Ma ndarin - English Informa tion (MEI):

Inv estigating Translingual Speech Retrieval

Helen Meng, 1 Sanjeev Khudanpur, 2 Gina Levow, 3 Douglas W. Oard, 3 Hsin - Min Wang 4

1 The Chi nese Universit yof Hong Kong, 2 Johns Hopkins University,

3 Universityof Maryland and 4 Academi a Si ni ca (Taiwan)

{hmmeng@se.cuhk.edu.hk , sanjeev@clsp.jhu.edu , gina@umiacs.umd.edu , oard@glue.umd.edu , whm@i is.si ni ca.edu.tw }

Abstract

We describe a s ystem whi ch supports

English text quer ies searching for

Mandarin Chinese spoken documents.

This i s one of the fir st attempts t ot ightl y couple speech r ecogni tion wi th machine translati on t echnologi es for cross - media and cross - language retrieval. The

Mandarin Chinese news audi oare indexed wit h word and subword units b yspeech recogniti on. Tr anslation of these multi - scale units can effect cross - language information retrieval. The integrated technologies will be evaluated basedon the performance of translingual speech retri eval.

1. Introduction

Massive quantiti es of audio and multimedia programs are becoming avai lable. For example, in mi d - February2000, www.real.com li sted

1432 radio st ations, 381 Int ernet - onl y broadcasters, and 86 television stations with

Internet - accessi ble content, with 529 broadcasting i n languages other than Engl ish.

Mon olingual spe ech retrieval is now practical, as evidenced b yservices such as SpeechBot

( speechbot .research.compaq.com ), and it is clear that there is a potential demand for t ranslingual speech retrieval if effecti ve t echniques canbe developed. The Mandarin - English Informat ion

(MEI) project represents one of the first efforts in t hat di rect ion.

MEIis one of the four proj ects select ed for the Johns Hopki ns Unive rsit y(JHU) Summer

Wor kshop 2000. 1 Our research focus is on t he integration of speech recogniti on and embedded translati on technologi es in the cont ext of translingual speech retrieval . Possible applicat ions of this work incl ude audi oand videobrowsing, spoken document retrieval , automat ed routing of inform ation, and automat icall yalerting t he user when special events occur.

At the time of this wr iting, most of the MEI team members have been identified. Thi s paper provi des an update be yon d our first proposal

[Meng et al ., 2000]. We present some ongoi ng wor k of our curr ent t eam members, as well as our ideas on an evolving pl an for t he upcomi ng

JHU Summer Workshop 2 000. We bel ieve the input from the research communit ywi ll benefit us greatlyin for mulat ing our fi nal plan.

2. Background

2.1 Translingual Information R etrieval

The earliest wor k on l arge - vocabul arycross - language information retri eval from free - text

(i.e., wit hout manual topic i ndexing) was repor ted i n 1990 [Landauer and Litt man, 1990], and the topic has received increasingattenti on over the l ast fi ve y ears [Oar dand Diekema,

1998]. Work on large - vocabul ar yretrieval from recorded speech is more recent , with some init ial work reported in 1995 using subword indexi ng

[Wechsler and Schauble, 1995], fol lowed bythe fir st TREC 2 Sp oken Document Retr ieval (SDR)

1 ht tp:// www.clsp.j hu.edu/ ws2000/

2 Text REt rieval Conference, ht tp:/ /trec.ni st.gov eval uati on [Garofolo et al., 2000]. The Topic

Detection and Tracking ( TDT) evaluations, which started in 1998, fall wit hi n our definiti on of speech retri eval for thi s purpose, differi ng from other evaluations principal lyin the nature of the criteria that human assessors use when assessingthe relevance of a news stor yto an information need. In TDT, stories are assessed for relevance t oan event, whi le in TREC stories are assessed for relevance to an explici tl ystated information need that is oft en subje ct - rather than event - oriented.

The TDT - 3 3 evaluation marked the first case of translingual speech retr ieval ˘ t he t ask of findingi nformati on in a col lection of recorded speech based on evidence of the i nformati on need that mi ght be expressed (at least p artiall y) in a differ ent language. Transli ngual speech retrieval t hus merges two lines of research that have developed separatelyunt il now. In the

TDT - 3 topi c tracki ng evaluat ion, recognizer transcripts which have recogni tion errors were avai labl e, and it appears that everyteam made use of t hem. This provides avaluable point of reference for investigation of techniques that more ti ghtlycoupl e speech recognit ion with translingual r et rieval . We plan to explore one wa yof doi ng this in the Mandarin - English

Information (MEI) proj ect .

