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WO 2005/091167 PCT/US2005/008863 SYSTEMS AND METHODS FOR
TRANSLATING CHINESE PINYIN TO CHINESE CHARACTERS
BACKGROUND OF THE INVENTION Field of the Invention 5 The

wprassnbimention relates generally to translating Chinese pimgeEmisz005/608863

Chinese characters. More specifically, systems and methods using a
computer to process and translate phonetic Chinese text or pinyin to
Chinese characters and words are disclosed. Description of Related Art
| SPPSTHE BB ANTEAMRT BORS FHOR PRA NSION FEVGURINESE PINYIN
very difficult. 10 This Is due in part to the sheernumber of Chinese
characters as well as thEGhkdid: dhfeRaRAe Ehlisse [anguage with
text standardization, multiple homonyms and invisible (or hidden) word
boundaries that creg{ KUPRIOIEN PY/Iigh TEIE BIVESEPgEINprocessing
difficult. One common method available today Tor inputfing Chinese
language text into a 15 compufdsléytiths 186HIRINg phonetic input, e.g.
Dlnyln meﬁmeﬁxaﬂmamemw@etem@nd thas|iveaakuleplistatinChgese
rac ers M(Q‘le 3 1crﬁ WOY% €m Wg \I(neert’hg)rgg Bé? In In L rgl“egg Oldoggsssu&;.%sd
omonym pro em in E[h ese fanguage proces§| Ifnr’Ppart CEIMES
ms@tapécam}c dppresérivataly pirstote fbmase ph@aemsssmhwmﬁs(ag dansibeed.

represented by pinyins) W'ﬁ‘)E@&Qﬁtﬁﬁ%?ﬂHQi@@ﬁ'ﬁw 410 phonetic
syllables without tones representing the tens of 20 thousands of Chinese

charadEE PR PORES R SLHReSS ISRARR A b WA YsrTp R very difficult.
Thiyéespanch fmmanpedifienantrhten ot (Ei@nmaﬂm:rlﬁ;tetmp resiLimctadiothatiyi” '
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hen tran slating t nefic syllables into Many ‘phonetic input
gy@ﬁeé}ws(qréedakmhw@hﬂﬁ@f&%lﬁﬁéh%bﬁ%}%ﬂké&l@*ﬂﬁﬁs%%m Chipese text
praklams @ngeuthe user enters a phonetlc syllable, a list of possible Hanzi

‘characters with thes nC| are displayed. However, the
R e bas g e

proces %‘fc?{BH’t?ﬁa’ 5 8rr5‘§)|518 ﬂﬁug%%ﬁ:xt into 2
sythabier casidneisione, Ltﬁdg)}ulmmnd iENE, €QNSUIHING IWemqahﬁmetm iclpudcters and

RYSIEDSAIRNARECHOR HERHRIBINGANEY %91[99@%09&@%9%? DA HARA input

character based on the adjacent Hanzi characters. The probability

mEprshEIRER hj’r‘ﬂfé’ryﬁé%@bl%ﬁfﬁuﬁé&%ﬂ#@%ﬁﬁﬁma‘fﬁﬁ%ﬁsﬂ%mwm as there

hlewidyahpioriaceeisary af &hﬁemwwamffﬂmbmb@fﬁ@n@ek@ﬂéﬂd@i@i@pznym)

mg;[hods IS(? Eter}é'@%aet% Wh%‘ %% “te qi'&ﬂ) é@%{&ég& hes r GSCBYI’} the iens of
crlpﬁflve seﬁ?ences ar'?d idiom g c? or spoken or informal l[angua

thqms@tﬁbﬁf Qh@heswelmnct@éEW%Q@WIMN@%@&W@%@@Q%@)@ may
Ba8iSh IR AR AGAIEIARI. For example, the pronunciation of "yi" in Mandarin can

correspond to over 100 Hanzi. This creates ambiguities when translating the phonetic
syllables into Hanzi.

Many phonetic input systems use a multiple-choice method to address this homonym
problem. Once the user enters a phonetic syliable, a list of possible Hanzi characters with
the same pronunciation are displayed. However, the process of inpuiting and selecting the
corresponding Hanzi for each syllable can be slow, tedious, and time consuming. Other
phonetic input systems are based on determining the likelthoods of each possibie Hanzi
cﬁaracter based on the adjacent Hanzi characters. The probability approach can further be
combined with grammatical constraints. However, the accuracy of the conversion from
phonetic to Hanzi of such methods is often limited when applied to literature (e.g., with

many descriptive sentences and idioms}) and/or spoken or informal language as 1s used on



low dictionary coverage often contributes to the poor conversion quality in
spoken language. In addition to the homonym problem, a word boundary
problem exists when processing Chinese language text. In particular,
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nese’text ’i)npﬁt in"pinyin m Tréate any ambiguities that the i
Eonmvasitionakmetvodsdakinthas opertyerss dio@iThmeswhat iy hewdiepuistlze pinyin
g\gwtg;y%mig@!igtegy&@fg@gm and accurate processing and
translating phonetic Chinese text, e.g., pinyin, to Chinese characters

and/of "GRAEISMSURIMAR vO Breriad VRN TOSNeE S ¥ ARG 8thBds
usingbategmipisie tie pracasdifiditranstatddpnonstic: thinese textartpmythanism
inese characters.and war re discl ~het ter .
A e I SR By may
digitalnassistahisitiEDNe) tecthitsgnienaprstheds patob IRGWiteFes!vFhe
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engines but are licable tq various other applications,, [t should be
REDFSORRAR (AE B HRRSEFT IS FEaf b HTe MG T RS EFa R o
waxds, including as a process, an apparatus, a system, a device, a
method, or a computer readable medium such as a computer readable
storage medium or a computer network wherein program instructions are
sent over optical or eleg(ovie] ARRNIETIEE JRmBsTIogveral inventive
embodiments of the present invention are described below. -2 Accordi

d
to a firsFEEELH SITatHUEAGAAOTRIE L Brotit S TSP Hs: %‘P@Q&g@ fext or

Chinrseciangdagamedehliomrihiresa Bharate (P s SN PHRIAGY refers to
segmenting the Chinese character inputs into valid words and unknown

ERBASES SHHHGS RUHBPERNHS IR RSTOR B Bplpral iy Ehmelsgetivlar

cicimoasy, anddhesurkRawmehaieeienstiRgHha erb pheiiies ipPkRable to web-
Chinese dictionary, and wherein the unknown character strings comprise

b Eh SRS RV R GRBHCANIR SO A RET AP RHSAI deke iR appreciated

cRirasneading-iiestifreapencuplacsiuianaaderdnenknaviiBRamcREcess, an

string and a ) )
apparatus, a system, a device, a method, or a computer readable medium such as a computer

readable storage medium or a computer network wherein program instructions are sent over
optical or electronic communication lines. Several inventive embodiments of the present

invention are described below,



corresponding second frequency of occurrence for each of the Chinese
characters in the unknown character string; comparing the first frequency
of occurrence to the second frequency of occurrence to determine an

information, Pain, Yalle, cQMRAlRY.he-niRraliangain ¥RIHE R Braining a Chinese
threshold, identifying t%e unknown character string as a new valid word

laRhaReRe TGP SIS G AR Gr e SART Retiresrdine RadiRgire Reer inputs
infakdivweraldaili erivnesacictio nang Lortreatalavaiddaied Ghineisein a Chinese
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words; wherein the Chinese words are entries in the updated Chinese
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the individual characters of the unknown character string is greater than a_
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computerrea e storage medium on are stored Instructions

cencstieddble By Ghdsssiuer. frovedstirgemeEiniitL S THiASE ot fraygm counts

naPiNESE: CharRGIRf IRt ihadnstuigtionsineiding. BRAMEBIIAGANE: unknown
Chinese character lnguts into .vali&word? nd unknown character strings,

SHEIAT S VI e € SRR AR e e SRRy SR e oy b
quknm?dnqﬁmadﬁémsmﬂg@apemige'ﬁth'refsecmeme € hinesedictidrarknand
HARREEIBHE MRKROWYEN ChAT BELGERIENGS, CAUMRIIS 8 GRINARECHURCISES ofQhe

each unknown character string determining a corresponding first
U e S SR ShEReT THB 2 arkisTHTER et string and a
correspandizgeecond fregueaencye dhosturréacaforoedeh ofdhputé Ipingse product

