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CREATI NG AND USI NG CHI NESE LANGUAGE DATA AND USER- CORRECTED DATA § SEP 7006
CROSS- REFERENCE TO RELATED APPLI CATION 5 This application clains priority
fromUnited States Provisional Application S/N 60/393,948, filed on July
3, 2002. The conplete di scl osure of this provisional application,

i ncl udi ng YCARPYAYE23 | s hereby Incorporated into thi SCTEAINIWHRY on by
reference. to BACKGROUND OF THE | NVENTI C]\l Field of the Invention The

present invention relat es ener al | n S and text
&put on Fl e&ﬁﬁﬂ%‘\?@ﬁ Ofrﬁﬁﬁ%’%é &%ﬁ&%@ﬁ%g ;Jsa?e_ of t

i nese |anguage data rocessi ng and text input.
15 Description of the St g’t‘@?&ﬁ%ﬁﬁaﬁﬁaﬁ'ﬁﬁéﬁn Chi nese, every character
is spoken in a nono syllabic manner. Mandarin Chinese contains over 10,000
characters that are conprised of variations of 405 base "Pinyin"

characters aeﬁoésh% EREN ?O%Ll ppRId 'ﬁdl@l e is 20 the basis for Chinese
writing systmﬁ'ﬂrgg'm?'@en'g—v‘a'm many syl |l abl es can represent
the same gound, and ﬁﬂ@dazl?f@tu?rpk!@ﬂ% Ef&ltgpfrBtﬁnUnifeﬁpétgt%?rﬁr ibha many

different synbols. In addition are not separated by spaces in

Chi nese | angpsHil€atiok Slﬁ.lfdolfsg!?%@ﬂleaeﬁsum 2e6t, Stthe GorfiRétd dis6ibsubs 6TRRE
segnent ati on of words during Chinese t'ext i nput on el ectroni c devices.
Research 1 flollsisral apgit@df, including drawings, is hereby incorporated into this

application by reference.

10 BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates generally to language daté stdrage and
text input on electronic devices, and in particular to.creation and usage of Chinese
language data for the purposes of text processing and text input.
15
Description of the State of the Art
In Mandarin Chinese, every character Is spoken in a mono syllabic
manner. Mandarin Chinese contains over 10,00f)_ characters that are comprised of
variations of 405 base "Pinyin” characters and 5 tones. The syllabary principle is
20 the basis for Chinese writing systems such as Hung and Tzeng, where many
syllables ‘can represent the same sound, and the same sounds are often
represented by many different symbols. In addition, words are not separated by
spaces In Chinese language, requiring Chinese linguistic data for proper

segmentation of words during Chinese text input on electronic devices. Research
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WO 2004/ 006123 PCT/ CA2003/ 001024 reveal s that static linguistic data is not
sufficient to provide proper word segnentation in nmost cases. Of § SyBtAis
with learning of user Input patterns provide a |evel of segnmentation
accuracy for efficient Chinese text input. Thus, extensive linguistic data
is required, accounting for the very high nenory usage by 5 nost Chinese

t ext input “5(5/7&‘%4@9@23 Exi sting solutions for storage BOATCH983/081024 | ngui st i c
data for purposes of text Input errpl oy such data structures as hash

tabl es, trees at ahases These sol utions are not feasible
in many nodef4Ye % §€agn§a“°' ﬁ’gﬂ"ﬁﬂﬁ d?ﬁe&‘? P‘ﬁqﬂ‘iﬁi"@“t i9 gravice RIPRE ¥ ry and code

h I
and consure & nieﬁgagé“ﬁ%p i b, O Bt P earOng LSSt EpBaY o Gevi oo
St o Por: BRYES 8GRI A RoBith SR ued 16/ Meﬂgcﬁgﬁﬁéﬁgr@ﬁ fycation

devi ces, for exanp essing an ‘resour ces whi ch

precl ude theeid&r%w‘éﬁméu%ﬁéé’at@é're?ﬁ.ufrélﬂa&%r{% f3Pihe v th & gyding to an

enbodi ment of the invention, a |anguage data use in

converting Cmoa@megéf@yhﬁb@wskea{gl es Into Chi nese Hanzi characters
conprises a plurality of Hanzi character candidate lists, each |ist

conpri si ng Hanzi chalatsﬁrqysomammiato%@emsbﬁh?ﬁktiwdthomtfbdsww syl | abl e,
and each 20 Hanzi character candidate In each st having an index in the
list, and a tﬁlmnfa,ltietnplopﬁuchl@tagslmgmredasaas}'etebjesj&peadmbbésemgmmgé data record
correspandi nP to a word having a plurality of Pinyin syllables and
conpr.i si ng alisteyhasepoltionsiaranot igheible Inmank mollery systemscintiiat theywrgamitge dat a record
conprises a ggﬂuence of indexes and tone information for the Pinyin

f

syl | abl es of Sighicaom@mpry g0 eqsderpace imgiqrgancysupaont desopempiey fd8ponds, .2 0

8 SEP 2006 .
10 structures they rely upon, and consume a large amount of processing resources.
Electronic devices such as portable electronic devices, including mobile
" communication devices, for example, have limited processing and memory

resources which preclude the use of these existing solutions.

15 SUMMARY
According to an embodiment of the invention, a language data
structure for use in converting Chinese Pinyin syllables into Chinese Hanzi
characters comprises a plurality of Hanzi character candidate . lists, each list
comprising Hanzl character candidates associated with a Pinyin syllable, and each
20 Hanzi character candidate In each list having an index in the list, and a plurality of
language data records, each language data record corresponding to a word having
a plurality of Pinyin syllables and comprising a key and & value, wherein the key in
each language data record comprises a sequence of indexes and tone information

for the Pinyin syllables of the word to which the language data record corresponds,
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WO 2004/ 006123 PCT/ CA2003/ 001024 and wherein the value in each | anguage
data record conprises a sequence of indexes of Hanzi character gapdgdatmss
inthe lists of candi dates respectively associated with the Pinyin -
syl | ables of the word, that represent the Pinyin syllables of the word. 5
A nmethod of creating Chinese |anguage data accordi ng to another enbodi nent
of the | nv@RPIYMEEpri ses the steps of generating PEERAIPYBIH for each of
a plurality of Chinese Pinyin syllables, storing the generated identifiers
inan arny of ldentifiers, each identifier in the array of identifiers

having an ar fWheiRkeine vajuerie paqh Ipuaoe Halk EropidyCoBPrisatRACUER ALt er candi dat e
Pyt oyl | aBes 2 HRE ShATRRRE riFape OF A1 TospeRREeF IFRaiN | s having a
di date i Lo i for f i ds havi
oSt | B e 0 B e B el 95 P01

val ue, :\/\herej,frqhé key conprises an array index of the identifier in the
array of identifrers for each of the nultiple Pinyin syllables and tone

| nf or mat i gn T or - eachATuala $iafealiy SRfMcS |FigieTeaYdoalihg arpdr iher ei 1t he

val ue conprises a candidate index, in the |Iist of candi dates associ ated

wi th each of ehisiinngat éfiti IeveRiightompases thalteps of geherhting Idef ¥t feredath t hat
represents each of the nmultiple Pinyin syllables. In accordance with a

further enbodiagoklitpbf ChieeserRimirt syilablesa stoyigt thergaferatetsidagifi€siimase | anguage
data for converting Chinese Pinyin syllables into Chinese 20 Hanzi

char act er s i &rgyobidentiiers, ek idenlifiguia e aday of identliersieaving aplagrawindaxy of Hanzi
character candidate lists, each |ist conprising Hanzi character - candi dates
associ at ed wieneraings plyrakty efjHanziighasactergan istsleaeh list perpraieing HarZhindi dat e i n
each list havi n%éan index in the list, and ad{)I ural it | anguage dat a

. . of
records, Bacterastegeargidateg apsociated sty a FvinsisblaAndpashH z!/ﬁcg\aff"??évi ng a

plurality of caaidirt}Xtie Et]w esagflw Ilis?Es!tv?n% asl(’%;gr(tjclida-te3 indexin the list, and for each of a plurality

- of words having multiple Pinyin syllables, generating a data record comprising a key

and a vaiue, wherein the key comprises an array index of the identifier in the array

of identifiersI for sach of the multiple Pinyin syllables and tone information for each

15  of the multiple Pinyin syllables, and wherein the value comprises a candidate index,

in the list of candidates associated with each of the multiple Pinyin syllables, of the
candidate that represents each of the multiple Pinyin syllables.

In accordance with a further embodiment of the invention, a system of

using Chinese language data for converting Chinese Pinyin éyltab!es into Chinese

20 Hanzi characters is provided. The language data includes a plurality of Hanzi

character candidate lists, each list comptising Hanzi character candidates

associated with a Pinyin syllable, and each Hanzi character candidate 'in each list

having an index in the list, and a plurality of language data records, each language

data record corresponding to a word having a plurality of Pinyin syllables and
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0 O SEP 2006 WD 2004/006123 PCT/ CA2003/001024 conprising a key and

val ue. The key In each | anguage data record conprises a sequencefof SEP 7006
i ndexes and tone Information for the Pinyin syllables of the word to which
t he | anguage data record corresponds and the value in each | anguage data
record conprises a sequence of indexes of Hanzi character candidates, In
the |ists BVOA04M862R dat es respectively associ at ed WPCHCAMWE/®I0i n syl | abl es
of the word, that represent the Pinyin syllables of the word. The system

i b d, havij k ti | ity of ch t
o omos ng SEYRRHG Aol Rid £ 6™t Re ke ok Rhiiide e et combisE® Rl ve | nput
Pi i [ 1 . fi t th
ol Urali oy of plehiRdled SHOR onRia BT Bp Pl ome el ]l Ty or data
records, an 'WﬂBHihe@ér@ﬁﬁg%?%’ia BRSE &rleY, n%f%éeiﬂ:fiﬁép\ﬁdﬂ.le eatcn%ngt%{ﬁprg%tﬁand the

i nput queue and config to segnent I nyi n es Into input

words, to seadceh cbmgriéeala@mﬁcémr@eiegsmﬁélcﬁ%ctb&@ﬂgafiﬁséﬂ?ﬁstéecordS

respectively corresponding to each input word 1 nc I nput Pinyin

syl | abl es,5 antcedndidates raspedtivepadsotiaed withie (Pinyit 113008 dEMeRSE thianzi character
candi dates using the 15 Hanzi character candi date indexes in the

cor r espondi ngepcesbiat the Sowin, syliabbbs op treywordinThe gystedetomprised 4 agdoaraupl ed bet ween
the display and the input processor to displaythe input Pinyin syllables
on the di spl &gvingkeye repneegsitingepurnidy of itiactd®s lagdompesing Rimyinesyliables,lan t he Chi nese
Hanzl character candi dates when the input Pinyin syllables are converted
by the i nput NBFRUEYE SeNfigirpdrg rpepivie inrv tRinvinssytidble fremi the &eyboard, &i | | be
described or will becone a rparent in the course of the foll ow ng detail ed

descri pti on. MSRPY °E§I§§E§§I"‘Fﬁ*gﬁ‘xﬁ’9@ﬂ”§*ﬁ@f Deaghehacgstercendidaterigisgndihear ray of
uni que i d1%nt 'plLl"aﬁtEr%f Ja?ar reg’cﬁ'gsc,) gr[x)ifngut%ygclesasgrlo%gr'ative_ly%oupled to the memory and
the input queue and configured to segmént the input Pinyin syllables into input
words, 1o search the language data records for language data records respectively
corresponding to each input word including the input Pinyin syliables, and to
convert each input word into the Chinese Hanzi character candidates using the
15 Hanzicharacter candidate indexes in the corresponding data record, a display, and
a user interface coupled between the display and the input processor to display the
input Piriyin syllables on the display and to replace the input Pinyin syllables with
the Chinese Hanzl character candidates when the input Pinyin syllables are
converted by the input processor.
20 Further features of the invention will be described or will become

apparent In the course of the following detailed description.

' BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 shows an array of unique identifiers for Bopomofo syllables.
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0 8 SEP 2906 WD 2004/006123 PCT/ CA2003/001024 Fig. 2 shows an arﬁay %%
unique identifiers for Pinyin syllables; Fig. 3 shows an array of & SEP 2008
correspondences between Pinyin syllables and Boponofo syllables; Fig. 4
shows a tone information array; 5 Fig. 5 Is a block diagramshow ng a
format of a | anguage data record for a nmultiple-character word; Fig. 6 Is
a bl ock di UM BE2HN exanpl e | anguage dat a record; PELGA209/400824 bl ock

di agram showi ng a format of a | anguage data record for a two-character

word; 10 Fig. 8 is a pblo di agram show ng an exanple | anguage data record
for a two-character mgp-o%cé'ﬁwa?'?@'@r?zmq'ﬁ 'gqfwwsﬁvgﬁwaﬁxﬂawesa | ear ni ng
| anguage data header; . _FEi g.. 10 sho a hlock diagramof an exanple |earnin
I anguage dat a header?[g'l%&ﬁW6?n iriay;'r\)’zcoe{reﬁ?%mgﬁncap E%Wﬁ?ﬂ @Wyﬂ%leén})ear ni ng )
| anguage dat gnakbsdmofo 5 2 is a flow diagramof a nethod of using
| anguage dat a;n angahoF?§[qu%&i s a bl ock diagram of a system of using

l'anguage data. DETAI kED JaeweRidRS I dinatbnAga@r di ng to one aspect of the

I nvention; a systemand nethod of creation and use of | anguage data is

based on Ghinese syl | E§lss @Bkt iRNIng b6HNAE A8 lanbiHd8 Witk SocBaab! es
| anguage data storage with |l ess nenory use and faster =~ searching of and

access t o wofars mafipd-chaeacted wisiipwn Chi nese text input techniques. There are
410 syl lables (sounds) in the Pinyin system (1981), -5
Fig. 6 is a block diagram of an example language data record;

Fig. 7 is & block diagram showing a format of a language data record .
for a two-character word;
10 Fig. 8 is a block diagram showing an example language data record
for a two-character word;
Fig. 9 shows a block diagram of a learning language data header;

Fig. 10 shows a block diagram of an example learning language data

header;
15 Fig. 11 is a block diagram showing a learning language data array;
Fig. 12 is a flow diagram of a method of using language data; and
Fig. 13 is a block diagram of a system of using language data.
DETAILED DESCRIPTION
20 According to one aspact of the invention, a system and method of

creation and use of language data is based on Chinese syliable and character
indexing. Indexing enables language data storage with less memory use and faster
searching of and access to words relative to known Chinese text input techniques.

There are 410 syllables (sounds) in the Pinyin system (1981),
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0 8 SEP 2006 WD 2004/006123 PCT/ CA2003/ 001024 i ncl udi ng 405 base Pinyin
characters and 5 tones, that can be used for Chinese Input. Pinyif SEP 2008
syl |l ables are constructed fromthe 26 characters of the Latin al phabet,

and are therefore conmmonly used for Chinese text entry on keyboards in
which Latin characters are represented. Each of the 26 characters of the
Latin al ph3E000@dh be assi gned an i ndex val ue of BET/GE&W0102Nd 25,
indicating Its position in the alphabet. For exanple, the letter "A" is at
index 0, "B" is at index 1, and so on, with "Z" at index 25. _

Al t er nat i vel {rcluging 405 bpseiinyiashargyiprs #pe Sdonesthatican by usegdderdiningse ed from the
37 " Boponof o" [na‘Ctﬁ]r@ﬁlé%These characters reside in a conti guous Uni code

h
1o range, on,"El%fsg MRS ?("33%?”" ’°§§h%%ﬁ:q‘i‘a@gﬁ"38ﬂ§%;a§8?'wﬂ? B(eﬁ by deci nal
nb Oth h o The | 0 to ¢t i t i
The Uni code oA margR Tomman fedd faECiBiee IS0 SRRE e ubeRasih WiEh cocond
n tor . . b
Chaexos. | eackhtnarBbE g8l Bichiol o AUaBARR pebURUNIA00 S ) )

uni que i dgnt tdd Kehdsbt ﬁbdﬁﬁm&valﬁé:&%me@ﬁ’?\%\?q 2 ,inuﬁgﬁgﬁg@wg‘[}l{\%h?si nventi on,

a unique identification nunber for any ar act

cal cul at ed uglphdbet. 'Fr &bpRinE BttbOAT hdndek B, “B” ik BEIRIER 1,'and orf; withdex, * (N)
+... +indexn * (N' ), where: 20 index is the index of the first character

In the syll alg"atindéx®dex, |s the index of the second character in the
syllable, 1Index,, is the index of the (n+l)th character In the syllable,
and N i s the highest Altaxietivelyfth¢ 410 Ghiresasyiahss cas aldo Hegonsiyuktedinbre
construction. For exanple, in the Boponofo syllable the Index of the first
the 37 “Bopomofo” characiers. These characters reside in a contiguous Unicode
10 range, 0x3105 through 0x3129, and as such can also be indexed by decimal
numbers 0 through 38. The index of O corresponds fo the first character in the
Unicode range, 0x3105, the index of 1 corresponds to the second character in the
Unicode range, 0x3108, and so on,
Using the above indexes, each Pinyin and Bopomofo syllable may
15 thus be represented by a unique identification number. According to an
. embodiment of the invention, a unique identification number for any (n+1)-character
syllable is calculated using the following formula:
ID = Indexp * (N%) + index * (N') +. . . + index, * (N*),
where: |
20 indexg is the index of the first character in the syllable,
" index; is the index of the second character in the syllable,
index, is the index of the (n+1)th character Iin the syllable, and

N is the highest index of the characters used for syllable construction.

For exampls, in the Bopomofo syllable “4— 4, the Index of the first
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-6 0 u SCP 2006 WD 2004/006123 PCT/ CA2003/ 001024 character n, which has a
Uni code nunber 0x31 OC, is 0x310C nminus the Unicode nunber of theRfbirRt2006
Boponof o character, 0x3105. Thus, indexo = 0x31 0C - 0x3105 = 7.

Simlarly, index, is the index of the second character' _", which is 0x3127
- 0x3105 = 0x0022 = 34, and index2 |Is the index of the third character

whi ch is S5W&AH9E23. 0x3105 = 0x001 B = 27. Since tRET/EAWIII81024 ndex for a
Boponofo character is 36, N=36 for Boponofo syllable identifiers.
Therefore, the Identifier for this syllable, according to the above

fornul a, is: chameter?s, whiclbaga Unice nuiples 0x310C2i8 0x310@ GiustheUnicod® 24 + 34992 =
36223. Unique identification nunbers can simlarly be calculated for each

of 1o the Phiyberobiiié firgtBopomofdichdtadtat(ta {05 ahifg) inded, woes 08 - exgi085, and N=25.
The above fornmula allows a unique identifier to be assigned to each Pinyin

and Boponof o=gyIdirilare.indekas e MdeR oBthé sddo pd cdrazted ¥4, akibieRs org1@7t hen stored
in respective arrays, sorted according to unique identifier. Fig.1l shows an

array of uni id hiens. f mofo syllables. =15 .,The array of Fig. 1
shows t he unlﬂ}é‘tﬁgbrgg&rﬂ% f i%g,rasndg{degfw%?mg?x fébe@% %ﬁ%teif’%%rﬁ?esenti ng the
first 6 identifiers and the |ast (410th) identifier. The ldentifiers 2

t hough 145 af¥f1Pft @R+ H01BR2T: Sinceing highestindex foia Hoppmeio ghapct®l| Bop 410, are

Pent i 1cr, - Bt Nsph fgspomatolp STlehl WATLRRES: TheieR: FRCReIE (P ndexcs,
(ang! ng, 11 o lehp RS f e WAL, | 09 130 16, g 2 shous an
aTe ropresentative of Stie GRLbF thi GRS PhoNE T T bra2p s SRl o
identifier array. Unigue Identification numbers can similarly be calculated for each of
10 the Pinyin syliables, with index, being between 0 and 25, and N=25.
The above formtila allows a unique identifier to be assigned to each
Pinyin and Bopomofo syllable. The Pinyin and Bopomofo syllables are then stored
in respective arrays, sorted according to unique identifier.
Fig.1 shows an array of unique identifiers for Bopomofo syllables.
15 The array of Fig. 1 shows the unique identifiers 2, 4, 6, 8, 10, 12, and 14,
representing the first 6 identifiers and the last (410™) identifier. The identifiers 2
though 14, and intervening identifiers between SylBop 6 and SylBop 410, are
preferably sorted in increasing order, such that SylBop 1 is the lowest identifier, and
SyiBop 410 is the highest identifier. Array indexes, ranging from 0 to 409, are also
20 shownin Fig. 1 at 16.
Fig. 2 shows an array of unique identifiers for Pinyin syllables. The

first & Pinyin syllable identifiers 20, 22, 24, 26, 28, and 30, and the last identifier 32,

are representative of the 410 unique identifiers in the Pinyin symbol identifier array.
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-7 0 8 SEP 2006 WD 2004/006123 PCT/ CA2003/ 001024 | ndexes 34 for the Pinyin
syllable identifier array, like the indexes 16, range fromO to lﬂ%gSEﬁ‘S?’QUﬁ
shown In Figs.1l and 2, the identifiers for the Boponofo and Pinyi -
syllables reside in different arrays. It will also be apparent to those
skilled in the art 5 that these identifiers do not have a strict

cor r espond &6 dex. The identifiers Syl Bop a aPCI/Gaee8/M81034 i n t he array
of Boponofo syllable identifiers and SylPin a at index a-1 in the. array

of Pinyin syllable.,jidentifier 0,.,not. necessarily identify a Boponofo

syl | abl e and IP?%‘BFC%‘{#P@E%%'HW ?@a 'ﬂ?ﬂt’he"?{fﬁlf'&'ﬁ the 'E%(ﬁ]‘ﬁ?@ff?éggf.m"’rﬂer eis,

t herefore, a&&ﬁdi tional-array containing Information on the correspondence
10 between "Boponofo" and Pinyin syllables. Fig. 3 shows an array of

correspondences bet V\q@%g{},ﬁ{g@sﬁ%bg’kmeelﬁenyﬁé}gpgﬂng%@;@g%h Hﬁ%es. El enent s

