Chapter 6

Comparison of Centering Algorithms

This chapter presents a comparison of the extended centering algorithm and the
existing centering algorithm. The comparison is based on the tests which are conducted
on our corpus of twenty Thai texts to verify whether hierarchical structure of discourse
contributes to zero pronoun resolution in Thai. Although the hypothesis can be verified
by manually analyzing the corpus, we choose to implement the centering algorithms to
work automatically on the corpus. This would increase reliability and consistency of
analysis. The results when applying the existing centering algorithm will provide us
zero pronouns that do not have antecedents in the preceding utterance. When the
extended centering model is applied to the same corpus, we will see whether these
zeroes can be resolved. We will discuss whether these zeroes are resolved on the basis

of hierarchical structure of discourse.
6.1 Testing centering algorithms

The two centering models were implemented within a simulation program. The
simulation program provided necessary settings as if the centering agorithms were
implemented in an NLP system. It accepted a discourse structure analyzed by each
subject as an input for the extended centering algorithm. A list of discourse entities in

each utterance was prepared as an input for both the extended and the existing
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centering algorithms. These entities were assumed here to be constructed while a parser
was processing an utterance. Both centering algorithms used these input entities to
determine a preferred referent for a particular zero pronoun. The referents suggested by
the centering algorithms would then be accepted or rejected by another program which
would include such process such as selectional restriction. However, in our simulation
program, we ssimply used the list of ‘correct’ referents to accept or rgject the suggested
referents. This list of ‘correct’ referents was taken from the majority agreement on the
referents of zero pronouns of our subjects (see section 4.3.1). The matching of
suggested referents against the ‘correct’ referent began with the first preferred referent.

If this matching fails, the matching process moved on to the next suggested referent.
6.1.1 Input

To test centering algorithms on each text, three input files had to be manually
prepared for the ssmulation program. These are the entity list file, the discourse

structurefile, and the referent list file.
6.1.1.1 Entity list file

In the entity list file, each line represents a list of discourse entities referred to
in an utterance. This information is supposed to be constructed by a parser which
processes an utterance. In this study, the list of entities for each utterance was manually

prepared. Each discourse entity was coded with two parts: an identifying name and its
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grammatical function. It should be noted that the coding of a discourse entity here is
aimed at the convenience of the test. It is not a semantic representation of a discourse
entity used in an NLP system. Grammatical function is included because it is used for
the ranking of Cf in this study. A zero pronoun was coded as Zn where n is the number
of that zero in the texts. Each line in an entity list file has three parts: the number of the
utterance, the number of entities being referred to in an utterance and list of the entities
in the utterance. An example of datain an entity list file is shown in (123).
(123)
Visitorl:subj, Bhikhu:obj

2,

3, Doctorl:subj, Z1:0bj, Z2:0bj2
2, Z3:subj, ICURoom1:pp
1,
1,
2,

Z4:subj
Bhikhu:subj
Doctorl:subj, Z5:0bj
5, Bhikhu:subj, WatSuanMok:pp, Chaiya-County:pp, Suratthanee-
Prov:pp, May-27:pp
9, 3, Doctorl:subj, Hospital1:pp, Z6:0bj
10, 2, Z7:subj, Z8:0bj
11, 4, Z9:subj, Z10:0bj, ICURoom1:pp, May-25:pp

OO UTA WN

In (123), each entity in a list has two parts. an identifying name and a
grammatical function. Duplicated entities are coded only once in the line. A discourse
entity is a conceptual representation™, so the number of entities in each utterance may
not equal the number of noun phrases in the utterance. This is because the same entity

may be referred to by more than one noun phrase in an utterance. For example, in (124)

*1 Though an abstract referent could be represented as a conceptual object too, it
was excluded from this study.
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below two noun phrases, Pra-Thamkosgjarn and Bhutathat-Bhikhu, are used in the
same utterance to refer to the same discourse entity. The former is the royal title
granted to the monk while the latter is his pseudonym. In (125), a noun phrase ‘lawyer’

/ndkkotmaaj/ does not evoke a new discourse entity in the utterance. It ssmply refersto

Balladur as alawyer. So, this utterance has only one discourse entity, ‘Balladur’.

(124) Text from Newsl

#8 koorinii thii phrathamkoosdacaan riu
thdanph(tthithidatphikkhtu héen watsudanmbéokphélaaraam
2ampheachajjaa capwatsurdatthaanii 2aaphdat nak kdon ca thap
wan khldaj wankdet trop kap wanthii 27 phriksaphaakhom nii
case COMP Pra-Thamkosajarn or Bhutathat-Bhikhu (‘ Bhikhu') of
Wat-Suanmokplaram Chaiya-county Suratthanee-province sick heavy
before will reach day like birthday exactly with date 27 May this
‘Pra Thamkosgjarn, Bhutathat Bhikhu of Wat Suanmokplaram at Chaiya
county Suratthanee, was sick before his birthday in May 27’

(125) Text from Article2

#9 doojnuidathée khdon tuaabanlaades léew khaw pen nadkkotmaaj
thii mii khwaamsuphaap
by-nature of Baladur ASP he be lawyer COMP have politeness
‘By his nature, Balladur is alawyer who is polite’

6.1.1.2 Discourse structure file

A discourse structure file contains information about the hierarchical structure
of a discourse. The structure of discourse in Figure 20 when coded in the discourse

structure file looks like rewriting rules as shown in (126).
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a
S T S S
UAAAAAAA, UAAAAAAAAAAAAAA:
1 . do - 6
UAAAA,, UAAAA,
2 3 4 5

Figure 20: An example of the discourse structure
(126)
a->b+c
b->1+d
d->2+3
c->etb
e->4+5
Items on the left side of the arrow represent the mother nodes, while items on
the right side of the arrow represent child nodes. Numbers in these rules represent
utterances while letters represent discourse units. The simulation program will read this

input file and create a hierarchical structure of the discourse for the extended centering

algorithm.
6.1.1.3 Referent list file

A referent list file contains a pair consisting of a zero pronoun number and its
referent. The list was obtained from the analyses of five subjects. The ‘correct’ referent
was taken from the majority agreement (three out of five subjects). If the majority
failed to identify the referent of any zero pronoun, ‘conflicting’ was marked for that

zero. Example (127) below is an example of a referent list file. Each line has three
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elements. The first represents the number of zero pronouns in the discourse. The
second one indicates the probability of agreement among subjects. The last one records
the referent of zero pronoun as identified by the majority of subjects.

(227)

1.00, Visitorl
1.00, Bhikhu
1.00, Bhikhu
1.00, Bhikhu
1.00, Bhikhu
1.00, Bhikhu
1.00, Doctorl
1.00, Bhikhu
1.00, Doctorl

©CONOOUNWNE

6.1.2 Scope of the test

Not all zeroes marked on the corpus were handled by the centering algorithms.
First to be excluded were zeroes which the mgority of subjects failed to agree on their
referents. Next were deictic zeroes, zeroes with abstract referents, and zeroes whose
referents are analyzed as ‘unidentified’ referents. In addition, zeroes in embedded
clauses were excluded from the test because the centering algorithms are not designed
to resolve zeroes whose referents are in the same utterance. Table 9 below shows the
number of different types of zeroesin the corpus which were excluded from the test. Of
the 719 zeroes marked on the corpus, referents of 40 could not be agreed on by the

majority of subjects. 82 zeroes were analyzed as having ‘unidentified’ referents; 133
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were used as deictic zeroes, 34 were in embedded clauses; and 12 were used to refer to
abstract referents. Therefore, only 418 zeroes were tested by the centering algorithms.

Zeroes which are excluded from this study were coded differently so that the
algorithms could recognize them. In an entity list file, unidentified zeroes were coded
as UZn; deictic zeroes as DZn; zeroes in embedding clauses as 1Zn; and zeroes with
abstract referents as AZn. When these coded zeroes were recognized by the algorithms,
they were simply replaced by the ‘correct’ referent by the simulation program.
Conflicting zeroes whose referents cannot be agreed upon by the subjects had to be left
out because we do not have any ‘correct’ referent for them. These zeroes were marked
as CZn in an entity list file. They then were eliminated from the entity list when found

by the simulation program.

