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WD 2005/ 091167 PCT/ US2005/ 008863 SYSTEMS AND METHODS
FOR TRANSLATI NG CHI NESE PI NYIN TO CH NESE CHARACTERS

wWGBAOKGRDUND OF THE | NVENTION  Fi eld of the | nveat/usmno$008863

The present invention relates generally to translating
Chi nese pinyin to Chinese characters. Mre
specifically, systems and methods using a conputer to
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problem. Once the user enters a phonetic syllable, a list of possible Hanzi characters with
the same pronunciation are displayed. However, the process of inputting and selecting the
corresponding Hanzi for each syllable can be slow, tedious, and time consuming. Other
rhonetic input systems are based on determining the likelihoods of each possible Hanzi
character 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 is used on
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many descriptive sentences and idions) and/or spoken
or informal |anguage as is used on -1 WO 2005/091167

wEFansRA0D5/ 008863 the web in user queries andpPEI/US2005/008863
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to Chi nese characters and words are disclosed. The

term conputer generally refers to any device with

conmputi ng power such as personal digital assistants
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syst e and tho are particularly applicahle

SEPSAL AN gL WPuley & a‘iﬁ’ﬁF%S@% g gE papResigChinese
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the présent invention can be inplenented in nunerous
rgkeyssto any devige Mithgemputipg pewersuckyas easmh«thggal agsisipats €MPAS),
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R B 5 G BT O RS s o a5
16564, lah@gpdreduoV 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.

A method to train a Chinese language model generally includes extracting unknown
character strings from a set of Chinese inputs, e.g., Chinese documents and/or user Chinese
inputs and/or queries, determining valid words from the unknown character strings by

comparing frequencies of occurrence of the unknown character strings with frequencies of
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utlllzmg the Chinese dictionary including words extracted from the set of Chinese inputs
and the language model based on the set of Chinese inputs. The method may also include
generating multiple pinyin candidates from the pinyin input such that each pinyin candidate
corresponds to a set of character strings. The method may further include sorting and

ranking the set of character strings according to the likelihood that the pinyin input

~
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string having a wei ght associated therewi th indicating
the likelihood that the character string corresponds

wo eooshe11pi nyi n i nput, the generating includes BXCT/US20510P8863
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valid both non-pi nyin and in-pinyin and ana
oortiaxn ones pigywfgengrally includes a database of words that are valld 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 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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characters. 10 FIG 3 shows an illustrative page
served by a search engine server that presents the

by PESCRIPTION QI SPEIGHAE, [ARGIMEPIL "

user SyGreie @B@ hi#RdWasing 8 b@Putef tof f16cse h&ﬁr%le@bmﬁﬁc Chinese
word strin FIG 4 is a lattice or trellis fo
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modifications 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 alternatives, 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 FIG. 1, by obtaining and processing inputs such as documents

and/or user inputs or queries and to serving, as described below with reference to FIG. 2, a
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inpyitrRes e COISET BORAIENETRAY BF! e %hmeﬁﬁweﬁ PoicH qnawéggﬁepu%lwaﬂons

su@ﬁ’géahev%§ﬁ&l BUbKY SRhgaFHes %phé&uﬁnd BO1iké. e‘FheSQHiﬁes%Sdlctlonary 102
user Chi nese querires 1n a web search engil ne and

mghbheseordapinteration of girioysuitiiie standasd papleexisting qa@mese dictionaries

coilnpaﬁlﬁég r%r%oufs %fn§§ex QH@ Ll’ﬁlltl gflarba?ﬂ'@lg;ﬁgsem B]ht%rrgs dln the case of

s are descri
Clanehealmequsaﬂwsewfe@hnyesammuts:méll reay mctude acohltaon ozﬁﬁmer Chmese
quer j.es

Rty Ermdheb b s vesds o R0 Pofther G e DndsslSE Sbivese

dde@mbats N0 ehaQ g anie @6l sbibA or RPBEURY of Chmle§e ddzubents, for example,
understood that the systens and netho é be ada ted
€

doghareRITIBip dn PIBPIiAH @efé{gr 6@%@?“%5&!”‘3&%‘@% iof thhl néqa'net

pi nyp ('Jﬁin §e§@ al&d d6q g?ﬁéﬂl@sgaﬁg&hﬁﬁl@%} Rliss to s@ément the source
exanpl e, stem and may be adapted for a

Cigheseasd strm e. g Ppsentenppbi ¢ ahnasm inth ghingenwiopd wytsepr words and may
pﬁ@){\%@/ aﬁso 1 tnf‘ffr]gtraxilrrn(é?i{'%azi1 le’lC?lEmSS prI"réX!iIlel ,n‘p(&tifa” Es a J:o%npound two-
character 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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pinyin generally refers to phonetic representation of

Chi nese characters, with or without 15 representation
wo@booshelitone associ ated with the Chinese char ae€BUS200$008863

Chi nese dictionary 102 and a set of user Chinese

i nputs such as user Chinese inputs and/or Chinese

docunents 104 may be used as inputs to a Chinese

segneift¥Emenigr 10 ratgsingEse apdh pramentid Ehipesesatripgyvitheunknown
chhRIctePX@MRS £08 H3LAre T DRICISHHIES e8P wBFds\WALIVOYS 18T TOE REY words

I nput types. Chinese docunents may I nclude Chinese web
anglymerehit) aaaly zesathe ooksnayurbot neat ¢haraste2 Gtrings ko detenmang phgiber, and

' we the.like. The nes

B e R D e D RARE o U B WG 47 P
gisan 4 Abjeeand tdavedsr ldxioon, pliee xiag the agbifione serdldieisi@Rabrik@swn proper

' tai,ning various singl.e- and nulti-character Chinese
B RS iR E St B GRS ren o ghat are not

in IR dibfiorfah. PO P ExAniiRe!labbreQthtioRY, tiuRedtettiRrdls, GRIWMI B Edih@IteRhs, etc. may
user Chinese queries fromthe past three weeks or two

berfprngfsandrbhseoag appular anglican ofien be Taumi ik decurmengindfasisey inputs but
4 : G CHil 0 j hnes

el T S S A T EBESLALrPIOGUA TR ko

wayidsph igfigred anddi e spokedilangunagd isChlated e hehaF dradxdamplen s¢aneh query

Internet.. The Chinese, nter 106 i nplenments
logs iy Porlaia Bprox inaldly g DO Eve e st e olatudary of
ap&@ﬁmmrmmdow.@sx cemBeN vende Ig rcoﬂtrzislﬂ,ﬁﬁ&_@paﬁelfhlt dnd vlvebpages
inese word units. or wor an y optionally also
ty?la%lpﬁ Ay PR TRPTCRATAFBrice PSRG: TH%PC‘@ X aalyrgol flgmay compare
thé FreGucPBIRPORINE cbMBoRR HORL@atRier RIS S8HWRE S GRABICHOS separate
"hair" and as such, the Chinese characters

oceepeneseelt the gndivideah Charagtersie detgurinapdisthgr ansliwhichof the character

ES b [ I I . .
S P O RSP B i AR B a1 i
thé nputwotdMidemifed dgrihence svopds analyzer tlifaesidsdme neatdiaionary 112

Mari ous suitab e ers may be_enpl oyed incl udin :
wiffphed Yordtenated BRRTEL s T Arcbpr RS fnesd Saifls B querics.
TH3awsdidesaRe] oY PhlsEatenideddBappMassEabh $@kd fithi@ c¥isponding

2005/ 091167 PCT/ US2005/ 008863 The segnmenter 10

6 .
ong Ok 108 B8y Wsr Heoriseinwerkposistrmdetn mulivlepinyinashgaeality of the
N A L K e A
aummtyzléys remipee @hdinobn mnuﬁmemamdn@ﬁlid@nying sintthe case of multiple
b2 0 IR0 LR ATtk B, T
myppitg afuwl@ts insthgnsve dicdiohatyge tierdrndipoardiag Joexble@inyihd@idahe

. be i guous. wor d .dj vi.si.ons, .unkno roper ) )
ik RenorAeh kbRl bledta A ERTSE I hgee sApBtinmmatix.
mul thh oA ARREABI IMMIESontdtida! the hewRRIrds hRhl¥ARE 110 may implement

di ctionary. For exanple, abbreviations, truncated

diffesenianalyssq depewslingen pethst the Chinesainpubis afhingsg dapement or a user
CHESPTRPORIR 314 iR ERIE I B AOEUTEA 0 mo
cohipotei the frequent ef cash mewfchanatten$tring end abrapyte (@B erage ef subsets of
negvnclﬁg%%r 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 remaining new character strings, i.e., those with 7 or