40-50 and 52, as well as venli ng arra tween el ements 50

and 52, 1N ! Gis6ie foqaPR AMBIACardls. Myifdid UM 1d Roseclidhinb R 71 Y1 N

identifier array or the Boponofo identifi array. The 1 ndexes 54 to 15 the

cor r esponden gt fegeddentiitis @Sive AslelaGtrictebirsgontdhct hPin@xehe Béntiee Pi nyi n
Identifier array and the Boponofo identifier array. For exanple, where the

i ndexes 54 t 8yiBbea atindex @sifin thdenapofdBobeyiofe 8yikbie lenlietsant BgPinndgxes 34 of the
Pinyin identifier array, elenents of the correspondence array are |ndexes
16 to the Bojndemad in thereriaf ok Pinyinrsylable idantiidrs do nalamcesshndy @entiyael enent | ndex
b, at index b-1 In the correspondence 20 array, is the index of the

Boponof o i deRepamaiy syllablepndits edesmogivedinyini séabis dounterpadr Thére is, Boponof o

syl labl e corresponding to the Pinyin syllable having the identifier at
Index b-1 i Refgremsmmhadditionglerays castaining ijormationcamihe ¢asesrondense Pi nyi n

syl lable | deptified by Syl Pin(b-1) corresponds to the Boponofo syllable
Identified b e@??’h@ﬁ?‘%/“}mﬁnghngnn ikbio8

Fig. 3 shows an array of correspondences betweeﬁ Pinyin syllables
and Bopomofo syllables. Elements 40-50 and 52, as well as intervening array
elements between elements 50 and 52, in the correspondence array are indexes to
either the Pinyin identifier array or the Bopomofo identifier array. The indexes 54 to

15 the correspondence array correspond to indexes to the other of the Pinyin Iden;rifier
e;rray and the Bopomofo identifier array. For example, where the indexes 54 to the
correspondence array correspond to the indexes 34 of the Pinyin identifier array,
elements of the correspondence array are indexes 16 to the Bopomofo identifier
array. inthis case, the array element Index b, at Index b-1 in the correspondence

20  array, is the index of the Bopomofo identifier array of the Bopomofo identifier for the ,
Bopomofo syilable corresponding to the Pinyin syllable having the Identifier at index
b-1 in the Pinyin identifier array. In other words, the Pinyin syllable identified by
SyiPin(b-1) corresponds to the Bopomofo syllable Identified by SyiBop(Index b).

Thus, the correspondence array provides the index of the Bopomoio identifier
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Thus, the correspondence array provides the index of the Boponofo
identifier -6 0 8 SEP ?006 WO 2004/006123 PCT/ CA2003/ 001024 cor eﬁﬁg%wg
to a Pinyin identifier. It should be apparent that in the corr %

array, Indexes 54 may instead correspond to the Boponofo identifier array
I ndexes 16, with the elenents then storing Pinyin identifier array

i ndexes. 5"‘15?7@04’“&61%ows a tone information array. TERET/CANE/MOHROr mati on
array is a further array of bytes that consists of 410 el ements, haying

I nd 0 th t f t I ncl I ts 60-70,
ndexes 0 <PEBRRRORE i, Bl b I MR B! BheR L B oS OO,
Sttt cor e Rehdd ST bals s ekt fiBRR g Yo BT °Tr "Tone

| nformation Rla B rrag%b%xéﬂbo with th%telérﬁlﬂuf‘s’ﬁh&m %onnggf@{nq? l?tﬂr the Boporf o

syl l abl e identi y| Bo , at the sane. In oponof o
I dentifier amgangs The fII’St five bits in each byte of the tone information
array show whet her the Boponofo syllable identified at the sanme i ndex of

the Bopomofo identi frges stwsayoreaitorhtiohemey. \Wielfonamfor@ktidnlagayfis £hi nese

| anguage tones. 15 Every Pinyin and Boponofo syllable has several

cor r espondi nturth&harrapsidytebthardohsisthair4d0 blemsnts,fhaying indexas ¢ thedugiod0¢. candi dat es”,
which are stored in respective corresponding arrays for each Pinyin and
Boponof o syl Fhbiose irdermgtion arnytieciucsk wesmenEL0H0; ttandinitgtetsments mtich an arr ay
has a unique index in the array. Thus, every Chinese word nmay be
represent ed BYPligysbawRInED. iand Rlementyay Eis affaym@aimtowmoamt@@foand t he

i ndexes of thia correspaondi nﬁ Chi nese Hanzi characterﬁ_'a WhICh the word is
const ruct ed. & A14F QiSHIgREs Gnd thag stricl evrteserndence g"@ HY £fi nel udes

records f1%r “Bopomofo” syllables. The tone information element Tone Info ¢, at index ¢-1,

corresponds to the Bopomofo syllable identifier SyiBop ¢, at the same index ¢-1 of

ihe Bopomoioidentifier array. The first five bits in each byte of the tone information

array show whether the Bopomofo syllable identified at the same index of the

Bopomofo identifier array can be used with any of the 5 Chinese language tones.

15 Every Pinyin and Bopomofo syllable has several corresponding

Chinese “Hanzi” characters, forming a list of “candidates”, which are stored in

respective corresponding arrays for each Pinyin and Bopomofo syllable using 2-

byte values. Each "candidate” in such an array has a unique index in the array.

Thus, every Chinese word may be represented by a sequence of the indexes of its

20 syllables and the indexes of the corresponding Chinese Hanzi characters of which
the word is constructed.

In an embodiment of the invention, language data includes records for

Chiness words ranging in length from 2 to 8 syllables, organized in separate arrays,

where records for words with the same length reside in the same array without
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Chi nese words ranging In length from2 to 8 syll ables, organized In
separate arrays, Wwhere records for words with the sane |ength résj &EHA )46
the sane array without -9 0 8 SEP 2006 WD 2004/006123 PCT/ CA2003/ 001024
delimters. Fig. 5is a block diagramshowi ng a format of a | anguage data
record for a nultiple-character word. The record in Fig. 5 corresponds to
a mul tipl e84 word having 3 syllables, incl rdirggopdaeweqn 1, Pinyin
2, and Pinyin 3. For each Pinyin syllable in the 5 word, the index of the
syl lable and an Indication of the tones that may be used with the syllable
are stored | Aelimigrsy Bigdtrigia bigeldiagiam shiowing i fateriod a lapglage daeieeddi®bnd to t he

i ndexes of the sn\;llabl es in the Pinyin array of Fig. 2, are shown at 82,
86, and 90, 2AMHPlerREaRERE¥Mdr e shown at 84, 88, and 92. The index and tone

i nf ti f i 00,. 102 04 f | bl 10 As
hgsg;ingehogbo\?;,m aelnﬁrgl??%f’r]dé’gm%%’a%eé%nrg?%MH@E’{BE"ﬁgr%&ﬁ'ts"%’F{haai"@ge%tor ed in a
di Pi.0YV] The i nd 94,
cor oons g aliobe L S N0 P ROER G P T, 72 o8
represent s § ierabhine 5 ¥ielspbRand ANRALABR Y étohes tdlhal BEREa i) Lhe 11 st of

. 0
candi dates for Pinyin 1, I rst nzi characte rn the word

cor r espondi Nghels@iabib @re/sst&d I tHefedotdd Tn@sylidotes imidkes, #hick cortddfondigiRges 96 and 98
are the Indexes, in the lists of candi'dates for Pinyin 2 and Pinyin 3, of

the second amdetesiof e biaBlbs BN RiRiredrEay of Fi§IS afe ey at 8286, Bsd 9wpr d
corresponding to the record in Fig. 5. A language data record for a word

t hus i ncl udeandithl ®yed 816 shoveh &t 84)\vas, arel 920 Fhe idex anditves ikleymaliObfors a sequence
of indexes and tone information 100, 20 102, and 104 for syllables that
represents t badrigeot08, Hiddand®4jorleaeh iddla.s a sequence of indexes of Hanzi
characters 94, 96, and 98 that represents the
10 As described above, a list of candidates of Hanzi characters is stored
in a corresponding array for each Pinyin and Bopomofo syllable. The indexes 94,
96, and 28 are indexes, in the list of candidates, of Hanzi characters that represent
the Pinyin syllables. The index 94 is the index, in the list of candidates for Pinyin 1,
of the first Hanzi character in the word corresponding to the record in Fig. 5.
15 Similarly, the indexes 96 .and 98 are the indexes, in the lists of candidates for Pinyin
2 and Pinyin 3, of the second and thigd Hanzi characters, respectively, in the word
o.orresponding to thé record in Fig. 5.
A language data record for a word thus includes a key 106 and a
value 108, where the key 108 is a sequence of indexes and tone information 100,
20 102, and 104 for syllables that represents the word and the value 108 is a
sequence of indexes of Hanzi characters 94, 96, and 98 that represents the
syllables. In order to facilitate efficient searching of language data, records are

preferably sorted by the index of the first syllable.

