The Transfer of Anaphors in Translation

HSIN-HSI CHEN
National Taiwan University, Republic of China

Abstract

This paper adopts Governmenl-Binding |GR} Theory and
some Chinese-spacilic conditions to explain the various
uses of anaphors such as the reflexive, pronoun, PRO, trace,
pro and variable in Mandarin Chinese. The transfer of each
anaphar is specifisd for Chinese—English and English—
Chinase machine translation systams, We identify the situa-
tions in which 1he careferential relationship between an
anaphor and its antecedent is useful for transfer. Chinese
reflexive is translaled according 10 its function and its ante-
cedent. in some situations, the interpretation of proneuns in
English is ambiguous at sentence level, but its Chinese
countarpart has cnly ong reading. One-to-many interpreta-
tion in Chinese-English translation may be disambiguated
by 1he readers. However, many-io-one interprelation in
English—Chinesa translation cannat be treated without pro-
noun resolution. PRQ has direct transiation between English
and Chinese. For translaling topic-commaent gtructures and
ba-constructions, the moved constituent is taken back from
ts landing site to its empty site {irace), and then the struc-
tural transfer is dona. For relative clauses snd bei-
constructions, the position occupied by trace in English is
still left empty in Chinese. Because variable dogs not appear
in English, tha other English anaphors are usad during the
transter of Chinase pro and variable. The translation of tham
should involve the discourse knowledge.

1. Introduction

Different languages use different anaphors to denote
their referenis in the sentences. For improving the
translation guality, to explain the various funciions of
anaphors is indispensable for machine translation
syslem design (Kay, 1986; Noord er al., 198%; Wada,
1990; Nakaiwa ef al., 1992), For example, the Chinese
rellexive "B & (2iji), an overt anaphor, may be trans-
lated inte a possessive pronoun (see exl1) or a reflexive
pronoun (see ex2) in English. Its number and gender
also depend on the antecedent. The first selects the
third singular masculine proncun, and the second uses
the third piural pronoun.

ex) HWFHEOIHEAKe
Sohn loves his wile,
©x2) MMRELHBL-

They don't have confidence in themse]ves.

Another apparent phenomenon is that Chinese pro-
nouns do act have case markers, The Chinese word 'fe”
may be used as subject form (he, see ex3) or object
form (him, see ex4). Which form is selected affects the
lexical iransfer.
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wxd) HERBRAC
He saw that man.

exd) MRASREH -
That man saw Rim.

Besides the overt anaphors, emply anaphors are also
used in nalural language statements, Based on the free-
dom of their uses, natural languages may be classified
into two types—cool and hot (Ross, 1982). Chinese
and English are typical coel and hot languages, respec-
tively (Huang, 1984). The following shows their differ-
ences:

cxs) e ETe
* ¢; came. / He came.
(ex6y HWEALT ¢ o
* John saw ¢;. /John saw her.
exT) o AT ¢ ©
»¢jsaw e / He saw her.
{ex8) ﬁbﬁ’ﬂ.e(ld}']a?"ﬁ°
* John; said thal e j) saw Mary. /
John; sald that hg(; j) saw Mary.
(cx9) ﬂmummime, °
* John said thal Mary saw ;. /
John said that Mary saw him,
(exlQ) Sk Bk Ko
John; tried ¢; to come,
o) RERANREMELLF-
1 have todd John that they want these books.
©x12) (op ¥ ) A EW ke
[ RAETE ¥]°
{ex13) a &% i![n #%
s [np 3 ‘E] i M !ejlc'
{ex14) %ﬁ]l,ﬂ. iE ke

|,, WL F) RN Ko
(ex15) ﬁﬁ],,rn L& ¥y
asﬁae%fun; |o
HEA N A X

The man; who John met &; came.

