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Abstract

In this paper, we introduce the method of spoken

language understanding in the Linguistic Processor of a

Chinese Spoken Dialogue System Engine. The Linguistic

Processor is conceived for the development of simple,

robust nature language interfaces to different applications.

It is designed for extracting meaning representation from

Chinese spoken utterances. Its strategy is to apply

grammatical constraints at the phrase level rather than on

the entire sentence.

1. Introduction

In the spoken dialogue system, the objects are the

spontaneous speech.  There are more complicated

phenomena in spontaneous speech, for instance, pauses,

filled pauses, stutters, coughs, laughs, hesitations, verbal

edits, mid-utterance corrections, ill-formed sentences,

partial sentence.  In addition, recognition errors, out-of-

vocabulary and out-of-grammar occur more in

spontaneous speech than in reading speech [1,2,3].  In

our system, the speech input is obtained through the

public telephone network.  So it is degraded.  The

output of the speech recognizer will be worse.  In order

to deal with above problems, high flexibility and

robustness is required from language understanding

component of the spoken dialogue system.

In a spoken dialogue system for information retrieval, the

task of the spoken language understanding is to extract

sentence meaning, that is, the user’s intention and the

information items needed for task transaction, under the

context of dialogue [4].  In a given domain, the set of

information items is definite and its element count is

limited.  The goal of Linguistic Processor is to fill the

slots according to the spoken sentence.

In this paper, we introduce the strategy of the language

understanding of a Chinese Spoken Dialogue System

Engine (IIS-CSDSE).  The engine applies a mix-

initiative dialogue management strategy.  The system is

currently implemented in two different domains: a train

ticket information system and a stock information system.

These two systems both take the telephone speech as

input.

2. The design strategy of

language understanding

The task of the component of language understanding is

extracting the semantic representation of the content that

speaker said.  We apply the frame-based representation

technique for semantic representation in the component of

language understanding.  The main knowledge source is

the semantic information implemented in the form of case

frames each of which contains a set of slots or case values.

Context Free Grammar (CFG) is used to represent and

analyze the spoken nature language in this system.

Semantic information is implemented in the form of case

frames.  The phrases represent word strings that can fill

these slots.  The word strings are represented as patterns.

The pattern is recursive, since it allows its elements to
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refer to other patterns as well as to word categories.  All

the patterns constitute into a set of networks, each of

which specifies all permitted ways of saying the meaning

represented by the slot.  Since networks refer to other

networks, the overall size of the representation is

significantly reduced.

The parser matches the input utterance to the patterns as

much as possible.  Out-of-lexicon words are ignored.

Words in the lexicon are also ignored if the nearby words

make up a pattern.  The constraints are applied at the

phrase level.  The recognition error does not provoke the

entire parse to fail, simply prevent the specific pattern

being matched.  Applying constraint at the phrase level

is more flexible than recognizing sentence as a whole.

When more than one word in one category is located in a

pattern, the system considers the last word that is given in

the utterance.  Thus, spontaneous speech phenomena,

such as repeats, verbal edits, auto-correction, where the

user is trying to change or repeat something that was said

earlier in the utterance, are handled perfectly.  The

performance of the system is improved.

The component of Dialogue Manager takes the frame

representation as its input and completes the task of

interaction.  Another point of this design is that the

expectations of mix-initiative dialogue system can be

used in the search process of language understanding.

3. The algorithm of language

understanding

In the following sections, the frame-based representation

tactic will be discussed first.  Then the algorithm process

is given and described in details.  Finally, some

mechanisms for handling repetitions and auto-corrections

and the use of the dialogue expectation are introduced.

3.2 Frame representation

For the meaning representation, the domain dependent

knowledge is represented in a set of frames.  It is a

cluster of facts and objects that describe some typical

object or situation, together with specific inference

strategies for reasoning about the situation [5].  A frame

can be thought of as a network of nodes and relations.

The top level of a frame represents facts that are always

true about the supposed situation.  The lower levels have

terminals or slots that need to be filled by specific

instance of data: labels for information items.  Each

terminal can specify conditions its assignments must meet.

The frame-slot representation has the advantage to allow

partial result when trying to extract complex information.

The application-dependent semantic information is

implemented in the form of case frames each of which

contains a set of slots or case values.  The word strings -

in another words, the phrases – that can fill these slots are

represented as patterns.  For the recursive property of the

phrase, one pattern can refer to other patterns.  Thus, the

size of the grammar is decreased.  As the reason

discussed in the first section, there are many poorly

syntactical sentences that often consist of well-formed

phrases in spontaneous speech.  Applying the constraints

in the phrase level is more flexible than regarding the

sentence as a whole.  This approach provides more

constraints than simple keyword-spotting, but is more

robust in the face of spontaneous speech effects and ill

formed utterances.   It can provide partial results and

ignore meaningless chunks of the input.

3.3 Understanding process

The input of the component is the syllable lattice of N-

best candidates with their acoustic scores generated by

acoustic recognizer.  The understanding process can be

regarded as a syllable-to-frame process.  But the syllable

cannot be transformed to frame representation directly.