Fig.6is a block diagram of an example language data record. The
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syllables. In order to facilitate efficient searching of |anguage data,
records are preferably sorted by the index of the first syll abI@.8 ggg 'Vﬁjﬁ
is a block diagram of an exanpl e | anguage data record. The -10 8 pt
2006 WD 2004/ 006123 PCT/ CA2003/ 001024 | anguage data record in Fig. 6 has
the format shown in Fig. 5, including a sequence of Pinyin syllable

i ndexes 110 20%A0612%1d 118, and tone information 112PCUECE0034HW24 120, as a
key 122, and a value 124 representing a sequence of Chinese character

i ndexes. 5 T L nyi.n . ind 110 is the index.qof the Pinyin identifier in
Lhe i o | InoiqRel el rlyhdsine el g o, B i olpgbsdbgercen (o 5-
represents t ' | f.t . fam liar with.Pinyin syllables
wi |l appreci 21)'? g{nyiﬁ%"a?ﬁgd%%érssﬁ O't%g’ga% ?s1 ‘%@a?‘ﬁﬁgﬂ&h&/éﬁ‘%bﬁ& ar{ahe second
tone is the rbgi , i i , the fourth
tone is the fgIQ’Ia?%gbf%é?ﬁd;‘ﬁvd&ﬁl{aﬁgﬁef@tg ﬁm? %ﬁ%&@gﬁg{%‘g&bﬁéﬁef % rg@%ne. Each 10
tone is pref aidaldsy associated with a bit position in a 5-bit tone
information entry in a |anguage data record. Each valid tone for a Pinyin
character’ §s indi cat ethetRinyireitdexn g0 isthelidex bithéPRgR IveatmeNAthe®ingsi tion of the
tone information entry to a predetermned value. In the tone information
entry 112, t fidgentifienanayfof the Pirginddef b1 The t16tie Zadb aepraskintzalietilst alyfiihhe hi gh bi t
value in the first and fifth bit positions. Alternatively, the 15

pr edet er m nedPngB+ TRagp irsnifiag ity Binyip eyllabteswit) aprreciste thekthe fit toreniethienf or mat i on
entries 114/116 and 118/120 in Fig. 6 are simlarly formatted. The m ni num
length of a MNgAdRYEGEN dhesacancipep qsgh%r@wﬁmthedwmonwmqmﬁqv@ngt hs of the

i ndexes in a dattﬁ L‘l‘e‘éo{d" d?scri bed abgve, there are 410 Pinyin
syl I abl es, wif"EHN@ LR jone jsdte falling tane,And the filh tang)le the neptral toner Eatich Pi nyi n 20

T er OB U BB aS3Bbale Rk Bl soefion i 2 s 1ot ermalcn iy ina " " °

language data record. Each valid tone for a Pinyin character is indicated by setting

a bit in a corresponding position of the tone information entry to a predetermined

value. In the tone information entry 112, the tones first and fifth tones are indicated

by the high bit value in the first and fifth bit positions. Alternatively, the

15 predetermined bit value may be low. The other index and tone information entries
114/116 and 118/120 in Fig. 6 are similarly formatted.

The minimum length of a language data record is dependent upon

minimum lengths of the indexes in a data record. As deséribed above, there are

410 Pinyin syllables, which establishes a minimum length of 9 bits for each Pinyin

20 index. Tone information entries preferably include 1 bit per tone, or 5 bits per entry.

Although each candidates list index in the value 124 is shown as a single bit, it will

be appreciated that the length of each candidates list index is dependent upon the

number of candidates in a candidates list. Since variable-length in&exes typically

require delimiters between indexes or relatively compiex management techniques,

-1t



Al t hough each candidates list index in the value 124 is shown as a single
bit, it will be appreciated that the |length of each candi dates d bssé‘%n’i ex
i s dependent upon the nunber of candidates in a candidates |i st micectilh
vari abl e-1ength i ndexes typically require delimters between indexes or
rel atively conpl ex managenent techniques, -11 0 8 SEP 11'.006 WO

2004/ 0061 23V0R04H0042D03/ 001024 fi xed-1 engt h i ndexes RECEFHCAWPEWOHR4 y pref erred.
Therefore, the length .of all candidates |ist indexes is preferably

dependent upgn Chhe nunber of candidates in the |ongest candidates list. As
those ski | | ed*§9engitindsxes gl opnesally prstarrad.T heroipse, thedangth! alsapsilalest s 5 support

access to byte-w de .nenpry. segnents. Therefore, | uage data records are
pref erably fggtrlr%vgtef(e@ds '?'%B%Mggerﬁem‘ﬁ% eBH‘mWBf‘@“%%%%'ﬂ%\%‘?“géﬁanpl e, each

index and tope. L ERtion pair in a language data entry may be stored as a
two- byte entry, 1n ich at least the first byte and the first bit of the

second byte (i.e., atAsth@éé%Ri%e%l "pih%r%f‘Wﬁ'ta%’%?jgfg?'"wﬂ‘g%gqﬁﬁ’ﬂa‘sg{gﬁfs' ast 5 bits

store the tone information. SIm Y, yte-w list indexes

forma 3-kyt quiReasdsyal -Md%%en@d?ﬁise@%mef’rhérmoﬁe,qang%%{éc&%@éﬂo tes in any of

the candidate lists. Wth this type of byte assignnent, the ata record in
Fi g. 6 conpriagasefarablyiyinatidcay odo'bﬁy 8RamBer 3f WVGIELNSY, Wor dwéthple]Gachur t her
conpact the | anguage data, two-character words are preferably stored in a
dedi cat ed f oindiex andSomeiefotrationpaioin iatigngodge@ata ertrg map bélstoreti @s a dpo-t Wo- char act er
wor ds, space savings for records associated with two-character words

resul ts in abgegning inovich at leak theifihbyteareities fibtibit otthesecospiates(i.e.catui r enent s.
Fig. 7 is a block diagramshowing a format of a | anguage data record for a
t wo- char act efeastidyite) stosgtheisde. anrifie BG\bEs steredhedonarinfomation. Slrilamy,nyi n

syl I abl es usgd in -
10 byte-wide candidate list indexes form a 3-byte record value 124, and support up to

256 candidates in any of the candidate lists. With this type of byte assignment, the
data record in Fig. 6 comprises a 6-byte key 122 and a 3-byte value 124.
To further compact the language data, two-character words are
preferably stored in a dedicated format. Since the majority of Chinese words are
15  two-character words, space savings for records associated with itwo-character
words results in a significant reduction in overall memory space requirements. Fig. '
7 is a block diagram showing a format of a ianguage data record for a two-character
word.
As mentioned above, there are only 410 Piriyin syllablés used in
20 Chinese text. Every syllable that can be an initial syllable has its own pairs, each
pair including an initial syllable plus a variant. Variants for each initial syllabie are
the syllables which may foliow the initial syllable. For this reason, it is not
necessary to store an initial syllable in each palr for a particular initial syllable, as it

is always the same.
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20 Chinese text. Every syllable that can be an initial syllable has its own
pairs, each pair including an initial syllable plus a variant. [}/%r ﬁ??tgiﬂﬁ
for each initial syllable are the syllables which may foll ow the”i i ar
syllable. For this reason, it is not necessary to store an initial
syllable in each pair for a particular initial syllable, as it is always
the sane. MOWPHEZSEP 2806 WO 2004/ 006123 PCT/ CA2BOBCAWAMY24\br eover ,

i ndexes of initial syllables are conpatible with the Indexes of an array
of offsets, so initia}wlk'ﬁs | | abl es need not be stored at all - their indexes

are the sanme as the Rl BdBes gHNItA Pulighley argsqransticio wiiBe ladexgy of of f set s
oyl bt e anolrvelBy e s8R SRR nel b REIRd Aty PeifoBREsAE ct er vor de.
wh i nd f. | ' f t-hi.s _i.nitial . l.e i t d.
For " exanpl 6. Meysaine(s8 Sliadenl, o B lfor fifere, heBrrafiroihls 4h bR/ 2 21 06 he

first variantnker | N TR RF-1R l,| anhl ' ; first
initial syl Itvglt%ﬁeét @?(th Igﬁgrcke)?éeﬁ?lr)zdgq @ﬁgt&%ﬁkﬁ@ﬁg{l@l%ﬂ!{ayg Q‘s@ﬁ?&%?@s are ordered

accor di ng st Ogrrayitif G4t rdcd R tdr oRdhabtel W8 whdie A IndbkoPife ikt vafl@ftidr f | €rs, such
that the first initial syllable is 1o the initial syllable having the

| onest, or, widicitaefiiaMelsytorddh Eorttixghise, the flns iofiein ity dfiofidets stiier e there are
2 variants for the first Initial syllable, the second offset in the array

of offsets, offsst obiherfist vgrienb for lachirétiinitel syiableawhicif 8r0 foh¢hesizstamitthti ni ti al
syllable, is 2, since the first variant for the second Initial syllable is
of f set from sy¥ablei dxe prefercaddenipdiment, Aitied syliabls, efeyorderérbaceording tof of f set s
coul d specify indexes of first variants for each 15 corresponding initial
syl | abl e i n uneueldendlier grindpxinanagapefidentifiess puch st bp Aetatiasyleaia preferably
has the format .shown in Fig. 7, which is a bl ock diagram showi ng a fornmat
of a | angfag edil{agsvﬂ‘%%#'w"géne lowestyat aliematively, e highpsl, unipye idealifigh g in Fig. 7

i ncludes th eWhgpe%erg ];ret2hv% riasn scfgﬂﬁe f?rgtl iAit?a?lsyﬁabjlég. 91’9 second offset in the array

of offsets, corresponding to the first variant for the second initial syliable, is 2, since
the first variant for the secénd initial syllable is offset from the first record by 2.
Alternatively, the array of offsets could specify indexes of first varlants for each
15 corresponding initial syllable in the array of data records.
Each two-character word preferably has the format shown In Fig. 7,
-which s a block diagram showing a format of a language data record for a two-
character wﬁrd. The record in Fig. 7 includes the index of the second syllable 130,
tone information132 and 134 for the initfal and second syllables, and indexes 136
20 and 138 of the respective Chinese characters that represent the Initial and second
syllables. Indexes and tone information have been described above.
In a [anguage data record for a two-character word, the key 140
inciudes the index 130 for the second syllable and tone information 132 and 134 for

both syllables. "Like the language data records shown in Figs. 5 and 6, the value
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tone information |32 and 134 for the initial and second syll ables, and

i ndexes 136 20 and 138 of the respective Chinese characters thﬂ} rgéﬁegﬁat
the initial and second syllables. Indexes and tone informatio Ra b
descri bed above. In a | anguage data record for a two-character word, the
key 140 Includes the Index 130 for the second syllable and tone

i nf ormat i oNVOI 808428 134 for both syllables. Like tBET/CANBMMY dat a recor ds
shown In Figs. 5 and 6, the value -13 0 8 SEP 2006 WD 2004/ 006123
PCT/CA2003/0Q%£24 é42 i ncl udes a, sequence of indexes of Chinese characters
136 and 138. 'A8 MOYES P SARENcH,\adexes pLChiprss charasigis 1P8and B8 4F the same