7-
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10 words, in queries and in the spoken | anguage is

relatively high. For exanple, search query |ogs may
wa@onsasmneappr oxi mately 4% OOV even when usi ng BCT/HSZPE5/008863

vocabul ary of approxi mately 250,000 nost conmmon

words. I n contrast, newspapers and webpages typically

contain only apprOX|nater 1% OOV. The new words

feymmeprasters pocordinede Msarenber AeCh mé%fwéchaegs @0 { eis of new character
stt‘ﬂ?gﬁsj QP Eadibet b AGRARICRE sG] g's NES nd ayz%q PRNGLF Sompute the

eparate 15 occurrences the in
coe/hlagacf @y subsets.dEpaifidalle, t\hh@ﬁtrfmlérT lan?dclvmf tbh 7ebtstney be arranged in

har.act S charact
oSSR TGy ol S B RSB 08 . o
contpritavieasy thmmdﬁ of dleﬁ‘teiqﬁérwgi olﬁyertnhen t‘]ﬁWulmrsdB cﬁﬂlﬂbd/ Bﬁthekilﬂl of the

results.in.a new dictio new_wor d .
freuiRRmatied SPRBITIE AEinehI, BEst ]ﬁaéi ol S 5 der Bryepissarings may
th@DbE Hi9RleAMintd Wkt Sifbsets mﬁrd"tﬁe\’f it GhbLNRA alchdeliBY oﬁét‘%é’ter than 98%

i ncl ude a nappln%ﬁof each word with its correspondi ng

andghgfiest ard speprd pibssth have g gombipgdeayerpge @f ewaics Hso79%o wahm the
se{n'd)tt éxalnzﬂep o f%' cfl’lﬁfac@ep ?trl‘ﬂgéain thy s&%ga Ql?osegﬂ V? gl§€ be further evaluated
ng nmay I npr oved by

character to pinyin nma
maxadyto raglca/e:aoy |uphketly.) cheatactt@‘rmungsamhy firg sobset amttho redmyged second

rt]tlé?rb‘)%ccgrgl{)rl?%c? fodform {8 48 AP 8 %wgr%g 0883 £oR the repository of

cmaésreeieemﬁehtmgThetsk ehlid 0oesfaes adkiad o endétibnarkhe  mappi ng
of words in the new dictionary to the corresponding
poss| bEBeRHYR Ko dropnuiel RRFien shdh 4SS ARRTIgS he new words

arfdHLE PloemPPESLARLiRe Righhd(n 52T RFR hig8drdq@e ST 2ldhask fe frequency
géneration matrix. 1n onhe illustrative

ofieagh ermeavtartsirng, intheen-geam. Wbthd ¢- graml hps ehigheo figayency than each
TSRk L 868 00 4558 LERETAS00 (2 VO AL LB vr
wexdtis ydded tg therdictiofhtyh BEmuse sany eoudseustd in tvhle seaeskicsared®t covered

. anal. r. 110 ma Cc te.the fre n of . each n

in BB LER Bietepay s A BB L€ R LB BT b G fom user

quefie3RINEND GhFHoRE tHRIselch qhgfyt 0 extract or determne a
relatlvely smal | subset of new valid character

st r i YRysifichly, adlgt/semenyig the epamntnes| e gewgwirds aiplper 4] ( may treat
M SN ngﬁh & n%&x%'d[i&ﬁ:h&%&%% dsDoldafial ﬁe%@%h{soﬁé% e%mﬁle if a user

i nese ments. For a nore conp fete ana ysi s
elmWaW®1Jéna$%mntedm alandrleyfzgehlal” Ithm%mnghﬁ:na@e eharacters “e-f-g”
is r%#s@%s Hébflett%{l t[av}r//o:rlg%/ gp& grg ue% év\@{ rpoﬁeg?e Z%vrwg)'rc? Sng%puted
e.@%%ﬁi)ﬁand?cohqj’ar@ittb elfic ﬁwdeﬁ&lbﬁoﬁthﬁbﬁiﬁwaﬁal ehira&bisnegeP(e), P(f),

ar QT b e B I h SR 0087 B9 Fgehold he term
“ngGT 3 H@&’t@@ §£ D0RRFRw e rTH@hfutRion of A&GAfdAloR Saih (Pgenerally

mber of Chi nese characters into 7 sets of new
de@hlsdsa)@tt@ mogelrqrggeimptions ebibp uadarlyong srphcety dtor ekample, the

e T Gal Iy the ferms T in

P(efag Fi l@g [R(bfg) 7(FKel s Ptfay Phe)lar.¢.athg &dilliback- bleibfee dbierggnce. The
coglg%_?lﬁs] tﬁ%t 1E ﬂ/{:encl}{tl {chi?r'aqliei s'tfigg Ii;rl:QUeyﬁ?/ appear toag%ﬁler Lut 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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5 conmputed as the sumof the frequency of terns in the

sub-list L; divided by the sumof the frequency of
wa@bdosoyEasact er strings in the set. Each of theP@r/881085/008863

of new character strings may then be divided into

three subsets where the first subset have a coverage

of e an 9 t he f Lolvo e

havgfhaa}lcon%lctl gt e?ogléagmg ?}ber'léea ﬁ@%‘iﬁm{ﬁ? ﬁhmese
dochients @hd/of the uestalithee efinies mhematﬁlaredsbtyrthmgslne& deP@enter 106b to

second subset nag al so be further e %iliyed 10
PEREQAN &1 SESP A ERBRRGEOMRRO IR 19 RICIAIE Pafpedandrsegmpntgd Chinpggentries
114 dsfig thURSLHicABRar %Qsmaﬁmntﬁel n&RGARE woPdDSBle fafRd BRd segmented
conbined to formthe new set of valid words generate§
Chipesmentiies 1 bpeiitaiping the nevemplibyardg seuiemtged tgigengsatg ar frdin a
f T
CHREL T Fo AR 118 WHE o CHih0 D bane oA RERR S Bap L1
new Inpadisulaarib¢ Chmesclla0gumgy nwdektratiing progyarant 6 (gancra23 a
hec the frequenc
st il of PR S0P TTARS o i SR odelSp edigine the
cudreht \gdsxarglwnaﬁu esrayxtl TAB 1e@ahge medel igehtabl] Clrbdraas zepmbalhﬁty model
ﬁ racter string is considered a valid word and
predigt reelﬁﬁ GaIreT Woph fram the serfed sPeh enibe arecedisaanry: Subsequent or
foﬁ@@%@%rﬂ?nyhé’\?eﬁﬂﬁloﬂﬁﬁﬁnk ha)8R BRahkeh %ﬁséﬂr&l d?l?tsultable statistics of
covered in published dictionaries, the addition of
the grerrent siprd and idegoatexivorels a@xpwea@dlwwwcbmld/@e part@lt}epeeeh tags of
i r N pfical ly,
prifetng Wt PRt Rplca e JEAUEn M doky 6 BerREED Bk gram
(oatﬂanlrymﬂc-\a&)]:@sermyndet eat n >dl) kowtts pergsated froml thé: f:'ih'mese inputs, e.g., the
i ndi vi dugl arac ers a tential new wor
usphiSRandior ChTsSe SRy TR Sebar e Figesa s aiagtiono the
curx@ﬂr\ﬁ&dem{ cditdit Kor prédiSoi,ranAGhedéonshingtlod TR *6ERANY its context.
'e-f-g is treated as a potential new word. The

fr edﬂ?é’h‘?.%/a‘kﬂnel“ﬁé tho Caesedictarwith ey valifporégderived from the
Clfin ’m}P Qsez{rgl) E%a‘ﬁ%ﬁﬂé efink® ltaﬁ?laﬁé ﬁ%@ﬂ@ds&goﬁthstd}?nese inputs,

I n I Vi cters
an|imptdved isydten mad rrt@mogléphpl@yunslo Ghemese charéraer teamslation can be provided.

in gL PR GRSl e b SRR hsdfieart R ffornif ordet 6 L8 Slyin
transib o6 s tSpecifigally) pfepgeiessind ﬂnyy belpadntrddiy filteeingittebsedinputs,

SRS 0 L e 100, SR LR B
auf&@itﬁ)ally sﬂlﬁiﬁh% g’fng;lrldc%sGﬂ6%ulﬁpl@@f&yu¥cﬁ@@aﬂs: Pbst%rocessmg, may

he Kul'l back | ver gence he 30 concept
betngeformed by @r\r@mmﬁmm caélﬁaia&étoéfesgkts fremg Himen decmdl!qg i.e., the Hanzi,
or

ey HEL R SRR AR AL

t r edﬂé}d 2a$ bk»ck/ diagnhnneﬂ\an/\xﬂusiratas sysh@n iancﬂ meﬂa:tdi 180 fgatirans@ting a

[ ver¥ ié% cases. | { Iiy NeW 44
P‘%P ge 8&%‘3 Eoe ‘P?S&%hf“i%% “Ehi H@%’é‘%&&%%‘ger FRR QAP 144 is
redt@WedRt distefdtbyaciise dlinpuOpRe pridCedISIET 488 M  the Saw B&e@ ilus Or query 144

added .to the djcti nary -8 WO 200%/09 167
maycepniayp berh ahahets characters and non-alphabetic characters (numbers,

punctuations and non-ASCII 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-alphabetic 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 will be described in more detail below with reference to FIGS. S and 6.