Noof [Conflict|Unidentified |Deictic |Embedding |Abstract Normal

Zero (CzZn) |(UZn) (DzZn) |(1Zn) Zero (AZn) [(Zn)
Tota 719 40 82 133 34 12 418
Percent | 100.00%| 5.56% 11.40%| 18.50% 4.73% 1.67%| 58.14%

Table 9: Zero pronounsin the corpus
6.1.3 Simulation of centering algorithms
Anoverview of the ssimulation is as follows. First, the simulation program reads
areferent list file and a discourse structure file to set up an initial environment for the

centering process. The list of ‘correct’ referents for zero pronouns in a text is created

from the referent list file, and the hierarchical structure of the discourse is created from
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the discourse structure file. Then, each utterance is processed. Entities referred to in
each utterance is read from the entity list file. These entities are ordered and sent to
either the existing centering or the extended centering algorithm. The ordered list of
entities represents the Cf of the utterance. If an utterance contains any zero pronouns,
the zero number Zn will appear in the Cf. The centering algorithms' task is to suggest
the referents of these zeroes. The simulation program then compares the suggested
referents with the ‘correct’ referents. If they do not match the ‘correct’ referents, the
simulation program rejects the suggested referents and the centering algorithms looks
for the next preferred referents. When the ‘correct’ referent is found, the ssimulation
program substitutes the coding Zn with the identifying name of the referent. If none of
the possible interpretations matches the ‘correct’ referents, it means that the centering
algorithmsfail to suggest any preferred referents.
The algorithm of the simulation program is shown below:
(128)
Simulation program:
- Initialization.

- Read areferent list file.

- Read a discourse structure file and construct the hierarchical

structure.

- Do from the first utterance to the last one

- Read entities of an utterance from an entity list file.

- Rank entities in the utterance.

- Call the extended centering or the existing centering algorithm.

- Proceed to the next utterance.
Loop
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6.2 The two centering algorithms

The extended centering algorithm and the existing centering one are differ
mainly in that the extended centering use information of discourse structure to
determine the Cb, Cf, and transition state of a discourse unit. Details of the existing
centering and the extended centering algorithms will be provided first. These are
followed by description of other routines called by the two centerings. These routines
include determining Cb, determining transition state, generating all possible
interpretations, ranking all possible interpretations, and constructing Cf of multiple

utterances.
6.2.1 Existing centering algorithm

The existing centering first looks for zero pronouns in an utterance. If an
utterance (U;) does not have any zero pronouns, the program will proceed to determine
the Cb and the transition state. If an utterance has one or more zero pronouns, its
preferred referent will be selected from the potential referent list, which is an ordered
list of entities from U1 that are not retained in Cf(U;).** A preferred referent is taken

from the potentia referent list in order. If the number of zeroes in the utterance is » and

“2 The potential referent list is just a temporary structure created during the
processing. It is used for the purpose of implementation. It does not directly relate to
any data type proposed in the centering models.
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the number of possible referents is n, the number of possible interpretations for the
zeroes in the utterance will equal to n//(n-r)!* .

For example, if there is one zero in the utterance, the number of possible
interpretations for that zero will be n where n is the number of possible referents. When
there are two zeroes in the utterance, the number of possible interpretations for the two
zeroes will be n X (n-1) where n isthe number of possible referents.

The Cb and transition state of each interpretation are determined and used later
for ranking the interpretations (see ‘Ranking all possible interpretation’ routine in
section 6.2.5). The preferred interpretation is selected according to the ranking of
interpretations until the suggested referents match the ‘ correct’ referents. If none of the
interpretations matches the ‘ correct’ referents, the centering algorithm fails.

After zero pronouns are resolved, the program proceeds to update the Cb and
the transition state between U; and Ui.;. Below is the agorithm of the existing

centering.

Bn=nXnN1XN2)X..X1
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(129)
Existing centering:
- Look for the number of zeros.
- If the number of zeros = 0, then
- Determine Cb; Determine the transition state
- If the number of zeros > 0, then
- Get potential referents from U;.;.
- Generate all possible referents for each zero.
- Determine Cb and determine the transition state for each
interpretation.
- Ranking all possible interpretations.
- Do until the correct referents are found.
- Select the highest-ranked interpretation.
- If not accepted, select the next lower rank interpretation.
- If no interpretation is accepted, mark the failure.
- Update Cb and the transition state.

6.2.2 Extended centering algorithm

There are two differences between the extended centering algorithm and the
existing centering one. First, Ui in the extended centering can be either the
immediately preceding utterance or the immediately preceding discourse unit. It is
determined from the hierarchical structure of the discourse as discussed before.
Second, the extended centering algorithm has to determine whether the current
utterance is the right most node. If the utterance is the right most node in the discourse
structure, the program will proceed to construct the Cf of the mother node (see
‘Constructing Cf of multiple utterances' routine in section 6.2.6) and determine its Cb

and transition state. The algorithm of the extended centering is presented below.
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(130)
Extended centering:
- Look for the number of zeros.
- If the number of zeros = 0, then
- Determine Cb; Determine transition state.
- If the number of zeros > 0, then
- Get potential referents from U;_;.
- Generate all possible referents for each zero.
- Determine Cb and determine the transition state for each
interpretation.
- Ranking all possible interpretations.
- Do until the correct referents are found.
- Select the highest-ranked interpretation.
- If not accepted, select the next lower rank interpretation.
- If no interpretation is accepted, mark the failure.
- Update Cb and the transition state.
- If the unit is the right most unit,
- Construct the Cf of the mother node.

6.2.3 Algorithm for determining the Cb

This routine determines the Cb of U;. If an utterance contains any zero
pronouns, this routine will be called after the zero pronouns are resolved and their
referents are put in Cf(U;). Cb(U;) isthe first entity in Cf(Uj.1) that isretained in Cf(U;).
If the Cb cannot be determined from Cf(U;.1), it will be set by default as the first entity
in Cf(U;) (asdiscussed in section 5.1.3). The Cb cannot be determined for two possible
reasons. First, U;.1 unit does not exist. Thisis, U; is the first unit in the structure. Or

second, Uj; does not contain any entity in common with U;. In addition, an
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‘unidentified’ referent will never be selected as the Cb since it never serves as a link
between U;.; and U;. Below is the algorithm for determining the Cb.
(131)
Determining Cb:
- Set Cb = the first entity in Cf(U;.,) that isalso in Cf(U;).

- If not found or what isfound isan ‘unidentified’ entity,
- set Cb = thefirst entity in Cf(U;).

6.2.4 Algorithm for determining a transition state

This routine is used to determined the transition state between U;.; and U;. The
transition state is determined after Cb(U;) has been determined. This is done by
comparing Cb(U;) and Ch(U;.1), and Cb(U;) and Cp(U;). The algorithm for determining
atrangition state is as follow:

(132)

Determining transition state:
- If Cb; = Cb;.; and Ch; = Cp;, then set transition state = * Continuation’.
- If Ch = Chb;.; and Cb; * Cp;, then Set transition state = *Retaining’ .

- If Ch 1 Chb.; and Ch; = Cp;, then Set transition state = * Smooth-shift’.
-1f Ch1 Cbhi;and Ch; t Cpj, then Set transition state = * Rough-shift.

6.2.5 Algorithm for generating and ranking all possible interpretations
The two routines in this section are used by both centering algorithms. First, all
potential referents from U;_; will be selected from Cf(U;.;). Next, al possible referents

for each zero in U; will be generated. The number of possible assignments of referents

to zeroesisn X (n-1) X ... X (n-r-1) where n is the number of the potential referents and
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r isthe number of zeroes. For example, if the number of possible referentsis 4 and the
number of zero is 2, the number of possible assignments is 4x3 = 12. These possible
interpretations will be ranked in order by two factors: discourse salience and
preferences of transition states.