(ex16)

Chinese demonstrates the maximal freedom for the
uses of empty anaphors. I1 allows the empty anaphor to
refer lo some elemens that is mentioned in the centext,
Sentences (ex5)-{ex?) are such examples. In English, if
we do not place some overt pronoun at the empty
position, the sentence is unacceplable. The second
English sentences in {(ex5)-(ex9) specily the use of a
pronoun. The empty anaphor in (ex10) is co-indexed
with a nominal element in the same sentence,
Sentences (ex11)=(ex15) show that Chinese is a highly
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Aaxible language. The same meaning is representied in
many different patterns. They correspond to the same
English sentence ‘I have told John that they want Lhese
books’. Sentence (ex16) specifies the directions of
refativization in Chinese and in English are different.
The farmer is rightward, and the tatter leftward. The
other constituents that may produce this type of empty
anaphors in Chinese are £’ (ba)-construction, "
(bei)-construction, e¢fc. For the correct transfer, it is
necessary to determine the relationship between the
moved constituent and trace during Chinese—English
translation.

This paper will consider several types of anaphors in
Mandarin Chinese such as reflexive, pronoun, PRO,
trace, pro and variable, and discuss their transfers in
English-Chinese and Chinese—English machine irans-
lation systems. We will identify the situations in which
the coreferential refationship between an anaphor and
its antecedent is useful for transfer, and give analyses of
some special anaphors.

2. Overt Anaphors

2.1 Reflexives

Chinese reflexives have twe functions: anaphoric and
intensifying (Li and Thompson, 1981; Tang, 1989).
Anaphoric reflexive occurs in argoment positions, and
intensifying reflexive appears in non-argument posi-
tions. The following shows the transfer rules for each
function:

1. anaphoric ziji CH 29

(@ as a subject of an NP
(pronoun) ziji +de + N ——3=
Ppossessive pronoun + own + N
For cxample, #7 % % (08 & K K X »
{John loves his owa wife)

(b) as a dirced object, an indirect object or an oblique
object
{pronoum) ziji ~K— reflexive

" Forcxample, R WHE X R HoA &
(Mary is blaming hersc|(.)
2. inicnsifying ziji 8 B9

(@) between the subject NP and the predicate
Subject + ziji + predicaie
Subject + reflexive + predicate /

Subject + predicate + by reflexive

For example, f& T Lk Eg N
(They themsefyes can mend clothes/
They can mend clothes by themselves.)

(b} borween the auxiliary verb and the main verb
auxiliary verb + ziji + VP ~&—
auniliary verb + VP + by reflexive
For cxample, B+ L L0 K
{Mary will go hame by hersell )

1. intensilying and anaphoric ziji ¢ B &} in 2 sentence
" Neglect the intensifying ziji in the translation.

Forcxamplc.f!ﬂ'lfé_ﬁﬂ i e .
{They will take care of lhemselves.)

The above rules show that the translations of refiexives
from English 1o Chinese are easier thun those {ransla-

2

tions from Chinese to English. in the former translation, :
lexicon gives the corresponding Chinese words. How.
ever, the Jatter translation must select suilable possessive =
proncuns or reflexive pronouns. A reflexive reselution -
algorithm is needed to find the coreferential relation.
ship between the Chinese reflexive and its antecedent,
Binding Principle A (Sells, 1985:68) and some Chinesz "
paramelers such as subject-orieniation condition and
sub.command condition {Tang, 1989) are used. Bind-
ing Principle A suggests the candidates for the anaphor,
The Chinese specific conditions try 10 find such an NP
in the subject position as top level as possible. Algor-
ithm 1 shows the resolution of Chinese reflexives,

Algorithm 1. Reflexive Resolution Algorithm.

loput: An annotated parse iree.

Output: The same index for Chinese reflexive and its
referent.

Method:

1. Traverse the parse tree to find owl the reflexive.
If the reflexive functions as an anaphonc element,
£0 to step {2). Otherwise, stop.

2. [Binding Principle A and subject-orientation Con-
dition]

Find the subject that c-commands the reflexive.

[sub-command Condition]

(a) The subject is a pronoun or a simple noun.
Check its semantic feature. 1f it Is an animate
noun, then we co-index it with the refexive,
else 1he sentence is semaniic-illegal.

(b} The subject is a4 complex noun phirase.

Check the semanlic feature of the head noun
fiest. TF it meets the condition, then we co-
index the head noun with the refiexive, Other-
wise, go te step (2) to check the associative
phrase or modifying phrase.