2.2 The Chinese Language

In order t oret rieve Mandar in audio document s, we should consi der anumber of linguistic characteri stics of the Chinese language:

The Chinese language has manydialects.

Different di al ect s are characteri z ed byt heir differences in the phonetics, vocabularies and s ynt ax. Mandarin, al so known as Put onghua

(^the common language~), is the most widel y used dial ect . Another major dial ect is Cant onese, predominant in Hong Kon g, Macau, South

China and manyoversea s Chi nese communit ies.

Chinese is a s yl lable - based language, where each s yllable carries a lexical tone.

Mandarin has about 400 base s yllables and four lexical tones, plus a "light"tone for reduced s yllables. There are about 1,200 di stinct, tonal s yllabl es for Mandarin. Certain s yll able - tone

3 ht tp:// morph.ldc.u penn.edu/ Proj ects/TDT3/

combi nati ons are non - existent in the language.

The acoustic correl ates of t he l exical t one include the syl lable´s fundamental frequenc y

(pitch contour) anddurati on. However , t hese acoustic features are al sohighl yde pendent on prosodic variati ons of spoken ut terances.

The structure of Mandarin (base) s yll ables is ( CG)V(X), where (CG) the s yllable onset ˘ C the initial consonant, G is the opti onal medial glide, V is the nuclear vowel, and X i s the coda

(which maybe a glide, alveol ar nasal or vel ar nasal ). Syl labl e onset s and codas are optional .

General lyC is known as the syllable initial , and the r est (GVX) syllable final . 4 Mandari nhas approximately21 init ials and 39 finals. 5

In its wr itten form, Chinese is a sequ ence of characters. A word ma ycontain one or more characters. Each char act er is pronounced as a tonal syllable. The character - s yllable mappi ng is degenerate. On one hand, a given character ma y have multi ple s yl lable pronunciati ons ˘ for example, the chara cter maybe pron ounced as

/hang2/, 6 / hang4/ , or /xing2/. On the ot her hand, a gi ven tonal s yll abl e ma yc orr espond to multiple characters. Consider t he two - s yllable pronunci ation /fu4 shu4/, which corresponds to a two - character w ord. Possible homoph ones include , (meaning ^ri ch~), , (^negati ve number~), , (^complexnumber~ or ^plural~),

(^repeat~). 7

Aside from homographs and homoph ones, anot her source of ambigui t yin the Chi nese language i s t he definition of a Chinese word.

The word has no delimiters, and the distincti on between a word and a phrase is oft en vague. The lexical structure of the Chinese word is ver y different comparedto English. Inflectional forms are minimal, while morphol og yand word derivations abide bya different set of rul es. A word ma yinherit the synt ax and semantics of

(some of) its compositional charact ers, for

4 http://morph.ldc.upenn.edu/Projects/Chinese/intro.html

5 The corresponding linguistic characteristics of Cantonese are very similar.

6 These are Mandarin pinyin, the number encodes the tone of the syllable.

7 Example drawn from [L eung, 1999].

example, 8 means red (a noun or an adjective), means color (a noun), and t ogether means ^the color red~(a noun) or simpl y^red~

(an adjective). Alternatively, a word ma ytake on totall ydi fferent char acteristics of its own, e.g.

means east (a noun or an adjective), means west (a noun or an adjective), and together means thing (a noun). Yet another case is where the compositional c haract ers of a word d o not form i ndependent lexical entri es in isolati on, e.g.

means fancy (a verb) , but its characters do not occur individuall y. Possi ble wa ys of derivingnew words from characters are legion.

The probl em of id entifyin g the words string in a character sequence is known as the segmentation

/ tokenizati on problem. Consi der the syllable stri ng:

/zhe4 yi 1 wan3 hui4 ru2 chang2 ju3 xing2/

The correspondingcharacter string has three possi ble segmentati ons ˘ all are co rrect, but each invol ves a di stinct set of words:

(Meaning: It wi ll be t ake place t onight as usual.)

(Meaning: The eveni ng banquet will take place as usual .)