-9-
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The new dictionary 112 contai ning the new words

extracted fromthe Chinese docunents and/or the user
w@hkiosesdaéentries is then utilized by the Chi neBer/US2005/008863

segnenter 106b to performa second segnentation

process to generate parsed and segmented Chi nese

entrjes. 114 usi t he new.di ct.i onary caontaj ni ng the

mow VR HEGRIS | S e iser Sa YR B RN E G S pimyin inpu

1 BNhioi RSt SAN ARG drdeiaRPYAIPYY, WoIpds, Biee ﬁh@%ym input 150
used to generate or train a Chinese Ianguage nodel

may Be Wi 9f wathew; deligutersapguaprsemsiaglies OF Ayplicng o éfgmmate different

o PG bR L il GRLARES 53R B9RTRY i nin

usggndirivhondds tp lgolhfamﬁ ithet Vagious hmtvm csantiidetels angptags Pr‘rdebr example,
for redl ctlgn %ecurrent e conte

ik gRAGE RidiaRngofis PUPRTHGEE ] & oY EPiOR abP P i nputs

“xl-anpaireﬁtx@ztn’hg the current word fromthe context such

as the prec ng. and subsequent or, follow ng words,. Lo
The ﬂﬂdﬁ%‘ﬂeﬁg‘”ﬁ P RCYRPS “b@r?e?lai"é‘d”‘bréé’@av%r Q’héhmese pinyin

deBbddrabg eThRé éédoaéﬂ B3 o us%@&e@lﬁﬁ&@ﬂlc%ﬁﬁyqu@ wittShew valid words
context, such as n {)rece i ng words and/ or

as ety asghe lapgeagh masgh | G traipedogsins thg Ghireds inpetsrto ggeark @ossible
étﬁ%tr“g@'wg; t] %, z £ If?)(r dRY R?lrg%ﬁ[cﬁ{e%.bqﬁ ?%‘E}%F'éﬂ e @814 strings

sequen
gegen@dafble@ch pmym tveld(daterié‘é enaynlpmlhm;tecétoghga kmlmt likelys@ird strings

WEebrSant Ve SPRICE e BB Thebrealah: PHEO TR WS . WS

2, StONtheXbe 486cipEe Hitt:0k8 ht iadidatinperhe provabidity mll&ﬂlhbmhat the
word and its context. Having augnented the Chines

pagficear gvpad stripethS SOTFSPANTO ks RI8Y AR daOf fBrip Fﬂam*k possible
w&H'sﬁﬁ%@ WO RM Berr iRl ANl RAKEA 8] BRLoHNRI Mé@ulb FBIVRLE on their

based on the Chinese inputs, an Inproved system
rem¢dtlvﬁeWﬁeh!ts fiom phiehithe too Nolsigd¥ & T ranslateé Chineamwbnt §tongs 164

geﬁ@rg%ela?ro% e Sp‘?rﬁﬁn mrp%p] %(51?1?;?55 aquétgc{ ]élper t%? ﬁ\ngnssﬂtencpwgt%d trlngs 164

proces
ard mrg:ldazm}nhs presfmedl ﬁon: pinly;n tomrfsm:cmdmltn @dﬂf&ysﬂfﬁaetwe posmons 152
b r med ter @gut sé gr eservi Aﬁg

r?orﬁs‘ﬁ Srw?rﬁe S Eanerp e 3 BB brevsesspf o seraed o the user

In\the dts&1of @&akdhmﬂlbufénﬁﬁe uddHRABthee &1ét 0RO bT theINVheRled Y¥édllts 166 as
strings into multif pl e pinyin candi dat es.

thpdesired pesedsauchyy may be performed by sorting nultiple
Can‘#l@f"%?ﬁo@é ah fRM rﬁt?v gnsé?’v ba Q&Qﬂ%@%e der®y thal Pl%sents the

Hanzi mer gi ng resul t's wit revi ou
to;pB é‘émre\sed/orrbmlpgmm4rtratneﬂa®d§rorﬂa@ser&ur:s/ b:lizxné’IMda @gnea)rﬁthe top 3

Cl{lpe&fﬁ ézYogil stgl‘aitgsr %tz%%ﬁy&?ﬁh(agcﬁ& %dursgp c%ph oelc%goo Pj];sl €3 é’%eé’ search. The 3
maesb akagmﬁ@se hordarihgrrddanclude vandifefont tipadterarangldgéns of “xian”

aSéfy e N AR G et %{l’ggmwhafa%ers or

syﬂﬁ}{es‘-&rﬂa@ bt é%‘?&:ﬁte%i' whab §In'yﬁ1 ﬁ)‘ﬁ@téﬁpf;@ '@ ted¥éhse of a search engine, as
non- al phabetic characters”(nunbers, 30 punctuations

theylod of gper ASEN§S 18 perpstantls rbglngu@ﬁatg@ the Chmese inputs may be periodically
pr&%‘s%s@{ﬂ @J&éﬂ SE/ 58%%@!% lﬁlé& d‘PJl%‘fn LGS hew \Jotﬂc?s dJe%‘%Ed from the

I nput’ p éproc SS0O ers out he non- p
Chindse npulissihdan dpgate therGlesest haignager resia thined bps:esh dn| thtﬂ €hinese
. Tq determ ne the non-pinyin tokens, the user input
m‘ﬂ'ﬁ%pr ocessor 148 »
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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may filter out any non-al phabetic characters and

optionally any non-pinyin al phabetic input. In
w@200sigubar, the user input preprocessor 148 nBYT/US2005/008863

classify the al phabetic input as pinyin or 35

non-pinyin as will be described in nore detail bel ow

wth reference to FIGS. 5 and 6. -9 WO 2005/091167
mpsgpeled2 bosaraosgs the nplEplsineysi e itiapslationsgrg preprdsd ethetie phrase
. Y . _ . Lt . PTISE RS _
P IR L R SR Syl AR | PR
adBitn to the lisPyf possiblsBansiptienpianp¢ling apatctiobi.e. maA AL, of the user
. With or wthqut, del i i . s, dashes or :
inflrsh afery Mook o Bob L HiP s B ined PR SRt B rdgpymisht be

mBEpeslyd.| Bhadhes. thd haltfplayossibipirartstagibnslad thaypgdind erfactig if nay,
splitting.function 5 using various rules taq, generat.e
e 4 Y7 L i w?hﬁee&_ﬁlogpa%w&ﬂw% BEPdsonpyuch gyser interface may
beQIABA Bor ot 1dhgBadd P Arbub SRk mattkARlatiohAdR dih o pintyin-Hanzi
npu

splitter 154 may generate two candi date pinyin i S
trangfatiaps angriday sieh e extpRdedhio depndlpdiensdeph eppi the noarARCHdanguage

' t i.nylin-word converter or Chinese pinyin
fogg%g’cféépgﬁgge%g@%%%oder 158 al so uses the Chi nese

di ctBaaaseythd pidyin-wbrdndeeodea lutiizaser QsnestQapmagembode draiied using

l.angua nmodel,, 118 t.rai ned usi ng ;the Chinese i.n s to .
CHERE ARG FRCEE WP BraRs s iRt e RS Gt B G e Chinese
inB@s,ih@pinyinowenidc 6@ endyYrovilihla pédtdrisetd faranslhhi€nsvsl ik input pinyin

strings enerated for each pinyin candi date PY;, may
tog dinesmoutistibes Horexspele. i thedpReuRgs frodelis Hgied weing oply webpages

an¥Biewdpapers- and&vitHour WHEE Bevkk wiRds, REpRRYM LIS 61 NHIB Y eries are
Each word string W6 1"1, W5, - 2, etc. may be o
geasrely careadlywonvertedwes- gthe Chingbe eharangerttraaslpiobabihe usey’sqrinyin

. i i t. rii- i . . .

o P ST
qds andioarainviredargfua g me dén @y inpiréneenths acduest yao dpprarioedely 85%.