SNALAGIENS 058 Yakn 9%&@%%?&%[ lring: cemparing thesfirst freguanay

of occurrence to the second frequency of occurrence to determine an
vt arrrarBcHBMmPRTAG R SAretisTsHGaRTSrlpdaens computer

ptbresbofe identifyingihe upknown ChRESEIBRSHI g pARemsradithivoicluding
s\eN p%@tigah 'etlig rrlpe%ti nax%c Ierll’ 1js g{&% g (JZE 19 Uvglhde %Q&’e{gpg lgvh% dirg:%rt Qt%nng%herein
V%?ICI W§rd to he &%lnese 3Pct|onary 0O Create an upgate %E?nnese £
iictbhapylyesaygineritng tire€ diptosers et et apinputshater €T Hifrgsare not entries
NREdS haIRiRhe, Glingse WeldsRisvenikies i the dndalad Chinese naracters,

fdictionary, and_generating a transition matrix of cgndlsgronal prohabilities cor
ROFYSPEANG SWBTE U8R S CORINNE HREEEP BN ke Tl JEgHRBR g cgrrence for the
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comprising a segmenter configured to segment _ i
the second frequency of occurrence to determine an information gain value, comparing the

information gain value to a threshold, identifying the unknown character string as a new valid word
when the information gain is greater than the threshold, adding the new valid word to the Chinese
dictionary to create an updated Chinese dictionary, resegmenting the Chinese character inputs into
Chinese words, wherein the Chinese words are entries in the updated Chinese dictionary, and
generating a transition matrix of conditional probabilities for predicting a word given a context based

on the resegmenting.
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the Chinese character inputs into valid words and unknown character

strings, wherein the valid words are entries in a Chinese dictionary, and

the unknown character strings are not entries in the Chinese dictionary

and comprise Chinese characters, and the segmenter is further configured

to resegment the Chinese characters into Chinese words in response tg
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extracted from a set of Chinese inputs and a language model trained
based on the set of Chinese inputs. According to example embodiments,
a computer program product for use in conjunction with a computer

c%yr%mdg]t% &%m%&%;p&?%aﬁw FRAHEA %Y/IBQ Ly %@fﬂ;ﬁ@g@tﬁl Gearch, e.g., a

storage medium on which are stored instructions executable on a
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method for pinyin classification of a user input may generally include
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imefsde computing the likelihoods of possible Chinese queries that may

be gengralafirIB-ampigymiRiflbeEy AashelassIng e ddser ik & conjunction

pinyin input if at leas Fione of the I|keI|hood§ com uted is above a |
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According to example embodiments, a pinyin classifier for classifying a
LeiEi aéﬂoae%herﬁwythwl%twmetmﬂ%&ltﬁ&ée %ttahtats&felatsmnds to
Md@ﬁhﬂﬁ)ﬁf&ﬂ@ﬂﬂl@ﬁﬁhg hBRBep mmm@rad:mmuewmanﬁr@ ﬁiﬂﬁ&iﬁgatms

en ine onf| Ldentl an aratblI uous word the yser
extract d m of eset s an H%xa € 1Mo rame ase of Chinese
se ec e rom ase 0) WOI’dS a ana ze contex WOI’

inpetsinput to selectlvely classify the user input as non-pinyin or as plnyln

These apdinthes BRI aREa0MABEageS aihe.ayamRis R MRedIMER S Phe an

the present invention will be presented in mare detall in the followin
Q@é?étt@asd%%rértbﬁ%”é‘ﬁdntﬂ’é e aBIRBUARG HRTBS SRSt e Y %ﬁ%a%? words

thhitexamjilehprine Bt&Sp@fyﬂﬂeemﬂ\l&Ipitqmu sAdMQI 2006 08EI6Words of the user input to

2005/008863 BRIE T
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Jeigraneeiimeasals designatedike i ughirale @@@éﬁ@ bt Gicelifs dAOE mputed is
agj Ygram of an illustr, tlvelf stem d method tor é a Chinese i
QHiohars ?FS’iW‘&‘tﬁiu %St%d Sté‘sé’h‘fﬁ’éléésa hiippiikgne. The

Ghireeset valid non-pinyin/pinyin n-grams may be extracted from commonly occurring words
i non-pinyin user gueries.

According to example embodiments, a pinyin classifier for classifying a user input as
non-pinyin or as pinyin generally includes a database of words that are valid both in non-pinyin
and in pinyin and a classification engine configured to identify an ambiguous word in the user
input selected from the database of words and to analyze context words of the user input to
selectively classify the user input as non-pinyin or as pinyin.

These and other features and advantages of the example embodiments of the present
invention will be presented in more detail in the following detailed description and the

accompanying figures which illustrate by way of example principles of the invention.
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entries or queries. FIG. 2 is block diagram of an illustrative system and
method for translating a pinyin input or query to Chinese characters. 10
FIG. 3 shows an illustrative page served by a search engine server that

wpragantd e top Chinese word strings translated from a usBEPIHSANF0sS8p3
"xian," one of which may be selected by the user to perform a web search
of the selected Chinese word string. FIG. 4 is a lattice or trellis for

llustrating the WIRIKE BYYCRIP 2ROIRIOT AT HIP YR TEEAN0 9uo

zheng fu" meafin overnment. .
illustrafihg SRSl SssFestilyanscasivghbyitivirobtasoifidet i@, 6

R Aawehatdiysitating AR XeRBIARA PSRN R QARSI SIRG IR JieRhce
ijguous pinyin word. DESCRIPTION OF SPECIFIC

containing an am

W@@ﬁ%@ﬁﬁ%%‘f&ﬁ% fY5HEthods using a computer to process

and trariskateiphiooktitagihin eSen téksatipinpirstorCinih aseholdna gters zing a
URILSAR IREI05RT, Ta [UINAASSPHARIS JBISRRAIEAID SNRBP Aidse
person skilled in the art to make and use the invention. Descriptions o
SHEERIR 8MiB5Eiments and applications are provided only as examples and
varioug1motifieasiong wihhe feadilysappas epltiont basenstiledontithelating a pinyin
.'I'het%ene&r:zrzll Prieﬁi (Igg %grg&gpsed herein may be applied to other
embodiménts’and applications without departing from the spirit and scope

of the Ffentiom Whusiithergiespagdrrecisicn is teahid aogoxdstviishayigestnts the
REPPRIRICBRASHING HUMELRCY - Ae VRS RAAUHCUeNsaM of which may be
equivalents consistent with the pnnmﬁles and features disclosed herein.

TG Bo L SreIAniRrT (M A YA 10 T therIesieratiresr et dsieHBwn
in the ERhmMdaldfietdscretateiti ddothidl usvemipthd @vebohefthnd@sdpptiidaslan
in-detail 20.a8 ot i “ﬂl%ﬁrg%s%{é'é{ ORSEHIS1AR:RY fn%%#ﬂ"e“t'on- The
Systems and metHods gerierally Felate to training a language model, as
descritid&- Batonflantphestellapisding ERGxampluptetans ahgeprotiusiiynyin
#puis.such as documents and/or user inputs or queries and to serving,
as deLsJ%E%e .belgw with reference to FIG. 2, a -5 WO 2005/091167

PCT/ o 8 AT L Al S TR AR PRSP P HT6 e
tangissige ameodligByus siimgithewet of inputs, user preferences are taken
into account and new valid words are determined based on user
preferences. FIG. | is block diagram of an illustrative system and method

100 for genefBE&ERSWIGHQ@EMG/Imﬂ @M@%MEN&@
language model based on user Chinese input entries such as user

Chinese/ {HBr8RGST0SE e A AREHE ShaTBrEhine SERbUG MR IS fdHnese

text or pinyin to Chinese characters and words are disclosed. The following description is

presented to enable any person skilled in the art to make and use the invention. Descriptions
of specific embodiments and applications are provided only as examples and various
mddiﬁcations will be readily apparent to those skilled in the art. The general principles
defined herein may be applied to other embodiments and applications without departing
from the spirit and scope of the invention. Thus, the present invention is to be accorded the
widest scope encompassing numerous 'altcmatives, modifications and equivalents consistent
with the principles and features disclosed herein. For purpose of clarity, details relating to
technical material that is known in the technical fields related to the invention have not been
described in detail so as not to unnecessarily obscure the present invention.