(Meaning: If this evening banquet takes place frequentl y�)

The above consi derati ons lead to a number of techniques we plan t ouse for our task. We concentrate on three equal l ycrit ical problems related to our theme of translingual speech retrieval: (i) indexing Mand arin Chinese audi o wit h word and subword units, (ii) translati ng variable - size units for cross - language information retri eval, and (i ii) devising effective retrieval st rategi es for Engli sh text queries and

Mandarin Chinese news audi o.

3. Multiscale Audio Ind exing

A popular approach t ospoken d ocument retrieval is to appl yLarge - Vocabular y

8 Examples draw n from [Meng and Ip, 1999].

Continuous Speech Recogni tion (LVCSR) 9 for audio indexing, followed bytext retrieval techni ques. Mandarin Chinese presents a challenge for wor d - level indexing b yLVCSR, bec ause of the ambiguit yin tokenizi ng a sentence into words (as mentioned earli er).

Furt hermore, LVCSR with a stat ic vocabul ar yis hampered bythe out - of - vocabul ary(OOV) probl em, especi al l ywhen searching sour ces with topical coverage as di verse as that fou nd in broadcast news.

Byvirt ue of t he mon os yl labi c nature of the

Chinese l anguage and its dialects, t he syllable inventor ycan provide a compl ete phonological coverage for spoken documents, and circumvent the OOV problem in news audio indexing, offering the potenti al for greater recall i n subsequent retrieval. The approach thus supports searches for previousl yunkn own quer yterms in the indexed audi o.

The pros and cons of subword indexi ng for an Engl ish spoken document retri eval t ask was studied in [Ng, 2000]. Ng pointed out that t he excl usi on of lexi cal kn owledge when subword indexing i s per formed i n isolation ma yadversely impact discrimination power for retrieval, but that some of that impact can be mitigated by model ing sequential constrai nts among s ubword uni ts. We pl anto i nvestigate the efficac yof using bot h wor d and subword units for

Mandarin audio indexing [Menget al., 2000].

Alt hough Ng found t hat such anapproach produced lit tle gain over words alone for English, the structure of Mandarin Ch inese ma yproduce more useful subword feat ures.

3.1 Modeling Syll able Sequence Constrai nts

We have t hus far usedover lapping s yl lable N - grams for spoken document r et rieval for two

Chinese dialects ˘ Mandari n and Cantonese.

Results on a known - it em retrieval t as k wit h over

1,800 error - free news t ranscripts [Menget al.,

1999] indicate that constraints fr om overlapping bigrams can yi el d signifi cant improvements in retrieval performance over s yllable unigrams, producingret rieval performancecompet itive

9 The lexi con size of a typi cal l arge - vocabul ary continuous speech recogni zer can range from 10,000 to 100,000 word forms.

wit h that o btained usi ng automaticall yt okenized

Chinese words.

The stud yi n [Chen, Wangand Lee, 2000] also useds yl labl epai rs wit h ski pped s yllables in between. This is because manyChi nese abbreviati ons are deri ved from s kippi ng characters, e.g.

National

Sci ence Council ~ can be abbreviated as

( including onl ythe fi rst, third and t he l ast characters) . Moreover, s yn on yms often differ by one or two characters, e.g. both and mean ^Chinese cult ure~. Inclusion of these ^skipped s yllable pairs~ also contributed to retri eval performance.

When model ingsequent ial syll able const rai nts, lexical constraints on r ecogni zed words ma ybe hel pful . We t hus plan to explo re the pot ential for integrated sequential modelli ng of bot h words and syllables [Menget al., 2000].

4. Multiscale Embedded Translation

Figures 1 and 2 il lustrate two t ransli ngual retrieval strategies. In queryt ransl ation, English text queri es ar e t ransform ed intoMandarin and then used to retri eve Mandarin documents. For document translation, Mandarin documents are translated into English before the yare i ndexed and then mat ched with English quer ies.

McCarle yhas reported improved effect iveness from techn iques that couple the two techni ques

[McCarle y, 1999], but time constraints ma y li mit us to exploring onl ythe quer ytranslati on strategyduringthe six - week Workshop.

