| MPROVED,. METHOD FOR CONVERSI ON OF PHONETI C CHI NESE TO CHARACTER CH NESE
Field of the Invention This invention relates to automated nethods f.ori: <
converting phonetic 5 Chinese to character Chinese. Background of the

I nventi on Because the Chinese | anguage uses thousands of characters--in
contrast to the English | anguage's use qfj 26 characters--the devel opment of
nodern Chi nese word processing equi pnent is a substantial problem

Qbvi ousTy, a typewite kevhoar d can of keys is

i mpract¥¢al . Phoneti g i\d’%ﬂ X hb#\&g}ﬁE@waﬁe based on
the use of nornal keWWl&CﬂMET%@H&EA’WRW character t ext
into a conpummese TSchenmes known as the Mandarin
Phonetic sys ﬂd the Hanyu Pinyin systemin the People's
Republ i ¢ of Chi na i nvidlisiavention@latessnaniomated methods for copverting phertetiche five

foll owi ngs Ch?ﬁﬁl%é‘e folthareie? Chinds€spectively into the five follow ng single
syl lables reflecti ng to? Eionunm ation of the Chinege characters: tai?2

wanl you3 Background nveption Because this phonenic input does
not require special |BehawRtHE ChinekéiRn aisys thbusapds bfi¢haemtérsginsoheragts, its
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suf f er s f r onwotd:processingrequipmeni isgasubgstantialyproblend (@bvioushGhi typewriteny be

expect ed nber of syllables 25 is
about 12(}8)0 W&,sﬁﬁgg Qﬁgﬁﬁgs{ﬁeesggiﬁrt‘ﬁa&%wdlfferent characters. For
exanple, in the Hanyd’hpnﬁ;q(sowamml@d Bemic) ipugschemes, based en the st g

characters aéiendaﬁﬁn Réylﬁﬁﬂis%'b%ﬂeﬁ B to mpmiicmme cﬁatra&lét ek a compiier at i on

of the 5-syllabl e phrase | fengl into Chinese
charatters pPe¥eit 15 ?‘eﬁ?)ffhﬂmé 11‘“°‘§9< g&ﬁssd%y} QPbé’P stem in
Taiwan and the Hanyu Pinyin system in the People’s Republic of China involve the
15 u'a_nsliterat'ion', for example, of the five following Chinese characters:

5 % &7 R B

respectively into the five following single syllables reﬂectmg the pronunclauon of
the Chinese characters:

tai2 wanl you3 tai2 fengl

Because this phonemic input does not require special keyboards or the
mastery of special coding schemes, its use is advantageous. However, since the
number of pronounced Chinese syllables is significantly fewer than the number of
Chinese characters, it suffers from the problem of ambiguity. A well-educated
Chinese may be expected to know about 6000 characters, but the number of syllables
25 is about 1200. Thus, one syllable may represent many different characters. For
example, in the Hanyu Pinyin transliteration system, all the following characters are

pronounced shi4:
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combi nations of characters since "tai2", "wanl", you3", "tai2", and "fengl"
5 respectively represent at least 9,5,6,9, and 9 different Chinese y
characters. As described in their paper ("Renoving the Anbiguity of
Phonetic Chinese by the Rel axation Techni que," Conputer Processing of
Chinese & Oiental Languages Vol. 3,2MNo. 1, May 1987) Lin and Tsai,
attenptlng to overcone the above- descrlbed anbi guity probl em propose a

met hod convertl n .Syl | abl es to character Chinese-
usi ng t g‘%%%ﬁiiéfwl%ef I'ni.mage anal ysis probl ens, $eth
as edge det ection, curve .detection and shape recogni tion.. More : :
specifically, th way1 t heysd axahiPn Preggpss to obtain the opt.imal path
t hrough t he Iatt@éze of p055| b?'e characters, Eﬂkl ng use of - the 1'éxical

probabilities of “the characters given the syliabl es and the tranS|t|on
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the optimal path =9‘%Qg -- > haracters by
cal culating only Athe ro %ﬂﬁ ty of gjﬁg,ggxfttne%ﬁh&g&%g?&es ppearing .
in text CMP@@D@EM%&WWT “H’Gt Jeemputer, Broge Ol - UPESC lconverting
N phonety £ dahbeva. 3YN.abMay 1987 ..‘dhtddvaha&empungaobeetbomam n_Chinese
i nese BpVEEEF H‘graﬂ%gg“f‘g'g’é{\  Br5ed HRE8 of cohvlffn Ehbide 107 20T
t hr ough Chkinese. syﬂablleetdohmic;erﬂiﬁmsemmd tla&;l[elam}lpn puﬁs'srgtsd;bwsed?lpondl ngl .
88 ahd *lfée of possi e\g _
I'k S