The systems and methods generally relate to training a language model, as described
below with reference to F1G. I, by obtaining and processing inputs such as documents

and/or user inputs or queries and 1o serving, as described below with reference to FIG. 2, a
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as those available on the Internet, for example. It is noted that the

illustrative systems and methods are described herein and are particularly

applicable in the context of Chinese queries, for example, relating to a
wovelnsearnit engine and to a search engine for a database 1BCGOrR 2105908863

organized data. However, it is to be understood that the systems and

method may be adapted and employed for various other applications in
pinpicripiplip s uidiniziatdd epvCHine S dadretiapsuis mrdehpRy thing jheam of
ifpeh Methedmaycbe-A0aRIed for RGHinese dewt vinRul arRrlicateR thdfed based on

generates a Chinese document from a user's pinyin input. It is noted
UBHRARGER Rl refers to phonetic representation of Chinese characters,

with drigithosibIbblk dprasenédtiont loftias tomes@ssociotedhwith (hdoChinesting a
C%E‘rﬁq%%%%%%drér hingss Aistianeny e AR A 36h Ol $GE G UINGSS: PR e input

suc h 104 may be

ch as user Chinese inputs and/or Chinese documents 10.
enfgiss s et & HTSHTASE S M BERICROD. CLBiBF THineSdungsGdospments such
aSINS RS MAAYRE AQh C KABNIE FUSEIGIBE SEi SHaEeSHar NMRNDUSan @Restems and
input types. Chjnese documents may jnclude Chinese web content and
AR AT L0 G RS GARC PO MAUEIRER: o1 e
queebpdgesyanpithelikeg The Glinemeldistoraydlio2 ssmghiagne for a database
cSARBINANR. Al varaHS SHRRS Standard RuRESXISHRO < iR8SRs and method

dictionaries containing various single- and multi-character Chinese words
DY (25 AHEPHRA AR STERI AYe E I G SIE5 ARRHCEHPBY BHIRAILRRS RS fpslated o
Oxlaysinglagetercollectiompliase: Shinesedquates tionbthelpast threaChinese text
. weeks or two months, for ex le. inese.25.docu t
LA LR LT ERG, S AR GRISSE SR A e R hore
piouasente wiitlers ia Bhvpsiffel IR RO SHEnThirlesecyailabileos v tHeut

rdpienek;IheraRineRe.seIMRNGH A AR ImAIRGaMa RIgesithms or rules to
segment the source Chinese t@gxt stream, %%Iﬂa Sentence§r a hr%ﬁle,
i mnese

into ChihBRESRAIPARY dP VB8 S HET OBtiGREMY Hsd et

- igrasumdticlfinnstidnsirontelGimpie Bt ouéd hisiapotnpe (hintsosdfmenter 106.

ﬁé‘ﬁﬁ&%%%&&@gf@& wardmeania 9&3@@4{%&519, A5G e GIRESE various or other

aracters representing "toufa" is not decomposed, but rather, Is treated

inph ey CWBrse FoRSERmBrEnY 08 bhiBtee MibRRNE heag TRECBRRRRbRations
stR &5 hiness SeChpRE HApatidQ4 Wrisp seRtenaabliar, tOHBChinese dictionary 102

segmentation. Varioys suitable se ters may, be employed. includi . .

RS PSP TR I SO aDIE LR AT ane By Bt etRrlogy s
cofitdinind rakie;sMiagsacind setls -cBawaeP0bBITS MBTASRC RIS 20081008863

chhg entend 08 JeneIARS RRkSed ARt SREMENMER fbiRessr aBiFiesinese

with unknown character strings 108 that are analyzed using a new words

RT3 PREHERMEBTIST SHRR28IE10EHRRPES thesFikAbWHS hew
debarreten strings be setervineiwhethep@itdrwdfiChintthd characte fetirngaple,

LN COMPOUNTLIIILRIRS GLANAAS (A RALGUIRLR Ao 2Rt
an Iverse lexicon, there may ne ampiguous word divisions, unknown
propefhe Chinese segmenter 106 implements algorithms or rules to segment the source
Chinese text stream, €.g., & sentence or a phrase, into Chinese word units or words and may
cptionally also identify grammatical functions. For example, “toufa” is a compound two-
éharacter Chinese word meaning “hair” and as such, the Chinese characters representing
“toufa” is not decomposed, but rather, is treated as a single word. The segmenter 106 (or
other module) may first partition the Chinese document input 104 into sentences prior to the
segmentation. Various suitable segmenters may be employed including those that are

commercially available such as one by Basis Technology of Cambridge, Massachusetts.
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names, and other words (character strings or compound multi-character

words) that are not in the dictionary. For example, abbreviations,

truncated terms, newly coined terms, etc. may be formed and become
wpapeiapaed can often be found in documents and/or user imaIS AIDHSAOES63

in a standard Chinese dictionary. The rate of out-of-vocabulary (OOV),

i.e., unknown 10 words, in queries and in the spoken language is relatively

high. for &xaple. 1%%%&&&%&%&9%&9% éﬂ@ﬁf’éﬂ PR BRAEM AR unknown
OOV even when using a large vocabulary o apprommate\lxﬂZS0,000 most

chaastrotnerdL 8 hegHe ast yred upap e any WHpRbEsT diflcaiRF sswtaiprds

afiy.anpmaieatelt kR Vin Bhedvevhavards araberdtkonmay aempaisd

wﬁ'ﬁghf%?qfijee H%'e? Sét%}c‘ g?r??ég%nég ng?&i Cr&%ltg&l}‘l ra&tt(la“rc grrlgcqg Vv\(flépdts.hetln rga{ticuiar,
requencies or separa occurrences o t_e Inaividua pha}rac e 0

gieteriange wHetiversanekistic erethe b patieguesimgsdtey iratits. unknown proper

nfAL-shesacten watdehamnbining e Qriginah&hinrsendictiePadtd9 &Withe not
. the new words |dent|f|ecli by, &he new words a?ﬁl%/zer 110 results in a new

o BICHRPAY o QiR RSB HORT IREEHIRREERMAET Lot 4le- may
bt fenChmneseentrigaptlguariesn dhenrteviodieflondoydimaylaisostrdhpaes but
; ' cd. with.its i inyin
R o e RN S A
WeFrdBEreh AR IkF M AY Bade prelAs By @%@c@%ﬁ@c%@ﬁpﬁﬁch query
@gmagemﬁ@f' l'ﬁ_ﬁ wymwwh ,by)mawaﬁwml gyiﬂgla%m&g@&amgyl eﬂ(;ye
case.0 u nyins, the mappil ay also Include the correspon Ing
T AR A N R D R
tytpieatiyreespandity possibieisinyits QOY thHehe Bdikelitrde drad wach I6f may compare

O @n@fé%%ip{ﬁefﬂ%&ﬁﬁ[ﬁ%@}&%&%ﬁé&ﬁﬁ@wﬁ%ﬁ{@?@ﬂ%%f Wparate

one illustrative implementation, the new words analyzer 1 10 ma
oipTenrenR! ditdreht dphshasectrepiaifirgrainaatiiver are t‘i’iﬁ‘ﬁib%é‘i’ﬁﬁ&f"i’%ﬁef
stghinesalipeunieaaica tidordC inesemninho by OMibsChinesary 102 with
ofl9Ruments. dhe ew words analyzet L0.may pompie e fequenex,of
each new character sﬁflng anda compute the coverage of su sets O!fog
wilbvresh sierdregosieintgd fooaxthadtionasetaminach pelntivdirsmaltyubser aferies.

TH@%W'{&FJ?@@Q"?I S &%%EB@E}G@‘A%@;:&HTQ@F@&% lRtee Rertiecofkadhheing
character strings found in the repository of Chinese docyments. For a
O?ﬁc%%ﬁfar@f@%nlé%@c%%@m%mﬂmwﬁ?f?a@/%%y% HREPT the
Chhasacterstrings pAltermatprehy, the hewnmards! analyaetind @ sodyt emove
) ing'i ind? ! i
e e Wi
pigtringdhe erappigeRRironcndpberonsiaondies Bieithosbbnsashegsin. The

nigWeleCTaracde s, tAe aevd g ithibers umberreffohings soshidlagiaisminiad/the
RO harRetar strngs, For each sef olew dharacer stinge, e,
eW Words anany 26 1R A3y Compute the ' EoVerage of'ifs 8588 |

Specificaltyil therttivasnTilcmaniatohtibemewtyonds/dpel greahdéthiyy implement
different analyses depending on whether the Chinese input is a Chinese document or a user
Chinese entry or query. With Chinese documents, the new words analyzer 110 may
compute the frequency of each new character string and compute the coverage of subsets of
new character strings to extract or determine a relatively small subset of new valid character
strings that cover a sufficiently large portion of all new character strings found in the
repository of Chinese documents. For a more complete analysis, the new words analyzer
may analyze all new character strings. Alternatively, the new words analyzer 110 may
remove the new character strings with more than, for example, 7 (or other suitable number

of) Chinese characters and group the remaimng new character strings, 1.€., those with 7 or

