An Integrated Robust Parsing of Sp ontaneous

Utterances

Y uji MA

TSUMOTO and Osamu IMAICHI

Graduate School of Information Science,

Nara Institute of Science and T echnology

T ak ayama, Ikoma, Nara 630-01, JAP AN

e-mail: matsu@is.aist-nara.ac.jp

1. Introduction

Sp ontaneous sp eech has v arious kinds of ill-formed phenomena such as omissions, inver-

sions, word fragments, interjections, sp eech repairs. In particular, word fragments, inter-

jections, and sp eech repairs, which are called dis uencies, are p eculiar to sp oken language

and do not o ccur in written language. Sp eech repair is a repair of an utterance in the

middle by the sp eaker, and o ccurs when some of the words uttered by the sp eaker need to

be remov ed in order to understand his/her intended meaning. W ord fragments, which is a

kind of sp eech repairs, o ccur in case where sp eech repair o ccurs in the middle of a word. Of

spontaneous Japanese utterances, approximately 26sp eech repairs and 64construct sp oken

language systems, we cannot ignore such dis uencies.

Most of previous approaches to ill-formed inputs distinguish the pro cess of sp eech repairs

from the other linguistic pro cessing and place it as the prepro cessing of parsing. However,

any pro cessing should not b e a pre-pro cess of the other without clear reasons. This rep ort

proposes an integrated metho d for dealing with grammatical errors and dis uencies. The

framework is based on cost-reward tradeo�. A cost is de�ned according to the degree of

ill-formedness and a reward is de�ned by the e�ect of a phase to work for the eventual

analysis of the input.

2. Integrated metho d based on cost and reward trade-o�

2.1 Outline

The prop osed metho d comprises a two-stage mo del consisting of the normal parsing

process and the recovery pro cess. When the normal parsing pro cess has b ecome stuck in

�nding a complete parse for the input, the recovery pro cess is invoked. The parsing pro cess

employs the b ottom up Chart parsing algorithm, and the recovery pro cess can use partial

parses for recovering from the parsing failure. The main mechanism of the recovery pro cess

is the selection of partial parses appropriate for error recovery

. In order to select the most

appropriate one, cost and reward are assigned to each partial parse. Cost indicates the degree

of inconsistency included in a partial parse, and is calculated by the cost-based uni�cation,

while reward indicates the degree of their contribution to error recovery .

Ill-formed inputs are handled by three mo dules dep ending on the types of ill-formedness.

1. Mo dule A handles lo cal ill-formedness such as constraint violations.

2. Mo dule B handles non-lo cal ill-formedness such as word order violations.

3. Mo dule C handles non-lo cal ill-formedness such as incomplete sentential fragments

and contextual ellipses.

Mo dules A and B try to �nd a phrase that would cov er the whole input, whereas Mo dule

C tries to �nd an appropriate interpretation using contextual information. This rep ort

summarizes mainly the former two mo dules.

Fig.1:

(Fig. 1) shows the architecture and ow of partial parses employed in our system. There

are three comp onents: the normal parsing pro cess, the meta-pro cess, and the recov ery pro-

cess. The normal parsing pro cess p erforms syntactic parsing. This pro cess only constructs

context-free skeletons and passes the intermediate results to the meta-pro cess, which eval-

uates the inconsistency in partial parses using cost-based uni�cation. The meta-pro cess

returns the results to the normal parsing pro cess only when inconsistent information is not

detected under cost-based uni�cation. The meta-pro cess passes all the partial parses to the

recov ery pro cess.

If the normal parsing pro cess succeeds in �nding a complete parse, the recovery pro cess is

never invoked. Otherwise, the recov ery pro cess is invoked by the meta-pro cess. The recovery

process starts �nding an appropriate partial parse according to the criteria for Mo dules A

and B to b e describ ed b elow. It selects a partial parse, and passes it to the normal parsing

process. Then the normal parsing pro cess, which has b een susp ended, resumes its pro cess

taking into account the selected partial parse. This pro cess terminates when the normal

parsing pro cess �nds a phrase covering the whole input.