The first one is succeeded by generating interpretations based on the order of
entities in the previous Cf. Interpretations in which the first entity from Cf(U;.1) is
assigned will have a higher rank than interpretations in which successively entities in
Cf(Ui.1) are assigned. Next, these interpretations are ranked by the preference of
transition state. The ordering depends on the previous transition state. Referents
assigned to zeroes from the highest-ranked interpretation are regarded as preferred
referents. If all the referents in that interpretation do not match the ‘correct’ referents,
the next interpretation will be suggested in order until all the referents of zeroes match
the ‘correct’ referents.

(133)

Generating all possible interpretations:
- Get alist of potential referents from U;_;.
- Create all possible interpretations by replacing each zero with an entity
from the potential referent list.
(The number of possibilitiesequalston X (n-1) X ... (n-r-1) when n isthe
number of entitiesin the potential referent list and » is the number of
Zeroes.)

- Determine the Cb of each interpretation
- Determine the transition state for each interpretation.
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(134)
Ranking all possible interpretations:
- If the transition state of U;.; is continuation,
- Sort possible interpretations by the preference * continuation >>
retaining >> smooth-shift >> rough-shift’.
- If the transition state of U;.; isretaining,
- Sort possible interpretations by the preference * smooth-shift >>
rough-shift >> continuation >> retaining.
- If the transition state of Uj.; is smooth-shift,
- Sort possible interpretations by the preference * continuation >>
retaining >> smooth-shift >> rough-shift’.
- If the trangition state of U;.; is rough-shift,
- Sort possible interpretations by the preference * smooth-shift >>
rough-shift >> continuation >> retaining’ .
- If the transition state of U;.; is undetermined,
- Sort possible interpretations by the preference ‘ continuation >>
retaining >> smooth-shift >> rough-shift’.

6.2.6 Algorithm for constructing Cf of multiple utterances

This routine constructs Cf and determine a transition state of a discourse unit. It
is used only by the extended centering algorithm. Cf(U;) is defined as the combination
of the child nodes’ Cfs. In short, entities from each Cf will be merged into a new list of
entities. Duplicated entities will be removed from the list. Two factors, which are
frequency and recency, are used in ranking the Cf here. Since frequency is the most
important factor, it will be applied after ordering by recency. Ordering by recency is
done by moving entities referred to in the farther utterance to the back of the list. Next,
entitiesin the list is ordered again by frequency of entities. An entity which is referred

to more often will be moved to the front of the list. The fina list is saved as the Cf of
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the mother node. If the mother node is also the right most node, the routine will be
applied recursively. The agorithm for constructing the Cf of a discourse unit is
presented below.

(135)
Constructing the Cf of multiple utterances:
- Put entities of Cf(U;) inalist.
- Do until thereisno Uiy
- Put entities of Uj.; at the end of thelist.
- Get the next Uj.;.
Loop
- Sort the list by recency.
- Sort the list by frequency.
- Update Cf of U;.’s mother node.
- Determine Cb and transition state of the mother node.
- If the mother node is aso the right most node,
Construct the Cf for its mother node.

6.3 Results

The results in Table 10 below indicates that the extended centering algorithm
can resolve more instances of zero pronouns than the existing centering algorithm. The
results when applying the existing centering algorithm indicate 159 cases where zero
pronouns could not be resolved. These are zeroes whose antecedent are not in the
immediately preceding utterance. When the extended centering algorithm is applied,

additional 42 instances of zeroes are resolved.

No of Zero | Success | Fail | %Success | %oFall
Existing centering 1254 1095 159 | 87.32% 12.68%
Extended centering | 1254 1137 117 | 90.67% 9.33%

Table 10: Results of existing centering and extended centering
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However, since the extended centering algorithm only used the immediately
preceding unit for resolving zeroes, it did not account for zero pronouns in a
controlling pattern as discussed in section 3.4.3. Therefore, we modified the extended
and the existing algorithms to search the next preceding unit, i.e. U, when the
‘correct’ referent was not in U;.;. In order to make the two algorithms comparable, the
existing centering algorithm was modified to account for frequency of occurrence.
Entities in U;.; that also occur in U;.; are more salient than those that do not occur in

Ui.;. Then we tested the two algorithms again. The results of the new test are as

follow:
No of Zero | Success | Faill | %Success | %fFail
Existing centering 1254 1194 60 95.22% 4.78%
Extended centering 1254 1216 38 96.97% 3.03%

Table 11: Results of existing and extended centerings with two-step lookback

From Table 11, the extended centering could resolve 1216 instances of zeroes,
or 79 instances more than its first test, while the existing centering could resolve 99
more instances of zeroes. From these results, we can infer that 1095 instances of zeroes
have antecedents in the immediately preceding utterance, 99 instances (1194 -1095)
have antecedent in the next preceding utterance, and at least 22 instances (60 - 38) have
antecedent in more than two utterances away.

However, the success of the extended centering algorithm is owned to the fact

that it has a wider scope of reference resolution than the existing centering. To see
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whether the extended centering algorithm is more efficient than the existing centering
algorithm, we compared the success of both algorithms in terms of the number of
successes at the first-try and the number of attempts before the centering agorithms
could suggest the correct referent. Table 12 shows the number of first-try successes and

attempts in the extended centering and the existing centering algorithms, (with two-

step lookback).

NoOfZero |First-try Success |Total Success |Attempts (Work-load
Existing centering 1254 819 1194 477 1.40
Extended centering 1254 829 1216 559 1.46

Table 12: First-try success and attempts in existing and extended centerings

The third column indicates the number of times when the first-suggested
entities are the ‘correct’ referents. The number of attempts used by the centering
algorithms before they could suggest the correct referent is shown in the fifth column.
The work-load column indicates the average number of efforts for resolving a zero
pronoun. If the work-load is two, it means that the algorithms have to try two times
before they can resolve a zero pronoun. It is calculated by adding the number of
attempts to that of the total success and dividing the sum by the number of total
SUCCESS.

From Table 12, the extended centering algorithm did not have greater success
than the existing centering agorithm. In fact, both approaches had about the same first-

try success. The extended model seemed to have more difficulty in resolving zero
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pronouns because its work-load was greater than that of the existing model. However,
if counting only zero pronouns which were resolved by both agorithms, the work-load

of the extended model was about the same as the existing model, as shown in Table 13

below.
NoOfZero |No of Zeroresolved |Attempts (Work-load
by both algorithms
Existing centering 1254 1194 477 1.40
Extended centering 1254 1194 465 1.39

Table 13: Attempts counted in existing and extended centerings

The extended centering did not perform better than the existing cenetring
because most of antecedents of zero pronouns in our corpus were found in the
immediately preceding utterance. There were few zero pronouns whose antecedents
were many preceding utterances away. In this study, antecedents of 1,095 instances
from 1,254 instances (87.32%) were found in the immediately preceding utterance;
antecedents of 99 instances (7.89%) were found two preceding utterances away; and
antecedents of 39 instances (3.11%) were found more than two preceding utterances
away. Thus, in natural-occurring text, the existing centering algorithm can resolve most
of the zero pronouns. But there are few cases where antecedents of zeroes are in a
distant utterance and the existing centering algorithm alone cannot resolve these zeroes.

These are cases where the hierarchical structure of discourse may be useful for the
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resolution. In the next section, we will investigate whether hierarchical structure of

discourse is an important factor for the resolution of these zero pronouns.
6.4 Discussions

Based on the results of zero pronoun resolution, we categorized zero pronouns
into four groups as follows: Group | are zeroes that were resolved by both centering
algorithms; Group Il are zeroes that were resolved only by the existing centering
algorithm; Group Ill are those that were resolved only by the extended centering
algorithm; Group 1V are those that could not be resolved by neither agorithm. Zero
pronouns group I, which are the majority of cases (1194 instances), can be ignored here
since they do not indicate differences between the two approaches. In addition, no zero
in our study belongs to group Il. Therefore, we can limit the discussion on zeroes that

belong to groups Il and IV.
6.4.1 Zero pronouns group III

Zero pronouns group |11 are those that were resolved by the extended centering
but could not be resolved by the existing centering. There are 22 instances of zeroes on
this type. We examined these zeroes to see whether hierarchical structure is helpful for

zero pronoun resolution. We found that in most of these 22 cases, antecedents of zeroes
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are not in the nearest unit, but in the nucleus part of the preceding unit.** Consider
examples (136-139) below.

