Domain-limited Interlingua-based Speech Translation
Evolution of Domain-limited Interlingua-based MT at CMU

The Interactive System Labs (ISL) and the Language Technologies Institute (LTI) at Carnegie Mellon have been pursuing an ongoing research effort over the past fifteen years to develop machine translation systems specifically suited for spoken dialogue.  The JANUS-I system (Woszczyna et al., 1993) was developed at Carnegie Mellon University and the University of Karlsruhe in conjunction with Siemens in Germany and ATR in Japan.  JANUS-I translated well-formed read speech in the conference registration domain with a vocabulary of 500 words.  Advances in speech recognition and robust parsing over the past ten years then enabled corresponding advances in spoken language translation.  The JANUS-II translation system (Waibel et al., 1996), taking advantage of advances in robust parsing (Carroll, 1996; Lavie, 1996), operated on the spontaneous scheduling task (SST) -- spontaneous conversational speech involving two people scheduling a meeting with a vocabulary of 3,000 words or more.  JANUS-II was developed within the framework of an international consortium of six research groups in Europe, Asia and the U.S., known as C-STAR (http://www.cstar.org).  A multi-national public demonstration of the system capabilities was conducted in July, 1999.  More recently, the JANUS-III system made significant progress in large vocabulary continuous speech recognition (Woszczyna, 1998) and significantly expanded the domain of coverage of the translation system to spontaneous travel planning dialogues (Levin et al, 2000), involving vocabularies of over 5,000 words.  The NESPOLE! System (Lavie et al, 2001, Lavie et al, 2002) further extended these capabilities to speech communication over the internet, and developed new trainable methods for language analysis that are easier to port to new domains of interest.  These were demonstrated via a prototype speech-translation system developed for the medical assistance domain.  The language processing technology developed within the JANUS-III and NESPOLE! Systems were also incorporated into portable platforms such as the LingWear system and the Speechalator, developed for the DARPA Babylon Program.

Overview of the Approach
Throughout it’s evolution over the course of more than fifteen years, the JANUS-style speech translation systems have been following a framework that is based on a common, language-independent representation of meaning, known within the MT community as an Interlingua.  Interlingual machine translation is convenient when more than two languages are involved because it does not require each language to be connected by a set of translation rules to each other language in each direction.  Adding a new language that has all-ways translation with existing languages requires only writing one analyzer that maps utterances into the interlingua and one generator that maps interlingua representations into sentences.  In the context of a large multi-lingual project such as C-STAR or NESPOLE!,  this has the attractive consequence that each research group can implement analyzers and generators for its home language only.  There is no need for bilingual teams to write translation rules connecting two languages directly.  A further advantage of the interlingua approach is that it supports a paraphrase option.  A User’s utterance is analyzed into the interlingua, and can then be generated back into the user's language from the interlingua.  This allows the user to confirm that the system produced correct interlingua for their input utterance.  Figure-1 is a graphical depiction of these underlying concepts of interlingua-based machine translation. 
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Figure-1:  Interlingua-based Machine Translation between Multiple Languages

The main principle guiding the design of the interlingua is that it must abstract away from peculiarities of the source languages in order to account for MT divergences and other non-literal translations (Dorr, 1994).   In the travel domain, non-literal translations may be required because of many fixed expressions that are used for activities such as requesting information, making payments, etc.  Similarly, in medical assistance, formulaic expressions are often used when eliciting medical information from a patient, or suggesting treatments.  The interlingua must also be designed to be language-neutral, and simple enough so that it can be used reliably by many MT developers.  In the case of the interlingua systems described here, simplicity was possible largely because the working within task-oriented limited domains.  In a task-oriented domain, most utterances perform a limited number of Domain Actions (DAs) such as requesting information about the availability of a hotel or giving information about the price of a flight.  These domain actions form the basis of the interlingua, which is known as the Interchange Format, or IF.

A Domain Action (DA) consists of three representational levels: the speech act, the concepts, and the arguments.   In addition, each DA is preceded by a speaker tag, to indicate the role of the speaker.  The speaker tag is sometimes the only difference between the IFs of two different sentences.  For example, “Do you take credit cards?” (uttered by the customer) and “Will you be paying with a credit card?” (uttered by a travel agent) are both requests for information about credit cards as a form of payment.  In general each DA has a speaker tag and at least one speech act optionally followed by a string of concepts and/or a string of arguments.

