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ABSTRACT on Mandarin-specific issues in recognition, language modeling,
translation of the weather reports, database, and synthesis. Due

MUXING is a telephone-based conversational system that allows space limitations, readers are referred to our other publications
users to access weather information in Mandarin Chinese ovgj; a background description ofPITER

the telephone. AlthougmuXxING utilizes the same architec-

ture as well as most of the same human language technology 2. SPEECH RECOGNITION

components as its English predecessorITER some modifi- ) ) o _ o
cations to the system were necessary to account for difference&eating a lexicon for Mandarin is difficult, since the definition
between English and Mandarin Chinese. In addition, the weath@f & word is often arbitrary, leading to potential redundancy. For
database needed to be modified to reflect regions of greater fXample, a city can be referred to by its name (e.g.,"beijing”), or
terest to potential Chinese users. This paper describes our s§¥-adding modifiers to the name, (e.g., “beijing city”, “beijing
tem development effort, paying particular attention to Mandarin@rea”, or even “beijing city area”). If each of these is represented

specific changes to the originalPITERSystem. as a single word, the lexicon could become unwieldy. There is
clearly a trade-off between defining larger lexical units by “un-
1. INTRODUCTION derbarring” frequently appearing sequences of common words,

at the expense of a substantial growth in the size of the lexicon.
For the past decade, our group has been conducting research . . ) )
leading to the development of conversational systems that enatp!r solution to this problem is to use underbars sparingly,
users to access and manage information using spoken dialogdgfining only the obvious words, such as “giiy1(beijing)",
In this context, multilinguality has always been an important re-Shi4(City)", and “di4.qul(area).” To enhance the power of the
search topic. Our approach to developing multilingual convet@nguage model, we have developed a mechanism to automati-
sational systems is predicated on the assumption that it is pd&lly create a statistical hierarchical language model, based on
sible to extract from the input@ommonlanguage-independent context free rewrite rules. We adopt pinyin as the symbol set,
semantic representation, amterlingua To promote portabil- rather than characters. Thus, in the example, the concept of “bei-
ity, we have adopted the strategy of requiring that each comp#Dd” City can be realized as “beiing1” followed by optional
nentin the system be as language transparent as possible. WHegdIfiers such as “shi4,” as well as many other variants.

Iar?guage-'d.ependent information is required, we have attemptﬁﬁjthe remainder of this section, we will first identify our baseline
to isolate it in the form of external models, tables, or rules. Thug stem and data. We will then describe the acoustic modeling as-
far, we have applied this formalism successfully across severﬁtcts, followed by the language modeling approach. Finally, we

languages and domains [1, 2]. summarize recognition results, for a number of different experi-

In 1997, we introduced theurITER weather information sys- Mental conditions.
tem in English [3]. AsJuPITERgains maturity, it has become
the platform for our multilingual spoken language research e

fort. This paper describegUxING2, a conversational system The recognizer uses the segment-basadmIT system [8]. The
providing weather information in Mandarin Chinese UMING  yocabulary has 750 words, covering about 400 place names and
employs the same Galaxy Communicator architecture [4] as iffiher common words used in weather queries. On average, each
English predecessor. It also utilizes most of the same humaford contains 2.3 syllables. Chinese syllable initials and finals
language technology components, although some modificatiofige., onsets and rhymes) are used as acoustic model units. The
were necessary for differences between English and Mandaiseline configuration uses segment models, a class bigram in

Chinese. In addition, the weather database needed to be modifid forward Viterbi search and a class trigram in the backward
to reflect regions of greater interest to potential Chinese userg, search.
This paper describes our system development effort, focusing
Acoustic models were trained using 1,250 within-dom&iad

1This C\izvohrk wahs suvplorwd by I?jARPA Unlderdcontract N6600”1-99-1-8904Jtterances, augmented with some 9,000 utterances from the
monitored through Naval Command, Control and Ocean Surveillance Centey, ; ; _
by the National Science Foundation under Grant No. IRI-9618731, and by%e(ll,NHE domain [2]. Many 9f thevINHE utterances contain En
contract from the Industrial Technology Research Institute. glish words as well as Chinese words that are out of the vocab-

2“Muxing” is the Chinese name for the planet Jupiter. ulary of theMuxING domain. In order to utilize as much data