Emhle;gtsg 8@%"%"@59%‘?%5 Qﬁcrﬁ&[édlﬁﬁlde 0 derl ve: t.'.é most el'y n Chines

char act enesognition. Morospgeifically, theysmrplop shecrelaxation pracess tg) the Chinese
syl | abl &sydffiParti fthe{ﬁfﬁcleofﬁbsssbte@hara&brspaiamﬂg&:sbwqimmhl y conput ed,

t h t th
LPoﬁéﬁf{wr?»?g@txﬁ“mth Shaspeic given o E3Ysbles B i oA mRbpBESRAE S, 11,
sai dlsexadjmedtaﬂmershhrbadjamuaylhphsf t he ordered appearance of said

adj acentg, lnﬂ; eofgn@m;. in a large corpus of Chinese text, nultiplyi ng .
~ toget her i lities, and selecmgtheg&ath vvlththe _
" hi ghest pr obabi | ilbavediseayared simplerpyat gqually effective, method for converting

phonetic Chmese into Chinese characters. In accordance with the principles of my
- invention, thls conversion is effected by obtaining the opumal path through the .
20 lattice of possible Chinese characters by calculating only the probabtltty of adjacent
Chinese characters appearmg in text. :
More spectﬁcally, an automated method is dtsclosed for converting n
phonetic Chinese syllables S; through Spinatextinton Chinese characters C; ' ,
through C;,. In accordance with my method, for each Chinese syllable S,, I generate W
25 a groupof Chxnese characters C;y through C;;, collecnvely referenced as Cjy ..,
possibly corresponding thereto. ‘Then I compute the opnmal path through the lattice
of possible Chinese characters C 13-, through Cyy_; to dcnve the mostly hkely n -
Chinese characters Cy through C,, correspondtng to the n phonetic Chinese syllables
S, through Sp. This optimal path is beneficially computed, in accordat_tc_e with the . -
30 principles of my invention, by deﬁving the probability of the use of adjacent Chinese
characters C; and C;_, in said text based upon the frequency of the ordered '
appearance of said adjacent Chinese characters in a large corpus of Chinese text,
multiplying together the denved probabllmes. and selecting the path thh the highest
probabthty as the opttmal path..



Brief; Description of the Drawi ng Further features and advantages of ny .
invention will becone apparent fromthe follow ng detail ed description,
taken together with the drawing, in which: FIG 1 is a flow diagramof the
Chi nese syl lable to Chinese character 5 conversion nethod according to ny
invention; FIG 2 is a Chinese character.gatrix indicating the possible
Chi nese characters [err] correspondr ng to each of the particular Chinese

syl | abl” [eré“[ﬁ gi Iﬁ* o§es t he sane Chinese character matrix shown
in FIG L expl anati on, the Chinese characters
have been repl aced byF&lybrlfettui'esmndladegcsbf myghvéttti'qn \ﬁleecémesappamsntrr X

[ﬁ“ﬁ;ﬁ' ' ;r@%‘gg‘?@r o%éacen one ﬂIkleM‘?c’%qﬂé)%vcicor %W?‘Etﬁ'r nese
charact er text and 1510 1xsaﬂowdlaxmmosﬂlsr(amesnéwlmgw%m&@wmers of

FIG 4 are Usd?ﬂv 13iof MNP adcORdIA td fyThveident hough the matrix of FIG 3 to
t her eby se ect t F{ﬁse ch&BScters nost |1 kel corres&%&kgeto t he
particul ar Chi nese syFIG# isa ?s&q“é@cﬁém’bﬂ ting fhe 0ess be ny

i nvention in dhafacterofCSeCy) torespbhidingvd eavhl of thé partiCulahChinge §yllablest ti ce of
Chi nese char te%)generat ed froma phonetic |nput So consi der the exanpl e

beI ow i n whi phoneti c Chi nese syllables. ("tai2", "wanl ", 'you3",
"tai 2", "feng ") eachFKaf¥disclosgsahe same thsmeftmmhmsm FHar2Zcters

found benggt fyj ek 5 casd B BE65 thd e Glarddhs bivende ppaee i act o1

beneath it, an reters'to one of t racters "beneath
it. tai2 wanl English letiegs "2" threpgh "M'err] [err] The circled Chinese -

characters represent FIG A3 mhtrikabflectiag ithe ﬁumh;ftdmslr reseitativieGindse, t he
e nedet ooy PRBHEREs Ca AR B E RS on ekl IR B B Ebrebf ol GSinesi
I n accor dance:lmactetttdxe; amdi nci pl es of ny invention.
15 FIG. § shows how the frequency numbers of FIG. 4 are used to compute
" the optimum path though the matrix of FIG. 3 to thereby select the Chinese
~ characters most likely corresponding to the particular Chinese syllables.
Detailed Description | :
I will now describe my invention in terms of selecting the optimal path
20 through the lattice of Chinese characters generated from a phonetic input. So
consider the example below in which the phOnetic Chinese syllables ("tai2", "wanl",
"yo'uS“; "tai2", "fengl") each refer respectively to one of the Chinese characters
found beneath it. Thus, “wanl" refers to one of the five Chinese characters beneath
it, and "you3" refers to one of the six Chinese characters beneath it.

tai2 wanl you3" tai2 fengl
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5 Step 1 of FIG identifies the starting point of ny net hod as the
Chinese syllables S 1 through [err] or, in the illustrative exanple, [érr]*
through [err] correspondi ng to the Chinese syllables "tai2", "wanl, "you3",
"tai 2" and "fengl", respectively. In accordance with, step 2 of FIG 2,

