint. An “X” tag is introduced to
indicate that the sub-bilingual-parsing-tree is not
consistent with the given English sub-tree. Our
result can also be understood as a flattened
bilingual parsing tree as shown in Figure 2(c).
This means that when the bilingual constituents
couldn't match in the small syntactic structure,
we will match them in alarger structure.

The main idea is that the given English
parser is only used as a boundary constraint for
bilingual parsing. When the constraint is
incompatible with the bilingual moddl ITG we
use ITG as the default result. This process
enables parsing to go on regardless of some
failures in matching.

We heuristically define a constraint function
F(s, t) to denote the English boundary constraint,
where sisthe beginning position andt is the end.
There are three cases of structure matching:
violate match, exact matchnd inside match.
Violate match means the bilingual parsing
conflicts with the given English bracketing
boundary. For example, given the following
English bracketing result (8), (1,2), (1,3), (2,3),



(2,4) etc. are Violate matcks. We assign a

minimum F(s, t) (0.0001 at present) to prevent

the structure match from being chosen when an

aternative match is available. Exact match
means the match falls exactly on the English

parsing boundary, and we assign a high F(s, t)

value (10 at present) to emphasizeit. (1,6), (2,5),

(3,5) are examples. (3,4), (4,5) are examples of

inside matchand the value 1 is assigned to these

Fe(s, t) functions.

(8) [She/1 [is/2 [a/3 lovely/4 girl/5] ] /6]

Let the input English and Chinese sentences
be e,..e; and c;,..c, . As an abbreviation we

write e, , for the sequence of words
€q11, €612, -6, AN similarly write ¢, . Thelocal
optimization function J(s,t,u,v) =
max Ple, ; /¢, ] denotes the maximum probability

of sub-parsing-tree of node q and that both the
sub-string e, , and c, , derive from node q.

Thus, the best parser has  the
probability 6(0,T,0,V) . d(s,t,u,v)iscalculated as
the maximum probability combination of all
possible sub-tree combinations(Wu 1995). To
insert English parsing constraints in bilingual
parsing, weintegrate the constraint function F(s,
t) into the loca optimization function.
Computation of thelocal optimization functionis
then modified as given below:

3(s,t,u,v) = max[al(s,t,u,v), 0% (s,t,u, V),
M(sit,u,v) = max Fo(s1)I(s,S,UU)A(S,t,U,Vv),
s<S<t
usU<sv
(S-s)(t-S)+(U -u)(v-U)z0

I (st,u,v) = max
s<Sst
usU<v
(S—s)(t=S)+(U —u)(v-U)z0

Fo(st)o(s,S,U,v)o(S;t,u,U).

Initialization is as follows :

1<t<T, 1<vsV
1<t<T, 1<vsV
1<t<T, 1svsV

O-1tv-1v = b(& /¢cy),
O-1tvy =b(& /€),
a—t,t,v—],v =b(e/cy),

where, T,V isthelength of English and Chinese
sentence respectively. b(e, / c,) is the probability
of trandating English word e, into Chinese word
c,- A minima probability can be assigned to
empty word alignment b(e, /e) and b(e/c,).
The optimal bilingual parsing tree for a

given sentence-pair can be computed using
dynamic programming (DP) agorithm(Wu 1997).

Using the standard SBTG local optimization
fuction, the obtained bilingual parsing result for
the given sentence-pair(4) is shown as example
(5); when using the above modified loca
optimization function, the parsing result is that
shown as example (7). Comparing the two results,
we can see that by intergrating English parsing
congtraints into BTG, the bilingual parsing
becomes more grammatical. Our experiments
showed that this English parsing supervised BTG
would improve the accuracy of bilingual
bracketing by nearly 20% (L1 2001b).

The obtained bilingual parsing treeisin the
normal form of ITG, that is each node in the tree
is either a lexicd node or a binary-fanout
nonterminal node. We can combine the subtreeto
restore the fanout flexibility using the production
characters [[AAJAI=[ATAA[AAA and
<<KAASA>S= <A<AA>>=<AAA>. The combining
operation could not cross the given English
parisng boundary.