In Example-1 in Figure-1 below, the speech act is give-information, the concepts are availability and room, and the arguments are time and room-type.  Example-2 shows a DA which consists of a speech act with no concepts attached to it.  Finally, Example-3 demonstrates a case of DA which contains neither concepts nor arguments.

Example-1:   On the twelfth we have a single and a double available.

        a:give-information+availability+room (room-type=(single \& double),time=(md12))

Example-2:   And we'll see you on February twelfth.

        a:closing (time=(february, md12))

Example-3:    Thank you very much 

        c:thank

These DAs do not capture all of the information present in their corresponding utterances.  For instance they do not represent definiteness, grammatical relations, plurality, modality, or the presence of embedded clauses.  These features are generally part of the formulaic, conventional ways of expressing the DAs in English.  Their syntactic form is not relevant for translation; it only indirectly contributes to the identification of the DA.

Language Analysis and Generation
In the interlingua-based translation systems, translation is performed by analyzing the source language input text into the interlingua representation, and then generating a string in the target language.  In our main analysis sub-module,

the input string is analyzed by {\sc Soup}, a robust parser designed for

spoken language.  {\sc Soup} works with semantic grammars in which the

non-terminal nodes represent concepts and not syntactic categories.  The

output of the parser represents the meaning of the input and serves as an

interlingua for translation.  The Parser-to-IF mapper then converts this

representation into a canonical {\em Interchange Format} or IF (see

Section~\ref{IF}) that was jointly designed by the C-STAR consortium member

groups.  The mapper performs a simple format conversion, and does not

contribute any significant information beyond that derived by the parser.

The IF interlingua representation is then passed on to generation,

which generates output text for several different target languages

(currently English, German and Japanese) using target language

generation grammars.  Note that this framework supports generation back into

the source language (in our case, English), which results in a paraphrase of

the input.  This provides the user with a mechanism for verifying analysis

correctness, even when he/she is not fluent in the target language.  The

IF can also be exported to the generation systems of other C-STAR

partners for translation into languages not supported at CMU (French,
Italian, and Korean).  The generation process first uses a generation

mapper, which converts the IF into a tree semantic representation

which is then passed on to the generation module.  The {\sc Phoenix}

generator then produces a string in the target language.

The analyzer and generator are language-independent in that they consist of a

general processor that can be loaded with language specific knowledge sources.

Our travel domain system currently includes analysis grammars for English and

German and generation grammars for English, German, and Japanese.  Additional

languages (Spanish and Korean) are available for sentences in the scheduling

domain.  Figure~\ref{parse-ex} shows an example of the output from the parser,

the IF produced by the analysis mapper and the output from the generation

mapper.

\subsection{Design Issues}

Two additional points of design deserve attention.  First, we adhere

to an interlingua approach for ease of adding new languages.  Each new

language has to be analyzed into the interlingua and generated from

the interlingua, and beyond that there is no need for special rules

relating it to each other language.  Furthermore, interlinguas support

a paraphrase option.  Input analyzed into an interlingua

representation can then be translated back into the same language as a

paraphrase of the original input utterance.  This enables a user who

has no knowledge of the target language to assess if the system

correctly analyzed the input utterance.
A second important feature of {\sc Janus} MT is the use of semantic

grammars.  Semantic grammars describe the wording of concepts instead

of the syntactic constituency of phrases.  Some examples of

non-terminals in our semantic grammar are

{\tt room-reservation} and {\tt flight-features}.

There were several reasons for choosing semantic grammars.  First, the

domain lends itself well to semantic grammars because there are many

fixed expressions and common expressions that are almost formulaic.

Breaking these down syntactically would be an unnecessary

complication.  Additionally, spontaneous spoken language is often

syntactically ill formed, yet semantically coherent.  Semantic

grammars allow our robust parsers to scan for the key concepts being

conveyed, even when the input is not completely grammatical in a

syntactic sense.  Furthermore, we wanted to achieve reasonable

coverage of the domain in as short a time as possible.  Our experience

has been that, for limited domains, 60\% to 80\% coverage can be

achieved in a few months with semantic grammars.

give-information+onset+body-state 


(body-state-spec=pain, time=(interval=3d, relative=before))
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The pain started three days ago.
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