(136) Text from Healthl
#23 dapndn thAa sudan taaptdapn khdon hiu dijrip kaan
krathdépkrathuaan

therefore if part any of earz;; receive NOM impactz17
‘Therefore, if any part of ears receives an impact’

#24 ruu [Z11] dajréap chudardok
or [Z11]1, receive germ
‘or (it) receives germ’

#25 chéen [Z12] doon krathéck reepreen
such-as [Z12]713 get strike strong
‘For example, (it) is struck’

#26 [Z13] dajjin sidap dap maak
[Z13] hear voice loud very
‘(It) isimposed to very loud noise’

#27 mii nim khaw hilu
there-is water enter earzis
‘Water enters ears

#28 [Z14] dajrdp chudardok
[Z14] receive germ
‘(Ears) receive germ’

#29 phr5 [Z15] khé huu dudaj khrudapmua sokkaprok
because [Z15] pick ear with instrument dirty
‘because (we) pick ears with dirty instrument’

#30 [Z16] khé huu reen keen paj
[Z16] pick ear strong over ASP
‘(we) pick earstoo hard’

#31 [Z17] 2aat thamhdj kdet roéok hiuu daj

[Z17] may cause occur disease ear ASP
‘(The impact like this) could damage ears

“ Since we only asked our subjects to identify the hierarchical structure of the
discourse, the judgement of what is the nucleus part is ours.



170

Therefore, if any part of the ear is damaged, we might have an ear
disorder. The ear damage can be caused by impact or diseases, such as
being struck, hearing an extremely loud noise, getting wet, and being
infected by diseases from dirty ear sticks.

\Y;
UAAAAAAAAAA,
UAAAA; ¢
23 24 25 26 27 o aa
UAAAA¢,
28 &b
UAAAA¢,
29 30

Figure 21: Hierarchical structure of example (136)

In examples (136), the antecedent of Z17 in (u3l) is found in (u23), which is
eight utterances earlier in linear view. But it is one unit back in structural view because
(u23) is a part of the nucleus of unit (x), i.e. (y). The structure here can be viewed as a
hierarchical structure of clauses in a sentence consisting of (u23-u31). Utterances (u25-
u30) are an illustration part of the if-clause (u23-u24), while (u31) is the main clause of
the sentence. Coreference of Z17 then can be viewed as an anaphora between a zero
pronoun in the main clause (u31) and its antecedent in the nucleus of the subordinate

part (y).

(137) Text from Healthl

#65 réok ruu 2antaraaj khdop hiu ndokcaak ca maa caak 2antaraaj
thii hiu dajrép doojtron caak hiu chinndok
disease or danger of earzss beside will come from danger COMP
earz4s receive directly from ear outer
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‘Ear disease or damage, beside getting from the damage that ear receives
from the outer ear’
#66 chéen bajhiu 1¢ kéewhlu dajrap kaan krathépkrathuaan
for-example auricle and eardrum receive impact
‘For example, auricle and eardrum receive an impact’
#67 chudardok khaw [Z45] phr5 kaan khé hlu dudaj mAdjkhéhuu thii
maj safaat léew
germ enter [Z45] because-of NOM pick ear with an-ear-stick
COMP not clean ASP
‘Germ enters (ear) because of picking ear with a stick that is not clean’
#68 [Z46] jap mii sdahéet caak kaan thii htu mii thdo tittdo kap
sudan 2uun?uun 21ik
[246] CONJ there-is cause from NOM COMP ear have canal
connect with part other too
‘(The damage) is caused from the fact that ear has canal connecting to
other organ’
... Ear damageis not only aresult of damages received from the outer
ear, such as an impact on ear blade and eardrum, or transmission of
germs from dirty ear-sticks. It may also be aresult of damage in other
organs that are connected to the ear. ...

ax
UAAAAAAAAAAAAAA,
65 -
UAAAA,
66 67

Figure 22: Hierarchical structure of example (137)
In examples (137), the antecedent of Z46 in (u68) is found in (u65), which is
three earlier before in linear view. But it is one unit back in structural view because
(u65) is the nucleus part of the unit (ay). The hierarchical structure here can be viewed

as a complex sentence, in which (u68) is the main clause, (ay) is the subordinate part.
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In unit (ay), (U66-u67) are the illustration part of the nucleus (u65). Thus, coreference
of Z46 is an anaphora within a sentence, between a zero pronoun in the main clause
(u68) and its antecedent in the subordinate clause (u65).

(138) Text from Healthl
#80 ca kdot kaan?akséep naj chdon hilu chinklaan
will occur infectionzsy in cavity earzs; middle
‘There will be an infection in the cavity of the middlie ear’
#81 [Z51] ca dajjin sidan ndoj lop
[Z251] will hear sound decrease ASP
‘(Ear) will receive less sound’
#82 rdu koot kEewhlu thald

or occur eardrum torn
‘Or, eardrum istorn’

#83 mii namndon 14&j
there-is lymph out
‘Lymph comes out’

#84 haak [Z52] pen maak
if [Z52] be much
‘If (the infection) is severe

... (If the middle ear gets any disease from the outer ear,) the cavity in it
will also be infected. Asaresult, we might lose our hearing, the eardrum
might be torn, or there might be lymph coming out of ears. If the
infectionis severe, ...

UAAAAAAAAAAAAAAAAAAAAAAAAAA,

S . S .
UAAAAAAAAAAAAAA UAAAA,

80 oo bmo 84 bo
UAAAAAAAAAAAA, UAAAA;,
81 ~bn 85 86
UAAAA;,
82 83

Figure 23: Hierarchical structure of example (138)



earlier in linear view (u80). But it is only one unit back in structural view because (u80)
is the nucleus part of the unit (bk). In this example, (bk) can be viewed as a sentence
concisting of (u80-u83) and (bl) as the next sentence consisting of (u84-u86).

Coreference of Z52 then can be viewed as an anaphora between two contiguous
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In examples (138), the antecedent of Z52 in (u84) is found four utterances

sentences.

(139) Text from Editor2.txt
#5 kaanludaktan thudapaj naj kamphuuchaa khrin nii cat khén maa

#1

dooj khwaamphijaajaam khdon 2opkaansahaprachaachiat
election general in Cambodia time this arrange ASP ASP by effort
of UNz1z4

‘The election in Cambodiathistime is arranged by the UN’

thii [Z1] d4j thamhdj klum khaméensiifaaj lopnaam naj
khdotoklon santiphdap thii kruppaariit prathéetfarénseet
muda pii phoosdo 2534

COMP [Z1] ASP make group four-party;, sign in agreement peace
at Paris France in year 1991

‘who made the four parties sign the peace agreement in Parisin 1991’
léew [Z2] damneenkaan taam neewthaan thii kamnot waj

then [Z2] practice along guideline COMP outline ASP

‘and (the four party) to follow the guideline that is outlined’

phuda hij kéet santiphdap jaan thaaween

for give occur peace Adv-Mrk permanent

‘s0 that peace could occur permanently’

dooj [Z3] chij krabuaankaan thaan kaanmuaan naj
rabdopprachaathippataj khuu kaanludaktan thudapaj
such-that [Z3] use process of political in democracy be election
genera

‘by the use of political process of democracy that is general election.’

#10 [Z4] mdaj haj khaméen t£eléd klum sop tuaatheen

lonpsamakrarapludaktan
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[Z4] want give Khamer each group send representative apply-for-
election
‘(The UN) wants each group of Khamer to send representativesin the
election’

#11 1éew [Z5] hdj prachaachon chaawkhaméen pen phluludak

then [Z5] give people Khamer be chooser
‘Then, let Khamer people be the chooser’

The election in Cambodia was arranged by the UN, who made the four
parties sign the peace agreement in Parisin 1991. The four parties had to
follow the guideline supported by the UN. The election will be hold so
that Khamer people will be the one who choose their government.’