2.2 Recovery pro cess

If the normal parsing pro cess fails in �nding a complete parse for the input, the recovery

process is invoked and selects a partial parse that gives the most plausible explanation of

the ill-formedness. The selection is based on the following criteria.

1. Selection criterion:

Select a partial parse with the maximal reward and the minimal cost.

The criteria of the reward are de�ned as follows:

Reward criterion A: V erb phrases are preferred to noun phrases and noun phrases are pre-

ferred to other phrases.

Reward criterion B: Phrases covering the widest range of the input are preferred. And, the

ones at the righter p osition are preferred to others (in the case of Japanese).

The Reward criteria sp ecify the ranking-order of the reward. If the partial parse with

the maximal reward is not decided by the Reward criterion A, the Reward criterion B is

applied. F or example, if two verb phrases exist, the partial parse with the maximal reward

98

is selected using the Reward criterion B. The verb phrase that cov ers the wider range of the

input string and exists at the righter p ortion in the input string is selected.

Module A

When the selected partial parse is not used in the normal parsing pro cess, Mo dule A

is invoked. It simply passes the partial parse to the normal parsing pro cess, and then the

normal parsing pro cess resumes the susp ended pro cess. This corresp onds to the relaxation

of constraints violated in the partial parse.

Module B

When the selected partial parse has already b een used in the normal parsing pro cess,

Module B is inv oked. Mo dule B uses the lexical exp ectation mechanism. That is, it uses

the syntactic and semantic information describ ed in the feature structure of the selected

phrase. The selected phrase is called the seed phrase in Mo dule B. Mo dule B is de�ned by

the following pro cedure.

Procedure of Mo dule B

1. Lexical exp ectation:

Lo oks at the syntactic and semantic information describ ed in the seed phrase for

�nding the candidates that satisfy the requirement imp osed by the seed phrase.

2. Searches for the candidates according to the search criterion.

Search criterion: Search for phrases that the seed phrase requires.

3. There are two cases dep ending on whether the found phrase is complete or not.

If complete: check if the phrase is suitable for the argument of the seed phrase, com-

bines this phrase and the seed phrase, and passes the result to the normal parsing

pro cess.

If incomplete: the phrase b ecomes the next seed phrase, and call this pro cedure recur-

sively .

It is imp ortant to notice that Mo dules A and B are de�ned indep endently but work in

an interleaving manner. That is, they are controlled by the principle of cost and reward

trade-o� that is de�ned in the search criterion.

3. Mo dule for Dis uencies

W e introduce a new mo dule called Mo dule B’ for dealing with dis uencies such as inter-

jections, rep etition, sp eech repairs and so on. In order to detect and correct sp eech repairs

in an utterance, it is necessary to identify the reparandum and repair parts in the utterance.

In a repaired utterance, a fragment in the reparandum part often matches some words

in the repair part.

In example 1, the word \koto" app ears in b oth the reparandum and the repair part.

Thus the rep etition of a word/phrase is an imp ortant clue for detecting sp eech repairs.

Example: kaigi no koto, eto, touroku no koto de uk agai tai.

W e use another clues for detecting sp eech repairs. In transcrib ed texts from sp oken

language, the information on pause is often indicated by using a comma. When the length

of the duration of pause b etween two words has some length, a comma is inserted b etween the

tw o words by the transcrib er. In the example, a comma is inserted b etween the reparandum

99

and dis uency parts, and b etween the dis uency part and the repair part. Thus we use it as

a clue for detecting the interruption p oint, b ecause a comma might indicate the interruption

point of sp eech repairs. In addition, we use interjections as a clue that might indicate the

interruption p oint.

In order to pro cess these typ es of sp eech repairs, it is necessary to delete the dis uency

part and the reparandum part. The main mechanism of Mo dule B’ is a skipping op eration.