Yby t he sf)alt enal ra%]k dul?llbp.; based on tyh 'Fr.>Ilj -

IR RS OB MEIGAEE PR B FBPE G SRErvdo §ihingge chagacters may

belutiized A ReioGHAFRREHNMRI FobEXdnkide aJ@ﬁnes%n@raa%mﬁﬁf &Pication may
the pinyin input 150 may be selected. The to

emmHensicasEemb A wﬂmﬁf?géorgsaeratar@chie?sgééawmerﬁ%hé document from
usr e@ﬁﬁﬁ\{ t$10A5 Eﬁ{d?l}{ér%xglﬂél%g%s )Fﬁl?n?id%%u&l?ast ekb-based 5earch engine

pective positions 152 a results merger an .
mayhetilizepudh spstegesdind esathads i1 génesatmgghesest lde o hinesensord strings

up to,the user.. l.n-th se .0f .a search engin t he .
cof$snondind o AUSr pigyifl jringf FORWhigh 1R REDEY sl ofF or e Chinese
w@lﬁlstrtdg@odfiﬂiicﬂﬁld lﬁ@wmr@ugry. FI G ﬁ Shova an

| trative page Sser.ve ..a sear engl.ne server .

t hat 15/ QUBRRE STPREIcO8H 1%8&&#1&@&?%&58%%41%@@6 figigil. Various
su%t&@@ %ie@%agfﬂscr}ﬁ]df Ordécodaidr iﬂ}iﬁﬁﬂbu't'%b%'éséﬂlé@hir@%@ “Q)frdstrh@yhbe

e

_top 3 hi nese wor strlngs may be sel ected by th
impaspengad. \Weriohs decadgesarasuiabledentratslatimg @iy intestlanz (ehigese
LARSe i pgldd ol k

LRSI A DB LSS S EIEEARRE vty v
impheaneaodde rThertragyihg &yltee Hiklem Murkagyt Blotlelamsdydtei ashiewéd, ot example,
ban" as tvvo.ch:i\racters or : : . o

y collecting empirical counts of 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 successfully implemented in various applications for natural
language processing, such as speech recognition, optical character recognition, machine

translation, speech tagging, parsing and spell checking. However, it is to be understood that
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syl l abl es as may be generated by the pinyin splitter

154. In the case of a search engine, as the | og of
waQs@s/ogueri es i s constantly bei ng updated, thePChiUs®eE008863

i nputs may be periodically 30 processed, e.g., weekly,

to update the Chinese dictionary with new words
. derjve romthe Chinese inputs and to update the
méﬁﬁil%%fstge Mﬁ‘@‘t}’aﬁémﬁﬁ% VRS LRET suidale gumpEoTynpekemade in
infpgMiHrting W dbcb@inB & oritifin | Headdfidn, HA ikdrBL
: Fl G gﬁgnultf Bp%%glble t?ansf%tlonsrof &ﬂﬂﬁnSh?deone
suiitablg ﬂemdlrwdggfrlthaythbten@r essimmleented bhtheukserdes and vaious other

- C t L1 .
sl e Qoo PSR IUTR [ e BAERAE Bt reifbrk « decision
pla]meea‘lgorrthlyi (b hlg&ﬂcﬂm‘éﬂldﬁ)wﬁéﬁ@ i]gﬁﬁithlﬁﬁ'ﬁr ldﬁ%ﬂ){ﬂoﬁﬂéﬂiﬁﬁ)ek Raviv

6k B Bt b a@ipach VeV b RS iy By potementea

meanthe MAdehMakER VBl \Bhiindale sdnSRkibn Aftdip akeihB @S 8sition matrix
characters or Hanzi. In additigon to the list of

ofseadifipnal probahiitiss.i bhegensratign matiy asSerbed above; ise mapping of the
Cl‘ﬁ@ggeltem‘%fln?l{hedlé@cﬁ{ar écﬂ)@éfﬁmg dh% ﬁétr Y Bk %9rr%‘£78?d18% possible

provid It 1's determn e user |
pigyies Wdﬁhg hkeldwod offesdhpdinhgdtiple Eaeshblofpirtyhs rithlettrapbiion matrix of
co%g%ona lge{gqqi?éls aatlli)oociileis a‘tf(e% atngge,\s}é%l %ggieolglégéi tf I rgpl;]rbdlctmg the

cumht wcnall @vent thansitattiapd calbbie built baselron mipeit enmt@nerabd from the

utili.zed for other |an e or | anguage format
CRipeyq dnRIHs 198 25 Aoty %ﬁ?%d‘sﬁﬂweﬁ Hanzi translations

and PRy, 49Y 8 Math& &&Fe@lnﬁﬁ)@' ilhRtrhtifhk dtilepi 2l RBEIMB D aﬁﬁ/}@d to an
non- ASCl | | angua ormats, e.g., Chinese-Korean.

inpEpade “theag yguwfglwgv@ émersinsichingse (o vesrmentThEarbed the candidate
WJ&QE‘%%SQE]F?@?%”& L&k NE&L. l‘t%lrlagargéfg %81? A %H%déap 8@ loyalty, or

I nese ary augnent e
cld)dke“gﬂu”wals ecan npurtty, ortclitg pnhmyg guoz\hnchnd éhackse, “tzhgng” can mean

t.er set | at.i ons ,of
iRy prinfpl Gy e d parants; PR S HuBBidgind ifetd R o grean
gdvamgteag@ogmd@/hegaswé rcﬂlcﬁﬁqileUSI ng only webpages and
‘@%pers and wi t hout using new wor.ds, p&@OX|wate
67% thihgy1Ferf rdeardlam gpeounters dig exmin yewdor thg @t goyithm not only

firkI MEWERY thak g@ne’ratE ks pi 'tyﬂleoﬁﬁ akhall %r@g thbf ?éﬁ%fa?é ﬂh%ﬁadﬁﬂn in

the user's pinyin input reflects th e user’s Inte
cognberaion ugthrits preqedingarinyjoeirey, “@dhong guw, | meaning Chingse. vEIUusdChinese,

wilPd eche@eﬂgs $he 8&3% E}loiinlgeguf) %ng g]%g Be g%gr%sldzg?%ord.'gﬁ l?vl%nétn%f all

accdracy to I OXI
canaitiite derliodre takan s at dcogum spihay ihe warﬁslthaopreqeﬁerexacl’i candidate can be -

prg%‘gfle%gftr(:har a Ifa:gér%igsgqa ﬁ.ﬁlaale s@élwl@ﬁ%lfgﬁa\é&y@%&& hiaqﬁ)hrpgth of 1

widRRdabE abu e s é}%lemaﬁmk QorEhah 1§h@h@ﬂ§ éBdF&Eé)Jﬁﬁﬂbﬁe #Rrcandidate
generating i nese characters for a docunent fro

Wwéétfhab‘mym?pqdﬁHm%nglwlkﬁh&(%fa%ek a\wm%woad%@dertgﬁh 1) home, luck
anfhd Hé‘ﬁd gk’&é}at% aBtih® @@&%@ ﬁ%ﬁﬁésc& e%ﬂghé‘g?{w%é’d é’ttt|rhékt7—% but

suc tens and net hods | generati ng e nost
ca@hntrlpes‘;éy worahngtyrdenersted 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 conquer 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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corresponding to a user pinyin input fromwhich the

user may sel ect one or nore Chinese word strings on
wokioshotie7 base a search. 25 The Chi nese pi nyi nPCiBEUSIIBF/008863

158 will now be described in nore detail. Various

sui t abl e mechani sns for decoding pinyin inputs to

ar@@ﬁﬁl'l&ht@d Ght Weshi \g%hﬁ&nﬁrﬁﬁ/d&Sdeﬂ d&@rﬁﬂﬁ@tt}%esy}?zfthq}’l%q example of

decoders are suit e for translating pinyin to Hanzi

FIGER: thedsst nathais 4dtresegoVerAMeniaasshdwrimeld, a Vit er bi
dﬁ;?%sﬁréotgf Wﬁ:ﬂef%? ?ﬂe%gﬁ}h& ) aﬁ%apa% s prm)r &0 Iprocessmg

andaganbetigrihe alphdbeticahamr@mpife, us8linpyt asal igghi |1m}:g1t it may be desirable
counts or an _expectation a
o SRR 5 EITOH B AT A R IR S B phigt abd POk gon-pinyin
A1 @it s@dhORlan tHHE 515 Faerieh e8rberaiadl igiut. ice. &atclaaélgahe trtpiﬁt as pinyin
to decode the source input. according to the outp

oraeseiRAR ASKIL In Partigata G PIBGIMAASS ST 8Y be RaRkyed to dtﬁ%ct whether
an\éntb% Blus %t R has moﬁm fipinUlth }Saﬂtlﬁpllaﬁ'ﬁré}hggadcfbhmese

varl US ap I cati1ons at ur Ian ua processi ng,
pisyioshas thepemelsharactoysittiicarthe Ypleiterslof (tltﬁaalalaﬂbet and even some words.