-7-
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decreasing order of frequency {T,. ...., T"}. The coverage of a sub-list L;,
{Ti, ..., T;} is 5 computed as the sum of the frequency of terms in the
sub-list L; divided by the sum of the frequency of all character strings in

wihheosetobach of the 7 sets of new character strings may thewbe shivisieaksss
into three subsets where the first subset have a coverage of greater than
98% and the first and second subsets have a combined coverage of

f&L@?‘EﬁE%@%C@o‘%ﬁ ggmﬁe seinfor Srenple, Ima%@%ﬁ%%Efepgﬁwﬁﬁmm

second subset ma be further evaluated 10 manually to remove any
Sﬁﬁlﬂ%eI?%ﬁéﬁécﬁ%ﬁﬁm@q‘ﬁ@ﬁﬁ@f‘%bé@? ARY fﬁeﬂﬂéaneéaegééa epYsetsaRtte the

cEaEdR 6pMmbiReit0 Y theipewesetnd V&h@m@ﬁ&@ﬂ'@&@iﬂ&ﬁ@@hﬂ%gw in
dre os:tor ag Cplmese doc ent h ﬁe (\;/akl,ld wor T

GiCHOnEr 5gen% F\ 30 or oM Use ercen es su L’JSé i} 1s
cqmen‘esi atth@mewwétds ﬁanmyzemimmﬁaytbemmﬁelncgvm t(n tReXyupitf the

ﬁQ@R&E@%ﬂ%m&mﬁg@e HEAENEYCH or b SACB CHARRGIERSYING HHINR may
n-gram., If the n-gram has a véger fre uenlgéthan each individual

ﬂl‘ﬁ’a‘?ﬁéf&d‘iﬂ é“FFeWEﬁ B\ o ‘fﬁ’gﬁiﬁ BhSHRSFE Y ARANAEF Shereatsiaan 98%
anélink Merdrd @a&dedi dobtaes dmmbsedanserﬁgamy werds ihaeddfowetdin the

8t &CQeS DiE Vaeré%%r o J‘L#gl sheddigtigna E?% ine $995'°er?her%vaiuated

ew vall a?ed Words extracted from user uerlesw Improve the
n%mh' éﬂ@lw@@rspeétﬁela'l Ishaéﬁé?@é@?ﬁénﬁﬁg et ae@ebmﬁé@ rpruppspecond
sWREESANRI¥ERILILA Ry thaat @%ﬁém&ﬁﬁdﬂbﬂﬁlﬁ’é%éﬂ@m@& %ﬁhﬁf@?&ﬁé&tory of
zgpotentlal new %rds Fo exa#%ple %] ser entr "abcdefghij" is
i G 85%"1@5 &8t H&fgc Haftters "e-f-g" is
treateticasee potendial mevwwwohdrdne:fee quermcyﬁmﬂtlae petentiakneie wordvords

a;nyngma}ﬁd&ef {ﬁfe% %}85‘3&{‘9%%%@% %’1%]%%3 %Ja?the frequency

Idual characters, e.g 25 and P(g). If the information gain

g
Oée@gﬁéa&@t%a%%uh%ﬁmm aibetraHbhes thiigbem{regrgney thanrgh
zﬁﬁmlldhﬁﬁ%&wot& @aecﬁ@fmweﬁmg of dbesintesmatignigadirdGrgane iy valid

Hependn ondne model orasumplins ol e undering PRISRUON: £9%overe
e In ormatlo aln e determine

rxpméfggmazi(emnm(@sximg)iﬂnm Gﬂﬁeqnmmwh@etb@emmmem@ed T’fh@ 3eer
@gpg@g,ﬂﬁ,@lﬁﬁ&g@ym g&g}ghmlgﬁcter string frequently appear together

but seldom.appear. individually or separately, the multi- character strin
Shoul QSE Ll ST HAB G SETHS I INEN RS A e Mﬁway treat
alasgenis sﬂﬁhﬂc@emc&mﬁa}rctmthaerahd b rdsy exicictad damilkeif a user
hin umen I axtract h I entries. -
R R e
meawgz@@eﬁeme%eewme“ﬁeﬁ@&ﬁewszhem%amlglm‘éwﬁ/lwwuwd,
etaetey &m&ﬁ@m RE 8 dRguEERESANY AidRAIUSESHRNESeENITES) IP(f),

t en utili the Chinese segmenter 106
and P(g) I II% the 1?1/f ormau}g)ln gain & 1% grealer t%

“efg” is treated as a valid new word. The computation of the information gain G generally

b to
an an mformation gain threshold, the term

depends on the mode! or assumptions of the underlying application. For example, the
information gain G may be determined as

P(efg) * log [Plefe) / (P(e) x P(H) x P(g))], i.e., the Kullback-Leibler divergence. The
concept is that if a given multi-character string frequently appear together but seldom appear
individually or separately, the multi-character string should be treated as a valid new word
as the information gain G is very large in such cases. Similar to the valid new words
extracted from the Chinese documents, the valid new words extracted from the user entries

are also added to the dictionary.
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perform a second segmentation process to generate parsed and

segmented Chinese entries 114 using the new dictionary containing the

new valid words. The parsed and segmented 5 Chinese entries 114
woonmsnmegthe new valid words are then used to generate OPUBIDSA005/008863

Chinese language model 118 using a Chinese language model training

program 116. In particular, the Chinese language model training program

116 gemeﬁatealaitmm@itjq; contiixing amﬁﬁonaf@rehwﬁmﬁdﬁﬂhmbﬁlese

lan ua y II{B? gours r%?v%%g erggeg Hsr{ﬁ:‘ 1ze<9|t\>/ (191 %?gegge)(t o er 106b to

anguage P Mode generally re ersto a pro |ty moder predsc%imgnt
pedprang #rsrdrngmbriamesacssety ggqﬁé%meéﬂﬁhﬁgdammwsé@emsgmmrws

1iallowipawardssitishirgnsitiammatix ey hegenaaterDas et QRERYmented

suitable statistics of the current word and jts context, such as n preceding

CRioRIE SIS bhBREKBE M BRYE GHIHrIEIHG HERdSCR& Bsasriner tHn 2
(transitiongmatriodaly1hé geneadibcthiasenongr-grair! t{eindrposrompodsrwiid

SeqUENGEEH|Siaf] th ﬁ%‘éé‘éﬁa%ﬁ‘%@%ﬁ&’d@ﬁ%sﬁg%%%?ﬁﬁ iﬁ@g%e‘?a%g the

15 user entries and/or Chinese documents. The n-gram counts represent

t%lgwm&swft?@déquf@hPWB%aﬂﬁ@%&bﬁfé&ff(%#q@é@@&%@g}i@éﬁu m@dwtmg the

c@ﬁB&bW@ﬁdﬂ@&ﬁtﬂ@ vepkehandiits GoRia mbiRY RgadIMeRRAdhe LBIMESE model
gtlonar with newv |grg ords de ived from the Chln se ma iand

PRAVIHGRrAEd the thindge |€£ﬁgcﬁ’égé‘r%”08eaﬁb S8H 61 SEBLEE,
fcaiomnmmdss@te treasitionethion fospheydantyaBhihessal ohamcteitable statistics of

ifEansiationcanHe RIRVILeH <20 0 PAIHICHIAE RIGRLORRRAINGANspeech tags of

OSt- rocessing are per ormed in order to sérve plnyln translations.
p@ﬁfé&ﬁ%m%rgﬁr&éégga}?gfh?év%tw@rf&?%m fftermrgaed brsse i begram
(qesenvog-Randpiayiankakess and metmtegpﬁ@ﬁv&i pasiites hiteie heuts, e.g., the

ut and a tically, splitting pi |n strln S |nt multi ny
o3P AR AR RIS SRIIAA PRI SO LR FURELE: MBehicris of he
ceapilicerds i rergars(HoprepipipRs) dercbtin gomém@ﬁeﬂrﬁrﬁlzri: w@r@ﬁddmeﬁ'@mgxt
the reﬁh'llﬁfgf\ﬁ iﬁ?@;t@?ﬂﬁ@@ﬁﬂé@é@ﬁ@é&ﬁ@rﬁ@ﬁﬁ&%ﬁ gfi@@ﬁﬂf'&é&@ RIgRkhe
agram ot an ljlustrative s nam (0] I transiatin nyin,
9%1 Eiedf‘a‘&}é?;}‘?c}l@’h’?ﬁé?é’@ﬁ&%&a@%e E&%‘fﬁ%ﬁé?o e &?ﬁ&%’?ese inputs,
aguepyoléd sssteecemie{damtifihepa@bwa@isﬁesm phidpreprosessirildd provided.