UAAAAAAAAAAAAAAAAAAA,
UAAAAAAAAAAAAAAAA, UAAAA;
5 A - 10 1

UAAAAAAAAAAAAAA,,
6 T ..f, T
UAAAAAA;,
.9 .. 9
UAAAA;
7 8

Figure 24: Hierarchical structure of example (139)

In example (139), the antecedent of Z4 isin (u5), which is six utterances earlier
in linear view. But it is one unit back in structural view because (u5) is the nucleus of
the unit (c). In this example, (c) can be viewed as a complex sentence consisting of (us-
u9). The next sentence is the unit (d) consisting of (ul0) and (ull). Thus, coreference
of Z4 is an anaphora between a zero pronoun in (u5) and its antecedent in the main

clause of the preceding sentence, i.e. (U5).
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As seen from examples above, coreferences of these zero pronouns could be
described on the basis of hierarchical structure of clauses at the sentence level. Thisis
not surprising. If we consider the nature of the backward-looking center, which is
assumed to be the most focused entity or the current attention of the utterance and
functions as a cohesive link between the current utterance and the previous one, it is
not surprising to find most antecedents of zero pronouns in the immediately preceding
utterance. Rather, it should be questioned why few zero pronouns do not have their
antecedents in the immediately preceding utterance. How can their referents be
resolved? The answer may be inferred from these examples. Though antecedents of
these zero pronouns are not in the immediately preceding utterance, they are in the
same sentence or in the preceding sentence. The hierarchical structure of clausesin the
sentence will help locate the antecedents. Therefore, it will not be too difficult for
hearers to infer the correct referents for these zero pronouns. However, the number of

examples found in this study istoo small to make a strong conclusion.
6.4.2 Zero pronouns group IV

There are 38 instances of zeroes that could not be resolved by neither the
existing nor the extended centering algorithms. Of these 38 instances, we found that 15

instances (5 zeroes) failed because they are in the first utterance of the paragraph and

their antecedents are in the previous paragraph. Since we did not ask our subjects to
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analyze the structure of discourse beyond paragraph boundaries, the previous paragraph
was not included in the scope of reference resolution. As for the rest (23 instances), 17
instances failed because the antecedent of zeroes are not in the scope of reference
resolution while 6 instances fail because all antecedents of the zeroes are not in the
same discourse unit. The centering algorithms in this study are not modeled to search
for antecedents of zeroes in separate units. Like Brennan et a.’s algorithm (1987), the
model here assumes that all antecedents are found in the same utterance or discourse
unit.

As for the 17 instances, 5 instances (5 zeroes) failed in one test but were
resolved in the other two tests. And 12 instances (4 zeroes) failed in all three tests
because neither structure analyzed provids enough scope of reference resolution. What
is interesting here is those four zeroes which failed to be resolved in al three tests.
Below are examples in which the antecedents of the four zeroes are not covered by the
scope of reference resolution.

(140) Text from Comp3

#49 thaan?dok 2an nidn khuu kaan thii barisat 1€ nuaajpaan naj
taanpprathéet chéen saharit?ameerikaa 2apkrit 1€ jiipun daj
mii kaan wicaj 1£ khitkhén ribop2intesféet tropklaap thii
sdamdat rapriu 1é khawcaj phaasdamin{it ruu
phaasdathamméichiat
solution CL one be NOM COMP company and organization in
foreign-country such-as USA. England and Japan ASP have NOM
research and invent interface-system centralz,; COMP can recognize
and understand human-language or natural-language
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‘One solution is to have companies or organization in other countries
such asthe US, England, or Japan, to invent a central interface system
that can recognize human language or natural language’

#50 thii phliuchdjnaan ca sanpaan [CZ19] d4j caak khamsan naj rdup
khdon 2éeksdan raw siaapphiut
COMP user will command [CZ19] ASP from instruction in form of
text or voice
‘that users can use (it) by instruction in the forms of text or voice

#51 [Z20] ca phaan kaan plee 1€ tiikhwaam

[220] will pass NOM trandate and interpret
‘(Text or voice command) will be translated and interpreted’
#52 18ew [Z21] sdan pen khamsap maj taam kaan pramuaanphdn

phaasdathammichaat (NLP)

then [Z21] build be command new follow NOM process natural-
language (NLP)
‘then (the interface system) will build new commands by using natural
language processing’

#53 [Z22] paj sap chadjpaan sdpwee 1€ thaankhdomuun 2iik thdot nap
[Z22] go command use software and database again time one
‘(The new commands) then control software and database system’

One solution isto let companies or organizations in the US, England, or
Japan create an interface system that can take natural language commands
so that users can use text or voice when using a computer. Text and voice
command will then be interpreted by an NLP system into commands of
other software or databases.

@ S A
U ¢
49 50 ag
AR AR
51 52 53
(b) a. o
UAAAAAAAAA,
49 L aK
UAAAAAA
50 d
ORAAAARA

51 52 53



178

(©)

50 51 &
UAAAAAA
52 53

Figure 25: Hierarchical structures of example (140)

In example (140), the antecedent of Z21 in (u52) is in (u49). All subjects
analyzed the structure of this example differently, as shown in Figure 25. Although, the
extended centering algorithm were not able to resolve this zero, utterances (u49)-(u53)
can be viewed as a complex sentence, in which (u49) is the main clause and Z21 isin
the subordinate clause.

(141) Text from Articlel
#84 tee [Z41] k5 khop tdon rawaptuaa miak khén

but [Z41] 743 then may must care much more

‘But (Mr.Vachara) have to be more careful’
#85 phrd lancaakninmaa mii kaan laattraween

as after-that there-be NOM observe

‘as there have been illegal people being around my house after that
#86 khl4aj [Z42] ca bdok waa

like [Z42] will tell that

‘It looks like (they) want to tell that’
#87 tdopaj [Z43] 2aatca maj cese maj

next [Z43]z44 may not meet wood-stick

‘next time, (Mr.Vachara) would not be injured by awood-stick’
#388 [Z44] ces puun lesj 2arajjaapnii

[Z44] meet gun ASP like-that

‘(Mr.Vachara) would be injured by a gun, something like that’
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Mr.Vachara has to be more careful since that incident. The appearance of
some strangersis like awarning sign for him that the next time he might
get agun short instead of a beating.

UAAAAAAAAAAAAAA,,
84 b PR
UAAAAAAAAAAAA,
85 =
UAAAAAA;,
86 b
UAAAA;,
87 88
0 o bE
UAAAAAAAAAAAAAA,,
84 oo
UAAAAAAAAAAAAAAAA,
. bj
UAAAAAAAAAAAA,,
85 . DK
UAAAAAA;,
8 bl
UAAAA;,
,.bm_bn
UAAAA;,
87 88

Figure 26: Hierarchical structures of example (141)

In example (141), the antecedent of Z43 in (u87) is in (u84). The structures
anayzed for this example are shown in Figure 26. Two subjects came up with the same
structure as (a) but another subject analyzed the structure as (b). Utterances (u84-u88)
can be viewed as a complex sentence, in which the antecedent of Z43 is in the main

clause (u84).



180

(142) Text from Comp4
#86 baanpkhran muida prookreem cAwbdan thampaan paj
sometimes when program hostz43 work ASP
 Sometimes, when the host program works,’
#87 [Z43] k5 ca paj kratfn haj khamsap wajrat nii thampaan taam
paj dudaj
[Z43]247 then will go activate let instruction virus this work follow ASP
too
‘(it) will activate the virus program’
#88 phon k5 khuu man ca riip kdoppii tuaa2een paj waj jap
prookreem taantaan
result then be itz44 Will hurry copy itself go keep at program any
‘The result isthat (the virus program) will copy itself to any program’
#389 st [Z44] 2aat thamhadj kdet khwaamsidahdaj daj
CONJ [Z44] 745 maybe cause occur damage ASP
‘It could cause a damage’
#90 chéen [Z45] paj 16p féemkhdomuun
for example [Z45] 746 9o deletefile
‘For example, (it) may delete some files
#91 rau [Z46] thamhaj [Z47] pluaan weelaa thampaan maak paj
doojchijhéet
or [Z46] cause [Z47] waste time work much A SP unnecessary
‘or (it) could cause (the host program) to waste more time unnecessary.’