2.2 Pronominal Anaphor

Unlike English pronominal anaphors, Chincse pro-
nouns de no have cose markers, The Chinese wosd "8’
(*¥'} may be used as subject form (hefshe) or object
form (himfher) or possessive form (hisfher) in serial
noun constructions like "&£ (his father). Which
translation is cortect depends on its position in the
seatence (see exd and exd). Does it mean the pronoun
resolution is not necessary for machine (ranslation?
Compare the consiraints of the interpretations of pro-
nouns on Eaglish and Chinese. ‘A pronoun ntay not ¢
command its antecedent’ is a sufficient condition for
English {Reinhart, 1976), whereas it is necessary but
insufficient for Chinese (Huang, 1982). Teng (1985)
formulated a condition on pronominal anaphora in
Chingse: A pronoun may not maximal-c-command its
antecedent, The definition of mavimal-c-command is
shown as follows;

A maximal-c-commandz B if and only if

A c-commands B, or

2. The minima! maximal NP dominating A and not
immediately  dominated by another NP c-
commands B, or

3, The first maxima! projection dominaling A c-
commands B.

—
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mazimal-c-comvnand ( { )

maximal

projeciion
of pronoun

NP

NP

pronoun

in Chinese

Fig. 1 Conditian on | inat anaph

Besides Binding Principle B, the condition also ex-
cludes the possible referent of a pronominal anaphor.
Figure 1 demonstrates this concept. The element(s) in
the maximul-¢-command demain are deleted. One
should note that the inlerpretalion of Chinese pronaun
is more restriclive than that of the English one on
the basis of this Chinese-specific condition (Table 1).
Assume the English and the Chinese sttuctures are not
changed during translation. The second and the third
rows of this table tell us there are a one-te-many inier-
prefation and w4 many-to-one  intecpretation for
Chinese~English ungd English—Chinese transiations at
sentence Jevel, respectively. Sentences (ex17} and
{exI8) depict he difference. For Chinese—English

maxin-c. command {2}

NP,

first -
maxjmal
NP projectio

PROTOL

(B Theory and Chinese specific condition only teli us
what it is not rather than what it is. Algorithm 2 depicts
pronoun resolution at sentence level, It is just a weak
method, so that we cannot find the coreferential
relationship without a context model. *

Algorithm 2. Pronoun Resolution Afgorithm

Input: An annotated parse tree,

Gutpur: A list of candidates that ¢can serve as a referent
of the pronominal anaphor.

Method:

1. Traverse the parse tree to find the occurrence of
the pronominal anaphor, If it does not &xist, stop.
Otherwise, go to next step.

teanslation, i.e. one-to-many interpretation, two 2, [Binding Principle B]
approaches may be adopted. The first one is to use Find the first NP (or 8) upward on the path where a
proncun resolution from discourse level to identify the pronoun is found, Remove the nominal element
antecedent, e.g. Jack in {ex19). The second one is lo dominated by such a category because it c-
use direct translation, i.e. (exIB), and to let the readers commands the pronoun.
themselves disambiguate its use by discourse knowl- 3. [Conditien on Pronominal Anaphor in Chinese]
edge. For English-Chinese translalion, i¢. many-to- {n) [maximal-c-command 1]
one inlerpretation, the pronoun resolution is necessary. Finud the firt VP, PP, or §' that dominates the
The translution may be gither (ex17) or (ex20), bul not pronoun. Cut the other branch(es) of the
both. dominating node.
(b} {maximal-c-command 2]
i i Skip the intermediate successive NP(s), stop at
(ex17} ﬂ'.' W ”: " ﬁl N the ropmost NP and then de the same job as
(ex18)  Hisy 5y mother likes Jobn;. (3a)
{ex19)  Jack's; mother fikes Johnj',. fc) |maximal-c-command 3)
(ex20y # ﬂj WEEERY ‘ﬁ’j ° Find the first NP, VP, PP, or §' that dominates
Table 1 Corelerential relationships in Chinese and in English
coreterental ATEUAEC
maximar telationship Chinese English
c-commarnd

{1} is satisfied

A and B cannot be to-indened

A and B cannot be co-indexed

(11 is satisfied

A and B cannot be co-indexad

A and B may be co-indened

{3} is satisfied

A and B cannot be co-indexed

A and B may be co-indexed

(1), (2) aned (3) are nant satisficd

A and B may be co-indexed

A and B may be co-indexed

-
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the pronoun. Do the operation again, Cut the
other branch{es) of the dominating node. The
only exception is that we stop at the first VP if
we traverse upward from the right branch.