By p osing a cost in the skipping op eration, this mo dule is naturally integrated into the

framework based on cost and reward trade-o�.

The cost is de�ned by the easiness of skipping. Similar words are rep eated in sp eech

repairs, b oth in morphologically and in semantically

. Accordingly

, we de�ne the similarity

measure of the two phrases; one is the skipp ed phrase and the other is the selected phrase.

The similarity is evaluated from morphological, syntactic, and semantic viewp oints. A cost

is assigned to the new phrase that is constructed by skipping a word/phrase. When the

degree of the similarity b etw een the skipp ed phrase and the selected phrase is high, the

phrase constructed by the skipping op eration receives a small cost. Moreover, the easiness

of skipping is also de�ned by the length of the skipp ed words.

Mo dule B’ is invoked when the selected partial parse is already used and is preceded by

a comma or an interjection. The pro cedure of Mo dule B’ is de�ned as follows.

Procedure of Mo dule B’

1. Interjection:

The preceding word or fragment is skipp ed at a low cost de�ned for each interjection.

2. Rep etition:

The morphological similarity is evaluated and the word is skipp ed and is given a cost

on the basis of the similarity .

3. Sp eech repairs:

The morphological, syntactic, and semantic similarities b etween the reparandum and

repair parts are evaluated and the reparandum part is skipp ed on the basis of the

similarity

. The cost is calculated according to the similarity .

4. App osition:

The semantic similarity b etween the app osition part and the selected phrase is evalu-

ated and is given a cost based on the similarity .

New partial parses with a cost that are constructed in Mo dule B’ are used when Mo dule

A is invok ed. Like other mo dules, Mo dule B’ is controlled by the principle of cost and reward

trade-o�.

Consider the ab ove example. The normal parsing pro cess leav es the phrase ’kaigi no

koto’, the word ’eto,’ and the phrase ’touroku no koto de ukagai tai’. Using the selection

criterion, the recovery pro cess selects the phrase ’touroku no koto de ukagai tai". Since this

phrase is preceded by a comma, Mo dule B’ is invoked. Mo dule B’ skips the word ’eto’ as an

interjection and builds the new partial parse. This new partial parse, which receives a new

cost, is passed to the normal parsing pro cess. Since this phrase has a cost, it is not used

in the normal parsing pro cess. When the recovery pro cess is invok ed again, the recovery

100

process selects the phrase ’(eto), touroku no koto de ukagai tai’ using the selection criterion.

The Mo dule B’ is inv oked with this phrase b ecause it is also preceded by a comma. Mo dule

B’,then, skips the noun phrase \k aigi no koto" as sp eech repairs, and the new phrase is

passed to the normal parsing pro cess. Since this phrase receives another cost, it is not used

in normal parsing. Then, the recovery pro cess selects the phrase that covers the whole input,

and then Mo dule A passes this phrase to the normal parsing pro cess. Since the phrase that

cov ers the whole input is found, the recovery pro cess terminates successfully .

4. Conclusion

This pap er prop osed a new integrated framework for handling grammatically ill-formed

inputs. It deals with wide phenomena of ill-formedness on a single principle of cost-reward

trade-o�. The following mo dules are intro duced for handling various types of ill-formedness.

Mo dule A handles lo cal ill-formedness such as constraint violations.

Mo dule B handles non-lo cal ill-formedness such as word order violations.

Mo dule B’ handles lo cal ill-formedness such as dis uencies.

Mo dule C, which is not describ ed in this rep ort, handles non-lo cal ill-formedness such as

incomplete sentential fragments and contextual ellipses.

W e have integrated these mo dules into a uniform framework on the basis of the notion of

cost and reward. Cost represents the degree of inconsistency included in a partial parse, and

reward represents the go o dness of a partial parse. Though each mo dule alone is not enough

to deal with v arious types of ill-formedness, the integration is done in a straightforward way .

Keywords: grammatically ill-formed sentence, robust parsing, integration, sp ontaneous

speech