2.1. Baseline System




as possible, we configured a syllable recognizer specifically farsing theTINA natural language formalism [7]. Each grammar
deriving forced transcriptions for training. We also added a fillerule is decomposed into a set of trigrams linking left siblings
acoustic model to account for all the English words, so that weaith possible right siblings, in the context of the parent. A set
could skip the English words in an utterance and still use the resf distinguished categories are identified as classes for the top-
of it for training. We were able to double the effective number ofayer classigram. Once the grammar is trained, it is written out
training tokens using this technique (from 236,760 to 440,947)as a finite-state transducer, which can then be composed with the

. lexicon to define the search space for recognition.
Once the system was available through telephone access, we col-

lected an additional 1000 spontaneous utterances of users intAr example sentence, decomposed into grammar rules, is shown
acting with MUXING. We divided themUXING data into two in Figure 1. The highlighted categories are linked through the
approximately equal sets, a 400 utterance development set usdaissngram probabilities. Spacio-temporal trigrams are retained
for tuning recognizer parameters, and a 450 utterance test set éoly for the portions of the parse tree below these categories.
final evaluation.

2.2. Boundary Model Training

In addition to segment modelspmMmmIT also utilizes boundary
models to provide contextual constraints. However, we have
not been able to train boundary models for the Mandarin rec- @ﬂ
ognizer in the past, due to the difficulty in manually grouping

cross-phone boundary classes based on phonological knowledge,

especially when training data are very sparse. To address this

problem, we have implemented a data-driven approach to derive \ChinaCity\ \City \

Fore@
boundary classes automatically, using a decision-tree based clus-

tering technique. ‘bei3jing Hdi4iqu1 the4 thou17m04 HdeS ‘ ‘tianliqi4 ‘

‘ RelTime ‘

Since it would be too computationally costly to derive all classes. . . .

from a single pool of data, we designed a two step process to i igure 1: A simple examplg to |IIustr.a.te the stoc.has.tlc context
prove efficiency. We first define broad boundary classes, bas &° language mode_l used n recognition. The highlighted cate-
on some limited phonological knowledge of Chinese. For exanflories are the ones involved in a clagsam.

ple, syllable initials are grouped into stops, fricatives, etc., sylla2.4. Recognition Performance

ble finals on the left side are divided according to whether the

have a nasal ending, and finals on the right side are divided a ble 1 summarizes the recognition performance using syllable

cording to their vowel nucleus, etc. Altogether, 41 broad bounc®Tor rate on the development set and test set. After applying
ary classes were obtained in this way. boundary models in addition to segment models, the syllable er-

ror rate was reduced to 15.1% from the baseline performance
Each of the broad boundary classes is then divided into moesf 23.1% on the test set. When the class bigram and trigram
refined classes using decision tree clustering. Starting from@ere replaced with the statistical hierarchical language model
root node, each split seeks the leaf node and the question tljtained fronmina, the error rate was reduced to 19.3%. When
maximizes the increase in log likelihood based on a single Gauseth the boundary models and thava-based language model
sian density function. The process stops when the log likelihooglere utilized, the error rate was further reduced to 13.9%.
increase falls below a threshold, or when a minimum count is

reached at each leaf. This ensures adequate training data for the | Configuration || Dev Set| Test Set]
final boundary classes. The questions are based on phonolog- Baseline 20.1 231
ical features, such as place of articulation, the voiced/unvoiced + Boundary 14.5 15.1
distinction, and retroflection. Individual phones are also consid- + Tina LM 17.9 19.3
ered, if data are sufficient. A total of 313 questions were asked + Both 13.7 13.9

about the left and right side of the boundary models. However,
only a subset of them were effective for each broad class. We Table 1: Summary of syllable error rate in percentage.
chose the stop criterion as a minimum of 50 data samples per
leaf node, which reduced the boundary classes from the original 3. LANGUAGE UNDERSTANDING
1,734 in the training data down to about 760.
The recognizer produces a setfbest hypotheses, which are
2.3. Language Modeling converted into a syllable graph and parsedThyA, using a
Viterbi search, to produce the final meaning representation, or
As mentioned previously, we have come up with a solution fosemantic frame The search algorithm utilizes linguistic scores
language modeling which solves the tokenization problem whilthat are trained usingiNA’s spacio-temporal trigram model.
keeping the vocabulary down to a reasonable size. The laiithe underbars are discarded prior to parsing, such that the fi-
guage model, which is a stochastic context-free grammar, conal organization of syllables into words is not necessarily the
sists of two major components: (1) a claggam, and (2) a set of same as the organization produced by the recognizer. Word rep-
context-free rules used to recursively expand each class into teesentations remain in pinyin format throughout, such that the
minal words. The language model is trained by parsing a corpaharacter representations are never identified. The grammar for