4. Traverse the remaining parse tree and look for the
nominal elements whose semantic features {(e.g.
type, gender, number, efc.} coincide with the pro-
noun, Those elements are put into the candidate
list.

3. Empty Anaphors

3.1 Mdentification of Empty Anaphors

There are four types of empty anaphors in Mandarin
Chinese: PRO, irace, pro and variable. The antece-
dents of them appear at different referentiat levels
(sentence or context). PRO and trace belong to sen-
tence level, variable context level, and pro either level.
Empty anaphors are different from overt ones in that
they have no semantic contents. To determine their
existences and identify their types is an indispensable
step during transfer. The following proposes an algoer-
ithm 10 determine the uses of the empty anaphors in
Chinese. We use the subcategory of verb to explain
whether there are empty anaphers in the inputl sen-
tence. If there exists, apply ihe steps shown below in
sequence;

1. §f the matrix verb belongs 10 the types (Li, 1938}
shown below, then tha empty anaphor is PRO.

@ Conwrol Verbs.,
For example, "8 & " attempy), “7 X * (intend),
“# M (plan), "F B~ {begin), " #& " (propare),
“& ¥ (permit), "B K " {encourage), efe.
Clause Union Verbs.
For example, "8 3% " (), "% # ~ {suive), "¥ "
(persuade), "B (I’()rc% " (invite), “E K
(ask), "W " {allow), " " (canse), “® ' (sendd),
< L, ele.
() Exceptional Case Marking Verbs.
For cxample, "% * (wany), & & = (like), "9 K *
{hate}, etc.

{;

g

The following general rule explains which constituent is
referred by this type of emply anaphors:

If the verb subcategorizes an object, then the object is the
antecedent. herwise, the subject fs co-indexed with
PRO. For example, the verb "% (want) may have an
object or not. The index assignment obeys the above
rule (see ex2] and ex22). The verb "8 i (try) has
only one use {see ex10}. It also satisfies the rule.

fex2) R, ¥ &R
) {L; wani &; 1 go 10 school.)
(ex22) RER c; & FHo

{I want him; ¢; 10 o 10 school.)

2. Ifznemptyanaphoris generaled by topicalization or
relativization under C-Command and Subjacency con-
ditions, then it is a trace. Sentences (ex11)—(ex16) meet

134

these two moverment constrainls. The ba-constractions
and the bei-construchions are trcaled in a similar way.
3. If the matriz verb 1akes Anite claunses {Li, 1988),
then the emply anaphor is pro. For example, B #°
{consent), "& 8 (tefl), " 4 “{accuse), & K v {pro-
mise]), erc. The determination of the anteeedent is prig-
matic-controlled. Sentence (ex8) showy two possible
inlerpretations at differem levels,

4, If the scntence is well-formed, it is a variable, This
case is irregular. Under zero-topic postulation, it is co-
indexed with a zero-lopic that was mentioned belore.
For example, given the sentence )

©x2) HRAELRHAT®
{Did Joha see Mary™)

seniences (ex6) and (ex7) are two possible answers. In
another question: -

fex2d) LW XABRT?
(Who did Bill sce?)

sentence (cx8) "M ¥ M e #RTHHA o~ (John
said that he; saw Mary) is a possible answer. The emply
anaphor refers to*}, ™ {Bill) in the conlext. We may
use feature structures collecied from the context to
identify the coreferential relationship.

3.2 Empiy Anaphors and Bilingual Tranvlation

The identification of various empty anaphors 5 hefpful
to the dexical transfer and the struciaral seansfer, The
following shows the key ideas:

t. PRO

According 10 X' theory (Sells, 1985), we can formulate
subcategorization frame(s) for each verb. This frame
tells us whether there is a PRO, and which constituent
it refers 1o if it does exist, Thuy, it is simple for hoth
English-Chinese and Chinese-English  translations.
The verh " (want} in sentences (exiT) and (ex I8} is
an example, 11 has two subcategorizition lrames:

(NP; “%* (wanr) PRO; YP] and
[NP ¥ (want) NP; PRQ; VP].