© ¢ i - A . f Lhe s
syl | abl e ean R Rl g QR Eocqr 27 o lc? B patic e rsh%E%%reeu&évn%E for var  ant
f th i e S Mcal [ 130 t

Ol L0 oo, ekl i A R o K RPN b BBl 150 of Lhe
record for %été("ﬁbc@rﬂ@lfo?%ﬁdntsvﬁ?&ﬂ:} sam‘;nibag@gléﬂﬁ‘?nagéa?)%n%g&%&? heFig- 8 is in

the dedicated format shown in Fig. 7, and corr e two-syll able
word "da3's " jiided130 of e firdl@flilabieecor d includes a key 154 and a val ue 156. The
key 154 include the index 10 144 of only the second syllable "jia4", and
tone Information 146 Rgpe isldiBodkakagtdiestovingan exdmtblsienguage Gard feafties. Fol | owi ng
the key 154, the value 156 includes Hanzi character 1 ndexes in the

candi dat e |i &ra thechardnterfwords t Tha fechgsageatath regdrd eftffig 8.is iAshaldesiivaieded above, the
m nimum |l ength of a syllable Index Is 9 bits, tone information entries

i ncl ude 1 bi forpatshewnia Fido?, apd pertespqrds todhe twp-syileble wold'dasétigéh Toé 15 each
candidates list index is dependent upon the nunber of candidates In a

candi dat es | S& recgicipclides akey dtand 4 valuexs8. degpksydsaincludetbetindsxnunber of

candi dat e i,n th ongest didates |ist generally bein referred.
Th erief or et% th@“ ?flq@g{pef ng gﬁlgﬂe"jia ", and ter?nfor%ationMS at¥d148|for epﬂrst

and second syllables. Following the key 154, the value 156 includes Hanzi
character indexes in the candidate lists for the first and second sylables.
As described above, the minimum length of a syllable index is 9 bits,
tone information entries include 1 bit per tone, or 5 bits per entry, and the length of
16 each candidates list index is dependent upon the number of candidates in a
candidates list, with fixed-length indexes dependent upon the number of candidates
in the longest candidates list generally being preferred. Therefore, the index 144is
at least 9 bits in length, the tone information entries 146 and 148 are 5 bits long, as
shown, and although the indexes 150 and 152 are shown as having one-bit length,
20 these indexes may be longer than one bit. |
In order to provide whole-byté length two-character word language
data records, the key 154 and vavlue 156 are preferably formatted to occupy a
number of whole bytes. Since the index 130 or 144 is at least 9 bytes in length, an

index cannot be stored In a single byte. Each tone value 132,134, 146, and 148is
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at least 9 bits in length, the tone information entries 146 and 148 are 5
bits long, as shown, and although the i ndexes 150 and 152 are sd:gwg [?s,
having one-bit length, 20 these indexes may be | onger than one t ol n2806
order to provide whol e-byte | ength two-character word | anguage data
records, the key 154 and value 156 are preferably formatted to occupy a
nunber of WHDIMB81E%es. Since the index 130 or 144 i SCHCAEHSI020 pytes |n

| engt h, an |ndex cannot be stored Ina single byte. Each tone val ue

132, 134, 146, an g‘ %b% 14 0 8 SEP 200?@} WD 2004/ 006123 PCT/ CA2003/ 001024
preferably 5pfﬁ?r§ Y ||SéPI&lnﬂth A uspeUPe f85p et opede. Thedep MO Byt e. The key

the i ndex 135 8] DEUBleChcfoRh af Crantid, THER o bR BRI i v o bi
of the secondghyife ﬁﬂe‘aIn&th?asl@3&?@‘?%&?“9%&&6&%% bisusfEond_and third

bytes store tone | RT or mat NOEXES hg a length of

one byte, fonrfd R &bis BYERN SN Qec\sﬁdu YRd tl'ﬂ]ra%ﬁfég slc?@ tcHePRBftatig tO 256
g

candi dates in any candidate list. Althou ormatting provides a

whol e- byt & | @agditatél Rt ddbRBPadng Qlehﬁh oﬂ@ieﬂayfe%ﬁﬁnﬁgé?@%h&coﬁf Valuedl SO
possi ble, as will be apparent to those skilled I'n the art. Relative to the

| anguage dat @38 ec t8elsupporrap te EBVsaridiafsl §h afy, canbillate 16t dRithoGgH @@ f or mat .
shown in Fig. 7 saves one syllable index per record. The record format of
Fig. 5 incl udmeatting prorddss apfholeetyte iengii daltd recorgyioteedata @cbridlengthsyrel abl e i ndex
Is not stored in the record format of Fig. 7. Although the record format
of Fig. 7 isalsgppistie aeiwipe eprarenh tntbosgrskibgd lntheastf set s, the majority of
words are two-character words, resulting in S|gn|f|cant overall nenory

savi ngs, which is es/egtiye F%/thpﬁﬁh‘@%@nfﬂa‘a fesord{ermat phawsy ip RieSotheces are

limted. r evice_is enabled for Chinese text input b
instal li n@ %eéa cattedq‘ormats own?n Figs7saves one syliable index per record. The record Y

format of Fig. 5 includes an index of each syliable, whereas a first syllable index is
not stored in the record format of Fig. 7. Although the record format of Fig. 7 is
supported by the above array of offsets, the majority of words are two-character
words, resulting in significant overall memory savings, which is espectaiiyir;lportant

15 where memory resources are limited.
An eiectronfc device is enabled for Chinese text input by installing
Chinese language data on the device. Identifiers for each syllable are calculated,
as described above, and used io generate the identifier arrays shown in Figs. 1 and
2, the correspondence array in Fig. 3, and the tone information array shown in Fig.
20 4. Using the indexes in the identifier arrays, language data records are created.
Two-character words are preferably represented with data records having the
format shown in Fig. 7 and accessed using an array of offsets. Data records
corresponding to words having more than two characters preferably have the

format shown in Fig. 5. These data records are used to replace input Pinyin
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Chi nese | anguage data on the device. ldentifiers for each syllable are

cal cul ated, as described above, and used to generate the identiBier arrays
shown in Figs. 1 and 2, the correspondence array in Fig. 3, and ﬁh@ﬁPoﬁ@ﬁ
information array shown in Fig. 20 4. Using the indexes in the identifier
arrays, |anguage data records are created. Two-character words are

pref er abl y Wa:389498d2% ed with data records havi ng t hePCt/oamwedoo®own in Fig. 7
and accessed using an array of offsets. Data records corresponding to

words having nore than two characters preferably have the format shown in
Fig. 5. Thes&/ghlpsenieredbiruser with corgsnopdingphingse taxhidanz! eharagiess. As 15 0 8 SEP

2006 WD 2004/ 006123 .PCT/ CA2Q03/ 001024 | | abl db ith
cor r espondi ng"offns rﬁege!ntﬁé?” lnahpreg E?réf%?sré?%’?s @"ﬁ’ﬂ%@réﬁ%%“g}' Bﬁulsﬁrt\rllmet art
il i f..Pi nvi n. [ 1 b I d with
oot o o) Pabeat S WA Rl B B SR BART o TR
characters aﬁaﬁﬁ%ﬁar‘%‘%‘%tﬁﬁ “!?T’Q‘ étIn!ﬁtﬁﬂﬁ%@&?ﬂﬁﬁ?theteg'?aygﬁﬁc%éaand data 5

records are generated a aval ahgua e data source, such as

a  provi der edcofs bRGenbraidl and bl WafabRiR) d IGRub Qs saTRBUiRN o8fd i nstal | ed

on an electronic device. A user of such a device thereby Installs

previously gpreiet 6ida téxMpubeswdrt Bplifatibh @r MRIGLEE avd \dRkEd BRghng to first
generate the | anguage data. The | anguage data descri bed above sinplifies

i nput of Chi mlestenicaietice. 1A us@rof eith altediad thereby instilis previcusly géaeratedi ng to a
further enbodi nent of the present invention, new words, phrases and

sent ences ad@pgudgy dataws dre devige wittmuthhvingnefirstgjenarstetheclampuiagesdaten | nput t ed

Pi nyi n sequence, the sequence |Is segnented and converted into a seqguence
of Chinese text HanziThgjanguasiesgta cdasdrined atiose sinplifies inautof Chinessrted, for di spl ay
to a user. Wen the Chinese text |Is displayed, the user may 15 change the

candi dat € i forhich dpigrecordsmxist ¢ Aseerdipgdo p fyribppembodisgent Al bk Pie§EM | ookup

invention, new words, phrases and sentences added by a userare stored. Whena
user commits an inputted Pinyin sequence, the sequence Is segmented and
converted into a sequence of Chinese text Hanzl syllables, using the above data
records, for display to a user. When the Chinese text Is displayed, the user may

15 change the candidates if different input text was intended, by invoking a lookup
function based on any part of the sequence, for example. Where the user has
changed the candidates for the sequence of Pinyins after the conversion, new
words with the changed candidates are formed and added to the language data, as
described in further detall below.

20 For example, where the user inputs the Pinyin sequence “zhu4 ni3

hao3yund”, the sequence may' be segmented as zhu4/ni3/hao3yund, which

corresponds to the Chinese text 3 {R ##i&. The Chinese character 3 is first

candidate of the Pinyin syllable “zhu4”, if the user changes the candidate for the
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function based on any part of the sequence, for exanple. \Were the user has
changed the candi dates for the sequence of Pinyins after the coqxgrﬁppnpwm
new words with the changed candi dates are fornmed and added to the ['anguage
data, as described in further detail below 20 For exanple, where the user
inputs the Pinyin sequence "zhu4 ni3 hao3yun4", the sequence nmay be
segnent ed 3%022%(?2?1??! 3/ hao3yun4, which corresponds tPETCA®OYMIREse text R 1(
01. The Chinese character Ris first candidate of the Pinyin syllable
"zhu4". 1f the user changes the candidate for the -16 0 8 SEP 2006 WO
2004/ 006123 firetifiyiphem Ebp1@ruhere Fsie teifeyrihrandidate ofthe Binge ‘zhyfled e IR is the

fourth candidate of the Pinyin "zhu4", a new word is fornmed and added to

t he Ianguageng@&adisggﬁnéaaarngiag d%thia%ﬂ\‘/'\%?%g ormed when a user changes a

candi date is dependent upon the posi "t he candi date In an-input
sequence. |f the 5 qagghtlahf ns@eatGe@WndnfusdP@ihndss alchfidatdigt word in a

sequence, then the nextword in the sequence is added to the first, word and

the new wor ddgpaddrt Spbd €18 paditbl ionthet &Rdidhien shninpli@eqidave €xpgpl e, the
candidate for the first Pinyin is changed by the wuser, so the second