Semantic Frame: to pre-generate components from inside one or more of its de-

{c weather_event scendents. This technique was necessary for generating the tem-
:pred - poral modifier in the example, which, for Chinese, must appear
{p becoming beforethe verb “becoming” (“zhuan3”).
.t?glf/veather act Another interesting aspect of the example is the technique for
:conditional "mostly” combining the two words “late” and “afternoon” to generate the
:name "sunny" Chinese translation “bang4 wan3.” The problem is that it is not
:pred possible to choose a single meaning for “late” that is correct for
{p in_time “morning,” “afternoon,” and “evening,” and likewise, it is not
‘topic possible to choose a single word for “afternoon” that is correct
{q time_of_day for “early,” “late,” or no qualifier. Figure 3 shows the vocabu-
:modifier "late” lary entries that achieve this multi-word translation, where the
:name "afternoon” } Prid modifier, “late” sets the selectdtlate, which then controls the
Pinyin Paraphrase: lookup from the vocabulary entry for “afternoon.”
bang4 wan3 zhuan3  zhu3yao4 wei2 qing2 tignl late $:asnoun “wan3 xiel shi2 hou4” ; $:late
(next to evening  becoming mostly sunny) afternoon “xia4 wu3” $:late “bang4 wan3”
evening “wan3 jianl” $:early “bang4 wan3”
Figure 2: Example semantic frame for the sentence, “becoming $:late "yed jian1”

mostly sunny in late afternoon,” along with its pinyin paraphrase.

Figure 3: Vocabulary entries to illustrate mechanisms to cre-
understanding is distinct from the grammar used to train the reétively combine two words into a single mapping.
ognizer language model, containing a much more detailed syn-

tactic and semantic description of the domain. The weather domain contains a rich set of descriptive modifiers,
whose temporal order varies significantly from language to lan-
4. RESPONSE GENERATION guage. An example is “brief light early morning rain.” We as-

. _ signed these modifiers to a small number of logical groups such
Response generation was probably the most challenging aspgst«:tempgqualifier,” (temporal) and “logualifier” (location).
of MUXING . This is becaqse the weather reports are a\{a'However, some words were inappropriately assigned according
able mainly in English, making response generation essentialfy their expected positional constraints in ChineseeNEsIs
a translation task. Weather forecasts from the U.S. Nationgl provides a mechanism to allow a vocabulary item to gener-
Weather Service, a main source for U.S. cities, are manualite a[:key value]pair that is inserted directly into the semantic
prepared by weather forecasters, who are often quite expressiygme. This mechanism leads to essentially post-hoc editing of
in their narrations. Since Mandarin word order is significantlthe frame to reassign inappropriately labelled keys, and, conse-
different from English, it was interesting to determine whethegyently, to reposition their string expansions in the surface form
our tools for generation were sufficiently sophisticated to degjeneration. In the example in Figure 4, the word “brief,” orig-
with the word order constraints. We alsp encountered some itha|ly assigned as a “:qualifier,” generates to a null string, but,
teresting cases where translations required many-to-many mags 5 side effect, gets retagged as a “tualifier,” with the ap-

pings, and where word sense disambiguations were necessgfppriate Chinese translation as its value. It subsequently obeys
even though the domain of knowledge is restricted to weather. ordering constraints of all other temporal qualifiers, rather than

TINA parses all incoming weather reports into semantic frameg,1059 of qualifiers, as desired.

illustrated in Figure 2. These are paraphrased into Mandarin w«le second examp'e in Figure 4 concerns word sense disam-
the newly developedENESISII generation component [5]. The piguation. The word “light” translates differently for “light rain,”
outputs can appear in three distinct textual forms (pinyin, angiao3) and “light wind” (weil). The grammar rule for “wind”

Slmpllfled and traditional Chinese Characters), Using a Comm%ts up a $N|ND Se|ector Wthh then Contro|s the Selection of
grammar file and separate vocabulary files for each format.  the appropriate word sense.