Iﬁ'}a‘% Y éiSﬁF Hés@fnﬂ%%é’ﬁé}f %ers X 8%%?48“1@%?&&9 Q?Jr@gtsgé/m

non- alg etlc charac unctuatlons and non-A

tfeﬁaﬁaef@rs lﬁa@lemm%%mé/wd?@éwmg@éﬂ&fa&é@)mm@pms
pt@@fum@uwrgﬂm@easars 48 tflﬂéafﬁegi&:th@ pentinyintakens ipa and

{i’;&%&é‘éﬁ? ii&nﬁe ?e%tr'z"s% oamons, ] eete”?;'znc?aéﬁ%é‘é’” RIDYIN 10KeNS: ma
e USer | SptOLessor s may i Y B ROR STphabet & may
belpartictesd hhmdmmalwpéﬁ@an@damﬂyﬁr@mm&emwm ddeppangidwlathe Hanzi,

RS BRI RUL G QEESSRARIIRY Hassiby themalrhabglicigput as

pinyin or 35 non-pinyin as WI|| be described in more detail below with

referdiié fo'ENSS: S'agiae @W@f%@@/@ﬁ%w@%@bﬂ%m@%@m a

pinyin input or query to Chinese characters. In particular, a raw user input or query 144 is
received and filtered by a user input preprocessor 148. As the raw user input or query 144
may contain both alphabetic characters and non-alphabetic characters (numbers,
punctuations and non-ASCI characters such as Chinese/Japanese/Korean (CJK) characters),
the user input preprocessor 148 filters out the non-pinyin tokens 152 and preserves their
respective positions. To determine the non-pinyin tokens, the user input preprocessor 148
may filter out any non-aiphabetic characters and optionally any non-pinyin alphabetic input.
In particular, the user input preprocessor 148 may classify the alphabetic input as pinyin or

non-pinyin as wilt be described in more detail below with reference to FIGS. § and 6.

5.
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The pinyin input 150 is processed by a pinyin splitter 154 that splits the

pinyin input 150 into multiple pinyin candidates or options PYi, PY2, ...,

PY1,, 156. The pinyin input 150 may be with or without delimiters, e.g.,
wspawesydashes or hyphens, etc. to separate different wordsgCahsaotarmsss

or syllables. The pinyin splitter 154 may perform the splitting function 5

using various rules to generate the various pinyin candidates or options

PY:. il @XampigsuiMisy & RIRYRIEPE 2iaiintBRRayInSpIes ko thatMyin input
I nerate R/vz candidate%f)gﬁyln mputts &@n %pd "xian," The m candidate

glngﬁWsmsuerl\? C 2B AR A BTRhRE donvdrer or ERindg8 phigiRinyin tnput 150
ngededert 8witheut debdert 58 gl spaust slikiee Chihg phedictian arydphZwithiTerent

vali o I ) ) '

g eSS
USRS HIRYHTHEH H EEIE PP i BHATS Y headiifatetmrgatiganB Yatdipfsrample,
veachmiyingandidate BY piag beliirites iadhednsnastlikalynmart SHRgsinputs
)\{/\{%M%az WS;-k, where k may be any suitable number. Each word

s%rlng ;.|,r\1NS;- 2, etc, may be associated with a weight indicating the

probabityenikishiopa tivatstiec B8 varicakmpwpieh stid ganSrtomwe Shormds pinyin

dtRdhe PiRyImiRRULIRY-1 EhaIuPJR Mk ORsell @i MeR StINTS SR 408 Vords
sorted and ranked by the sort and rank module 162 based on their

LR (RRRYAES MOFPWHRFHIEYNSIRE BGCNNEss MPYRGIA Ba EfRessible
woatdistrinGESL64 Wik neratddrfeach phey pinyinlidputPhe0 Inpyrieikeldetecbrd strings
S ' }%4 re mer with th eserved .

o100 £ LRI LSRS08 RRARRIPEIIIGE DISTRGE suines
W§sm4t§/§wergeW§nxd e b Repltgay vaite nesbsre brekaiscoingeled. WSi.
z,ta@ctmmebuf ¢ %%oclé‘téhW&?@i&%ﬁ&@ﬁ@ﬁkiﬁgQiﬁ%aﬁbﬁﬂiﬁﬁf@ﬁb{emg&éﬁé@%e

one the mer results as the.desired s C uery. 3. .

B R b R A TR A AR
vibied oinS Bifinesthenoratstingsratddrandiatedtfrodrank serdpe 2 izsed on their
Q06 abhedon %ﬁ&%ﬂﬁ?ﬁ%%}gtﬁ@r&%ﬁ%&?éﬁlﬁgw&& %?%gs 164

user on which to base a web search. kely Chinese wor .
CERRFRGRI TR R i Hv B B rdrt e BFaetes ehinShaionSNoranpiated qeoyd strings 164
aRingiepet angctas presyHallaonnst o singleny ansiadinn of theiprsReiMOpositions 152

characters or syllables as.may be.gener by the pinyin splitter 154. In
PR B S TR R ORI ¥ e B R o er
Inypeanse ofeschmiasgitmths wieynby teatiogieallgre®@biocbissetied Lpsults 166 as
pveekhedteardaiethe Chinese dictionary with new words derived from the

Chinese inpyts and to update the Chinese language model trained based
on the Kk Wmﬁévwwmﬁsé%%%ﬁswm%e%w SHOSHhA Bresents the

tapGltihimgso seiblestiaps Bibnsnehtthefvses inoritjoerg feiynfhdab@peesahtacp 3
AR08 URed é{}HH . rn]igmev\é%e‘é@p_bc’ye%%cﬂsgp%%h@%ﬁwo BRPresentanReling 5

correction whert the search engine detects that the query may be
most likely Chinese word strings 164 include two different character translations of “xian”
as a single character or syllable and a single translation of “xi an” as two characters or
syllables as may be generated by the pinyin splitter 154. In the case of a search engine, as
the log of user queries is constantly being updated, the Chinese inputs may be periodically
processed, e.g., weekly, to update the Chinese dictionary with new words derived from the
Chinese inputs and to update the Chinese language model trained based on the Chinese
inputs. ‘

With respect to the user interface shown in FIG. 3, multiple possible translations of

the user input or query may be presented to the user similar to how a web search engine may

present a spelling correction when the search engine detects that the query may be

-10-
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-to WO 2005/091167 PCT/US2005/008863 misspelled. In particular, the
multiple possible translations are preceded with the phrase "Did you
mean," which alternatively may itself be in Chinese characters or Hanzi. In

waddiifontgthe list of possible translations, a spelling correctrary iL&2gus008863
ASCII, of the user input or query may also be provided if it is determined
that the user input or query might be 5 misspelled. Each of the multiple

nﬂgﬁ,%ms tianslalions, %ﬁgmﬁ;§eeﬂe;a9@9'f§%eignoafsq@ey POBYeBS B the phrase

P]léerllnkto a web search for the particular translation Suc a user
HALEARY %@qﬁwﬁawe&ﬁmaﬁaﬁéﬁ o RRs6 S aeieRRr Hanzi. In
alid@ifistadions iadhitiaibie pinyinbianzispeang! abafe&md;r@ame\@@mef the user