3 Chinese bracketing knowledge extraction

Table 1 shows some bilingual bracketing
examples obtained using the above method. To
understand easily, we give the tree form of the
first examplein Figure 3(a). The leaf node is the
aligned words of the two languages and their
POS tag categories. These POS tags are
generated from an English and a Chinese POS
tagger respectively. The English POS tag and
phrase tag set are the same as those of the Penn
Tree Bank (Marcus 1993) and the Chinse POS
tag set please refer to the web dte
http://mtlab.hit.edu.cn. The nonterminal node are
labeled using English sub-tree tags.

Based on the bilingual parsing result, it is
easy to extract the Chinese bracketing structure
according to the Inversion Transduction
Grammar. For the normal node, the Chinese text
is traversed in depth-first left to right order, but
for an inverted node (indicated by a horizontal
line in the parsing tree or indicated by a <>
notation in bracketing expression), the right
sub-tree is traversed before the left. Thus, the
Chinese parsing tree corresponding to Figure 3(a)
is shown in Figure 3(b). The nonterminal 1abels
are derived from the English sub-tree. The
extracted Chinese bracketing results from Tablel



Table 1 Bilingual bracketing examples

1. [<Mr.(NNP)/562k(nc) Chen(NNP)/I(nx) gy [is (VBZ) 14 (vx) < [the(ART)/e representative(NN)/At £ (ng)]sne
<of (IN) /K (usde) [our (PRP$)/HA)(r) company(NN)/ 2 =] (ng)lene >pe >np lve () (W) Is

2. [Spring(NN)/FF-K (1) [is(VBZ)/# (vx) <[the(ART)/efirst(3J)/Z—(m) &1~(q) season(NN)/Z=75(ng) 1gne <in(IN)/ T
(f) [a(ART)/—(m) year(NN)/4F(a) Jenp >pe >x Jve ()/o (W) Is

3. [[The(ART)/e window(NN)/% ¥ (ng)lene [ 96/VBZ <[&/TF (d) narrower (JJR)/3% 75 ()] [than(IN)/LL(p) [the(ART)/e
door(NN)/I'J(ng)]enp Iee >apse Jve (Y- (Wj)ls

4. [<[The(ART)/e policeman(NN)/%& %% (ng)]gne [Who(WP)/e [reported(VBD)/ i 2 (vg) [the(ART)/IX (r) & —(m)
accident(NN)/ 2 # (ng)]ane Tve & B (usde) 1spar >np [thinks(VBZ)/iA 2 (vg) [it(PRP)/JIE (r) [was(VBD)/ & (vX)
[Tom(NNP)/iz 4 (ny) 's(PRP$)/f] (usde) fault(NN)/4#(ng) Jene lvelsIve (e (Wj) s

5. [[The(ART)/e Beijing(NNP)/IL 57 (nd) zoo(NN)/Zli#1 7 (ng)] s [iS(V BZ)/ 2 (vx) <[the(ART)/e largest(JIS)/ % X (a)
e/ (usde) zoo(NN)/5#E (ng)] ene [1(PRP)/F(r) [€/)#T(ussu) have(VBP)/e ever(RB)/e visited(VBN)/Z M (vg) e/t
(ut) &/fI(usde) Jverls >nelve (). (Wi)ls

Table 2 The extracted Chinese bracketing results corresponding to Table 1

L [[FRInx 5B g [FEvx [[[3AT1Ir 23 7l Ing) gne HI/USAE] pp AR ING Tnp Tvp o /W) I

2. [FF RN [/ F1q Tene T/ Jpe [ /m ANQ Z15Ing Jene Ive o Wi 1s

3.[# F/ng [[Lt/p '1/nglee TE/d R 7 /a]vp - IWj]s

nglenelvelslve o MWjls

4. [[[[#R 15 vg [3X/r —/m FHiUng)gne ve HI/usde] gar EZ2INCwe [TA R Ivg [IRIr [Feivx [y 1 /usde 4

nglenelnelve o Wjls

5. [[dt5i/nd Bh ¥ bl Inglgne [F&/vx [[3/r [Jlussu 2 M ivg i /ut Y /usde]vep 1s [#x A /a (K] /usde 54 i

arelisted in Table 2.