Pi nyi n i n st hearsigigieanlected lsy thelokaelis the fitdnworti inadeqiiney itentie demtwardime new wor d,
and a data record for the new word is added to the | anguage data. The tO
candi dat e f othetskauef¢eris addaidry/the filstwardhendibewnenowatd resultdfronsumifdng teel candi dat e.
Simlarly, where the candi date selected by the user corresponds to the
| ast word i ntW- Jeiecahere examplepthecaedidatetor éeif@taémbds changedby thet wor d and
the new word results fromunifying the two. If the candi date sel ected by

the user colfebsPaMASoRY Finyin infhersegiinned is ageaddo ke BRYIR ndorstther words, two
new o ds o R T oo bt RISERG ikl dalls the o mecl at e
10  candidate for the first Pinyin in the new word is the selected c_andidate.
Similarly, where the candidate selected by the user corresponds o
the last word in a sequence, the previous word is added to the last word and the
new word resulis from unifying the two, If the éandidate selected by the user
corresponds to an intermediate word between two other words, two new words are
16 formed by adding the preceding word to the intermediate word and adding the
subsequent word to the intermediate word, The tw6 new words are then added to
the language data.
The user input patterns are stored in learning language data, which
preferably includes a leaming language data header and a learning language data
20 array. Fig. 9 shows a block diagram of a learning language data header format,
Fig. 10 shows a block diagram of an example leaming language data header, and
Fig. 11 is a block diagram showing a learning language data array.
Learning language data may include data records for Chinese words
of varying lengths. The language data header shown in Fig. 9 includes Information
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subsequent word to the internediate word. The two new words are then added
to the | anguage data. The user input patterns are stored in qu{ IBi ﬁgp 2006
| anguage data, which preferably Includes a |earning | anguage data heéader
and a |l earning |language data 20 array. Fig. 9 shows a bl ock diagram of a
| earni ng | anguage data header format, Fig. 10 shows a bl ock diagram of an
exanpl e IeéY‘g?"H’gP“fl&%guage data header, and Fig. 11 KCZ/CA2083098R+ di agr am
showi ng a | earning. | anguage data array. Learning | anguage data may i ncl ude

data records for Chi n&se wor ds = of Vafe,rqéi ng | engths. The | anguage data
header shown @PPHtEedengdswqrds iy adich date reqRrds @i storethn e lparing langéage  \\O

. hs . ds f ich d
20000512 S8 BB B 0 0
S
L5 002 A AN M O il 00 1
The next._ent ighghr STAIIBXUARP L 0oyl SicP Bl EilishG hfth vl ch © data

records exist 'n the |earning [anguage t ed i n further

detai |l  beJ 0Watafr€dordeXI¥Pihehe [Eémih@%nb&%é Bt Grrh AGSLABS i Rirfed difdyudes data
records for two- character and five-character words, then entry 162 Is 2.

The remai ndebelok. Fhvextmple/ii he ldami@uagagéaiat RARRE Hata dsMRFds SR Iwgai rs  of word
| engt hs and offsets. The nunber of pairs corresponds to the nunber of 10

di f f er ent worcharbaiergint fivé-chatdvior werdscldhenaamtry y62l62. Three such pairs
164/ 166, 168/ 170, and 172/ 174 are shown in the header of Fig. 9. Were data
records for nore thanTherémaiededdifticdeaniog langudgé datahdaseraompiseopad i n t he

| earni ng | anguage data, the |earning |anguage data header includes further
pai rs, gener &f Wyd iRpgthg ad effpeltsy The prber i pairs dorespraodssto shamimiet @ngt h entry

164, 16.8, or, 172, indicati ng acParti cul ar length of words
1o~ different word lengths in the header entry 162. Three such pairs 164/166, 168/170,

and 172/174 are shown in the header of Fig. 9. Where data records for more than
three different word lengths are stored in the learning language data, the learning
language data header includes further palrs, generally designated 176. Each pair
includes a word fength entry 164, 188, or 172, ihdicating a particular length of words
15  for which data records exist in the leaming language data, and an offset en;try 168,
170, or 174, inciicating the offset of the first data record, in the learning language

data array, for words of the length indicated in the preceding word length entry.
The example learning language data header In Fig. 10 includes a two-
byte header length entry 180, a one-byte word length number entry 182, and tﬁree
20 pairsof one-byie word length entries and two-byie offset entries 184/1886, 188/190,
and 1 92/1 94. The length of a learning language header and any entry therein is in
no way restricted to the lengths shown In Fig. 10. Overall length of a header is
dependent upon the associated learning language data array, and may change as

new words are added to the learning language data array, where a data record for a
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15 for which data records exist in the |earning | anguage data, and an

of fset entry 166, 170, or 174, indicating the offset of the fihst %ﬁ;%
record, in the learning | anguage data array, for words of the éhéi 008
indicated in the preceding word length entry. The exanple | earning | anguage
data header In Fig. 10 includes a two- byte header length entry 180, a

one- byt e mﬁWﬂmW@%§¥% number entry 182, and three 2@CH&AANGEI2bne-byte word
|l ength entries and two-byte offset entries 184/186, 188/190, and 192/ 194.

vy 1 astr ot SanREd bret EGNAST et R oG He BB R of o header

[ d d ' I ' | d : d
change a5 nes iy e PSrERAAGhaler ol Redhelt SERuaialiald 207 Widre
data record {pEigayg 1s1sBily %Enﬁ%ﬁ"\r@g%%@%’g&m “Eﬁﬂéqu‘%@fﬁ /001024 new

word having a different |engt rwhich d ecords exi st

is added to|§n§@agb%fargr@gsﬂ,mg~pig_e”data array, for exanple. The content of
the header of Fig. 10 is described in further detail below in conjunction

with the learning | amguagenglaigiagy datdarlMrig. i Ninkluges ahbrraPof M | ear ni ng
| anguage data array in Fig. 11 includes an array of two- character words

218, an ar r aghavéctdri woedsc21s; arc tredy altiveschaR2dr werde 280) st A wref oftt@l- char act er
words 222. Each of these arrays in the |earning | anguage data array -

i ncl udes a sé&haragergfordss2Asy drac ODth@@4ragdiB-te Barning dar@ et artay shoul d be
appreci ated that |earning |anguage data arrays are dependent upon user

| nputs and t BCHESE arReries ot eecpids FPP-P4. A06-210r andi £T2:216nt Itisbeuid band el ect roni c
devices. A learni ng ?%’?ﬂqe data array may |Include data records for

fewer, furth8pPRrect ‘Uf“lth anRgyReP dajagrByspe denanfentipeuserBMisand Fig. 11.
Referri ngmnovr}/‘agr %elr)e%rg bgidﬂf%i'eng‘ l%r aiﬂgrenltldserts gﬁd g!%gt(rjo%fc Ja%@ st hA I%Qrtnlrn\é '
‘language data array may Includé data records for fewer, fu&her. or different word
lengths than those shown in Fig. 11.
Referring now to both Figs. 10 and 11, the header length entry
indicates that the header is 12 bytes long. As shown in the word length number
16 entry 182, the corresponding language data array includes data records for 3
different lengths of words. The first word length is two characters, as indicated by
the word length entry 184, and the first data record 200 for a two-character word
has an offset of 12in the learning language data array, as shown at 200. Although
the leamning language data is shown separately in Fig. 11 in order to avold
20 congestion in the drawings, it should be appreciated that the 12-byte learning
language data header preferably precedes the learning language data array in the
learning language data. it shouid aiso be apparent that, for the purposes of
lustration, it Is assumed that the learning language data header and array are

stored as a plurality of one-byte entries in a memory, such that the record 200 is
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i ndicates that the header is 12 bytes long. As shown in the word | ength
nunmber 15 entry 182, the correspondi ng | anguage data array inc@ tadSE d?ﬂﬂﬁ
records for 3 different | engths of words. The first word length i's 6\/0
characters, as indicated by the word length entry 184, and the first data
record 200 for a two=character word has an offset of 12 in the |earning

| anguage dAX208YWEYS as shown at 200. Al though the PCESAHDPIYIRANguage dat a
is shown separately In Fig. 11 in order to avoid 20 congestion in the

neader i ef e Shr iy BReBRRLGRUTHE Rt Rlorbig g e el B T 0" O

o 11 st ot o e qiencdea? UAN e3P RERoRPRIS kol 6 et o noader an

of illustration, at ear at a header and

array are stored as fhebithRbidnuddb 23S | St ry, such that
The L enord 200 1 o155 eahBulshiuBe RENRY ko FRkdethd HedulBIR) ¥ 00e
actual |y the chiiattbeotiid) indiakted inittie vicRBlehdtnérly 88, RRAY 3fs&l3bHin yfaf f set from
the first entry of the learning |anguage data (i.€e., the first header

| engt h bytse) ldaynidflaeguage data arrdih aVhera tviv-dhgrabRPEOIaE Sroddkad iRk Bayteadl SO i ncl udes
data records for 5 character words, indicated in the word I ength entry 188,
starting at ¢eticded i®mai as tibrsribel dboee, thard40 angesnbeiweat the dirstayo- Wher e
two-character words are stored In a 5-byte dedicated format as descri bed
above, the 14barasierwasd d@faregewstR0p Btoffsel tant e firg five-chateoter werddiatdat a r ecor d
200 at offset 12 and the first five-character word data record 206 at

of fset 152 alRaSHhROaat affseh13pAcqommaedsies datevecatds:d | ength and of fset entries

192 and 194 Indicate .h{;eat gita 18 hecord,s for ten-character words begin at
an of fset of 625 I.n .t HE VYEA/GeHEP SHieRh aptes 1% apdof inglicaterthat fatadat a r ecor d

ot ot SRl e B GLR5H 6 o B b bordid o2,
data array. [f the data record format in Fig, 5 is used for five-character words, with
two bytes per index/tone pair per‘syuable and one byte per candidate index, then
each data record is 15 bytes, and there are 30 such 15-byte data rscords for five-
character words in the leaming language data array, occupying offsets 152 through

15 601. The remainder of the learning language data array following the entry 212 at
offset 625, stores data records for ten-character words.

The preceding description and the examples of learning language
data shown in Figs. 10 and 11 assume that the ianguage data array is accessible
using offsets of a whole number of bytes. However, other access mechanisms are

20 also possible, where the learning language data header stores indexes, addresses,
or other pointers to the learning language data array.