Ees i ansiatens beyesh asoRASCH lanauade (ITIEELE Gt e
ine ore n causet Inyin-wor eco er U I|IZ S a

niisapritge Emaeifﬁim m@dtuémgasehlﬁé'géﬂﬁbmg ﬁrfut%ﬁ@;rﬁﬁeeeLMMaryf nay,
nBHERE AL BN Werds ferivadiitgm iba & inesaidAP Wi RS ser interface may

pln in-ward decoder may prowde a% etter set ftranslatlons of the input

|'r‘f§}|’ﬁe DO T S R e RS R S Rt e (O %@F&H@H&Bé’?ﬁ%’éﬁg’ -Hanzi
txtmahmdmsm@ mmjgemum@em daddonesusipépes dandavithoutons kg iElanguage
q§ &P %tﬂé{; 1% of pinyin queries are 15 generally correctly
converted | e the Chlnese character translation of the user's pinyin input

reflecBetRESE S RimiBrHRYE gerer vl g iseGUarguaatededrinpd using

Ohevs¥aligutvards m&@ém&h@}@@u@@emﬁémﬁm QEPN@dT®m the Chinese

accuracy tove;{) ro |g1 %/585% vgesglgtetmssatno methc%dosn for %}anslat{n
inpy Sm; ipUtor Uy IS Chlre S ERaras eresrrﬁay FARSHILSS f sBR pinyin

t@@blmﬂmdﬁtxngxaﬁtplexa@m;lésl@ (bmmgemmlnltlappimﬂmgmy}zmbpages
SRIRIYRPER SYFEH ANLieibRds fas 9ensratng Gh W%@Bmﬁt&&a@g are

a document from user pinyin inputs. As another example, a search

SERRIMY SOmPACHY SOMPBhisd bedrBinesighrasiayerizion RS wteriPinin
mpeftmuemlgemmgeﬂmecm@st}l|kelyr@hmseﬂ/qoédysimgs identify new valid
correspo |n user pin |n input from whi h the user may select ONeco
o A R N R e U AR
Tbmgbis\tm@@réme@%fbn@waﬁietmmém imprbPe Qerito\Eritess csarughies may

b@lﬁﬁh&ﬁ'&%ﬁ%ﬁ?é‘ﬁﬂ%ﬂ)mnw&'%ﬁ%i@ possiple (Hhinese M’Mpaﬁam'éﬂtf%% may
lemented. Various de@ﬁ?‘fé’ are suitable for tra slatln |ny| 0 Hanzj
CREVNGSED SHIFACKER TGRS B RSETARC 10T BB SUaP s R
ubdapkoyiMogdets maynbeenephemintestache tpaireimgefoasthevilidaeni starkbengine
rl\éygﬁiﬁz&ﬁ&b S AGEXELIO) &AM géﬁeéﬁl@’ﬂ?@ Heng SMBIEAL COMA Srings

y computlng an expectatlon an per orming an iterative maximization
cppsseading o vivsehPHIY W BuruubRl BsdetitianferRso At A8 Sdraese

wWhe seussoinpuiacearsing eatbR output observations of a Markov
e e R
suitable mechanisms for decoding pinyin inputs to possible Chinese words may be
implemented. Various decoders are suitable for translating pinyin to Hanzi (Chinese
characters). In one embodiment, a Viterbi decoder using Hidden Markov Models may be
implemented. The training for the Hidden Markov Models may be achieved, for example,
by collecting empirical counts or by computing an expectation and performing an iterative
maximization process. The Viterbi algorithm is a useful and efficient algorithm to decode
the source input according to the output observations of a Markov communication channel.
The Viterbi algorithm has been successﬁ:!ly implemented in various applications for natural

language processing, such as speech recognition, optical character recognition, machine

translation, speech tagging, parsing and spell checking. However, 1t is to be understood that
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language processing, such as speech recognition, optical character

recognition, machine 35 translation, speech tagging, parsing and spell

checking. However, it is to be understood that -1l WO 2005/091167 _
wBCHAUS2005/008863 instead of the Markov assumption, vadaussedhae0sss3

suitable assumptions may be made in implementing the decoding

algorithm. In addition, the Viterbi algorithm is merely one suitable

isleceoipenalorrithim thah max RadmRsmenied B %@uﬂﬁﬂ%@%ﬂ%é‘%ﬁ?}éﬁn
other suitable gecodlng alg }Fthmﬁ%% a finite state machine, a

BRI PR AR SR G HeRIB B Sk YRR aRHERR s eiraysne

saigblitdemdding Bahliocka-defriekiRavive BT IR Jialgertlm (& twiei passher

sfﬁ’{ "M%@é@@&‘%""% o}%%?' algauthe)). aype.mplemented.. The Hidden o .o
Markov O contains t e eneratlon matrix and ihe transition matr X 0

p&sﬁcﬁm@ﬁlﬁwﬁ r@ﬂ‘agm lﬁ@g@m}?@ Yotsehhaigariamier aPgbkEisket sboce Ravay
(BERDIAgHhe (&mﬂ@ﬁ@ t@m&%ﬂ&d&e&m&%@g@im e B@Wemnted
to the_cor 8 # |ns and the likelihpod of each o
AR SR AR S SRR o dsmstipagnerrn
oﬁtsmdiesomhudkabdelsﬁh@gawgmemﬁtrdeIaﬁatﬁqsce@nﬂmigpmexswmmmg of the
dﬂﬁ{&&&%& HH%l&%E%BQPy%%a%Q'tﬂLI %?&ﬁgtﬂ BEABR F@ﬂﬁmg possible

generated from the Chinese inputs such as documents and/or user

PURENE RS AR aq%fitﬂ,fee%ﬁhm&mw naethingwmanitdits Wgetipihmakix of

camnlﬁedauqamétﬁiiﬁwhﬁm&aacrmM @hﬁ@@ﬁgudgaeamagf&rpmmg the
Gov rmnm h of th d|d shown in FIG. 4 a

c Ten R nQ'f;Eﬁ“lC € copiex SGS Ebd.ivxﬁ?%ase onn- gr% Cﬁounts &pnerd{%g(;?om the

Example, “zhong’ can mean mi alty, or°c can mea
%mﬁyn@r!@mychmdh\gwtméém @hﬁﬁ@@e@s zheng" can mean politics or

earning Gy’ 1&@%{98‘@&ﬂ@m@%%‘&;@&h&#@%ﬁ;@@ ?i'ﬂ%%sﬁ 1R kn
government positive/nega |ve or con er. 20 When the Vlterbla orithm

DR S AR DRI MR Y RSB ot ﬁﬂrg’r‘fﬂwagt hé-dBrs i gpndidate
vgederatbahisipiRlh Hut also:iall Wﬁrd&megmher@técﬁmmumymdﬁie, loyalty, or
Ho t » G [
R T I S T S
peHAeR AW R rarBeANIame daRkiaamsherdsant Elkas i teracestint

g80cthaidmepvarie/Rakivecadeqaeh candidate can be 25 prOperly
deterr{% ed, In Jpartcular, e ch sm le s%/ bIe/characte[ 0 aIen t

of 1 nt T oeou’b? gn ngﬂa%eé er word Iﬁagg)ie 81&1%8?3/
f“@damplwptdethargstmwe thrsrplmyhabu:taaiSp rﬁbwed&ﬁéeslggierate ’shls pinyin in

SHliaRleGhatacier, %QEQ%&VE%% quEF‘QﬂBrPg)éh%m%éHﬁ‘ﬁg@%{%‘éb%ﬂgs Chinese,

\@énerated at time t=4 can be po litics or earnlng(?enerated at time t=3

FiheesErist s RIBURAI JEnEra & Atsabeacandiisrrd:, The @&E@ﬁd’éﬁéi
cwmdstéhairdaﬁ@@amﬁaﬂdeaﬂaﬁmubI&assyﬂabtefﬁhaﬁaqﬁearcww@&ﬂ/mﬁdﬁi% can be

p{{)ﬁgrtlh %%)el%l%%%rgg arP %\r{]%érc]: ?ryg M€ /S}?l?%f:(?ch Hh G{‘)\r;léi‘r &< aaﬂélq gthof 1
while each double syklablc characler word has a length of 2, etc. For example, the candidate
words that can precede the single syllable/character words (words of length 1) home, luck
and husband generated at time t=4 can be politics or earning generated at time t=3 but
cannot be city or country generated at time t=2. In contrast, the candidate words that can
precede the double syllable/character words (words of length 2) government,
positive/negative/ and conguer generated at time t=4 can be city, country, or Chinese
generated at time t=2.

Each node shown in FIG. 4 has a corresponding generation probability as provided
by the generation matrix and each link between two nodes has a corresponding transition

probability as provided by the transition matrix of conditional probabilities. After all states
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generated at time t=2. Each node shown in FIG. 4 has a corresponding
generation probability as provided by the generation matrix and each link
between two nodes has a corresponding transition 35 probability as
wprznagied foy the transition matrix of conditional probabilities. EAfarsallosiaRes3
-12 WO 2005/091167 PCT/US2005/008863 are enumerated, the Viterbi
algorithm or decoder determines the best path. In the example of FIG. 3,

athenbesrpadaths ClirbselggsibimpideeedesAeiwimingsdhe. best neted mibgvxample of

Fﬂﬁ?ﬁ,lf'tk&erib@& Q&ﬁ?@ﬁ@éa&@%@m h@ﬁﬁ%@&mﬂqmmo processing and
translating the alpna _etl _C aracters o Ser Inp t as a pinyjn mput, it .
o B A e ATE LTS Ce TS Ve BroPTAR Ry R essig

apinyinstapog drd:ipbteenio nkpiayiersAS € Hsepopsuchegsnaim Bnglish akrebeldgsirable

tooéxgz%(m e'ﬂ?é-}tj %t’t&ov%l?f?fsfﬁ&%% lHBMIi@% Bmyfﬂi u'gggdmgyérh@hs’]gi\ﬁlyin
In particular, a plnE/)ln classifier may be employed to detect whether an o

ASGBigronsurper S TRaishid TRasthin GFTHBA-PRSN: Gn PaHRIHY hE R RS pinyin

oPRChGIIRBSR SPINYIM Shateuthe Spindichiatscier sal beentpR 2 letirescoivhether
the alphabet and even some words. 10 For example, each word "Beijing:..