4.1 Word Translation

Whi le we make use of sub - word transcription to smooth out - of - vocabu lar y(OOV) probl ems in speech recognit ion as descri bed above, and to al levi ate t he OOV problem for translati on as we discuss in t he next section, accurate translat ion generall yrelies on the additional information avail able at the word and phr ase levels. S ince the "bag of words " information r etrieval techniques do not incorporate an ymeaningful degree of l anguage understandingto assess similarit ybetween queri es and documents, a wor d - for - word (or, more generall y, term - for - term) embedded translati on approac h can achi eve a useful l evel

of effectiveness for manytranslingual retrieval appli cat ions [Oard and Diekema, 1998].

We have developed such a t echnique for the

TDT - 3 topic tracki ng evaluation [Levow and

Oard, 2000]. For that work we extracted an enriched bili ngual Mandarin - English t er m list b y combi ning two term l ists: (i ) A list assembled b yt he Linguisti c Dat a Consorti um from freel y avai labl e on - li ne resources; and (ii) entri es from the CETA file (sometimes referred t oas

"Optil ex"). This is a Chinese to English translati on resource that was manuall ycompiled b ya t eam of l inguists from more than 250 text sour ces, i ncludingspecial and general - pur pose print dicti onaries, and other text sources such as newspapers. The CETA fi le contai ns over

250,000 ent ries, but for our lexical wor kwe extracted a subset of t hose entr ies drawn from cont emporar ygeneral - pur pose sour ces. We also excl uded defi nitions such as "particle indicati ng a yes/no question." Our resulti ng Chinese to

English merged bil ingual t erm li st contains translati ons for almost 200,000 Chinese terms, wit h average of al most two translati on alternatives per ter m. We have al sousedthe same resources to construct an initial English to

Chinese bilingual term l ist t hat we plan to refine befor e the Workshop.

Three signifi cant challenges faced b yterm - to - term t ransl at ion s yst ems are term selection in the source l anguage, the source l anguage coverage of the bilingual term li st, and translati on selecti on in the t arget language when more than one alterna ti ve tr anslati on is known.

Word segmentati on is a natural by - pr oduct of large vocabularyMandarin speech r ecogni tion, and white space provi des word boundaries for the Engl ish queries. We thus plan t ochoose words as our basic term set, perhaps augmenti ng this with the multi word expressions found in the bilingual term list.

Achievi ng adequate source language coverage i s challengi ng in news retrieval applicat ions of the t ype modelled byTDT, because proper names andtechnical terms that ma yn ot be present in general - pur pose lexi cal resources oft en provide import ant retrieval cues.

Par al lel (translation equivalent) corpora have proven to be a useful source of translati on equivalent terms, but obtaini ng appropriate domai n - speci fic parallel corpora i n electr oni c form ma ynot be practical i n some applications.

We therefor e pl an to invest igate the use of comparable corpora tol earn translati on equivalents, based on techni ques i n [Fung, 1998].

Sub word translation, descri bed below, pr ovides a complementar ywa yo f handlingterms for which translation equivalents cannot be reliabl y extracted from the avai lable comparable cor pora.

One wa y of deali ng wi th multiple translati ons is to weight the alternative translati ons usingeit her a stati stical translati on model tr ained on parallel or comparabl e corpora to est imate transl ation probabilit yc ondit ioned on the source language term. When such resources are not sufficientl yi nformati ve, i t is generall yp ossible toback off to an uncondi tioned preference statist ic based on usage fr equenc yof each possible translation in a representat ive monol ingual corpus in the target language. In retrospective retrieval applicati ons the coll ect ion beingsearched can be usedfor this purpose. We have appl ied si mple versi ons of this app roach wi th good r esults [Levow and

Oard, 2000].

We have recent l yobserved that a si mpl er techni que intr oduced by[Pirkola, 1998] can produce excell ent results. The ke yidea is t ouse the st ruct ur e of the lexicon, i n which several target l anguage terms can represent a single sour ce l anguage term, to induce structure in the translated quer ythat the retrieval s ystem can automat icall ye xploit . In e ssence, t he translated quer ybecomes a bag of bags of terms, where each smaller bagcorresponds t othe set of poss ible t ransl ations for one source - language term. We pl an t oimplement this st ruct ured quer ytransl ation approach usingthe Inquer y

[Callan, 1992] "s yn onym" operat or i n t he same manner as [Pirkol a, 1998], and t othe potenti al to extend t he technique to accom modate al ternative recogniti on hypot hesis and subword units as well .