When the host program works, those virus instructions will be active. The
virus program, then, will copy itself to other programs, destroy datafiles,
or slow down the system.

S - I
UAAAAAAAAAAAARAAAAAA
b S T
UAAAA: UAAAAAAAA
86 87 8 bm
UAAAAAAAA,,
89 . bno
UAAAAA;
90 o1

Figure 27: Hierarchical structure of example (142)
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In example (142), Z46 and Z47 could not be resolved because the referent of
ZA7 in (u9l) is referred to in (u86-u87) which is four or five utterances earlier. Three
subjects provided the same structure for this example, as shown in Figure 27. In this
example, (u86-u87) can be viewed as a sentence, and (u88-u90) as another sentence.
Thus, antecedent of Z47 isfound in the preceding sentence.

Although these zeroes were not resolved by neither algorithms, coreferences of
these zeroes can be viewed as anaphora within a sentence or anaphora between two
contiguous sentences. Therefore, it would not too difficult for readers to resolve these

ZEero pronouns.
6.5 Further research

In this section, first, we discuss issues in Centering Theory that are areas of
active research. Next, we discuss how Centering Theory might be extended in other
directions. In section 6.5.2, we argue against Strube and Hahn (1996) who propose a
model of ‘functional centering’. In section 6.5.3, we propose that the extended
centering model should take into account the differences between nucleus and satellite
units. We think that the model would be able to resolve zero pronouns more efficiently
if the distinction between nucleus and satellite units is taken into account. In section
6.5.4, we examine whether positions of utterances in the hierarchica structure are

useful for zero pronoun resolution.
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6.5.1 Open issues on Centering Theory

After Centering Theory was formulated in 1983, it has been applied to other
languages, such as Japanese (Walker, lida, and Cote 1990, 1994, Kameyama 1985,
1986, lida 1998), Italian (Eugenio 1990, 1996, 1998), German (Strube and Hahn 1996),
and Turkish (Turan 1998). However, many issues are still areas of active research. For
example, beside grammatical function, what factors are relevant for ranking forward-
looking centers? Are those factors language specific? Is the backward-looking center
an obligatory part of every utterance? What should the centering process be at the
discourse segment boundary? Is intersentential centering different from intrasentential
centering? These issues are the current research in Centering Theory (Walker, Joshi,
and Prince 1998). Our study is just another direction of extending Centering Theory to
be more applicable to naturally-occurring texts. We propose to extend the theory by
incorporating hierarchical structure of discourse. But the model here is constructed on
the basis of some assumptions which are still an open issue. First, in this study we
assume that grammatical functions are relevant for ranking forward-looking centers
and the preference order is the same as that of Japanese. In addition, we use frequency
and recency factors for ranking forward-looking centers in a unit larger than a single
utterance. If different factors were used, the results from the extended centering would

be different. Second, we assume the backward-looking center to be an obligatory part
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of every unit. When it cannot be determined from the preceding unit, it is set to be the
same as the preferred center of the current unit. What we do is similar to what Brennan
et al. (1987) did, while Walker et al. (1996) and Kameyama (1993) preferred the other
way. Walker et a. (1996) allowed the Cb to be null if it cannot be determined from the
preceding utterance. Kameyama (1993) set an additional condition that the Cb must be
realized as a pronoun. These differences could affect the results from centering
agorithms.* In addition, when we applied hierarchical structure of discourse to the
centering model, we assumed that centering process is homogenous to all types of
sentences. But Kameyama (1998) used different methods of updating centering when
processing different types of complex sentences. Assumptions underlying in this study
will certainly affect the process of the extended model. Therefore, it is not surprising if
the results from the extended model is not as good as expected.

However, the central question of this study is to investigate whether discourse
structure is relevant for zero pronoun resolution. From the analysis of our corpus, most
of zero pronouns do not require discourse structure for the resolution. Only a few may
need this kind of knowledge, but it seems to be the hierarchical structure of clauses at
the sentence level rather than at the discourse level. Then, should centering algorithms

be applied between sentences rather than between utterances? We think that centering

%> Thisis because the resolution of pronouns is based on transition states, which is
determined from the Cb and the Cp of utterance pairs.
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algorithms should apply between utterances rather than between sentences. As
discussed in Kameyama (1998), sentence-based centering requires more computational
process than clause-based centering. It is preferable to break a complex sentence into a

structure of utterances and apply centering between utterances.
6.5.2 Functional centering

Strube and Hahn (1996) introduced a revision of the Centering Theory: a
functional centering. They claimed that the new model could account for a free word
order language like German better than the original model. The main differences
between the functional centering model and the original centering model are the criteria
for ranking entities in Cf. While most of the research on Centering Theory use
grammatical roles to rank entities in Cf, functional centering uses ‘functional
information structure’ in terms of ‘context-boundedness to rank entities in Cf. An
entity is bounded if it is aso in Cf(Ui.1). A bounded entity is ranked before an
unbounded entity. Strube and Hahn (1996) used the cost of transition states to show the
preference of the functional model to the origina model. They determined transition
cost in relation to a pair of transition states, as shown in Table 14 (Strube and Hahn
1996:7). A transition pair is considered cheap if Cb(U;) is the same as Cp(U;.1). For
example, a sequence continuation-continuation is a cheap transition while a sequence

continuation-shifting is an expensive one. Strube and Hahn claimed that the functional
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model yield more continuation states at a lower transition cost. Thus, it is better than
other models in terms of inference load. (The lower the transition cost, the less of an
inference load posted on listeners.) They also clamed that the functional constraint

may possibly be universal since it can be verified on all examples used in the centering

literature.
continue |retain smooth-shift |rough-shift
- cheap expensive | - -
continue cheap cheap expensive  |expensive
retain expensive |expensive |cheap expensive
smooth-shift |cheap expensive |expensive |expensive
rough-shift |expensive |expensive |cheap expensive

Table 14: Costs of transition pairs
However, we did not find context-boundedness to be useful in zero pronoun
resolution in Thai. The results when using boundedness is worse in both the existing
and the extended centering algorithms. We implemented the functional model by
adding aroutine to reorder entitiesin a Cf with respect to the context-boundedness. An
entity that is bounded to the immediately preceding unit is set to be more salient than
an unbounded entity. The results of the centering algorithms (with two-step look back)

when using context-boundedness feature is presented in Table 15 below.
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NoOfZero|First-try |Total  |Attempt (Work-load
Success |Success

existing non- 1254 819 1194 477 1.40
centering  |functional

functional 1254 813 1194 489 141

extended non- 1254 829 1216 559 1.46
centering  |functional

functional 1254 820 1216 556 1.46

When context-boundedness is used, the first-try success in the existing and the
extended centering algorithms dropped from 819 and 829 to 813 and 820 respectively.
The attempt and work-load of the functional model were also not better than those of
non-functional model. This is because, in many cases where a grammatical role was

overridden by a context-boundedness feature, zero pronouns were more difficult to be

resolved, as seen from examples (143-144) below:

(143) Text from Compl

#55 naj patcuban nii phaasda thii chij khidan prookreem

rabopphiiuchidawchaan khuu phaasaa LISP
in present this language COMP use write program expert-system be
language LISP
‘Now, the language that is used for developing an expert system isLISP

#56 stp [Z24] pen phaasda thii [Z25] khawcaj jdak nooj
CONJ [Z24] be language COMP [Z25] understand difficult a-bit
‘(It) isalanguage that is quite difficult to learn’

#57 chéokdii thii dij mii phliu plee phaasda dapklaaw
lucky COMP ASP there-be manzys trandate language this
‘Luckily, someone has trandated this language’

#58 1¢ [Z26] camloon rabopphiiuchidawchaan lon bon

khrudapmajkhrookhoomphiwtée
and [Z26] smulate expert-system down on micro-computer

Table 15: Results of non-functional and functional centerings
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‘and (that person) has imported an expert system into a micro-computer’

The language used for developing an expert system now isLISP. Itisa
difficult language. Fortunately, the L1SP language has been transported to
amicro-computer so that an expert system can be developed on amicro-
computer.