GENESIS | applies recursive rewrite grammar rules that work
their way top down through the frame, beginning with the main
clause. For the most part, grammar rules were straightforward,
with a simple placement of constituents in the order in which
they should appear in the surface form realization. HoweveFigure 4: Lexical entries to illustrate (1) mechanisms to reassign
several interesting challenges were identified, some of whidhe key for a vocabulary entry, and (2) mechanisms for word
could be solved by altering either (1) the parse tree itself, teense disambiguation. See text for details.

reorganize the hierarchy in the frame, or (2) the mappings to

a semantic frame, for example, by distinguishing explicitly be- 5. WEATHER DATABASE
tweenin_timeandin_loc. In other cases, a major reorganization

of the surface string could be effected by using a newly introln addition to issues concerning recognition and understanding
duced “pull” mechanism, which allows a higher level constituenbf Mandarin Chinese, we felt thatuxING should be able to talk

(1) brief “":time_qualifier “zai4 duan3 shi2 jianl nei4|
(2) light “xiao3” $:wind “weil”




about a larger set of Chinese cities tharITER We have added expanded into initials and finals, the fundamental synthesis units.
a total of 96 more cities specifically feruxING, 78 in mainland

China and 18 in Taiwan. This has required adding a new sour
of weather data from the Web to find forecasts for these cities.

Qur efforts in developing this preliminary system are continuing.
Some long-term research issues in Chinese synthesis include
treating lexical tones along with their associated tone sandhi
With so many more cities, we could no longer enumerate the ephenomena and increasing coverage of vocabulary and sentence
tire set in response to queries such as “What cities do you knostructures. Improving vocabulary coverage may require study
in China?” ThejupiTERdomain makes use of a hierarchy of of the transliteration process for foreign names. There are often
cities, states, and regions in the U.S., and an equivalent hiergratterns in how phonetic and graphemic sequences from foreign
chy of cities, provinces, and regions was created for mainlandnguages are translated to Chinese characters. For example,
China and Taiwan fomUXING. Queries that result in too many “ton” in “Boston”, “Houston”, and “Washington” all translate
cities to speak are automatically processed through this hierdo the same Chinese character, pronounced “dun4.” This shared
chy (in both English and Chinese), resulting in responses aimenhit could then be reused. These and other issues will form the
at focusing the user on a particular geographic region (e.g., Hasis for further synthesis research.
know of the the following regions in China, ...").

7. SUMMARY

Both MUXING andJuPITERuUSe the same dialogue manager and

database server, meaning that all forecasts are available and abés paper describes our effort in developimgixinG, a

to be understood and paraphrased in either language. Howeviélephone-based conversational system that allows users to ac-
we believed that most U.S.-based, English-speaking users @#ss weather information in Mandarin Chinese over the tele-
JupITERWould be concerned with a larger set of American citiefhone. In particular, we focused our discussion on Mandarin-
while Chinese-speaking usersmbxING would know and care Specific changes to our originabPITERsystem.

about a larger set of Chinese cities. Since information about tf‘ﬁ . .
o . : . . UXING is a system under active development. We have thus far
specific domain language is encoded in the frame that is sent to

. . . used it to collect some 1200 sentences from 235 Chinese speak-
the dialogue manager, we are able to restrict queries ROTER ;
. - ] ers in the Greater Boston area, and have used these data for sys-
to a small set of well-known, large Chinese cities, WhMleXING . . .
. . ; . L tem evaluation and refinement. In the coming months, we expect
is correspondingly more restricted in the U.S. cities it knows . . - . )
. fg continue this data collection process, perhaps in collaboration
Once we have obtained a full set of responses to a query such o . : ; . -
. .. . S With organizations in a Chinese speaking region, so that it may
as “What cities do you know in Shandong province” or “Where_ _ . e
T » : . achieve performance similar swPITER
is it raining in New England” we useENESIsII’s paraphrasing
mechanism as a way of filtering out cities that we have decided 8. REFERENCES
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