2. trace

The generation of trace is considered 1o be a movement
transformation in GB Theory. A sentence in English
mray have one-to-many mapping o many differend
structures in Chinese, The correspondence of English
sentence {ex11) 1o Chinese sentences {ex11)—{ex15) is
such a mapping. English-Chinese translation is simple
because we cap select the direct mapping, i.e., (ex]1).
Chinese-English translation is pot trivial. We must
apply movement transformation (irst to put the moved
constituent back 10 its original position, und then do the
structural transfer, which is a reversal operation of the
former English-Chinese translation, The empty posi-
tion is filled by an overt constituent in the topic-
comment siructures, Sentence (ex25) shows the similar
transfer of the ba-constructions. The unaphoric rela-
tionship between the moved constituent and (race
is resalved by a Government-Binding parser for
Mandarin Chinese (Chen, 19903,
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©25) RERLIKE Ko, T o T2D

RAXKNZAHT o T
[ sold three books 1oday.

For relalive €lauses and hei-constzuctions, the posiltion
uccupied by trave in English is still lefi empty in Chinese
(see ex16 and ex26).

(cx26) s, Wihe T o Spcural g,

The wallet; was stolen ¢;.

3. pro

Comsider Chinese-English translation. The counter
part of pro in English may be PRO (see ex27) or per-
sonal pronoun {see ex28). The interpretation is ambi-
gueus at the sentence level. Which pronoun is selected
depends on discourse knowledge.

(ex2) R % Mpro; FER B o LAIH
I; promise PRO; not to be late again.
(ea28) ﬁﬁiﬁ‘ﬁ’lﬁﬁjproﬁfxﬁ% Toe

ransfer gy,

John; wid mary; that pro cannel go
tOmormow.

(where pro = he;, sh(:j, or thcy(iﬂ‘))

4. variuble

In this interpreladion, the variabie refers to a nominal
element in the context, Therefore, a pronoun is necess-
ary during Chinese—English translation How to select
a snitible pronoun (hefhim, shefher, theyfthem, ir,
o) s sl research problem.

4. A Statistical Analysis of Zero and Pronominal
Anaphors

4.1 Methodology

According to the above discussions, the transfer of

same anaphors necds to identily the coreferential rela-

tonship at the discourse level. However, the resolution

of anaphora depends on various kinds of knowledge

(Hirst, 1981} This section adopts a statistical approach

o anadyse the behaviours of zero anaphors (pro and

variable} and pronominal anaphors, and touches on

their contributions to machine translations. A bitingual

corpus which is selected from the Bilingual Sections of

Reader’s Digest in Chinese version s uvsed. Each

anaphor in the corpus is marked 4 tag of the form:
(indexl, 1ype, environment, syniactic role, semantic
case, index).

Each item is defined in the following:

1. index} and index2

The indices index1 and index2 denole an anaphor and

its antecedent respectively.

2. anaphor types

The referring expressions are classified into several

types: PRO. zero, prononn, proper noug, delinite NP,

Litgrary and Linguistic Compuling, Vol. 7, No. 4, 1992

indefinite NP, bare NP, demonstriane NPLguaste
NP, guantifier, erc.

3. syntactic environments

Since 1he environment of an anaphor may mfjpenss 13
anaphoric expression, the aclor of environment
tuken into consideration.  Example  (ex29) signals
causalily,

a2 He is loved by all, because he is honest.
BheREX - Filg A AEE.
Some aptional rules are set: coordination, subordina-
tion, predicale construction, verb category, e,

4. syntactic roles

The specilication of an anaphor conlaining its pram-
matical funclion or synlactic mole is based on the cat-
egories: subject, object, prepositional object, ele.

5. semantic cases

The semantic case of each anaphor in the sentence
which it happens is given. There are several kinds of
semmantic cases to be used: agent, patient. source, goal,
eic.

A paragraph selected from Reader's Digest ('1991) is
tagged below as an example:

"Albig*l proper, ,MS.AG,_* amrives early in the
moming”2, DNP,_,MPO,TI,_4, A3 PROparti,C15,AG, 14
kicking up swirls®4,BP,_C101,_._* of dusi*5,BP,_,
C1PO,TH,_* with his®6 POSSA,_CIPO,_3* pickup truck
A7 ProN-NP,_.CIPOIN,_~  Her8,ProN,_MS AG 64
unioads his*9 POSSA, MO1, _B* 100ls*10,ProN-NFP,_,
MO1,TH,_A and 11,710, AND,C15, TH9* s1arts* 12 PRO,
T2,C25AG,11% 10 work."