Chi nese characters [err] through [err], representing all possible Chinese
characters corresponding to a partlcul-att Chi nese syl l able, are 10
generated for each Chinese syllable [err], where the nunbers of such ~- _

charact o STh Gt ColfaWlse3 Sl SR m et e Hiep U sl ihes ©
char act er sis, the'senteneg m&hmqsat 2'"Taiwan bas' thnsr epresent's one of nine

possi bl e char act er
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g%‘i r g‘ﬁ‘i’éﬁ as,: sh wn, a
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char act er sgar,e i.nt.o (i-x where'ghe.c cters-‘gengrated for the
first syl |%bf'8°?@}§$f’hé"| "tﬁ %ﬁaﬂ’rmc’[ée‘r ‘Aﬂhg r?ﬁ&?@t‘ﬂ Bener at ed
‘for the | o€hinesd syliables ('tam’fb'éwani)“ Tymﬂt' ,t'ha21’ aryht‘fehgtftjrcspbcdml;[ e]nr] Thus,

V“ttaf‘zrei%?é‘ﬁ@é gl %‘?%‘H“efbﬁ‘ oFy o CERFOlNGR by, '

number i ng 3:possibls yreaprc Aracker ng)wuaspmlar(ﬂynmﬂwe.wnbor
under '1pai generdtd ms&mﬁiﬁa@t pﬁ'laws l Where the nambe tfGlich Eh%ﬂﬁéx@%‘er ferr]

Lorr] tor itk Redgaeh Rt ultie cTogs v elerence A, 2 jiich showscie 1

Chi nese symhﬁrixforrdaiby ﬂtclg%neraaodoiSuclsﬁhmeswﬁardcté&tl'ﬁéw edr Azt dihcd € 1] W

f tai2". the, ninth Chi,

Combol - und 2 pireselts SR o Bkl sl ot ﬁ{* ferfef 59 ey : Sl RuslC0°°

Chi nese sympsentnane of fiverpossiblechamdtersie ftgnaroeif' iSQShom andt"dsf@ce with
the nwiberforlgfea henﬁcooss S, 2retigh feph sehadn%f?ﬁ:rﬁos%m rdcf 5.t he second

i nese. symbol undirf hes i m?ef%ﬁéﬁtn%m s shamsrs oo
wi t h Er heh rurammeuggﬁmmcxﬁhde& iG;esdhagﬁlﬁg Sggherﬁt%dtﬂiethé ERRNYISHIE RSN mg'%rl t Ihg
The fi ftn Tt golaihc ko bnsronaiElers Sesrang Zﬂsﬁasaag#éka%\aa%fw]
accor danc omntthe ngln hao ; ! '-'.-ﬁcﬂanm. W)i’th Etf&ende w themanhx usFlGla fift h synbol
for t h§03~r‘(3ﬁtﬁ€§erﬂaﬁ9é§- @ﬁti%{' "tai2" (which is really character Cu in the matnx
'followmg the nnmbermg methodology of step- 3of FIG 1) is the first Chmese
- symbol under "tai2"; Chmese character.C for "tai2"” (whtch is character Cpinthe
matrix) is the second Chmese symbol under "tai2”, Chmese character C3 for "tai2"
(which is character C3 in the matnx) is the third Chmese symbol under "ta12" and —
25 soon until Chinese character Co: for "ta12" (Wthh ts character Clg in the matrix) is - L
the ninth Chtnese symbol under "tai2", _
Chtnese character C, for wanl" is the ﬁrst Chinese symbol under
"wan1" and would be destgnated Cy; in accordance’ w1th the numbering scheme of
FIG. 1 since itis the first symbol for the second character Stmtlarly. Chinese |
30 character C, for."wanl" is the second Chinese symbol under "wan1" and would be
~ -designated ng in accordance with the numbermg scheme of FIG. 1 since it is the
second symbol for the second. character ‘Finally, the last Chinese character Cs for
“wanl" is the ﬁfth Chinese symbol under "wan1" and would be desrgnated Cys in
accordance with. the numbermg scheme of FIG. 1 since it is the fifth symbol for the
35 second character : :




5 - Ghinese character C for the last synbol "feng " (i.e., [err]) is the
first Chinese synbol under "fengl" and woul d be designated [err] in '
accordance with the nunbering schene of FIG 1 since it is the first synbol
for the fifth character. The last synbol in the matrix found at its bottom
right comer is [err] for "fengl" since it is 5 the ninth synbol under
"fengl" .and i s designat.ed C59 since it is ¢8e ninth synbol for the fifth
charactiers FIG 3 depicts the sanme Chinese character .matrix as t hat shown

in FIG *Z, but, where fer\meesameicmn%meﬁm 531 "Ringll Ug P

opti mum pat h through this matrix ave been

repl aced by t h&hingse symbolunder sfegsh %!’O“QWF'GH%E%I in §¢pogdance with the:| G
3 represents tpambefif séwmbfmmqrsmdeat%:h¢ﬂrstﬁxbaforh.eﬁfm&raﬁcmi Thc
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arbitrary (exce nmclfsymmlhmd&n "ferrgl " ahd isddsigmtedtQ igosindeyit isrthe nintnsyrbal doby
t he same Englrﬁﬁ]ﬁg n) and serve only to facilitate further
expl anati on of Aci ples of nmy invention. FIG 4 shows a frequ ency