Various components of the language data are described above. Use
of language data during text input is described in further detail below. Fig. 121sa

flow diagram of a method of using language data.
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each data record is 15 bytes, and there are 30 such 15-byte data records
for five- character words in the |earning | anguage data array, qy@ugg?ngmﬁ
of fsets 152 through 15 601. The renmi nder of the |earning | anguag a
array followng the entry 212 at offset 625, stores data records for
ten-character words. The precedi ng description and the exanpl es of |earning
| anguage dRAMH%h in Figs. 10 and 11 assune that PCHEAMNAHYUAYe data array
is accessible wusing offsets of a whole nunber of bytes. However, other

access nechani sns ar e-n%g g@b%gé%gQgpezﬁom%%peg%slteﬂﬁ%q%egr%gécfgﬁ%é%gguage dat a

header stores indexes, ress of" ‘ot'her rni ng

| anguage, dat aeieayas s i i AR Bh el uBE ABARIIRfALRLRY © descri bed

above. Use of |anguage data during text escri In further

detai | bel ow.tyfféegy inl@e ligrmaof Hik BIsY, RePlocBvdtElsBP PR selsd anguage
oo Oy e e e, S ool e o s nEs 1 200 begi ns

at step 230 vdegmentesiato worjsiat stepea32 afidsRveredin®tBredidirgOrfeseAsxt khose skill ed
inthe art will appreciate, user inputs for Chinese text are typically In

the form of FitamB34. Bdse sltilled i theldrbwilt alsoeppadiatedient inbu Pinyin S@ebleTes | S

segnented into words at step 232 and converted into correspondi ng Chi nese

text at 5 st éfpodpgeplaged séth siraspandlingiBopéreciasyllables bn abispapylmiore thieat e t hat

i nput Pinyin syllables may also be replaced with correspondi ng Boponofo

syl | abl es on i'?;{?é'ﬁﬁ gﬁl"&?""ﬁ‘é%/dﬂ*‘éoh'ﬁ@se eputhe eangerdiomaloster 834 invelveshi nese t ext .

The conversian a@ sthe% 234 involcl/"grs searchi ng the | anguage data, i ncluding
GUngap gngifage ing !

| ear ni ng | angaa; dgraiin eafrijlg langudge dalgqif@vailghlel farepahaci ng t he

W th the i 4Ry B0 BuRP o St Rba ok Ao a anFocor d In- ¢ he
| anguage gat F-applicable, with the Hanzi candidates identified in a corresponding data record in
the language data. |
At steb 236, the converted Chinese text, cc;mprising the Hanzi
candidates, is displayed to a user at a current text entry position on a text input
screen, and preferably replaces the input Pinyins or displayed Bopomofos. it is
15 then determined, at step 238, whether the user has changed any of the Hanzi
candidates, by lnvokingb and choosing from a lookup window, for example. The
method proceeds at step 244 to input the converted Chinese text into the electronic
device in conjunction with which the method is implemented, and then to receive
further inputs from the user at step 230 where the user has not changed any of the
20 candidates. The further user inputs are then segmented and converted as
described above to input new words.
Where it is determined at step 238 that the user has changed a
candidate, the sequence of candidates inciuding fhe selected candidate; Is Inputto

the electronic device and replaces the currently displayed candidate sequen'ce
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At step 236, the converted Chinese text, conprising the Hanzi candi dates,
is displayed to a user at a current text entry position on a text input
screen, and preferably replaces the input Pinyins or displayed ng%r%fpoéﬂﬂﬁ
It is 15 then determ ned, at step 238, whether the user has changed any of
the Hanzi candi dates, by Invoking and choosing froma | ookup w ndow, for
exanpl e. TR 206D proceeds at step 244 to input PheCswmwereed Chi nese
text into the electronic device in conjunction with which the nethod is
inpl enented, and then to receive further inputs fromthe user at step 230
wher e t he us&PmaspandRgio theapgEinyiasgausnoa anaheinput agseand lioeder topryide ur t her user

inputs are then segnented a converted as described above to input new
wor ds. \Wher epqr reafr@%(fépgﬁ"ﬁ?#g%méﬁ’ oQg oS pew worfls ¢rg formedhas deseribef anged a

candi date, t e n “candidat es including the selected candidate Is
pat ot nese el s ngRBE R i hpfRd ek 8ed e W BERET YR €l ay e

candi dat e segyg@ce -21 0 8 SEP 2006 WO 2004/006123 PCT/ CA2003/ 001024
corresponding to the input Pinyin sequence on the input screen. In order to

provide fsor |earningigasgs Q%Ckgggraﬁm\égéségggf @sgng@{&g%daéfd%gv\%gs are forned

as descri bed above, and |earning | angua ata I's ed at step 242 with

the new wor dspem UiFigl93 inluliéda kelBodrd 281, Bk plst Riea@BHITh @berdntsnteb em of usi ng
| anguage data. The systemof Fig. 13 includes a keyboard 251, an input

queue 252, a286;an inpotmeodessoe 254 23d a dRplaRSE, aPihplAHRH irarfeled@aica di spl ay
256, all inplenented in an electronic device 250. The keyboard 251 in nost
i mpl ement at i descel28€] udes keys which 1o represent characters used for input
of Pinyin syllables, and nay be a full -
The keyboard 251 in most implementations includes keys which
10 represent characters used for in'put of Pinyin syllables, and may be a full
alphanumeric keyboard such as a QWERTY or DVORAK keyboard,‘ a telephone
keypad, or some other type of keyboard or keypad. Howsver, it should be
appreciated that the keyboérd 251 may instead be a graphical interface which
supports user input through a touch screen, or handwriting using a styius, for
15 example. In the electronic device 250, user inputs from the keyboard 251 are
received and buffered by the input queue 252,
The ‘user interface 253 provides an interface to the user of the
electronic device 250. It accepts inputs from the user via the keyboard 251, and
also provides outpuis fo the user via .the display 266. The user interface 253
20 displays, for example, a text input screen for composing text on the display screen
156.
The input processor 254 receives buffered Pinyin inputs from the

input queue 252, through the user interface 253. The input processor 254

- segments the inputs into words and idehtiﬂes Chinese text candidates based on the
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al phanumeri c keyboard such as a QANERTY or DVORAK keyboard, a tel ephone
keypad, or sone other type of keyboard or keypad. However, it S{B"é"ﬁfbezﬂﬂﬁ
appreci ated that the keyboard 251 nay instead be a graphical intlefféce

whi ch supports user input through a touch screen, or handwiting using a
stylus, for 15 exanple. In the electronic device 250, user inputs fromthe
keyboard 2P 2884006133ccej ved and buffered by the i npuPCHOANG9MZ The user
interface 253 provides an interface to the user of the electronic device

250. It accepts inpuyts fromthe user via the keyboard 251, and also
provi des out 8?&’%9"5% RRYES. Jg@s?e iggniifiqd randitialen atg thendisplayed ophedispldy er f ace 253 20

di spl , f ' f ' h
N L e L

[ f ' L, Nt 53. T [ t
MU 11O s AR e 8 B PG LR RS 1, "

candi dat es_bagige 4 siien of 18 ohoSe2ARG, nhARAROBAGDATGE, CA2003/ 001024

segnented i nputs. These idehtifi ates are i spl'ayed on the

di splay 256 accbespsian® HbreB Icaffrpsioudroaice6sdsgs t he above arrays and
| anguage data records as necessary when Chinese text is being input to the

el ectroni c device 250n FigWier tetdieys \hd @lBtaObedriid arelstorsti MP Mst ifpdtear ni ng, then
the input processor 254 also 5 accesses and stores |earning | anguage data
records. | n Piogessdi3254, irsomonategsasapent ofadofiware cde dmpersersibg thedinput t he | nput
processor 254, incorporated as part of software code inplenmenting the input
processor 25RIocesser 284 dpfsxample Alernatively te prrays hed detaragosdsarabtatedin records are
stored In a buffer or menory in, or at |east accessible to, the Input
processor 258 buligiopmgmory in, or at least accessible to, the input processor 254. Such a
10 memory comprises one or more data stores and is implemented using one or more
types of storage component. Electronic devices such as 250 typically include both
writeable memory, Random Access Memory '(HAM) for example, and Read Only
Memory (ROM), from which data may only be read, Writeable memory may be
either volatite or non-volatile, although non-volatile memory such as Flash RAM or
15 battery backed-up RAM is preferred when any data in the writeable memory should
be maintained in the event of loss of power. Since the arrays and language data
records are not typically changed once established, they are preferably stored in
non-volatile memory, which need not be a writeable memory. Learning language
data records are preferably stored in non-volatile writeable memory, since new
20 learning language data records are added when learning is enabled.
In a preferred embodiment, the input processor 254 is implemented
as a sofiware application or a software module configured to operate in conjunction

with one or more software applications on the electronic device 250 to enable

Chinese text input for processing by such software applications.
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1o nenory conprises one or nore data stores and is inplenented using one or
nore types of storage conponent. Electronic devices such as ZSOUtgyngaMgg
i nclude both witeable nmenory, Random Access Menory (RAM for exanple, and
Read Only Menory (ROM), fromwhich data may only be read. Witeable nenory
may be either volatile or non-volatile, although non-volatile nenory such
as Fl ash RRQ} 28940462 attery backed-up RAM is pref err @IT/GAW98/08199¢ data i n t he
writeable nmenory should be naintained in the event of |oss of power. Since

i cal l h d
cotabl i ahed. they ar o RS 25 OGS Vth ra opoyi4rsatar heSRBIGy , whi ch need
not be a wi toeeap%%mﬁwglggfoﬁlc%viggngpg%ﬁjegﬁﬁé@c({yg@&fi%%yare preferably

stored in non-volatile e menory, ﬁ?rﬁg | anguage
data records ggegustdded when learning is enabled. In a preferred enbodi nent,
the input processor 254 is inplenented as a software application or a

sof tware modul e conf i gésr et Rr SRGHHECRINbEL 1620 1B SlobiRfic dddide2sgae Or more
software applications on the electronic device 250 to enable Chinese text

i nput for Pr eeselsdiyrdpplegsisgikéys Do thyvesdacaPRdybead 2811S Text Zatrtmay $6P 2006 WO
2004/ 006123 PCT/ CA2003/ 001024 The di spl ay 256 provi des visual data output

to a user of invakedebyetbe eerj for exkenile; by 2BMingl anpaivitanbofvaed asplicalion,C devi ces,
for exanple, liquid crystal displays are often used. User inputs for
entering Chi ieesilesasutilitypusindecpadicwst funptioresugparied en B8 Bleatioric d&vice@8@ by

depressi ng ke‘X’s on the reduced keyboard 251. Text entry may be invoked by
the user, for"BSENpIa8 oPHglionoplungling reguitesinputael Chinessdex, terGhirappiextcat i on,

nodul e, or utiljt usi n% a particular function supported on the el ectronic
devi ce 250. 'W‘eﬁ}é{(?&prﬁ?ia é’ﬂﬁ'ﬁ Py fpute d etadishoareethinese pyligbles.of Chi nese

text, t hewCh Whee?eemgr%)%an one software application supports text input, for example, the
Chinese text input system is preferably implemented as a software module or utility
that can be called or invoked by any of the software applications. Alternatively,
each such software application may incorporate software Instructions to perform
Chinese text input as described herein.