3 Wik Al proper,_MS,AG, A— A # B 22 INP,
MAATI_~ B X H + 893 pOSSA,_CI15, 1~ 4 % K
ALPrON-NP,_CISAG % & — K X I »50NP,_,
C1O1, TH,_ A o .46 ProN,_MS,AG3* £ T & ~7BPBA,
MPO,TH,_* # ¥ £ A8 LOC,_MPOSO4A & T E + 25
2ero  ANDCIS,AG 6 B # A10,PRO.T2,C25.AG9 T 1

o "

4.2 Resulis

After the bilingnal 1exts are tagged, computers are used
to summarize the rules. Table 2 presents some statistics
for four texts. The coreferential relationship may occur
in the same clause, previous clause, same sentence
(across more than one clause in 2 sentence), previous
sentence, same paragraph {across more than one sent-
ence in a paragraph), or previcus paragraph. Only zero
anaphoer {ZA) and pronominal anaphor (PA) are dis-
cussed. Both ZAs and PAs in English lavour a positicn
whenever the anlecedent occurs in a short distance.
The majority of occurrences of ZAs centre on the
previous clause. The difference between them is mainly
reflected in that ZAs are preferred with the sume sen-
lence; the previous sentence position favours personal
pronouns, but at a somewhat higher rate {40 per cenr}.
In a word, pronouns mostly occur in the previous clause
of a sentence or the previous sentence. However,
possessive pronouns {e.g. fiis hat) occur mostly in the
same clause. The referential dislance between a poss-
essive pronoun and its antecedent is very short. ZAsin
Chinese tend to occur in the previous clause, bul they
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Table 2 The referential distance between an phor and its dent in English (E) and in Chinese (C)
distance — same previous same previous same previnus ’
wype | clange clause sentence sentence paragraph paragraph
Zero 1 22
anaphor (E} | 4.35% 95.65%
personal [ 23 7 30 3 7
pronoun (E) | 7.89% 30.26% 9.21% 39.47% 1.95% 9.21%
possessive 16 g 3 7 1 i
pronoun (E) 156.52% 17.3%% 6.52% 15.22% 217% 2.17%

610 [1] 14 13 2 1
anaphor (C} 12.7% 12.73% 11.82% 1.82% 0.91%
personal 5 19 7 28 1 &
| promoun (C) | 7.81% 29.60% 16.94% 40.63% 1.56% 318%
passessive 3 2 3 4 1
prongun (C) | 23.08% 15.38% 23.08% 30.77% 1.69%

are also distributedt in the same sentence or the pre-
vious sentence, Chinese ZAs outnumber English ones,
The reason may be that pronouns are not repeatable in
Chinese, while they are in English, Instead of repeating
overt pronouns, zerp pronouns should be used. With
respect to pronouns, the distribution of PAs in Chinese
is similar 10 those in English. Yel the number of poss-
esgive pronouns is lowsr than that of English ones. One
possible reason is that Chinese uses a lot of bare NP
instead of possessive NP. As a resuit, there are a lot of
absent genitive pronouns in Chinese discourse,

Qur quantitative measures show that given the
choice of subject (S} vs, object (O} or prepositional
object {PO} as antecedent of 2 ZA or a PA, the subjecl
is most preferred both in English and in Chinese as
fllustrated in Table 3, no matter what its semantic role.
We can get the following hierarchy of the syntactic role
of an antecedent: S:»>O=PO.

Table 3 The syntactic roles of antecedent in English {E)
and in Chinese (C)

constructicns. The anaphor and its referent have the
same syntactic toie. As for Chinese, ZAs may appear in
much more sentence types. Besides the regular con-
structions such as coordinate constructions, subordin-
ate constructions, serial verb constructions uand bei-
constructions, there are some irregular types os
mentioned in Section 3.1. The frequency of the former
is larger than that of the latter, i.e., 6:f, and the con-
junctions are at a higher rates (near 80%). Summing
up, the referential distance, the syntactic environment
and the synlactic roles are important in referenl-
tracking. We may caensider the sentence types first, and
Ihen try (he subject, the object and oblique positions in
sequence within the referential boundary.