matrix reflecting the UEKS.Grdepigts thersame Chinese chpracter matrix asthay shownin|
corpus of Chi n%ﬁ%%&mf&?b&er&ﬂe mmﬂe&w%& aaﬁtbrare u‘g?éatﬁorpus

and noting the nu pear ed

tmes or ere parr nese ch

in the text. Adfongh this magx spme ’tnFﬁfns ﬁi%&ﬂ? EEPS
"a" throughig h dcs:gﬁaﬂms ﬁaﬁhﬁmgfh "Hy Eh&g.ahﬂwm I Rprseits uelﬁrs:tsymbdemd&y
the Ohl nese. senttindl FICk it ap Fln 3BRIsSerpt e sheontt Spol bides iz, 5 3p F16°

e Chinese sen '
g)ﬁplnxgjgge?e its Bsemsmtdﬁierﬁmaymhmmgml'hglﬁﬁhhwm eﬁagﬁbmggmglngll

i X .

3R ity (SREDS portlon af ChiRSCCIFAR1AS bBlidulty aide Rt

shows only a represe t actua requency trix
whi ch i s appr osameEaglishdeigatipn) subwrymenly to facilitate funherexplapaonsf the) 00
Chi nese chaffiCipgingiplds!dPmy ms,gmthe nunber of tines ordered pairs of

appeared 5 timee. e pfré‘g% safsinency Rel isderinabr ob Shadiateal Guipeseay 1)
= a, and [ err] eharaliefs (GiLL Yy C;¥ih a lange ¢corpos SfoCHinesenexy THisndtrin®as derived byhe .
nuTber 0. aPPe a8 of B dorad i Hom b minfl Nl L &
i medi at el y, t icharagters appeared pmthe textc' Again,fforease oficxplanation, thasampe Englishi nese
;‘ ﬁXt , Its i gyenSfers a"’lﬁ%hﬁ *h€dised in K16, [0 iR AN dsell NWN ioﬁd&ﬁifﬁthe 1"
adjacent Chinese characters shown in FIG. 4. The letter "i" refers to the Chinese
sentence delimiter (Chinese ’period’), and as hereinafter explained, is used to
delineate the beginning and the end of a phrase of Chinese text. Since the number of
Chinese characters is quite large, FIG.4 shows only a representative portion of the -
e 25 actual frequency matrix which is approximately a 6000 by 6000 matrix and
represents use of 6000 Chinese characters.
FIG. 4 shows the number of times ordered pairs of Chinese characters
(C;-1, C;) appeared in the corpus. For example, the pair "aa" appeared 5 times in
the Chinese corpus since the number § appears for C;.; = a, and C; =a. Similarly,
30 the pair "ab" appeared 0 times since the number 0 appears for C;_; =a,and C; =b.
On the other hand, the pair “ac" appeared 1513 times (see, C;—y =a,and C; =c¢).
One notices immediately, that while the pair "ac" is found quite frequently in
Chinese text, its inverse -- namely "ca" -- is found only infrequently (e.g., "1" in
FIG. 4). One notices readily that many pairs were not found at all in the corpus --
35 see, for example, "ab", "af”, "ah", "ba", "bb", "bc" and so on.

et ||




FIG 4). One notices readily that many pairs were not found at all in the

corpus -- 35 see, for exanple, "ab", "af’, "ah", "ba, "bb", "bc" and 50 *
©.ooon. 6- The letter "i" in F1G 4 refers to the Chinese sentence delimter
and is used to pad both ends of an input sequence. Thus, where "a" |s t he

first character, the orderd pair [err]-&=eally constitutes the palr ‘a"
Simlarly, Wnere 'a" is the last character, the ordered pair . -[err] reaIIy

constitutes t he amh g . h a’ was t he
pafThe Iétter “i"Rh F1G 45efcf§13tﬁ'é€hﬁle§d &ﬂteﬁté%&élf a?&a@ﬂaﬁ act oxd

first charac 3 eg and - '
only 22 ti gé&['hrenﬁ ?ée‘l’hﬁ"&ﬂ"'ﬁflqﬁ FG" °3° hmﬂmwlwmerfu nd 't he
opt i num pahéiot ir ((h,e,90ﬂr€allymbhsﬁtu(e€mdtﬁ71ﬂ98ixﬁﬂ£ﬂ grigerr])