Forrgco ﬁlﬁ ea% s[@lcl?eq:l c\lkwém n'Sl A Jdﬂ\qte“ ?rpa?ﬁ)%q{e%%g%s a1 English word

wever,
ant:lmd as Shiest pihgin. In dde W@ezﬁeﬁh@mmd taﬁa/pu@a{)%/ms #6&Fame

i nstead af t r kov assu variaus qth
SCEPHGBIFAIEg %‘5’? BRLgrRySBeas VI B ReneRanaler fse: the
safRGRH 0sh B G1d ihath pinyiaddl 1E'ngﬂsh B @add digfeRint Sdngiiiic tnfidaings, as

is nerely one suitable decoding algorlthntthat may be
is thepragawith Eompn £ hiat ek arsdler cas theavprdyaayohaye meagiggtia finglish (or

CHEERTAA SR B 505, PR AL ) Bt e
is diwmahm' Emg]i\%’hlbet Isimeahg@idss hr@hloeseaiesplte that the characters correspondmg

toy g V\g kegffisglé%: ggr{(}{ngg\r{%&hgﬁ%&ecﬁ Png s%g]ex(t%us %ﬂﬁzﬁes in

deltermhg‘sﬂﬁna@gihage Jﬁ@nﬁgd&snnﬁm&memml cont ai ns t he
generatlon matri he transition ITBII‘IX

and th
condi G Ramnd ﬁraé% Heneharisalustrafiae B REsmRIpryProgss 290 fog generating a
plhi)ﬁﬁ ClasQad a@l*aoa\’)%xelh?la%/ %9&45 N0 Yr prh&ssifhha ﬁl?&%ﬁtﬁ R Gudr)

e dicti onary contal ni ng the newterns to
coptwinieg p@mbmgomswb{r@n mnypm ABICAE warsd retsn@ctlvpkt/elln psorxemplary

prlesf 260 6P bedUihdoPl Sn0RSSLOEE, R MEATn FIPSS!HABR! dmon AscH

oba I'es escr
n-phamsge.gl, so-pinyiran§CHge E’I@dﬁﬂ uxﬁg:ramsroe coeds, kigit bémir in non-pinyin

rent, word |ven nd.c e built_ bhased .
AGHTTL ST e s eSS RE Br os T PR elabepi R Etmines
wid{Ed? cadh SRR FRBL Sondek AISClFlS@gramtdah Qo bela(inyin kS géherate a set of

lattice or trellis for illustrating the Viterbi

n-gragwrthatmayds uspdin ath piyimandsiannpipy in dyS{ln Thysyb A gseypput
Each of the

o e B s AR AL e Fore

n-grearspthere hahbnghbigaity av@nwimtiidtles useoipghit i in pmylrmroxpm,-pmyin.

d]gluglé%xgs qvgﬁm&%\a} (i)g\gh éer&e\(tualt\ydrds 5“%1 gnp%ygr quer may be examined.
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 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 to

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

-
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politics or earning, "fu" can nmean honme, |uck, or
husband, and "zheng fu" can nean governnent,

w@omshImMe? negat i ve, or conquer. 20 \When the VipPer/D$2005/008863

al gorithm encounters the pinyin "guo,"” the al gorithm
not only finds the words that generate this pinyin
deimiae 81 lahduapbithe Glal. Fonetaife, W RrPédhydifling '?he words "women
nblnatlon th its preceding pinyin, i.e., "zhong
ation" maaynbe¢lassHiedeasan Fnglish dusky pige’ cduggiionh isgmambigueysly an
Eh fhRIARA! On 2RAABG HIA O WD n¥nIR jRGushq
Q th of g ['1 ca{%%ﬁd’a?\g) vvcralr dé guéh r@?{ne tlﬁg@gg]gseﬁm?ay be
Cl@@ﬁl dvkas a Glainewsrayin hegry singe Eidey uewltis uoamthgdauséy getrandenglish word
er. In particular, each single
oﬁ@ﬁﬁ&%ﬁg&h%g?ﬁ%ﬁfﬁ1qgﬁd has a length of 1 while each
doublreinstyhdealbitercthaseds he r:otheXtde Basingle tefg flerizh) é’s de@érﬁmmed in

0 ampl e, the candid wor s t hat c recede th
o PR oL HIEMER RN EoRet s S aEpaSd Srbl gt ket hood or
ploBaEilityl dfofe o RbrIpSRBNACHIRBR RRes @kt Ihh)nge % &S the
politics or earnlng enerated at time t=3 but cannot '
ARBIZEPYSAUSFY ESARPHLE @gh@ﬁb@& Hiat fepsiwne op theipesybletGhamase queries
el g BF Sy Rk MBhetR b Bleub sty BISFRRE k831008 8Pbeing a pinyin
q@mye$mwemunaig@bcmxméﬂmﬁgaﬂj&@QuawdsUaﬂqﬂegmgﬁmgmBQGdyatbbck
e t= n be.cit
R S A R TR —
arﬁbﬂgn@&ppﬁﬁy Ing agegteliadlihond pf Bhabh bidyih @eerpriayieedis tEBéted as an
Wg hgenerag g trix and each |ink between two nodes
Epgishgueryrat qu FdPn g SEP SRAMPIFJe 0BS WFbRgsY [ agazing” may be treated
[ ndi .
e oor EN AR el ke e e 56k B8 g invin query
n@epf tg20esbBodEsse sueriesthatenat kaigenetaeedvimagapine” has a high
»the best path. In the
9000 SPAL S RLRe LR IRE L TP "ot P
Chi n@éhele dloveempiany embodinems df mhdapﬂedant Asemidrede dbyibed and

.after. filtering,out nan etic ch ters an

S oty b al b Repre s LR ard weren st ve g that

mobidicatdmican 8¢ nadel &etheddyMBodaterts RithiitebABHE frohd th@@ﬁmt and
irable 5 to exani ne the user input to ver

be d
SCPH%E’F‘E‘E EVCABRR- T@Sathﬁ iSEQRSP |t1i*f‘plﬁ}¥ eriion i B’L{efﬁleﬁ &hb%@@f{mﬁ only in
teﬁ&qﬂ thé ﬂmbtwn?%‘ Ellalrﬁssasalﬂa %’hé{&ed FLRRELh, c‘%m%ﬁt%?&pressly
Input, i.e 0 classify e Input as pinyin
mn@momtemiynw tA@(Delscrlptwnpmerpﬁ@ﬁb &mbodiméntyasancinatssiithengrof the
i TB¥; ge enpl oyed to detect whether an ambi guous input
of ‘query is in pinyin or non-pinyin. In particular,
Engl i sh and Chinese pinyin share the sane character
set, i.e., the 26 letters of the al phabet and even
sone words. 10 For exanple, each word "Beijing",
“"worren" and "dilute" may be treated as an English word
and/ or as Chinese pinyin. In one case, the English
word and pinyin can have the sane senmantic neaning in
bot h | anguages, as is the case with "Beijing." In
anot her case, the
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same word can be valid in both pinyin and English but
have different semantic neanings, as is the case with

wO nesasLis7 | n yet anot her case, the word nay haR@T/US2005/008863

meaning in English (or 15 Chinese) but may be
meani ngl ess or invalid in Chinese (or English). For

exanple, "dilute" is a wo ' glish but is
nmeani ngl ess i n Chi nese desd t the characters
Whaf 5eERaRgisng to "di," "lu" and "te" are common in

-Chinese. The pinyin classifier thus facilitates in

det ebt i mynteted fangaiagg adthinesbilgignuge o] tfeon® Chiiiss inPhts,
Conllp(;%i 5 and 6 are flowharts illustrating an exenplary

proceﬁ% 200 for generating a 20 pinyin classifier and

an exeneixahtingdRasen 2RO suPRIRIE hREk F UFRse iR

or query, containing an anbl%uous pi nyi n/ non- pi nyin

ASCI | woleEErmpiag walid Wends fropythe asojer spFHgs &% somparing
fr @nd‘1@§ ofARB&k&Hck