Under the statistic analysis, two more Iransfer rules
are formuwlaled for English—Chinese and English-
Chinese translation:

1. Coordination

(@ NPi+ VP, coordinale + ZAi + VP (Chinesc)

NPi + VP, coordinale + ZAf + VP (English)

e XML AFHALROHhH BB

[ A

(Albic painted the shed green and iet it dry.)

{b) NPi+ VP, coordinate + ZAJ -NP + VP {Chincsc)

Type § 9] 18]
T 21 (91.30%) 2 (B.TU%)
AAE Bi} (63.57%) 24 (19.67%) 18 (14.75%:}
ZA () 90 (81 .82%) 15 (13.64%) 5 (4.55%)
A(C) | 57 (74.03%) | 12 (15.58%) | 8 (1).39%)

In closer analysis, Table 4 shows 1he relationship
among environment, and the syntaclic roles of ZA and
its antecedents. English ZAs occur in the coordinaie

Table 4 The environment, and the syniaclic roles of ZA
and its antecedent

—
NP: + VP, coordinate + PAi -NP + VP (English)
e RHWAK THARAHE -
(Mary is wll, and her kegs are long.)
2. Subordinstion

@ subordinaw: + ZAi + VP, NPi + VP {Chincse)
-
subordinate + PAJ + VP, NPi + VP (English

ZAl [ antccedent o | S a PO e MRE L+ RT B ARULNERH
Coord () S F1] e
0] 2 (He is as swrong as ever, although he is seventy.,)
Coord (C) S 63 4 2 ) subordinaie + ZAQ -NP + VP, NPi + VP
: [¢] 3 {Chincse) =
Subord {C) s g i i subordinate + PAJ -NP + VP, NPi + VP
] 1 P {English}
SV (C} 3 2 1 e MBEAEREXRB AN RALTR
Bei (C) ) 1 -HEEREAC
irregular (C) H 7 2 1 (Though his appearance looks cold, he is a kind
0 3 b4 1 man al heart.)
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The phenomena as (1b) and (2b) cavse problems in
machine teansiation becanse components not overtly
indicated in the source language (.2, Chinese) become
compulsory elements in the target langoage (i.e.
English}.

S. Concluding Remarks

High quality translation is an ultimate goal for machine
transiation systems. This paper identifies the differ-
ences of anaphors between Chinese and English, and
addresses Lhe imporiance of anaphors in machine trans-
iation. Table 5 lists the lexieat transfer of anaphors
berweers English and Chinese. Chinese reflexive is
translated according to its function and its antecedent,
In some situations, the inlerpretation of premouns in
English is ambiguous at sentence level, and its Chinese
translation has only one reading. One-to-many inter-
pretation in Chinese-English translation may be dis-
ambiguated by the readers. Many-to-one interpretation
¥

in Enplish—Chinese (ranslation cannot be trealed
without pronoun resclution, For emply anaphors, we
propose an algorithm to determine (heir uses. PRO has
direct translation between Chinese and English,
however, trace, pro and variable need further process-
ing during Chinese~English transintion. The moved
constituent is taken back from its landing site to its
empty site (trace). And then the structural transfer is
done. Discourse knowledge should be involved 10 iden-
lify their antecedent during translating pro and vari-
able. Posling-editing the transtating results containing
the anaphors whose antecedenis appear in the dise
coursg is impracticable becsuse it takes much tlime for
editors to understand the 1ext. Automatic resolution of
anaphors s indispensable for machine translation sys-
tem design. Referential dislance, synlactic toles and
other knowledge are considered 10 select a suitable pro-
noun from context infermation 1o replace the empty
anaphors.

Table 5 The lexica) transfer of anuphors in Eaglish-Chinese (E-C) and Chincse~English (C-E}

tramslations
Chinese nominal | reflexive 1 ssivg
— personal |possess .
English | anaphor ] pronoun | pronown | proroun PRO e pre variable
cminal
:naphur E‘E CE CED) OO
reflexnive EC
pronoun CE
personal EC EL !
prenoun EC CE CE C.E CE
[possessive C-E E-C
pronoun EC {own) CE CE
EC
PR CE CE
E-C
race C-E
EC
prev C-E

* Nominal clement is used for chetorical reason, e ' *5 T o is wranslated into It ste the fish’

instead of Tuae it
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