S e e e A

ppineba pthyirania duscasestihe. Bheiéhistiors cinbepilnyigb eandhaven tpane words.

FeRRE RGBS I DOl IANJUARES) Re:ISHRG GaRS iR BeERGsh word
‘In another case, the same word ¢an_be,valid in both pinyin and Englis

P hAVE T SHREBMIBRIE MRS TigEREILhiS HE RSB IR Ao %
sanatheneasmdhebydr thipayeha\w merning wibrigishidor 15 Shihese)sbithe

may be ingl invalid:i i r is e .

T O SR canings, s
e chseradtbrvesrAES p M b geshea sty therieprtemaydeshigdnig in English (or
chhingssulhgnipviRAassies s faciitalesir demnlingthedanauaoe afitute”
. ambiguous inpyts or. queries. EIGS.F{? and 6. are flokg/clﬁrtillllustratm%an g
oA RUSRBELAD 18P GBI At e S TRy A SRR o pondine
texdmplarympt o sscd2inforpiocassing al hseﬁdmmglmsifwertyua:ma'mmgian
d@ﬂ&?ﬂgg&;ﬁﬂr%gagé%ﬁmm@%quuéﬁégecnve'y- In the exemplary

process 200 enerating a pinyin classifier as shown in FIG. 5, the most,

comnidFASendl grafrydyls h@@ﬁﬁ%%@%}%@%ﬁ% Rt doRggerating a
pHMOTAIS I AR QCEIIr A RRATFIYIProdSEIogRF frptisneaxisasing ai flepk

202, At block 04, the process 200 de}%&'inv%cs)rg%/vhgct{g‘?crieaf:nhtﬁ)ﬁf tf)]{g la
AP AR OR S RIS S CRA IS0 Be a pmyin to generdte a set of T oy
progravAgQifar gaasgrdimmsethiirbdessphey s amehmon-Blyif. AB@1esTeRiRmoa ASCII
nREHY I%Eg..%mﬁmﬁ@m@fz@ﬁéﬁgﬂmgr%&%mmmg%w&ﬂ%%Hnmpinym

n-grams, there may be ambi%uity as to whether the user input js in pinyin
ASTTOHSBhANLS 76 FOUBEAEELAb Aty LB B AL HBRIEGFR AL i Brmes

vileEiyr Ry betexainadnmon ASCII n-grams can also be a pinyin to generate a set of
n-grams that may be used in both pinyin and non-pinyin ASCIL Thus if a user input
contains one of these ambiguous pinyin/non-pinyin ASCH

n-grams, there may be ambiguity as to whether the user input is in pinyin or non-pinyin.

To resolve the ambiguity, contextual words of the input or query may be examined.
Specifically, in the exemplary process 220 for processing a query containing an ambiguous
pinyin/non-pinyin ASCIH n-gram as shown in FIG. 6, whenever one of the pinyin/non-
pinyin ASCII n-gram is encountered as determined at decision block 222, the contextual
words as determined at decision block 224, i.e., words to the left (preceding) and to the right
(following) of the subject ambiguous n-gram, are examined at block 226 to attempt io

determine the language of the ambiguous pinyin/non-pinyin ASCII n-gram and thus fo

-
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30 Specifically, in the exemplary process 220 for processing a query

containing an ambiguous pinyin/non-pinyin ASCII n-gram as shown in

FIG. 6, whenever one of the pinyin/non- pinyin ASCII n-gram is
wermoetitdered as determined at decision block 222, the cont@Qiidls Weidesss3

as determined at decision block 224, i.e., words to the left (preceding) and

to the right (following) of the subject amblguous n-gram, are examined at

5SRO B HBNAES 1@5%%&»@%%@%%@@&@@ GPREREIsUbRRds "women

dﬂllit)ﬁm/ RO BT bﬂmlmﬂdm@ﬁm@ﬁﬁﬂl}m@}t@mce "?6%089&5/ @O0Abr bxguou:lsly an
T/US2005/0088 et mlnetean a t I, example
]ﬁl%lﬁséﬁrg}v %{()antgayun%lg erf/i]vor s Women g cag{ qh?)eca e
dsgise %@@m&%p!em!usaﬁ@mSI@Gﬁmmuthiﬁm@lSMW@mE@hsh word

gh&@hﬁgzpﬁlﬁglm wemen ggﬂayuan ("our home" in Chlnese) may be
classified as a Chinese pinyin query since "jiayuan” is unambiguously not

an Englig s 5 81 dheET OR-iRt it RE AR ANHEEI el (tRired in
itheke2 5t no fontexh (e gis singletégnoaueribsyrasdetertne s, Hodka2dod or

p%l% SPOPIRK P AlS0 ;ﬂﬂ}%@@%&% Sé%@ﬁ&%%}z'%'@ n%%%&*}e m the

likelihoad or probability of one or more possi nes querlest at may

b goauT A TS AP IethibR) 0du qudhitidcasmpr i dhatisistk oBbingsgrqueries
t}%@me@f& @@ﬁBﬁ@@&ﬁ%Qt@ﬁiﬁ@%ﬂd&ﬁﬁﬂ@% qufstbam FRAX DB ESANSr BEREL EY R yin
the am uous quer as a 1IN00d Of beln pmyi
A R e A s S A e R et e Y ey plock
2ét4bIaﬁlcrlmemlté”rmatwwfyhafmnéi@Eﬂheqsassdmles(ﬂtarmg bpigriesathatrom the
ameagé&gs&sgaﬁﬁgmgg Eh&l:ﬂ%@'gf‘ﬁ’&ﬁg’é@% R 'qﬁe'ﬁi?é\lp%ge% ed a5 an

being a pinyin que e query is treated as an English query at block
qA%”SWé‘J(Q?ﬁ é%eﬁ&@m bRy ARy fiicRiajpeATiBatapry He treated

Aaafongsinginyin Bighsiglistrg uecryub@ﬁause‘m&g@lammag&ém&? ) &fpﬁhfﬁd asery,
nyin query. ,npne of the ible Chinese guerjes that ma

gé%g)rfaﬁ gd) rr%}giazﬁﬁlgﬁsﬁz%l g % iKefho ne(f:l effngma{1 %ﬁ%éﬂ%?yhigh

iﬁmhhgadzqfﬁ@mmlémme%mmaﬂ@mﬁod|ments of the present invention

are demﬂ@eﬁeacagmw ﬁﬁrammg{sm ,dF widl hesapnrreialed dRaddRenarGnd

erely ustrative g at 20 madifications can be made to these

[’56'8 Fﬁ@\/\'ﬁt LPBRRRRSIRSEH GA (RS TEDY SluibetbreARd fintion.
nTctdlﬁcaherscrapémﬁﬁrhz toveetamisoifitendedvithdne defantckdrdynithetepiris o

smgef Qleung. glaigns ?ﬁd&‘%@@oﬁ@‘@ @%\)@Hﬁoﬁ%%\%{i‘&h bg @d%é%ﬁ%?% in

orporated into this Descriptioh of Specific Embodiments as a
teinbehimtciv loPine crvanhibmayile @‘Eﬁéﬂﬂﬁé Wihe e ghidpiag expressiy

incorporated into this Description of Specific Embodiments as an embodiment of the

invention.
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5 1. A method for training a Chinese language model from Chinese

character inputs, comprising: segmenting the Chinese character inputs

into valid words and unknown character strings, wherein the valid words

are entries in a Chinese dictionary and the unknown character strings are

not entries in the Chinese dictiongyamegl wherein the 10 unknown

character strings comprise Chinese characters; for each unknown

character string: determining a corresponding first frequency of
Whatisuleemeigor the unknown character string and a corresponding second

frequency of occurrence for each of the Chinese characters in the

unknown character string; 15 com,parin%; the first frequency of occurrence

to the seColgHed RN ERR RGO ARSI RO FrhingSH gagracter
inpuéduenropiipgring the information gain value to a threshold; identifying the

unknow r rin n ' w > informati in

is greaté%gt @n t %tk?ﬁés%ﬁg?%eog gﬁg%m%%v%%ﬂ V\ﬁ/%r %) haén hll%eg%m
cheREIBhEN S5 chas@ B prlie vartfirigceattas nars; tessmeistingptieand the
unkpiBine SB SRaRECRINgP U ALY MRESA W Chivdergibititine iR sthueidshe

undle %né iersaé eth oY dgéed rCé‘hi%%lse éjéccﬁiqoanaart\érgnd generating a transition
marrix of condition Fpror%%blﬁUesr}%r predrlc%ng aword 25 given a context

based oricthResEsEdRMYItiERpracEhrimEthod of claim 1, wherein the

transition matrhe@ireRisiianabrREpRRLHeRde geneialgdRased AN I3 Mhe
enerated from the Chinese character ”r%jts where n ?1. 30 3.