%}9 RO it ng%hﬂ%bﬂcﬁ&ﬁnéjgsﬁﬂg% v@%h ﬁ&fﬂ@ﬂcw?of occurrence
Ofn%vﬁpﬁwhﬁra;\@c; of the uEmghinghaxaaieq staimg; ad vvor ds t hat

at b oot B8 L ¥t T R PRI BB e B e  word

gigH amnatdxer each of the nost common ASCI|I n-grans can
al so be a pinyin to generate a set of n-grans that
may be used in both pi nyi n and non-pinyin ASCII. Thus

i f us e .| nt one , of se
o n;‘ll N n%?lﬁo)gll (ﬁ%%g&al beﬁ%ﬂlg ex{rwg tﬁeaynl%@wn character strings

utidindd gprictyistagy Clonydeelihidhatyne user input is in pinyin or

non-pinyin. To resolve the anbiguity, contextual

words of the input or query nay be exam ned. 30

Speci fical | i,nthe Iar process 220 for

pr ogessﬁﬁ Hi.%ﬂlﬁﬁieqf)?raé@ﬁ nﬁ?ﬁ‘b Sirags Py Betis of conditional
prqihabﬂiti&é is0fenPriatidli basSEd h-gRmb et AgenS RQMrdM the Ghinbse inputs where

\Mgenever one of the pinyin/non- pinyin ASCI| n-gr am?
"ehcountered as determined at decision bl ock 222, the

contextual words as determ ned at decision bl ock 224,

i.e., words to the left (preceding) and to the right

(f olal oWIAgmetHodtoT@laSH ] @BEreRRAE GURMS Buds AP E ;

?xam ned at bl ock 226 to attenpt U%%o 395udeterl}n&ntee%%unt50fn
tuplegf adigeersrand pen-adisret swsdsinile set abBhisiessinputASCl |

n-gramand thus to -13 WD 2005/091167

PCT/ US2005/ 008863 deternine the |anguage of the

quesy. TR mBARERK Shaird BQ%Erlémctﬁ@Ba% Q}H Ryl ﬁlcﬁﬁlr e number of

‘wonen education” be classif as an sh
OC%@ﬂﬁsﬁfﬁé@ﬂmmuwe V S unanbi guously an Engl i sh

word. On the other hand, "wonen de jiayuan” ("our

home"” in Chinese) may be classified as a Chi nese

PI N1 1 HERY nSY B Elairh 1 2% RAWR -

Engl i sh or allot her H%cg)lr? dn%nlﬁﬂ g%%?&glj it a%ﬁs G%Earmmed to
be pyglidipeve shamrécrestmmexf ¢hg &eqm@n@}omﬁce:mrré@e @f 1hesunlkgb\®n tharfter

bl ock e cont

d
St”,gg Gs }:cﬁ‘ﬁ%ar n%rvgtﬁgﬁeg%nnc?e& eotf QecUTTence 8&2 t%Bll ‘wd%aé gﬂarlaﬁtgrs o%xhe

unkriokal dhaotdr string is greater than a predetermined threshold.

7. The method of claim 1, wherein the set of Chinese inputs includes at least one

of user Chinese inputs and a set of Chinese documents.



probability of one or nore possible Chinese queries

that nmay be generated fromthe anbiguous query is
wa@eoope|aer at bl ock 230. If at | east one of theP@DBES100$/@8863

Chi nese queries 10 that may be generated fromthe

anbi guous query has a high Iikelihood of being a

pi nyjn gﬂgery as detery1 ed at decision block 232, the

quer%y i medthechofxdaigy, »EHEF"P% Hheggeeh/Chiness)ippyts inghudes a set of user
CHhERIGaatieM8 la¥vet deafdBRBgiab. t he possi bl e Chinese queries

that may be generated %ron1the anbi guous query has a

hi gh i kelihood of being a pinyin query, the query is

treated as an English query at block 236. As an

exanpl e A EHBPEHIE RjAYS) TorHsy iy fonsunchay Wit & gaserudey system,
1 - | . o

e BB PO UL pEOgk s BURE Va8 UR o a iy on which

5 arpsiomidohgrnchpmesecitalkle ve e computerrpyocbssoydimematredions including:

"magazi ne; hiah . likelihood of bei a pinyi

auery » PR bR gt S DS oy 38Tt

of the pkesaiting valgntords framethd asldiovaechaddettr strings by comparing

iIIustngted hereiF it will be a preciatﬁs that_tﬁey
frequanqies | aFeRrINgs OF Hieiupknowy chasagiersy s yith Eeticaries elppourrence

of e RIS cherabRESST (REBANBNharadet BB, dparting from

the spirit and scope of the inventron. Thus, the
10 scope ofgertatingd epnsitem matrixef epritdonad prababiditiph g peadigping a word
st %Lg{ mﬁ%the following clainms as may be anended,
W each clalmbeing expressly incorporated into
this Description of Specific Enbodi nents as an
enbodi ment of the invention. -14 WO 2005/091167
PCT/ 1052005530886 Iragling aEhingkmlangunge Inideb domprising: A
met hod f LN | nes € | fr
i nese “ephbEt Uil REARal BIRSAREHIRCE: dhipfiRtrom @ setof
Clihaeaqiues; strings froma set of Chinese inputs;
determ ning val.id words f.romthe unknown character
IS Strings YN ERREeT CPPE%&!{&M LT KA i Vel ot the gknowen

chHRKROVWANSNRY asih SfringtfFdqnasciod i céurRAVEBEMMB InRhown character strings
-occurrence _of |nd|V|EUaI characters of the unknown

wighhfeqrenees af eqcHgencgd infividpdichargetgrsiafabgsimkneWniphetapigr string; and

of condi,td r L b kes: |G o\
i ven 2 CUTRES MRGRRRbA Ll o B it AGL ® B e o fansicion
magxix oé ceriditgoriah probeatiiibearfoc hrediting r vetrd stigg givenia Goneet.a

preexi sting Chinese dictionary. 3. The nmethod of claim
.1, wherein the transition matrix of conditiona

20 11.  The system of claim 10, wherein the segmenter segments the unknown

character strings utilizing a preexisting Chinese dictionary.

12.  The system of claim 10, wherein the new word analyzer is further configured
to generate n-gram counts from the Chinese inputs where n > land to generate the transition

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

25 13.  The system of claim 12, wherein the n-gram counts include the counts of n-

tuples of adjacent and non-adjacent words in the set of Chinese inputs.
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probabilities is generated based on n-gram counts
generated fromthe Chinese inputs where 15 n> 1. 4.
wabmsoetibnd of claim 3, wherein the n-gram couPtBUS2005/008863
i nclude the counts of n- tuples of adjacent and
non-adjacent words in the set of Chinese inputs. 5.

Th d of in.th
' not e Tt nefsfe M1 20080t 85 Salilh Tl e mamoerof

ocﬁ&ﬂb&ﬁﬁ@@fea%ﬁ n6wor'ﬂfbeqmbhod of claim1, wherein an
unknown character string is determined to be a valid
new character string if the frequency of occurrence of

t he vvn char npared with

fr eqﬁgn SYgem 38[%"?’619 ‘en?‘ﬁéﬁ’(\ﬁi aralyzeg ffughergogfigured
toQletethifhe tm&ﬁ@mn&h@ém&@ér s&trf i96 vaBd 8EW3h&hcttNAANAif the

predeterm ned threshold. 7. The nethod of claiml,

5 fregyenei of acRwTense ofthecimkpR R chaipmierstingas coawazd wWishFequencies of
o e o e S BB Rob TN SR EIBB SR Ry am o
predetérodnask thigdshdldh 7, wherein the set of Chinese inputs

_includes a set of user Chinese queries to a web
search engine. 9. A conputer program product for use
I N CR YiEls gﬁgmv(\ﬂf‘i:ﬂurﬁ 1‘60&9&%%}1@%’&%?@hmegé‘ﬁngﬁ&rf}?%iﬁc?ers at least one
program pro conprising a conputer read e storage
ofmseli Climese inyhitimd zBSﬁmb‘éChmeseecbbcumsnusuctl ons execut abl e
on a conputer processor, the instructions including:
extracting unknown character strings froma set of
10 %Ikﬂli?se T'h%%?%gy of gpaﬁrg rl%' %gm Ctgé sectJ ol gnse]sef {noms mciﬁlédes 8fset of user
Clnneserqmexm«fsetotafwetbt‘seamhlengm char acter st rings vv| th
frequencies of occurrence of individual characters of
t he unknown character string; and 10 generati ng a

tra t|on trxof ondi ti onal

or et el S RRG b OLPuP GgR Rt ore gfingg® Character siing
cosipsisiip f or training a Chinese |anguage nodel,

conprising: a seg ter conflgured to segnent unknown

char act @Fn%r?‘i“i'gwﬁgetf’? gharacterstrings froop theddmyin Mt seaCl!L“E]’aéaCter string

15 haQﬁl\é’ MREGhARMYAES theRMithaHdieslide 1@!@1@5@@ fh%t M lchsta¥f ding
fromthe unknown character strings by conparing

cofegnpudte the pulyiowpuk: therasacrafing ineludakwoiwing h &hinesedictionary
m(?lkl&'n %rds\’\éﬁ% t{ E%%H? gét%?C% neS¢ ﬁki[l{seaﬂg G, 1&’%&@"@%8& L1!1%1ned based

cters e unknown character s
onCGhé s o€ Charsimpetsnodel trai ni ng nodul e configured to
generate a transition

19. The method of claim 18, wherein the set of Chinese inputs includes at least one

20  of user Chinese inputs and a set of Chinese documents.