4.2 Subword Translation

Since Mandarin spoken documents can be indexed wi th bot h words and subwords, the translati on (or "ph onet ic transliteration") of subword units i s of particul ar interest . We plan to make use of cross - language phonet ic

mappings deri ved from E ngl ish and Mandarin pronunci ation rules for t hi s purpose. Thi s should be especiall yuseful for handling named enti ties in the queri es, e.g. names of people, places and organizati ons, etc. whi ch are generall yi mport ant for retrieval, but ma ynot be easil ytranslated.

Chinese translati ons of English proper nouns ma yinvolve semanti c as wel l as phonetic mappings. For example, "Northern Ireland"is translated as ¾ where the first character means ’nort h’, and t he remaining characters are pronounced as /ai4 - er3 - lan2/. Hence the t ranslation is both semant ic and phonetic . When Chinese translations strive to at tain phonetic simil arity, the mapping may be i nconsistent. For example, consi der the translati on of "Kos ovo" ˘ sampling Chinese newspapers in China, Taiwan and Hong Kong produces the followi ng t ransl at ions:

/ ke1 - suo3 - wo4/, / ke1 - suo3 - fo2/,

/ ke1 - suo3 - fu1/, / ke1 - suo3 - fu2/, or

/ ke1 - suo3 - fo2/.

As can be seen, t here is no s ystematic mapping to the Chinese character sequences , but the translated Chinese pronunci ations bear some resembl ance t othe Engl ish pronunciation (/k ow s ax vow/) . In or der t osupport retrieval under these circumstances, the approach should invol ve approximate matches between the

English pr onunciation an d t he Chinese pronunci ation. The matching algorit hm should also accommodate phonologi cal var iations.

Pronunci at ion dictionaries, or pronunciati on generati on t ools for both English words and

Chinese words / characters wil l be useful for the matchingal gorit hm. We can probabl yleverage off of ideas in the development of universal speech recognizers [Cohen et al., 1997].

5. Multiscale Retrieval

5.1 Coupling Words and Subwords

We i nt end to use both words and subwords for retrieval. Loose coupling would invol ve s epar ate retrieval runs using words and subwords, producingtwo ranked lists, foll owed b yli st mergingusi ng t echniques such as those expl ored b y[Voorhees, 1995]. Tight coupl ing , b y cont rast , would require cr eat ion of a unified index cont ainingboth wor d and subword units, resulting in a single ranked l ist. We hope to expl ore both t echniques during the Wor kshop.

5.2 Imperfect Indexing and Translation

It should be noted that speech recogniti on exacerbates uncertaint ywhen indexi ng audio, and t hat translation or transliteration exacerbates uncertai nt ywhen t ransl at ingqueries and/or document s. To achieve robustness for retrieval , we ha ve tr ied three t echniques that we have found useful: (i) Syl labl e l attices were used in

[Wang, 1999] and [Chi en et al., 2000] f or monoli ngual Chinese retrieval experiments. The latt ices were pruned t oconstrain the search space, but were able to achi eve robust retrieval based on imperfect recognized transcripts. (i i)

Quer yexpansion, in which s yllable tr anscripti on were expanded to include possibl yc onfusabl e s yllable sequences based on a s yllable confusi on matrix derived from recogni tion errors, was used in [Meng et al., 1999]. (iii) We have expanded the document representati on using terms extracted from similar documents in a c omparable collecti on [Levow and Oard, 2000], and si milar techni ques are known to workwel l in the case of quer ytranslation (Bal lesteros and

Croft , 1997). We hope to add to t hi s set of techni ques b yexpl or ingt he pot ential for query expansion based on cro ss - language phonet ic mapping.

6. Using the TDT - 3 Collection

We plan to use theTDT - 2 col lection for development t est ingand the TDT - 3 coll ecti on for e val uati on. Bot h collecti ons provide document s from two English newswire sources, six English br oadcast ne ws audi osources, two

Mandarin Chinese newswire sources, and one

Mandarin broadcast news source (Voice of

America). Manuallyestabli shed stor y boundari es are availabl e for all audio collecti ons, and we pl an t oexploit that information to simplif your exper iment design. The TDT - 2 collection includes complete relevance assessments for 20 topics, and t he TDT - 3 collection provides t he same for 60 additional topics, 56 of which have at least one relevant audio stor y. For each topic, at l east four English stori es and four Chinese stories are known.