In Chinese, almost every character in Chinese is a

morpheme with its own meaning and is pronounced as a

monosyllable. But one syllable can be mapped to many

Chinese characters.  A sequence of Chinese characters

maybe has many segment ways that represent different



meanings, that is, those ways have different frame

representation.

The parser applies a bottom-up strategy.  First, the

syllable lattice is transformed to word graph.  Only the

words in the domain dependent word set are used in this

process.  That is, out-of-lexicon words are ignored.

Then, the word that is contained in a word category

triggers that a node is produced to represent the word

category.  Next, the node pairs that construct a phrase are

found, a new node is produced in the graph to represent

the phrase.  This step continues until no node can be

produced.

After the process above, the syllable lattice is transformed

to a phrase graph (In some sense, a word can be regarded

as a phrase.  We say so because there are some words

still exist in the graph).  The phrase can be mapped to

the frame slot structure directly.  Then the phrase graph

because a frame-phrase graph.  Because of the property

of the graph, maybe there are many choice of frame

representation.  In this case, it searches for the

interpretation with the fewest number of slots.  But if the

interpretation is still ambiguous, it picks one randomly.

3.4 Repetition and auto-

correction

The component of language understanding applies a

simple mechanism to handle repetition and auto-

correction.  In the case of the repetition, only one of the

same neighboring words is reserved, the others are

omitted.  For instance, the sentence:

  I want to buy a ticket from Beijing Beijing to Nanjing.

The sentence is handled to:

I want to buy a ticket from Beijing to Nanjing.

The parser regards the neighboring words in the same

category as a whole during the process of parsing. Thus,

the multiple neighboring words in the same category

don’t affect the parsing process; just affect the process of

filling value.  For instance, in the case of auto-correction

without the cue words (for example, ‘no’), the sentence:

  I want to buy a ticket from Beijing to Nanjing

Shanghai.

The words ‘Nanjing’ and ‘Shanghai’ are included in the

same category ‘city_name’.  During the parsing process,

these two words are regarded as a whole.

If the slot can only be filled by one word, the last word is

used to fill the slot, so the previous ones are omitted.

For example, in the sentence above, the slot ‘to_city’ can

only be filled by one word, so the word ‘Shanghai’ is

used to fill the slot.  The word ‘Nanjing’ is ignored.

If the slot can be filled by more than one word, all the

words in this category fill the slot after only one of the

multiple same words is reserved.  For instance,

  I want to buy a ticket through Tianjin, Nanjing, Tianjin,

to Shanghai.

The slot ‘pass_city’ can be filled by more than one word,

one word ‘Tianjin’ is omitted.  The slot value is filled as

‘Tianjin’ and ‘Nanjing’.

In the case of auto-correction with the cue words, that is,

the multiple neighboring words in the same category are

just separated by the word ‘no’, the words before the

word ‘no’ are just ignored.  For example,

I want to buy a ticket from Beijing to Nanjing, no,

Shanghai.

The word ‘Nanjing’ is ignored.

In the complicate situation, the user is trying to change

something (phrases, not just words) that was said earlier

in the utterance.  The strategy above is useless.  In

these cases, the same information item (the same slot) is

filled more than one times.  The last filled value is

regarded as the correct value.  For example,

  I want to buy a ticket from Beijing to Nanjing, no, to

Shanghai.

The slot ‘to_city’ is filled two times, first with ‘Nanjing’,

next with ‘Shanghai’.  The value ‘Shanghai’ is reserved

as the slot value.

3.5 Dialogue expectation

The dialogue manager applies a mix-initiative dialogue

manage strategy, that is, both the system and the user can



ask question at any time.  We make use of the

expectation of the dialogue, if it is possible, during the

whole process of understanding.  When the system

analyzes the input of the user, the words include the

category that can be filled in the expecting slot are given

higher score during the parsing process.  If there is only

the word include the category that fill the expecting slot,

the words is used to fill the slot.  For instance:

The user says:

  I want to buy a ticket from Beijing.

The dialogue manager analyzes this sentence and fills the

slot ‘from_city’, finds the slot ‘to_city’ has no value, then

generates a response:

  Where are you going?

If the user answers:

  Shanghai.

The word ‘Shanghai’ will be used to fill the slot ‘to_city’.

The subsequently analyzing will be performed.

If the word category is marked as another slot filler, the

expecting slot will not be filled.  For example, if the user

doesn’t answer the system’s question, just corrects his

claim:

 No, from Tianjin.

The word ‘Tianjin’ is marked by the marker ‘from’, so the

word is filled to the slot ‘from_city’.

In both two situations, the meaning of the user is correctly

understood and the mix-initiative dialogue strategy is

applied.

4. Conclusion

In this paper, we proposed a frame-based language

understanding algorithm.  We argued that this approach

has several advantages concerning application flexibility,

robustness against ill-formed or mis-recognized speech

input, and that it is mostly suitable for spontaneous

Chinese language.

This method is currently gradually tested in both

applications – a train ticket information system and a

stock information system, using the mixed-initiative

Chinese spoken dialogue system engine that developed in

Center for Speech Interactive Technology, CAS (IIS-

CSDSE).  The result confirms the claims above.  Full

implementation result will be available, as soon as all the

system is completed.
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