20. The method of claim 19, wherein the set of Chinese inputs includes a set of

user Chinese queries to a web search engine.

21. The method of claim 18, further comprising:
prior to the generating, filtering out non-alphabetic characters from the pinyin

25  input and storing their respective positions within the pinyin input; and



matri x of conditional probabilities for predicting a

word string given a context. 20 11. The system of
wa@b@sov1i®7 wherein the segnmenter segnents the BPERISUNS/008863

character strings utilizing a preexisting Chinese

dictionary. 12. The systen1of clai m 10, wherein the

new wor daﬂ%pf‘He ﬁérah é%lﬂg ea&o(ﬁfthg%%ar%ﬁ]i%‘rsgl es,r;;slr a ﬁaon-

ram counts rom ese i nputs
alpl@ﬁ%g@m@haaacéers hepdisntmms |cblrreﬂponalrag Lo theipfstoe@npbsitinral
probabilities based on the n-gramcounts. 25 13. The
systemof claim 12, wherein the n-gram counts include
t he gount e dj.acent. and non- adj acent
wor 21 e alendy of oAb, Rleyfi EBTPSInE s Wo 2005/ 091167

PCT / US2 @oist GOB8 @8nerdtthg, i 'H&euﬁm%t armhigGdhdi word 2n tH@ﬁ}ﬁx‘Iﬁh thput, the
er of occurrences

counts include the nu
5 anBudls AT b RY St ol qabaseiel Sybiahhatare el bottin non-pinyin
andtve piiyih; bthe new word anal yzer is further configured
to detern1ne that an unknown character string is a
val i d nélrl¥HAE sentext wards algthe tsariepus td sedeptionkyyclashify the pmym

mISlﬁ @Y hB@Bﬁ@/nP;ndtéh NSROWR (FOARGK b N ?S,']t%err%orgg] 3 aﬁralrf&e pinyin input

f requenci occurrence o
IS@hﬁﬂkﬁﬁémmnom t he unknomn character string is greater
than a predeterm ned threshold. 16. The system of
clai m 10, wherein the set of Chinese inputs includes

10 ~at bhgast f nput s and
Chi nese ggﬁ%ﬁtog léﬁl% l?hfu %r Comypgfsér}% %efle@?ﬁg ﬁwpi‘B“hty of pinyin
canghdates fnom lee sieyindfipuChivhasia thm%&:‘ieﬁatinggﬂldlﬁ’(ﬁﬁ g@n@@ﬁngJi set of
ueri.es to a web search engine. 18.
Ch&g(fe[%ﬁ 5391%5%f ??fﬂﬁ”?%”i‘ fyddals nyin i nput to at |east one
Chi nese character string, conprising: generating a

set of character strings fromthe pinyin input, each
chaRéct €he siethod@f clhin h&,Vﬁu[‘*’tgelﬂto rigite sBRERCANALSking the set of
chthgn th indi catlgg @41% d t hat the chara%
Les ?lﬁéﬁm%&mﬁwgﬁa <! ﬁpmﬁgumputtq%responds to the
15 chaggnarsainglg i ncl udes ut|I|2|ng a Chi nese dictionary
i ncluding words extracted froma set of Chinese inputs
and a Ianguage nodel trained based on the set of

qp@% ég The net hod of claim 18, wherein
t h e ngthpch aEelainy b8t whereis theogenerating inpudes perforatingf Viterbi

algbS®im lﬁllzn@gsﬁe IChR s dﬁﬂgneﬂé %?c:il% i %§§a<§?& H‘El%gh ¢ et of Chinese

20. The method of claim1l |n the sSe
inppigand &hq larguage modektmsedon th@§etrof@hxmsmm1mser| es to a

web search engi ne.

' 26.  The method of claim 18, further comprising:
20 performing a search for a character string selected by a user from the set of

character strings.

27.  The method of claim 18, wherein the search is a web search performed by a

search engine.

-18-
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21. The nethod of claim 18, further conprising: prior

to the generating, filtering out non-al phabetic
webasaetiers fromthe pinyin 25 input and st orP@musives 008863

respective positions within the pinyin input; and -17

WO 2005/ 091167 PCT/ US2005/ 008863 after the

gen ti-kg, ' .ea cter strings with

t he%nggn a %%E‘%?él)gcq%lﬁlafé;g@%e}}eg G(?nr}s ﬁ%é? tions

. cor r espeadactingtumkhbren chabaerettipgpsrdm drsset 022hinddednputs;

met hod of clai.m 18,, further co ising: prior.to the )
gener at MRt TmaEHTA MG SR B PRRRser Sisrd s Shingg by Comparing

frétjubirdies dMRUbrredcB@f tHe \ AR UK OhkSaMe thiMRI Wigh S84 1RAERS of occurrence
from a database of n-grans that are valid both in

ofjagiviguplsharacteryof the prkapii: chargten paing 3¢ aepesanthedehipgse dictionary,
th@bictiBary $RudeR R agpthe SR bME LY el Ao nlg WY dha

i9n1|c?ultB gél%g{)%-_pi nyallp%) a{éﬁg{%nyi n, wherei ﬁg%ﬁlg éﬁﬂéﬂg’t#ng

i s per f @enedtingihy larfguagrempdlal jonpredipting a wsrditasg giverd context.

as pinyin. 10 23. The nethod of claim18, further

conprising generating a plurality of pinyin

candjgat | OV h . : I

Goncat oo BaR prdEraBl SR AAME in WA Wi o computer system,
the tompysr fropragapdedpit wpmprisiap dicdapeter frbdabilh stonae moxliwf on which

claim.l .urther conprisin orting and ranking the .
org ypreginetye e SEo G B g To U arasgef s s fnsBigine:

that t hgepérafinda kiRl thaadteraspoRdiont thetpigyid npuanactiiacter string

string., ﬁS. The ngéhod of claim 1% wherein the )
haymger Weiehipssoriateribereyathripdigating the keleogd that thesharagter string
CoRlengl Bl P D08 Sy U RE LI P LGRS (SR dictionary
in¢ladiga agednerdected dwstla oot of kbinses inphts@nil ndanguagpupdel t@ed based
OnTtﬂng&%tf!&%%le% i |U%I m 18, further conprising: 20

performng a search for a character string selected by

a user fromthe set of character strings. 27. The
met hod of claim 18, wherein the search is a web search
per {38 nedsysienaforsmaslatn@empinme. input8o WOe2006¢ OBt character string,
PCT/ US2005/ 008863 28. The nethod of claim 18, further

Pesi ng: extracting unknown character strings from

the set agfinfGhivied de¢odpuitd@ifigured to generate a set of character strings from

the pinyin input, each character string having a weight associated therewith indicating the

Cco

likelihood that the character string corresponds to the pinyin input, the pinyin-word decoder
being further configured to utilize a Chinese dictionary that includes words extracted from a

set of Chinese inputs and a language model trained based on the set of Chinese inputs.

31. The system of claim 30, wherein the set of Chinese inputs includes at least one

of user Chinese inputs and a set of Chinese documents.