We plan to automaticall yder ive text queries based on one or more Engli sh stori es that are presented as exempl ars, and to use those queries to search t he Mandarin audi ocol lection.

Manuallyc onstructedqueries will p rovide a cont rast ive condit ion. Unlike the TDT "topic tracking"taskin which stories must be declared relevant or not relevant in the order of their arrival, we plan to perform r etrospective retrieval experiments in whi ch al l documents are known when the queryis issued. Byrelaxi ng the temporal orderi ng of t he TDT topic tracki ng task, we can meaningful l ysear ch for Mandarin

Chinese stories t hat mayh ave arrived before the exemplar stor yor stories. We thus plan to report ranked retri eval measures of eff ectiveness such as average precision in addition t othe detecti on statistics (miss and false alarm) t ypicall y repor ted in TDT.

7. Summary

This paper presents our current ideas and evol vi ng plan for the MEIproject, to take place at the Johns Hopki ns Unive rsit ySummer

Wor kshop 2000. Translingual speech retrieval is a l ong - term research di rect ion, and our team looks f orwar d t oj oi ntl ytakingan initial step to tackle t he pr oblem. The authors wel come all comments and suggesti ons, as we stri ve to better define the problem i n prepar at ion for the si x - week Workshop.

Acknowledgments

The author s wish to t hank PatrickSchone, Erika

Grams, Fred Jelinek, Char les Wa yne, Kenne y

Ng, J ohn Garofolo, and the part icipants in the

December 1999 WS2000 planni ng meeting and the TDT - 3 workshop for their man yhelpful suggestions. The Hopkins Summer Worksh op series is support ed b ygrants from the National

Sci ence Foundat ion. Our results reported in this paper reference thesis wor k in progress of Wai -

Kit Lo (Ph.D. candidate, The Chi n ese Unversi ty of Hon g Kon g) and Berlin Chen (Ph.D.

candidate, National Tai wan Uni versi ty).

References

Ball esteros and W. B. Croft , ^Phrasal

Tr anslati on and Quer yE xpansion Techni ques for Cross - Lan guage Informati on Retrieval,~

Proceedings of ACM SIGIR, 199 7.

Call an, J. P., W. B. Croft, and S. M. Harding,

^The INQUERY Retrieval System,~

Proceedings of t he 3rd International Conference on Dat abase and Exper t Systems Appl ications,

1992.

Carbonnell, J., Y. Yang, R. Frederki ng and R.D.

Brown, ^Tr ansli ngual Infor m ation Retrieval: A

Comparat ive Evaluation,~ Proceedings of IJCA I,

1997.

Chen, B., H.M. Wan g, and L.S. Lee, ^Retrieval of Br oadcast News Speech in Mandarin Chinese

Coll ected i n Taiwan using S yllable - Level

Statistical Characteristi cs,~ Proceedi ngs of

ICASSP, 2000.

Chien, L. F., H. M. Wang, B. R. Bai, and S. C.

Li n, Â Spoken - Access Approach for Chinese

Text and Speech Informat ion Retrieval,~ Journal of the Ameri can Soci et yfor In formation Sci ence,

51( 4), pp. 313 - 323, 2000.

Cho y, C. Y., ^Acoust ic Units for Man darin

Chinese Speech Recognition,~ M.Phil. Thesis,

The Chinese Universit yof H ong Kon g, Hong

KongSAR, Chi na, 1999.

Cohen, P., S. Dharanipragada, J. Gros, M.

Mond ows ki , C. Net i, S. Roukos and T. Ward,

^Towards a Universal Speech Recognizer for

Mul tiple La nguages,~ Proceedings of ASRU,

1997.

Fung, P., Â St at istical View on Bili ngual

Le xicon Extracti on: Fr om parallel corpora to non - paral lel corpora,~ Proceedi ngs of AMTA,

1998.

Garofolo, J.S., Auzanne, G.P., Voorhees, E.M.,

^The TREC Spoken Document Retriev al Track:

A Success Stor y,~ Proceedings of the Recher che d ’Informations Assistée par Ordinateur: Content -

Based Multi media Information Access

Conference , April 12 - 14, 2000,to be published.