In example (143), if context-boundedness is used, the centering algorithms will
predict ‘LISP as the first preferred referent for Z26 in (uS8) instead of ‘Personl’,
which isthe ‘correct’ referent. Since ‘LISP is aready referred to in (u56), ‘LISP will
be more salient than ‘Personl’ in (u57). The order of entities in Cf(u57) will be
changed from (Personl, LISP) to (LISP, Personl). But if context-boundedness is not
used, the centering algorithms will predict correctly that ‘Personl’ is the preferred
referent of Z26.

(144) Text from Newsl

#8 koordnii thii phrAthamkoosdacaan rtu
thdanph(tthAthiatphikkht héen witsudanmoéokphilaaraam
2ampheschajjaa capwatsuriatthaanii 2aaphdat nak kdon ca thun
wan khldaj wankdet trop kap wanthii 27 phriksaphaakhom nii
acase COMP Pra-Thamkosgjarn or Bhutathat-Bhikhuze (‘Bhikhu') of
Wat-Suanmokplaram Chaiya-county Suratthanee-province sick heavy
before will reach day like birthday exactly with date 27 May this
‘Pra Thamkosgjarn, Bhutathat Bhikhu of Wat Suanmokplaram at Chalya
county Suratthanee, was sick before his birthday in May 27’

#9 1¢ khéniphéet roopphdjaabaansurdatthaanii nimon [Z6] paj

rédksdatuaa juu thii roopphéjaabaan
and doctors;; (‘Doctorl’) Suratthanee-hospital invite [Z6]zs go treat
stay at hospital
‘and doctorsin Suratthanee hospital has taken (him) for a treatment in the
hospital’

#10 stp lapcaak thii [Z7] truaat2aakaan [Z8] 1éew
CONJ after COMP [Z7]z9 examine [Z8]z10 ASP
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‘ After (the doctors) have examined (him)’

#11[Z9] k5 daj haj [Z10] noonphdk réksdatuaa juu naj hdon
?ajsiijuu taptée chawtruu wanthii 25 phriksaphaakhom
thiiphaanmaa
[Z9] then ASP let [Z10] rest cure stay in room ICU since morning
date 25 May last
‘(they) asked (him) to stay in an ICU room since the morning of May 25’
Before his birthday in May 27, Pra Thamkosajarn or Than Bhutathat
Bhikhu, the abbot of Wat Suanmokplaram at Chaiya county, Suratthanee
province, was sent to Suratthanee hospital. After physical examination,
the doctors have asked him to stay at the hospital. Heis now in the |.C.U
room since the morning of May 25.

In example (144), when context-boundedness is used, ‘Bhikhu’ in (u9) will be
more salient than ‘Doctorl’ because it is also in Cf(u8). The order of entities in Cf(u9)
will be changed from (Bhikhu, Doctorl, Hospitall) to (Doctorl, Bhikhu, Hospital1).
Then, the continuation state form (u9) to (ul0) will be preferred, and ‘Doctorl’ and
‘Bhikhu will be the first-suggested referents for Z7 and Z8 respectively. But if
context-boundedness is not used, Cf(u9) will be (Bhikhu, Doctor1, Hospital1), and the
centering algorithms will correctly predict ‘Bhikhu' and ‘Doctorl’ as the referents for
Z7 and Z8 respectively.

Therefore, in Thai, grammatical functions are an important factor in ordering
entities in the Cf. Context-boundedness cannot replace the grammatical functions.

Therefore, it is unlikely for context-boundedness to be a universal criteria for ranking

entitiesin a Cf as hypothesized by Strube and Hahn (1996).
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As for the lower of transition cost and the higher number of continuation states,
which is the reason Strube and Hahn used to argue in favor of the functional centering
model, we calculated transition costs as defined in Table 14. When a context-
boundedness was implemented, it gave us additional continuation states and lower
transition costs as Strube and Hahn contended. Table 16 shows the number of

continuation states and the number of cheap and expensive transitions in our

comparison.
No of Continuation |Cheap |Expensive
existing centering  |non-functional 2101 1803 2054
functional 2389 1886 1971
extended centering |non-functional 3918| 3054 3172
functional 4121 3075 3151

Table 16: Number of continuation and transition cost

It is true that the functional model gave us more continuation states and lower
transition costs. However, we think that the results are directly related to the use of
context-boundedness. Since bounded entities are likely to be on the first rank in the Cf,
it is not surprising that continuation states would occur more often in the functional
model. When transition states are likely to be a sequence of continuation, transition
cost in the functiona model will be lower than transition cost in a non-functional
model. Therefore, the results of the transition cost should not be used to determine

which model is better. We think that it is more important to look at the success in
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resolution rather than at the number of continuation states and transition costs.
Transition states should be used in determining the degree of coherence of a discourse,
rather than in measuring the advantage of an approach. In example (145) below, the
discourse would have more continuation states and lower transition costs when
context-boundedness were used, but that does not mean that the discourse is easier to
understand when context-boundedness were used. The degree of inference load is still
the same no matter what approach is used.
(145)

a. John went to his favorite music store to buy a piano.

b. It was a store John had frequented for many years.

c. He was excited that he could finally buy a piano.

d. It was closing just as John arrived. (Grosz et al. 1995:206)

In sum, the degree of inference load should not be determined from the number

of continuation states or transition costs. The higher number of continuation statesis a
result of the process we have defined. Therefore, while the context-boundedness is

useful for anaphora resolution in a free word order language like German, it cannot

replace the role of grammatical function in a configurational language like Thai.
6.5.3 Nucleus and satellite units

The extended centering algorithm might perform better if the distinction
between nucleus and satellite units is recognized by the algorithm. In this study, we did

not distinguish between nucleus and satellite units as used in rhetorical structure theory
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(Mann and Thompson 1987) because we followed the conclusion of Fox's analysis
(1987:95) that a pronoun can be used when its referent is already referred to in an
‘active’ or ‘controlling’ unit (see section 3.4.2). Since an active unit can be either a
nucleus or a satellite unit whose structure partner is being processed, we were able to
simplify the analysis, and not ask the subjects to distinguish between nucleus and
satellite units during the discourse structure analysis. However, we now think that the
distinction between nucleus and satellite might be useful for setting saliency of
discourse entities. It may be possible that the lower number of first-try success in the
extended centering algorithm is a result of not using nucleus-satellite information. For
instance, we found that in examples (136-138) repeated below as (146-148), when
discourse entities in the nucleus unit were set to be more salient than entities in satellite
units, the extended centering algorithm was able to resolve the zero pronouns easily.
Instead of using 5, 4, and 4 attempts for resolving zero pronouns Z17, Z46, and Z52 in
examples (146-148) respectively, the extended centering algorithm would be able to
resolve these zero pronouns at the first-try or with one attempt.

(146) Text from Healthl

#23 dapndn thAa sudan taaptdapn khdon hiu diajrip kaan

krathdépkrathuaan

therefore if part any of earz;; receive NOM impactz17
‘Therefore, if any part of ears receives an impact’
#24 ruu [Z11] dajréap chudardok
or [Z11]1, receive germ
‘or (it) receives germ’



192

#25 chéen [Z12] doon krathéck reepreen

such-as [Z12]713 get strike strong
‘For example, (it) is struck’

#26 [Z13] dajjin sidap dap maak
[Z13] hear voice loud very
‘(It) isimposed to very loud noise’

#27 mii nim khaw hilu
there-is water enter earzis
‘Water enters ears

#28 [Z14] dajrdp chudardok
[Z14] receive germ
‘(Ears) receive germ’

#29 phr5 [Z15] khé huu dudaj khrudapmua sokkaprok
because [Z15] pick ear with instrument dirty
‘because (we) pick ears with dirty instrument’

#30 [Z16] khé huu reen keen paj
[Z16] pick ear strong over ASP
‘(we) pick earstoo hard’

#31 [Z17] 2aat thamhdj kdet roéok hiuu daj

[Z17] may cause occur disease ear ASP

‘(The impact like this) could damage ears

Therefore, if any part of the ear is damaged, we might have an ear
disorder. The ear damage can be caused by impact or diseases, such as
being struck, hearing an extremely loud noise, getting wet, and being
infected by diseases from dirty ear sticks.