32. The system of claim 30, further comprising a pinyin candidate generator
configured to generate a plurality of pinyin candidates from the pinyin input, wherein the
pinyin-word decoder is configured to generate a set of character strings for each pinyin

candidate.



determning valid words fromthe unknown character

strings by conparing frequencies of occurrence of the
waelsosreThar acter strings with frequenci es of PCT/US2005/008863

occurrence 5 of individual characters of the unknown

character string to generate the Chinese dictionary,

t he ct e _wor

thel 1 sor Faopt ne e 30 AulTRA LRGeS IS aaking modul

Cp@ﬁ@uqb@ setdel rady thp sgdif etord grlagw\mccdjrdsmg‘ }ol’tﬁe Uk&EHdoA that the pinyin

rogran1pro uct for use in
n}ﬁﬁ%??%%toa}(gﬂﬁmghﬁb &r system the conputer

program product conprising a conputer readabl e storage

medi um on which 10 are stored instructions executable

on a3éonpl gwstqm otdaisn3(, vilieeein tietpinydhivasis dedtder Bifidher configured

5 t&%g—%{;t%t Ie\yal%]%d‘ﬁ gg?ﬁéﬁﬂlg@%ﬁ&eg&hﬁtg% gncglfa{;é;r?@h;ilengp\!vgr)cllls thracted
fragsthe sattod Chirtes Riplutsthnid M BA&I208 nidae] ll)dsg@l)ﬂl fRad: Mﬁjilnese inputs.

the character string corresponds to the pinyin input
t he generatlng i ncludes utilizing a Chinese dlctlonary

incI words e rac froma set of Chinese inputs
and nﬂ&ﬁg mﬁﬁgﬁ”q G Tyrthst 6YRRESIAG on the set of
Chi nese 4 spuieniter 30nfidr&YdtsefmbRunkh A0S LI NG s?rllpésr}ydnq the set of

bn put, to at | east one ChinesSe character stri
ChRssri0BMYg: a pi nyi n-word decoder confi gured to

10 gener at & gew %rcpﬁnaw}@f tf%[lre%itt{) 'thgxsmlfnggé 1%t n edspfjrorx the unknown

i nput, each character string
cl@g@&maﬂga by hgmewm@frcqu&nuaﬁ ofhcg:ctuhrmceZﬂi thd UsknbWa Qﬂaracter strmgs

b BEGL et @,‘g@@a@%@%’q@g%%&a@&
c onf i gu rae(dh1héSeLlﬁnguag@madéﬂitaﬂﬁﬁgn{%ﬁﬁl‘é'c@ﬁﬁ Vred RRfenerate a transmon
i hcl ydes .wor (ﬁHEIaCt froma set of i nese I nputs
mar of cPagienal er et FoR PHRdFUI9E SCHOTE A TiNIEaRT ¥ert 4 Bfntext
Chi nese inputs. 31. The system of claim30, wherein
the set of Chinese inputs includes at |east one of

15 user3eChiAresi@yinrstiSicAfe chiss 4 udeli & nts.
-32. The Z%&‘en1of cl ai m 30, ggﬁgtﬁer]ggﬁ Og@ﬂﬁgﬁa

pi nyi n cuiatabase of wudeihat ge vabidhethgu nemptrryng@mnammm; and
pl ur al i ] EifiRht éﬁgﬁﬁ’:’l&hﬁ%&r@&’ td irdgﬁ@iiﬁ/ faﬁlb u%l lous Wé)lr)éJ i’ the user

wherein the pinyl n-wor der
ingd selegled framstde dafabasoaf aordsrangtto anq:]gzefmnte&awbrdsl ofhduser input to

091167. PCT/ US2005/ 008863 33.
Sefégp‘dé €§lttd§sgrf1y ot?jgu lnrﬁ(%gggn(fwlflﬁlgror%ﬁﬁ’lyf'b ng a sorting

and ranking nodule configured to sort and rank the
set of word strings according to the |ikelihood that
20 t he 3gi nyfhe pinyputlassifier ef plaimi 36t whdrbia thhelnaefi@fios bAdiRdis further

S rein the pjinyin-word
coéé%urg- foe c%nq,ulller ltllﬁe&ho%%n(}r?pgaé[ﬂél\é\%mese queries ICt)hat)llnay be generated from
ambiguous query and to classify the user input as pinyin input if at least one of the

likelihoods computed is above a predetermined threshold.

38. The pinyin classifier of claim 37, wherein the classification engine is
25  configured compute the likelihoods of possible Chinese queries if the user input is

unresolved after the classification engine analyzes the context words.

-20-
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5 to execute a Viterbi algorithmutilizing the Chinese
dictionary including words extracted fromthe set of

w@hkiosesda6i nput s and t he | anguage nodel based oOPCT/I82088008863

of Chinese inputs. 35. The system of claim 30,

further conprising: a segnmenter configured to segnent

unkn fJ . f._ . Chi pese

npute: 00 Braue aSiprB0Silh 38 L iNFeifihe Bonase b baring ar vali
bo#l incdhoparimidn fndin niheninkricwied fehacanienlysddiRBs Wdkds in non-pinyin
L&ﬂqﬁgﬁégg frequenci es of occurrence of the unknown

character strings wth frequencies of occurrence of

i ndi vi dual characters of the unknown character string;

and a Chi nese | anguage nodel training nodul e

conf #gur Adnetbodjtmeimteclasd ficnsh bf ®aser M@t o6nfPrising;
conditioQ%hiprobabiILties for predicting a word string

gi ven a CORPEE anambiguousyard h‘{;?hﬁ US$r48RY the ampiguous word being
saeasdsfromi adhtababs € n-p Rt that GRS oMY in ﬂmd@ #Rasg .ir?éin in; and
words that are valid both in non-pinyin and in pin |¥;’

and a cl 3eARLeantern Werdsi af éhewnt ingut leceteotivali nlassify thauser input
aQRdH- BN WO bthyi) the user input selected fromthe

dat abase of words and to anal yze context words of the

user input to selectively classify the user input as
non-ﬁinyin or as pinyin. 20 37. The pinyin classifier

of cthi mMsinyiRetassificatinn methedpf ilaiat 4@ hueglcomptising:

further i i.kel i hoods.of possible

Chi nese g E[gir?{ngg ll}it!( ﬁg%oto?r%;&/{a e H%gen%}}lg?sg JUpFpgha é%%?i’&?r ated from
ambigrgusanvgryt end| assi fy the user input as pinyin input

if at least.cone of the |ikelihoods.copputed i s above

a pr edetcg%trsﬁfﬁg% HISEEIBILRS Phayin 4put ifiahigast aed dhetlikefihoods
capfiputdchils @bSve, a preddteintinéd@rshaigsi fi cation engine is 25
configured conpute the |ikelihoods of possible Chinese
queries if the user input is wunresolved after the

clasgj figation engi.ne anal yzes the context words. -20

WO 2 5/18“5131‘8?“ 9%%/‘@@?865‘) g5l 4 IThdersimifie gomputing and
classagiap hiregferrmed & the 3r inMiels&infesbREd gﬁ&ﬂh@ﬁﬁalging\p rds

that are valid both in non-pinyin and in pinyrn-is

extracted from comonly occurring words in non-pinyin

user,,qu I es. .40 met hod for pinyin classification

of a-us CPHRMHR clags H3EPR msthodofickimt40f yherginathe database of words
thaurid QAU brl findiR@nd $Epin| MAAY AR o word
_ being .selected @r%n1g da%ggasekégiﬂﬁbrangg a%bgggmﬂng“@“k
N PRPHYHOERT H¥ET¥SN- pi nyi n and in pinyin; and analyzing

context words of the user input to selectively

classify the user input as non-pinyin or as pinyin.

44. A method for presenting possible translations of a user input, comprising:
providing a hyperlink for each possible translation of the user input, the user
input and each possible translation of the user input being in different languages or language

formats.

45.  The method for presenting possible translations of claim 44, wherein the user

input is in pinyin and each of the possible translations is in Hanzi.

21-



41. The pinyin classification nmethod of claim 40,
further 6nprising: 10 conputing |ikelihoods of
w@oemsiplier Chi nese queries that nay be gener at eRICT/USI005/008863
anmbi guous query; and classifying the user input as
pinyin input if at |east one of the Iikelihoods

oyt of R Lo PRt AR BRTUPERpl PR O Sy it

comppsing:ng and 15 classifying are performed if the

user inpyt is unresolved after the anal yzing. 43. The
pinyin c %?svéqs“i’% %A??Sgﬂ“%%tbﬁf&&psff‘m |C8Fﬁﬁpﬁ>eéln&%%aépﬂlmm@orrection of
tibadsabiapeat. of words that are valid both in non-pinyin

and in pinyin is extracted fromcomonly occurring

words in non-pinyin user queries. 44. A method for

pres tiﬂ R si?le transl ati ons of a user i nput, )
conprisi %‘ SHOf fR AT e CAUN&PISIDE ranslatipgy ofeclaim frbodietdie the
hpearsd 3itd @MveBlsedrbl oPecotrBidhdink Bsssﬂﬁ@hanélél&@toﬁﬂ‘eduser input.
each possible translation of the user input being In

di fferent | anguages or | anguage formats. 45. The

nmet hod for presenting possible translations of claim

44, wherein the user input is in pinyin and each of

the possible translations is in Hanzi. -21 WO

2005/ 091167 PCT/ US2005/ 008863 46. The nethod for
presenting possible translations of claim44, further
.conprising: providing at | east one other hyperlink
corresponding to a spelling correction of the user
input. 5 47. The nethod for presenting possible

transl ations of claimd44, wherein the hyperlink is to

a web search of the correspondi ng possible translation
of the user input. -22
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