& e on | e e fjve.
g: Egstehﬁhar ac ers mépﬂlé@iﬁgﬁhé‘gﬁoﬁé%@i%ﬁhﬁ 4 téht Y

syl | abl &s therafore.indicatey thag “a"awas the figst charanter 322 times (see @; Ly =tih@;e @r,
21, 870 " 6xQXQ) th ld b
POShH that Eﬁ%ﬁ&hﬂ%ﬁ%&&h@ﬁq&ﬁé&@ & ﬁ G paﬁhpa wou €

that shown in the &I rst, row i2hot woul-d be that
shown in the seconBerEping now,ixkG: 3, W&hﬁé@@?ﬂmmnm@aﬂmmﬁghst and -

second rowh?e9 ISanapixs@EbibtisigiCiy thisagh ']
‘W bbsih i g@'ﬁbﬁﬂ %’ﬁg@m&amgleb

cg(rjrg?gl ngsé ust I‘QH‘ ngg+t§fy ?h%éﬁﬁ/‘%?té}ﬁ%csé@%ngwfg ‘FFFPPP@"E:EO The pat h
"aceaglO Qﬁsﬁﬁhﬂ&scsylhbqur"menhyoﬁmBedgl""Mbc;ﬁcm Jithéredreas t he

second pa 0308 FI G 5,

al so, slﬁot2|li87 QBIe ﬂ%&#&{ nﬁa qﬂgf %%r 2’(‘:19 ency cgf&'ﬂ@tqedha tused to
derive thé&" %‘HPI‘%HWI‘IH&‘PW& 163 @“Zhemﬂ? ll@ﬂtyoddlb&dhattShownémtheZO .
pr obabi | i tgccnalrowl-at'bdmh"f()fcbtheefv mbidihp themeedhd seéorf Ha@q | ooki “b '
ol SWFLSZE%"%IE%P’;*%%??%V%d“ °“”=ér§“‘ e i factgBIO. 91515

26, 25, 15 4showsithe 32 ""‘awmmmbbb:nwmmMgwstdﬁWlmrthéﬁmdﬁid ve the
nunber 25-Geises HEIGS, q""é‘ﬁﬁﬁ %éaﬁ#ﬁ@ésqﬁw GRS M hyple 120
probabl e bs}mé"? the $ec6nd path, plfth'ﬁe Mdmyme Pb@ ---and, in N
fact, represents tFKG: Soplso Howm abhd]éﬂﬁlﬁeaémﬂcﬂecﬁﬂqaé QPR 1ty
nunber BOu%]m?&ﬁvQ% ‘g&qﬁ& tﬁ@"ﬁxi‘ﬂ%@h&% cal cuI nu(rrber Thus,

t he ese t’ﬁg&l acters are se N{@bse characters
defin tyc culauon) for the first path "aceag" is. dertved by loohng up in FIG. 4

the mdrvrdual ordered occurrence: frequencres for the followmg pairs “ia", "ac”, "ce",
"ea", "ag", "gi" -- —namely, 322,1513, 26, 25, 2, 41. _Then these six numbers are
multiplied together to derive: the score for the use of the Chinese characters "aceag"
: resulting in the large number 25 967,013,800 shown in line 1 of FIG 1. The only
25 . other probable path is shown on the third line -- namiely, "acebg“ - and, in fact,
represents the optimum path because the calculated probabthty number . : U
30,121,736,008 is larger than any other calculated number. Thus, the Chmese | o
_-characters acebg are selected as representmg those characters defined by the -
. Chinese symbols "tai2 wanl you3 tai2: fengl " and in fact, recite the sentence in
30 Chinese: "Taiwan has typhoons.” . - Lo -
_ In more mathemancal terms, I have dtscovered that the opnmal path
‘through the mamx represented by the Chinese characters can be denved by reference '
to the following formula where "c" refers to a Chinese character and p(c, lein)

refers to the probabthty of Chmese character i, given the prevmus adjacent :
- 35 occurrence of Chmese character i-1: : "
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Chi nese synbols "tai2 wanl you3 tai2 fengl" and, in fact, recite the
sentence in 30 Chinese: "Taiwan has typhoons." In nore mathenatical terns,
| have discovered that the optimal path through the nmatrix represented by

t he Chinese characters can be derived by reference to the follow ng fornula
where "c" refers to a Chinse character ard p[err] refers to the probability

of Chinese character i, given the-previous adj acent 35 occurrence of
.Chi nesg character i- 1: -7 - argmax Elel ncept:ual |y one enuner at es
al | of ™He possible paths though tmmsart ¢ 10hen picks the best pat h

according to the above fornmula. O courée truI y enunerating all possible
paths is conputationally expensive. However, as indicated 5 in the above
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[err]paths ( wiseere forthat path by the EFnyf“EH'aF’QfE

Ci,jCi+1,ks freq(c; jCi+1.k). However, itis clear even bcfore we perform these
calculations that we really only need to consider the best scoring path ending in c; ;:
since the same multiplier freq(c; ;C;+1.k) is used to compute the frequency of each
20 path ending in the pair ¢; jC;+1 k. the best path ending in the pair ¢; ;¢4 x Will
simply be the best path ending in ¢; ; concatenated with the character ¢;,; x. We.
therefore discard all but the best scoring path leading up to ¢; j. Thus, rather than
keeping around ¢c *¢C2...cC;. 1 paths (where cc is the number of characters
possibly corresponding to syl,) ending inc; j, we only keep one. To illustrate, let
25 usreturn to FIG. 5, which, as we have noted, represents a subset of the possible paths
through the lattice given in FIG. 3. Suppose that we are considering syllable
"wanl®, in the third column of FIG. 5. Note that there are four distinct possible
paths illustrated in FIG. S which end in possible transliterations of "wanl", namely:

e "fac", the initial subpath of the final paths numbered 1-8;
30 e "iad", the initial subpath of the final paths numbered 9-16;