Mr.(NNP)  Chen(NNP) IVBZ)/(vx)
1964:(no) 1H(nx)
BNP
of (IN)/ ff3(usde)

the(ART)/& repre/eg]talive(NN) our(PRP$)  company(NN)

g A 1)
(@) Bilingua parsing result supervised by English parsing
s

[BNP]

B A ) <
BN g 10409
A1) /AT (ng)

(b) The Chinese parsing result extracted from (a)
Figure 3 Extract Chinese Bracketing structure from Bilingual Parsing

It can be seen from Table 2 that the automatic
acquired bracketing results reflect the Chinese
structure well though some English phrase tags
are not suitable to label the corresponding
Chinese phrase directly. For example, in Table 2,
the English tags “PP (preposition phrase)” in
sentence 1 and “ SBAR(clause)” in sentence 4 are
incorrectly tag the corresponding Chinese
structure. We don't care about the phrase tags
here. Our main concern is the bracketing

boundary of the syntactic structure. The
bracketing boundary knowledge has been proved
to be valuable for Chinese grammar induction
(Zhou 1997). The advantage of our method isthat
the bracketing knowledge is acquired from
bilingual corpus automatically. It reduces the
manual labour for corpus tagging, which are
time-consuming and error-prone.

4 Evaluation and discussion

To evaluate the quality of the acquired Chinese
bracketing boundaries, we compared them with
the parsing annotation based on an existed
Chinese syntax annotation scheme. Detail of the
Chinese syntax annotation scheme and a
annotated corpus can be download from the
website http://mtlab.hit. edu.cn.

The test sat consisted of 3,000
English-Chinese bilingual sentence-pairs that
come from the machine trandation evauation
corpus(Duan 1996). The average length is 9.1
words for English sentences and 12.6 Chinese
characters for Chinese sentences. The test
sentence pairs werefirst aligned at the word level
based on statisticsand |exicon with aaccuracy of
nearly 90%(L 0 2001a). The English and Chinese
sentences were parsed based on the Penn Tree



bank tag set and the Chinese syntax annotation
scheme respectively. Both the English and the
Chinese parsing results were manualy corrected.
The corrected Chinese parsing results are used as
the standard test set.

We acquired Chinese bracketing results
using the proposed method. The previous defined
exact match , violate matcind inside matctare
used to evaluate the accordance between
acquired bracketing result and the standard
parsing result. Here, exact matchmeans the
acquired structure are the same as the standard
structure; violate match means the acquired
structure conflict with the standard structure.
Otherwise, the acquired structure is caled a
inside matchln example (9), A is the standard
bracketing result, B is the acquired bracketing
result and C demonstratesthe classification of the
acquired structures. The sructure of whole
sentence are not participate in evaluation. Exact
match rate(EMR), violate match rate(VMRjd
inside match rate(IMRylenote the ratio of three
types of bracketing numbers in all bracketing

numbers respectively.
9 A [Af . LO MO [[[IRE LE]ene [T/
(white red and blue are many girls )
F W vsuo Iss 19 [[= F1 Jemp B ] anp Inp o

(like three colors )
(In English : White, red and blue are the three colors
which many girlslike.)

B. [[AHf . £ M W )ewe 2 [[IIIRE &
Jlene 3]s B sear [ = Pl Bil{]anpIne lve - 1s

C. aexactmatch [Af. L EAEG]; [=Fh
Bh]: [MR2 L s, [1R2 L% w3k i
=R
b) violate match [1R % &% ;
¢)inside match [{RZ &&= 1] R
2 WAL E IR RG] 5

Table 3 gives the evaluation result. The

evaluation results for acquired Chinese structure
corresponding to six main English phrases (BNP,

NP, VP, ADJP, ADVP and PP) are also given in
detail.