Knight, K. and J. Graehl, ^Machine

Tr ansli teration,~ Proceedings of ACL, 1997.

Landauer, T. K. and M.L. Litt man, F̂ull y

Automatic Cr oss - Langua ge Document Ret rieval

Using Latent Semantic In dexing,~ Proceedi ngs of the 6 th Annual Conference of the UW Cent re for t he New Oxford English Di ct ionary, 1990.

Leung, R., ^Lexi cal Acc ess for Large

Vocabular yChi nese Speech Recogniti on,~ M.

Phi l. Thesis, The Chinese Universit yof Hong

Kong, HongKong SAR, China 1999.

Le vow, G. and D.W. Oard, ^Tr ansli ngual Topic

Tr acking wi th PRISE,~ Wor king notes of the

DARPA TDT - 3 Workshop, 2000.

Li n, C. H., L. S. Lee, and P. Y. Ting, ^A New

Framewor k for Recognition of Mandarin

S yl labl es with Tones usingSub - Syl labi c Units,~

Proceedings of ICASSP, 1993.

Li u, F. H., M. Picheny, P. Srinivasa, M.

Mon kows ki and J. Chen, ^Speech Recogniti on on Mandari n Call Home: A Large - Vocabular y,

Con versati onal, and Telephone Speech Corpus,~

Proceedings of ICASSP, 1996.

McCarle y, S., ^Should we Transl ate the

Documents or t he Quer ies i n Cross - Lan guage

In formation Retri eval,~ Proceedings of ACL,

1999.

Meng, H. and C. W. Ip, ^An Anal ytical St ud yof

Tr ansformational Tagging of Chinese Text,~

Proceedings of the Research On Computational

Li ngustics ( ROCLING) Conference, 1999.

Meng, H., W. K. Lo, Y. C. Li and P. C. Ching,

^A St ud yon the Use of S yl lables for Chi nese

Spoken Docume nt Retr ieval,~ Technical Report

SEEM1999 - 11, The Chi nese Universit yof Hong

Kong, 1999.

Meng, H., Khudanpur, S., Oard, D. W. and

Wang, H. M., ^Mandar in - English Informat ion

(MEI) ,~ Working notes of the DARPA TDT - 3

Workshop, 2000.

Ng, K., ^Subword - based App roaches for Spoken

Document Retrieval,~ Ph.D. Thesis, MIT,

February2000.

Oard, D. W. and A.R. Di ekema, ^Cross -

Langua ge Inf ormat ion Retrieval ,~ Annual

Review of Informati on Science and Technol og y, vol .33, 1998.

Pirkol a, A., ^The effect s of quer ystructure and dictionar ysetups in di ct ionar y - based cross - language infor mat ion retrieval ,~ Pr oceedi ngs of

ACM SIGIR, 1998.

Sheri dan P. and J. P. Balleri ni , ^Experiments in

Mul tili ngual In formation Retrieval using the

SPIDER S yst em,~ Pr oceedi ngs of ACM SIGIR,

1996.

V oor hees, E., ^LearningColl ect ion Fusion

Strategies,~ Proceedings of SIGIR, 1995.

Wang, H. M., ^Ret rieval of Mandarin Spoken

Documents Based on S yllable Lat tice

Matchi ng,~ Proceedi ngs of the Fourth

International Worksh op on Informati on

Retri eval in Asian L anguages, 1999.

Wechsler, M. and P. Schaüble, ^Speech

Retrieval Based on Aut omat ic Indexing,~

Proceedings of MIRO - 1995.

Informat ion Ret rieval

Engi ne

Mandarin Spok en Documents

(i ndexed wi th word and subword units)

Engl ish Text Queri es

(words)

Translati on Translit eration

Mandarin Queri es (with words and syll abl es)

Words that are present in the translat ion dicti onary

Named ent iti es and unknown words

Eval uat e

Ret rieval

Performance

Fi gure 1. Query transla ti on st rat egy.

Engl ish Text Queri es

(words)

Mandarin Spoken Document s

(i nde xed wi th word and subword units)

Informat ion Ret rieval

Engi ne

Documents in

Engl ish

Translati on

Eval uat e

Ret rieval

Performance

Fi gure 2. Document t ransl at ion strategy.