* "ibc", the initial subpath of the final paths numbered 17-24;

¢ “ibd", the initial subpath of the final paths numbered 25-32.



possi bly corresponding to syl ) ending in [err] we only keep one. To

illustrate, let 25 wus return to FIG 5, which, as we have noted, 4
represents a subset of the possible paths through the lattice given in FIG
3. Suppose that we are considering sylLlable "wanl™, in the third colum of
FIG 5. Note that there are four di stSnct p055|ble paths |Ilustrated I n
FIG 5 which end in possible transliterations of "wanl", nanely: *. "iac"

t he ini t iFollowily aiehbei‘refdmﬂddsah m h&m%@ﬂeh&r'b&&us&mwfk t he
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not act uqhdmyedereayhomzfm 1angeapbm§r'ibw YiteR O bohifiete ¥R Macyebued 5

const ant 1S 1S ni,¢al.: .r.easons. |ch not - affect. the di scussion

here.) Naia§ a,resyecq é ?WW Yss At the point WE.597apute the scopssior can conpet e
with acehosrpaﬂrsawbaremuhrp@angﬂmlsporesfornbe pairhii'ce" iand Mef avitiethetscérde poi nt we

t for ‘th
pai T o, + o SOPUEGRIEH e apd 80 Cof it wi B AW B MO WTBRRE ST L0 (e
we al %a@yndadmto X it follows has fibeelt and "dbcf] arecinfesionsandidages, i ac it follows

that "i bggspedtivh tB@faceairﬂ‘xaeff'erms mls&e Eﬁ‘e?'&gﬁéf %r%ﬁrnth ‘iace” and
rom.r ur er
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scor e;s audeh s,ranﬂrrrn prihciple wecmﬂdlblﬁninambamwmebqtﬁutﬁ piabﬁé@onl I dlbfltthe:ﬂ p{ agt l\i

n t hem. WG Wi e elinminated | _
Ioa'?e? st ey ml sty ‘r?‘a _?§§ﬁ?t%d P_hen ﬁeee?ﬁxﬁﬁéfgb'gﬂamr éetpétjAtt\lm BSirs -~ "ibc"
and ' '15a en, mdmveebmmuedtm paths'+ 3ibc" andi"ibd'-- an&mianydawot-o"md‘!'enmw | abl e

"wanl" l”rafdheb/i&ﬂﬁébnﬁﬂhu%ﬁlabieFdrﬁl"%tﬂﬁoﬂﬂ!i"c@l%ﬁﬁr (FIRPS MY 1° | oath

foIIovmn Fnitial su patho
* "jace" %a?e@o ﬁegﬁ‘egsl&%‘&'f’ﬁp&fg?lﬁ@a nal pat hs nunbered 1 4; * "iacf"
the initial subpath of the-final ‘paths nunbered 5-8; 20 * "jiade", the
0l St o bR aublatbr B ki WM% * "iadf, the initial
subpath Of"acrt]‘edtnerrxlx?dal sn?bpaiqhgﬂgb pa%]%n%l?nbereds-S ' o
20 o “iade", the initial subpath of the final paths numbered 9-12;
e "jadf”, the u.uual subp_ath of the ﬁnal pa_ths numbered 13-16. o

Of those paths ending in "e"; namely "race and 1ade" the former. has avalue of
322x1513x26-12 666, 836 and the'latter a valué of 322x0x0=0; “iade" is therefore
-eliminated from further consxderauon Of those paths endmg in"f", nainely “jacf" - _ U

25 and "xadf' both have a value of 0 (322x1513x0 and 322x0x0 respecnvely), as above,

one of these -- in this case "iacf” -- is kept around in practice. ‘At this point we have

kept only two paths iace” and “iacf”, and have ehmmated six other possrbrhues.

“iade" and “iadf" were eliminated on this step; and "ibce", "ibcf”, “ibde”, "ibdf" were

eliminated on the previous step because of the ehmmanon of "1bc" and "1bd" on that
30 step. - ' : o
The frequency statistics of FIG. 4 used in the rllustrauve embodxment
were derived from a corpus of 2.6 million characters of Chinese newspaper text.
Estimates of the probabilities of the appearance of 2'adjacent Chinese characters can
be derived by dividing the frequency of occurrence of a- sequence by the size of the



O those.paths ending in "e", nanely "jace". and "iade , the fornmer has a
val ue of 322xl 513x26=12, 666, 836 and the latter a value of 322xOx0=0; "i ade"
is therefore elimnated fromfurther consideration. O those paths ending
in"f", namely "iacf" 25 and "iadf", bothyhave a value of 0 (322x1513xO
and 322xOx0 respectively); as above, one ©of these -- in this case "iacf" --
is kept _around in practice. At this point we have kept .only two paths