\Y;
UAAAAAAAAAA,
UAAAA; ¢
23 24 25 26 27 o aa
UAAAA;,
28 &b
UAAAA¢,
29 30

Figure 28: Hierarchical structure of example (146)
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In example (146), the antecedent of Z17 is found in (u23) which is a part of the
nucleus unit (y). If entities in the nucleus unit were set to be more salient than other
entities, the entity ‘Impactl’ would be ranked the second instead of the sixth entity on
Cf(x). Thus, the extended centering algorithm would be able to resolve Z17 with one
attempt instead of five attempts.

(147) Text from Healthl

#65 rook ruu 2antaraaj khdop huu ndokcaak ca maa caak 2antaraaj
thii hlu dajrap doojtrop caak hiu chinndok
disease or danger of earzss beside will come from danger COMP
earz4s receive directly from ear outer
‘Ear disease or damage, beside getting from the damage that ear receives
from the outer ear’

#66 chéen bajhuu 1£ kéewhtu dajrap kaan krathbépkrathuaan
for-example auricle and eardrum receive impact
‘For example, auricle and eardrum receive an impact’

#67 chudardok khaw [Z45] phrd kaan khé hiu dudaj midjkhéhtu thii
maj safaat léew
germ enter [Z45] because-of NOM pick ear with an-ear-stick
COMP not clean ASP
‘Germ enters (ear) because of picking ear with a stick that is not clean’

#68 [Z46] jap mii sdahéet caak kaan thii htu mii thdo tittdo kap
sudan 2u@un?uun 21ik
[246] CONJ there-is cause from NOM COMP ear have canal
connect with part other too
‘(The damage) is caused from the fact that ear has canal connecting to
other organ’

... Ear damageis not only aresult of damages received from the outer
ear, such as animpact on ear blade and eardrum, or transmission of
germs from dirty ear-sticks. It may aso be aresult of damage in other
organs that are connected to the ear. ...



194

ax
e D 68
UAAAAAAAAAAAAAA,
65 T

UAAAA;,

66 67

Figure 29: Hierarchical structure of example (147)
In example (147), (u65) is the nucleus part of the active unit (ay). If entitiesin
(u6b) is set to be more salient than entities in the satellite unit (az), ‘Ear-disease’
would be the most salient entity in Cf(ay). Then, the extended centering algorithm
should successfully resolve Z46 at the first-try.

(148) Text from Healthl
#80 ca kast kaan?akséep naj chdon hiu chinklaan
will occur infectionzs, in cavity ear zs; middle
‘There will be an infection in the cavity of the middle ear’
#81[Z51] ca dajjin sidap ndoj lopy
[Z251] will hear sound decrease ASP
‘(Ear) will receive less sound’
#82 riu koot kéewhlUu thall
or occur eardrum torn
‘Or, eardrum istorn’
#83 mii namndon 14&j
there-is lymph out
‘Lymph comes out’
#84 haak [Z52] pen maak
if [Z252] be much
‘If (the infection) is severe’

... (If the middle ear gets any disease from the outer ear,) the cavity in it
will also be infected. Asaresult, we might lose our hearing, the eardrum
might be torn, or there might be lymph coming out of ears. If the
infection is severe, ...
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L A,
UAAAAAAAAAAAAAAAAAARAAARAAA,
bj o DK .
UAAAAAAAAAAAAAA,, UAAAA,,
80 e omo o 84 bo
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8l o
UAAAA,,
82 83

Figure 30: Hierarchical structure of example (148)

In example (148), the antecedent of Z52 is found in (u80), which is the nucleus
part of the active unit (uk). If entities in the nucleus part is set to be more salient, the
referent of Z52, i.e. ‘Inflection’, would be the highest-ranked entity and the extended
centering algorithm would be able to resolve Z52 at the first-try.

Therefore, further testing should be taken to see whether the extended centering
algorithm could perform better if the distinction between nucleus and satellite units are

included.
6.5.4 Positions on hierarchical structure

In addition to the distinction between nucleus and satellite units, we question
whether the position of utterances in the hierarchical structure of discourse is relevant
for the resolution. In section 5.2.2, we hypothesized that entities in an utterance a a
higher level of structure is more salient than entities in an utterance at a lower level
because we think that they should be easier to access than others. However, the

hypothesis is not supported by our corpus. The probability of finding antecedents at the
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lowest level of structure is higher than the probability of finding antecedents at the
highest level. But we think that it may result from the fact that there are more
utterances at the lowest level than those at the highest level. Therefore, we did not use
hierarchical level for ranking discourse entities in the Cf. In this section, we examine
this issue further. We modify the extended centering algorithm to account for the
position of utterances in the hierarchical structure. Two versions of the extended
centering were tested. One preferred entities in utterances at the higher level. The other
preferred entities in utterances at the lower level. To see the effect of this factor alone,
frequency and recency effects were excluded from the ranking of Cf in this test. The
results in Table 17 indicate that the model that prefers entities in utterances at the

higher level can resolve zero pronouns more efficiently that the other model.

NoOfZero |First-try |Total Success |Attempt |Work-load
Success
prefer higher level 1254 824 1216 565 1.46
prefer lower level 1254 809 1216 598 1.49

Table 17: Result of extended centering with hierarchy factor
Therefore, if position of utterances in the hierarchical structure were to be used
for ranking the Cf, entities at the higher level should be more salient than entities at the
lower level. But whether it is a significant factor for ranking the Cf is still subject to
further research. In this study, when we add this factor for ranking the Cf, the results

are the same as the one using only frequency and recency
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In addition to the level of hierarchical structure, it might be possible to look at
position of utterances in other aspects. For example, Webber (1997) argues that only
the right frontier of the structure is accessible for the resolution of demonstrative
pronouns that is used as a discourse deixis. Polanyi (1988) also argues that only the
rightmost node of the hierarchica structure is accessible for pronominalization in
English. If thisis aso true for Thai, the extended centering can consider only entities
that are in the utterance at the right frontier of the structure. This is certainly another

area of further research.
6.6 Conclusion

In this study, we use discourse structure in our simulation, assuming that it is
available. But in an actual NLP system, recognizing a discourse structure is a problem
of its own. It is till an active area in natural language understanding research. Some
researchers find clue phrases to be an important device to signal the beginning or
ending of discourse segments (Grosz and Sidner 1986, Cohen 1987, Allen 1995).
Others use coherent relation to determine the hierarchical structure of clauses in a
discourse (Hobbs 1985, Polanyi 1988). It is obvious that further research on discourse
structure is needed. In fact, it might be possible that the recognition of discourse
structure is benefit from anaphora resolution. Whether the process of anaphora

resolution comes after the process of discourse structure determination, or vice versa, is
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an open guestion. In this study, we have to assume that the discourse structure is given,
so that we can study the process of zero pronoun resolution. Our study focuses on
investigating the contribution of discourse structure to zero pronoun resolution in Thai,
and on extending the centering to work with the hierarchical structure of discourse.
Although we did not find the hierarchical structure of clauses at the discourse level to
be relevant for zero pronoun resolution in Thai, we found a few examples, in which
hierarchical structure at the sentence level seems to be relevant. These examples
suggest that the resolution could be done easier if the hierarchical structure of clauses
and the distinction between nucleus and satellite parts are recognized. However, the
number of examples found in this study are too small to confirm the conclusion.
Further research should be pursued on a larger corpus to see whether the hierarchy

structure of discourseisreally relevant for the resolution.