counts !
R A St ST S ETTRRECI) PG R B SR RS Brer
of tuplesrebadjaredtand thensaidjacernhwents sirtge set of Chinese character

inputs. 4. The ea%BQﬁingftﬁ@m&a&n@ﬁ@woﬁh&em@m%L{ﬂ&séa&&@%drgagency

number of 35 occurrences of each n-word sequence. 5. The method o
of egaHerCR ReteiprmRest BfTHAtise ARl inputs includes -15 at least
one of user Chinegaiinpite MAshastieh gaEhiaesedanbizdasdments. 6. The

method of C'a'ﬁﬂe%’f’y@%'é' IR AR Al SPS,E%‘ JacieLinbuts gﬂ‘&%ﬁ%n%e
set of user Chinese ‘character queries to a web search engine.

information gain is greater than the threshold;

adding the new valid word to the Chinese dictionary to create an updated
Chinese dictionary;

resegmenting the Chinese character inputs into Chinese words, wherein the
Chinese words are entries in the updated Chinese dictionary; and

generating a transition matrix of conditional probabilities for predicting a word

given a context based on the resegmenting.
2. The method of clam 1, wherein the transition matrix of conditional
probabilities is generated based on n-gram counts generated from the Chinese character

inputs where n 21.

3. The method of claim 2, wherein the n-gram counts include the counts of n-

tuples of adjacent and non-adjacent words in the set of Chinese character inputs.

4. The method of claim 2, wherein the n-gram counts include the number of

occurrences of each n-word seguence.
5. The method of claim 1, wherein the set of Chinese character inputs includes
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7. A computer program product for use in conjunction with a computer
system, the computer program product comprising a computer readable
storage medium on which are stored instructions executable on a
computer processor for training a Chinese model from Chinese character

at BREhdRe dBsttIGHERS ieieding 1R ewnRBERM R dobingsqcharacter
inputs into valid words and unknown character strings, wherein the valid

words are entries in a Chinese dictionary and the unknown character
strirffys argacietntdey fethedChlieesie thietohalamesevbimneiciahimputs includes

a 4NN NAESE TP NS COTBRISE Y Resk FRRraters; for each

unknown character string: 15 determining a corresponding first frequency

of occurrence for the unknown character string and a corresponding

secbnd frequiepcieopogeanenstifofeash nktuahinessticharmatensrigyien,

char. r strng. j irst fr f rrence to

s L BRI SOKP L e e Thedih on
whichi @& SPESHSHHAR ISSHTOATEEGR GHAMRIR RIaseRrasitviiaiiaammphiese
mdfie TR ehanaciersiingsaha iReyadie wekeingen the information

gain is greater than mg tgreshold' adding the new valiq. ord to the

Chinese%ﬁg{p&'}-‘a{ﬂ? to creawgeasﬁ &Bﬁ%”t% ggﬁﬁ%sigtaigﬁd a\"rlﬂt/);r and unknown
chaessdeinsbingsg wWhereinifes e adidanastisr arp arériasoitT hi idirespo isiondierent the
unkRBwk RINGsEY AR AR RN L HritheiNReateiSRineRaicistPNaY \vadein the

a trapsition matrix of conditional probabilities for predicting a

a}enera in _
UNRUSHYT GG B B o TR Sy AR Eing. 30 8. A system for
training dcCtiacbsekangoaterastaielrfngm Chinese character inputs,

comprising: a SRAIMAMAL %@@%@%@A&é&%@%‘é&%"lﬁs&eti%ﬂ%%r the

inputs into valid words and unknown character strings, wherein the valid
uniRoMIS ARSI SENY AT HATOSE SRR oo TREUSARN SiverewaraREdPr each
of sksiCoBase cekandies ihdhekobineseathctinraing35 and comprise Chinese

characters, an nter.is further confiqured to resegment the
Chinese charagc?ﬁ%a?rﬁ%r%?ﬁif?e%? ﬁg%%}fnogrggggﬁggc% {ﬁe%\"/‘veqv%ﬁfg r\s;\:/itcl)?{gguency
of prSviEEaR FRiflelE TYoMR BRaTipiRiRSiRm EMaNaker strings, wherein the Chinese

words are entrigsriparin® 188 iHReated{ines diglignansibat includes the
new valid words;

correspondingl |?s iF%gu%%@l Qﬁ?‘&é%ﬁ?%%%? %fﬁé%%%%&&%}%&cw&w&en the
infetriatpateia isgrastpdhamgsticesivitequency of
adding the new valid word to the Chinese dictionary to create an updated
Chinese diclionary;
resegmenting the Chinese character inputs into Chinese words, wherein the
Chinese words are entries in the updated Chinese dictionary; and
generating a transition matrix of conditional probabilities for predicting a word

given a context based on the resegmenting.

8. A system for training a Chinese language model from Chinese character
inputs, comprising.

a segmenter configured to segment the Chinese character inputs into valid
words and unknown character strings, wherein the valid words are eniries in a Chinese
dictionary, and the unknown character strings are not entries in the Chinese dictionary
and comprise Chinese characters, and the segmenter is further configured to resegment
the Chinese characters into Chinese words in response to new valid words being

identified from the unknown character strings, wherein the Chinese words are entries in
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occurrence for each of the Chinese characters in the unknown character
string, compare 5 the first frequency of occurrence to the second
frequency of occurrence to determine an information gain value, compare
the information gain value to a threshold, identify the unknown character

anSiHiEeASRINEYY MRtigNAR hahieERe tRformation gajruyalue is greater than
the threshold and%ladd the new_valid word to the Chinese dictionﬁr fto
SL TRy

create thé RAAPEH BRI SUILALEP S EMES THIAESRIAGR,
of peiniregen defule configurechtsagtaneteitg andransitiesporalny séconditanahcy of
ocRiRbRRiliesdor BredictingR NSRS %mam&ﬁa&%w& Qompare

resegmenting. 9. The system of claim 8, wherein the new word analyzer is
the (i SPBLPAIGUPE 8L B R Fe R STRYPAMFEEUEREY RORTINERDHRHBSStEmine an
infoisatmiegadinpudtisy ereparglian chiongeterajeinthaltransitionresabia adentify the
ifi iljties -ar ount The system of
o Y Pty o R e S IR St

thagafiae desihrich sRchafsclis Mevraalin Wi Brechhirase diclienaer imstaste the

upd@eHichihessyateoni chaum 9, wherein the n-gram counts include the

number of pecuenGes of gach nvord seauene, 12, e syslemol i,

claim 8, WhETein The 361 OPChinese character mpu?s ?ﬁ@f@é’és
trapgiéonf stk Chiernsitimnsliyehabiilisetfof TRy dovumesitingl@vahe context
baS¥$@Mmafelipmdringherein the set of Chinese character inputs includes

a set of user Chinese character queries to a web search engine. -17

9.  The system of claim 8, wherein the new word analyzer is further configured
to generate n-gram counts from the Chinese character inputs where n 21 and to generate

the transition matrix of conditional probabilities based on the n-gram counts.

10.  The system of claim 9, wherein the n-gram counts include the counts of n-
tuples of adjacent and non-adjacent words in the set of Chinese character inputs.

1. The system of claim 9, wherein the n-gram counts include the number of

occurrences of each n-word sequence.

12.  The system of claim 8, wherein the set of Chinese character inputs includes
at least one of user Chinese inputs and a set of Chinese documenis.

13.  The system of claim 12, wherein the set of Chinese character inputs includes

a set of user Chinese character queries to a web search engine.
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