"i ace" %g!d " i corpus. Howeverysines alhprobability estimates-thup derived represent the | ade” and
"iadf" "were ekl QAviged byl ciraNth nralEE the daPfile cize & rtad il p
were elim nat kerh&%éri:‘? he pr.eyl]g%s?% eﬁ‘%éca ?%f,%ehd%si%un%%mpbaﬁg"
and "ibd" on €3ewlation sipes;it doesnagtaffecitthe naximization &'Suwemsaof frequencyirather,e
i11ustrative giaheeiisBRE probabiliipin Hhbove BLasvedeschptich 6f iy hébsd).

char act erssof Chi nese fﬁe%%ge@‘&t% Est i ert es '33%0‘{1 e praobabi | IRE/‘!r es of the
appear ance %of 2 adj acetft® e LTEPYCST & Y P STYSPXPORSAPIES AL 155t he
frequency of ofdifferingdengtii wereschpsem ceprbsentdtive of ¥arias wiiting style3-ranging from
However, sinc I J bl stimates thus derived represent the
frequency di v?ﬂﬁ%&%@gg%ﬁgﬁy ze, in practice, the corpus size is
omtted fromthe calculation since it does not affect the maxim zation
(thus the usegogdfléﬁgﬁwipy rather than estimated probability in the above
illustrative description of ny nethod). 5 ) To eval uate the

ef fecti veness of ny nethod, seven short sanples of text of differing | ength
wer e chosen, fipRepontiftiassicat] of various witing styles ranging fromvery .
classical to colloquial: i) Ad [classical] ii) Report (classical] 10 iii)
Newspaper social comrentary taken fromthe training corpus [sem -cl|assical]
i v) \Essay Yhoib Newspaperiseripl commentany taken fram the aining corpps [semi-ciassicall st or y
[colT'oquial] vii) Exposition [coll-oquial]. 15 The performance of ny nethod
is givenin th able in terns, .aof percentage correct by character (hit
rate) for eachv%oéssf‘“ﬁmgﬁﬁ@@ e hit rate fromny nethod-is specified in
the third colum and should be conpared with the hit rate achi eved by

ner el y v) Narrative {more colloquial]
vi) Short story [colloquial])
vii) Exposition [colloquial}.

15 The performance of my method is given in the table in terms of percentage correct
by character (hit rate) for each of the styles; the hit rate from my method is specified
in the third column and should be compared with the hit rate achieved by merely

L picking the most common character given the pronunciation, which is given in the
second column:



pi cking the nost common character given the pronunC| ation, which is gi ven

in the second col um: - 10- Style Lexi cal Probabl lities Only *
"My Method i [class.] ' 76% 93%ii [class.]

73% ' 90% iii [sem - cI a_sslé 76% _ 98% 5

iv [nore coll.] ;69% 73% v (nore coll] '

72% _ 86% vi [coI l.] - - 71% 89% vi i

[coll.] : Style71% - - - Lexical Probﬂﬂlihisat)nly My Method L k3%

90% 10 A trend evi-dent in these data is that there is sonme dependencwpon
style: ny current training corpus is heavily classical in style since it is
most |y derived fr ohle H’éM;papers As a cdfequence, ‘text 93% -iii) which are
classical in stylejgpdlgssgetter rendered #3gan the nore cghigoqui-al texts, with
the exception. of. (vl ect. t.hat style dependence woul d becone

| ess marked i f themtds%l’PhFlﬂﬁXﬁor pus wertjggpanded to 1598%cl ude other
styles.5  1111111i% inbtédddlll]1 1111111111569 ai nms: 1. An a83dormated net hod of
converting signal English I an e keyboard signal s
representing n phz‘ﬁﬁﬁm@‘r]nese syl | ab?’gy[err] to [er%kgl n a text, into
signal s for input videelLtonputer procesd1% he signals f8%i nput representing
5 n Chinese charagigoR.jlerr] to [err]gighe nethod corr§%.%5|_ng the steps of:
generating for each si gnal representing a Chinese syllable Si a group of
signals representing Chinese characters [err] to [err], collectively

referenced as [errTotakorresponding thef78%o, to forma mu ce of si gnal S
representing Chinese characters [err] to [err],

10 A trend evident in these data is that there i ls some dependcnce upon style my current
training corpus is heavily classical in style since it is mostly dcnyed from
newspapers. As a consequence, texts (i-iii) which are classical in style are better
rendered than the more colloqmal texts, with the excepbon of (vii). I expect that thxs

style dependence would become less marked if the training corpus were expanded to
15 include other styles.