From the results we can see that only a
fraction of the learned structures are violate
match(14.03%), most of them are exact match
(55.46%). In addition, there are a'so many inside
match These inside matchs occured due to the
difference standard in phrase merging between
Penn Tree bank and the standard Chinese
annotation scheme. The English phrase structure
are labeled with more details. While for Chinese,
the main phrase in the level of sentence are not
merged futher. For example, the verb and object
in sentence level are not combined. That is why
most of the verb phrases(VP) are inside match
(53.28%). The bracketing boundary of inside
match can be either right or wrong. We checked
the correctness of inside match manually and got
a average accuray of 79.37%. Then the accuracy
of al acquired structure bracketing is 79.68%
(EMR+IMR x Accuracy of IM).

The violate matcls acquired in bilingual
parsing are mainly due to the empty word
alignments. Such as in the specia strucures
“dou . and “ ;. in Chinese. The word
“40 " and ¥ " has no counterpart word in
English.They are usually merged with the
neighboring noun word as shown in example
(10), thuslead to aviolate match. Itisneccessary
to build specia patternsto handle these structures.
Word aignment errors aso produce violate
matctesin bilingual bracketing.

(10) [[40/p fiy/r Ei/ng) [ZFEIvg [%hivg [FA1r HLJmi
gllle fwjl

The Chinese bracketing accuracy obtained
using our method is comparable to that of the
example-based Chinese parser(77%) ( Streiter
2000), but it is lower than that of the PCFG
Chinese  parser(84%)(Yaol1998). However,
unlike these two parser, our method needn’t any

Table 3 Evaluation on acquired Chinese bracketing results

Type Bracket number EMR IMR VMR Accuregy of IM Accuracy
al 10119 55.46% 30.51% 14.03% 79.37% 79.68%
BNP 2533 71.69% 18.95% 9.36% 49.58% 81.09%
NP 675 65.63% 20.30% 14.07% 70.80% 80.00%
VP 1676 28.46% 53.28% 18.26% 92.72% 77.86%
ADJP 192 60.94% 26.04% 13.02% 86.00% 83.33%
ADVP 120 45.83% 38.33% 15.83% 76.09% 74.99%
PP 1198 52.92% 27.46% 19.62% 82.67% 75.62%




Chinese annotated training corpus, which is
difficult to accumulate. Another advantage of our
method is that the Chinese bracketing result is
derived based on English parsing and pardlel
corpus, which make it particularly benefit for
ressarch on the corresponding relationship
between Chinese and English phrase. In (LU
2001b), we used bilingual bracketing result for
automatic translation templates acquisition,
which turns out to be very useful for structure
transfer in machine trandation. In addition, the
acquired bracketing corpus can be applied to
many Chinese NLP tasks. It can be used as the
foundation for further Chinese treebank
annotation, which will save human labour in a
great deal. It can aso be used to improve the
efficiency and accuracy in Chinese grammar
induction (Zhou 1997). Grammar rules can aso
be extracted from the bracketing corpus. For
example, we can obtain the following BNP rules
from the acquired bracketing resultsin Table 2:

BNP->nx+nc; BNP->r+ng; BNP->m+q;
BNP->m+qg+ng; BNP->r+m+ng; BNP->ny+usdet+ng;
BNP->nd+ng; BNP->at+usdet+ng;

Conclusion

In this paper, we have presented a method to
learn Chinese syntactic structure from English
parsing based on abilingual language model. The
method creates structure bracketing Chinese
corpora automatically by taking full advantage of
English parsing and bilingual corpora. The
created corpora are very useful for further
Chinese corpus annotation and parsing
knowledge acquisition. Primary experiment
proved the feasibility and validity of the method.
Although this paper is related to Chinese and
English, the method is also applicable to other
language pairs. Obviously, if the concerned
languages come from same language family,
such as English and French, the method would be
more effective.
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