10 conputing a score for each of one or nore paths through the
lattice of si gnal s representing Chinese characters [err] tg ﬂﬂ'llm1m
reflecting a sequence of n Chinese characters correspondin ”m” II
phonetic Chinese syllables [err]to [err] and generating signals

representing n Chinese characters [err] to [err] based on 15 the path
through the lattice having a score. reflecting.a nost likely sequence of
charact.er signals in the lattice; CHARACTERI ZED | N THAT: sai d conputing

step C(Tﬁf"p’l’l ses deriving a probability of the use of adj acent Chi nese
characters [erp] Claims Hasierr] in said text b@ged upon a frequency of the 20

ordered appearance of sai dnafitcirREd nief slﬁbﬁahwsﬁorpus of
Chi nese text, d determ.ning.a sc e for the ne or pat

Chr ough ¢ he. | at (RMEBRES keyHORRD eisigp so‘ifrE‘Eeﬁ%ﬂ““S eshomesc Hgles 1 & Su in
The met hod of claaesx, htbﬁghhefmdhp\rtaohebm&rpmcemmes@talifonhmutfepgeseﬁmg S

effected usin . The net hod
of claim1l V\hgrg‘lyer?ighe @éﬁg@@@{%ﬁggmewc°“§’%mﬁ o%e Or nore corpora
of Chinese texts repr esemnatatmgfmfeachelgnnlmreeerd-grae@umsarsguwessamofof

4. An aut omat ed
keyboard, the signha %%%géghﬁmﬁggﬁwsti [dﬁﬁgér?élﬁﬂ?e'éy @bﬁ%&%ﬁ’
Chi nese, into sF%FﬁFEOW therptos to "&%‘GW&EP FIgpgy Fpreseny cters

tops of: °EE?11111T1?I'12§§1§2‘1“ LTy o SO 18T
gengrati hg f6 each si gn %5‘%5##8@%?‘8’%??@&%@%? éﬁ?"{?§%a
group of signal mgmlsrxepnmnhng Ghnmsocharmters(ﬂmqaecnﬂa&ne!npath seftectingapondi ng
- msgure of 1 T”ké‘a“*’%%%éf? GhingEe AiPocier EBOGDERINETD FRHOFICCHARLE (MBIL ' N0
| attice of sign MJoSa pands ent | ng characters, each path reflecting a sequence
generating signals representing n Chinese characters C; to C,; based on
15 the path through the lattice having a score reflecting a most likely sequence of
character signals in the lattice; '
CHARACTERIZED IN THAT:
said computing step comprises deriving a probability of the use of
adjacent Chinese characters C; and C;_; in said text based upon a frequency of the
20 ordered appearance of said adjacent Chinese characters in a large corpus of Chinese
text, and determining a score for each of the one or more paths through the lattice by
multiplying together the derived probabilities.

2, The method of claim 1 further characterized in that:
said computing step is effected using dynamic programming techniques.

25 3. The method of claim 1 wherein the corpus of Chinese text comprises
one or more corpora of Chinese texts representative of one or more Chinese
language styles.

4. An automated methodii converting signals from an English
language keyboard, the signals representing one or more phonetic syllables of
30 Chinese, into signals for input to a computer process, the signals representing one or
more Chinese characters, the method comprising the steps of:



i sponding to the one or nore phonetlc syll ables the
neasur e of li kel i hood of the pat h based upon one or nore neasures of

ullj Hlﬂurrence of successive characters of the path appearing in

se text; and generating signals representing a plurality

|nese characters based 10 on the path through, the lattice having a
rreasure of likelihood reflecting a nost jpikely sequence of character

signals in the lattice CHARACTERI ZED I N THAT: the conputing step conpri ses:
deriving for a path a nmeasure of |ikelihood of the path's seguence OF ‘puet

Chi nese characters bgemgﬁpﬁwmmsen%mm@smnww ablsda of
occurrence Oéroﬁp'éﬁﬁgﬁdls/ Ridbtitingld necdtaﬁaemﬁmsethmaeﬁ&iohemaﬁrgl théretd) 2

cor pus of Chj th im 4 .wherein nmeasures of
l'i kel i hood f@?e%éiéé‘éﬁ e“%ﬂi‘?‘r‘? e'ﬁ“ﬁr & % #fal's are conbined by
mul tiplication. 6. Toemputingaimessurs of luitehhubréfm'leaclt béommpuere@hthsanguage
one. o?"%?'e %85%%"%"9 of #00s SBRhin EndiEls R At ey o
of |ikelihoo®f temmquaqg toghe gpeor e Rhogetic syllables, %mwo e
nmeasure of | }ill‘eﬁhbdw&ﬂhe parh IfaEcQﬂutRﬁ%e of fore measures of likelihood of occurrence
 of successive characters of the path appearmg ina corpus ‘of Chinese text; and
. generating signals representmg a plurallty of Chinese characters based
10 on the path through the. lattice havmg a measure of hkehhood reﬂectmg a most likely
sequenceofcharacterslgnalsmthelatuce L S :
- CHARACTERIZEDINTHAT: . -~ . . )
 the computing step compnses denvmg for a path a measure of '
:-hkehhood of the path’s sequence of Chinese characters by combmmg one or more
15 measures of hkehhood of occurrence of successive pairs of characters of the path
appearing in a corpus of Chinese text.’

]

- 5. The Imethoc'l'.of. .claim 4 whe_rein measur_e_s of _li_k'elihood for successive
pairs of character -'Siguals -are -combihed, by multiplication.

- 6. The method of claim 4 wher.ein the corpus of ._laugu_a__g_e text comprises
20 one or more corpora of language texts representative of one or more ..language styles.

7. The method of clarm 4where1n the measure of hkelxhood isa -
probability. S fe e U

L 8. The method of claim 4 wherein the measure of likelihood is a
frequency.
25