15 ) As will be apparent, the user interface 2563 presents a text entry
screen on the display 256 to aid in text entry. The particular content and formatting
of the text entry screen is dependent, for example, upon the nature of the text being
entered, the function for which text is being entered, or the software application
currently in use. Pinyins are initially displayed on the text entry screen, and may

20  subsequently be replaced with éorresponding Bopomofos. Asthe input Pinyins are
segmented and converted into Chinese text, Hanzi character candidates identified
by the text entry system or selected by the user are replaced with Hanzi characters.

When user Pinyin inputs have been received, the input processor 254

segments and converts the Pinyin inputs into Chinese text, by searching language
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i nput system processes user Pinyin inputs to predict correct Chinese

syl l abl es. 10 Where nore than one software application supports text input,
for exanple, the Chinese text input systemis preferably inplefehtSEP 280
software nodule or utility that can be called or invoked by any of the

software applications. Alternatively, each such software application may
i ncor por at &M | nstructions to perform Chi ne@ETEARBIOWPIL as
described herein. 15 As-wi Il be apparent, the user interface 253 presents a

cont ot and POPTPTRrRg® RBF iSRS i BB Pl e Bip A RBRRTABAIE 1 br cxampl e
h oo L Na. : td for . awhich text i
bei ng ont or e AN AHE LT bR ep LT e by 2ot i Blecillon®sy 70, 107G ¢

nitially df ehhauetcihel 6 Hifis 1304 bleriHefiBlheo BRE ofnetl WhbpgaUCTL |y be

repl aced with correspondi ng pono inyins are segnented

and conver t egarlditfa® HzNaRcloPiklthe CIARdEs 1GR R RBARK by MR RSnpent i fied by
the text entry systemor selected by the user are’replaced wth Hanzi

characters. phessstiasn rdpideys ihe banaidhie with e sie@ed ¢aRaifhty eftthe teRBantrpput  processor
254 segnents and converts the Pinyin inputs into Chinese text, by

sear chi ng | angeegm the Ggpldy 256,30 adB0He oVVEoROGWMORIS IPI8arRo] leip2ge3/ 001024 dat a
records, and | earning |anguage data. records if they exist. As described
above, the Pataywhese jlegming s entidedus disenrselectiospbfag exindidate reaydbepl ay 266, and
replaced with Chinese text after the Pinyins have been segnented and
converted. WAERMRlishedierisxrrtre, biinyekingedeaiup kinction besed ornsersercadtxt i s changed

by the user, the input SBé)roces,sor 254 repl aces the candjdate with the
sel ected canHFeidPLtsGRI URRY havgation feys on te kevheaw 250 X appviianinass  and adds

ngr or rrg{gte i gﬁ\%gf né}d%gh& %Jgﬁéglﬁa urbtgwq%%egoeselgc?tfr%mvgqﬁsrt %f La%%{dg{-eg g I's enabled

sel

corresponding to the sequence of inputs. In one embodiment, when the lookup
function is invoked, the Pinyins input by the user, or the corresponding Bopomofos
are preferably displayed, eithér in the text inpgt screen or a lookup window, and the
user selects the input séquence or any part thereof on which the lookup function
15  should be based. The user then selects from one or more Hanzi variants for the
input sequence, and the selected varlant replaces the input sequence in the text
input screen on the display 256.
Although the above description refers to functions performed by the
input processor 254, it will be appreciated by those skilled in the art that these
20 functions of the input processor 264 are directed by software instructions in a
software application, module, or utility in which a Chinese text input method Is
implemented.
1t will be appreciated that the above description relates to preferred

embodiments by way of example only. Many variations on the systems and
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acconplished, for exanple, by invoking a | ookup function based on a
sequence of wuser inputs and using navigation keys on the keybogd?éﬁﬁ ﬁg
an auxiliary input 1o device (not shown) such as a thunbwheel, &
froma list of candidates corresponding to the sequence of inputs. In one
enbodi nent, when the | ookup function is invoked, the Pinyins input by the
user, or tﬂﬁ)@ﬁmmﬁ§bondlng Boponofos are preferabl PCHCAWPHYPWY either in
the text input screen or a | ookup w ndow, and the user selects the input
sequence or an art &@ ereof on which the | ookup function 15 should be
based. The uE‘@ $ascrber apeve “Fl"ti?rﬂblﬂﬂ‘@t%]"h°%‘ﬁr@w|459%b e\jthe figld, §“‘F or the input

. and the ssl seLed | th t the text
put | Scr conctoh PHESVLRTRy “BLbe ARG e LA SRR 1 of ors 1o

functions pe sor 254, it wll be appreciated by
t hose skillegglﬁgﬁﬂg£§¥bnﬁh’#ﬁggﬁd&&ﬂ functlons of the input processor
254 are directed by software instructions in a software application,

modul e, or utility in which a Chinese text Input nethod is |Inplenented. It
will be agpreciated that the above description relates to preferred

enbodi nrents by way of exanple only. Many variations on the systens and -25
0 8 SFP 2006 WD 2004/006123 PCT/ CA2003/ 001024 rnet hods descri bed above will
be obvious to those know edgeable In the field, and such obvious
variations are within the scope of the Invention as described and cl ai ned,
whet her or not expressly described. 5 -26 0 6 SEP 20116
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VWHAT IS CLAIMED AS THE INVENTION I S: 1. A | anguage data structure for use
in converting Chinese Pinyin syllables into Chinese Hanzi characters, the
data structure conprising a plurality of Hanzi character candldﬁt&fﬁTét §in
each list conprising Hanzi character 5 candi dates associated with a Pinyin
syl l abl e, and each Renzi character candidate in each |ist having an index
inthe list; a plurality of |anguage data records, each | anguage data
record correspondlng to a word haV|ng a pIurallty of Pinyin syllables and
conprising a key and a val cach | anguage data record
conprises a sequence of & y - mation for the Pinyin
syl l ables of the word to which the | anguage data record corresponds, and
wher ei n t he val ueh higuagadafa sthuehidOforagsdn vt rangORineE Pinytayiiphlds BieChisess equence of

i ndexes of Hanzi character candidates, in the |lists of candi dates
respectivel y HBas chemctersedie daka sttucture dompridlngayi n syl | abl es of the word, that
represent the Pinyin syllables of the mnrd' and one or nore |earning

| anguage data rec&g{uglsqof%%mchémggrcpnh‘g& E@n; ﬁjn%it a}%reéznorc([‘l being is created

by a user by changi ng” one of nore Landidates in a
| anguage dananmﬁa hdoclafda R Phyit ssmaﬁn@ bdfledth ﬂ@wcmag candhdate J ¥ fin hghguage data
structure of claiml1l, wherein each data record 1s a whole nunber of bytes
in length. 3. nvilgenhBRguage data structure of claiml, wherein the index and
tone information for 20 each Pinyin syllable are stored in tw bytes in a
data record. 4. The | anguage data_ structure of claim3, wherein the index
is 10 bits in I eﬁ Biepity of frpguags datapsorsdscspop lapgyaps datageed epPiiE R one | nf or nation i s
5 bits in Ie U ta stru ture f claim1l1, wherein the
plurality of angu gﬂ%ﬁ%%?%ﬁifﬂ% mﬁ&??m?Fége a plurality of arrays,
and wherein each array stores | anguage data records

wherein the key in each Janguage data record comprises a sequence of indexes and

10 tore information for the Pinyin syllables of the word to which the language data record
comresponds, and wherein the value in each language data record comprises a sequence of
indexes of Hanzi character candidates, in the lists of candidates respectively associated with

the Pinyin sylables of the word, that represent the Pinyin syitables of the word; and

one or more leamning janguage data records, each leaming hnﬁuage data record being
15 created by a user by changing one or more of the Hanzi character candidates in a language

data record in order to form a new word.

2, The language data structure of claim 1, wherein each data record is a whole number of

bytes in lesgth.

3 The language data structure of claim 1, wherein the index and tone information for

20  each Pinyin syllable are stored in two bytes in a data record.

4, The language data structure of claim 3, wherein the index is 10 bits in lenpth, and
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correspondi ng to words having the sane nunber of Pinyin syllables. 5 6. The
| anguage data structure of clam5, wherein | anguage data records in each of
the plurality of arrays are sorted based on a first index in the)ge§aEnéds
of indexes and tone information. 7. The | anguage data structure of claim
1, further conprising an array of Pinyin syllable identifiers associated
with Pinyin syllables, where in the indexes of the Pinyin syllables of the
10 word ar gl AAAE Sinformbliol {0 Spidhnliedsh. Of Pinyin syllable identifiers, of the
identifiers respectively associated with the Pinyin syllables of the word.
8. The | anguage data structure of claim7, wherein each syllable conprises
n+l char actser sThefiangonge dan stenbtypéref i 1 onherdip thetpluralite of ngyage deeecstfier ei n t he
identifiers are determ ned according to the following fornula: 15 ID =

i ndexo * (IO ytored inpasality of arpayy) and wherein gach argystores lanzuaggydata recoifher e:  j ndexo i s the
index of a first, character in the syl abl index, is the index of a
second chafSEPepiog v V@%}Pﬁ%{ﬁ“&“‘,e"“#‘%\%%‘!&f% the index of an (n+l)th
character in the syllable, and 28 0 6 Sr P 2006 N is the total nunber of
the charfcker STid gt @6 stidblrd RAees, WRRR Iabdifet daf cordd in ekREF tleanguage dat a
structure of claim?7, further conprising an array of Chinese Boponofo
syllable identifiers associated with Boponofo syllables and a

cor r espond &leliy of grays g soptad it an ¢ gy indey futhe sepnsereiel indaxespedifeen each Pinyin
syllable identifier and its corresponding 5 Boponofo syllable identifier.
10. The Iaﬂ‘g’ﬂ’é{‘ﬂ@' data structure of claim1, wherein the plurality of data
records conprises |anguage data records for two-syllable words, and

wherei n eagh | 7o Bhkgedat tdidurd of Sl O flthk coRprish¥ acy bfiPR{A SL¥Rr d conpri ses;
identifiers associated with Pinyin syllables, where in the indexes of the Pinyin syllables of ¢he
10 word are indexes, in the amray of Pinyin syllable identifiers, of the identifiers respectively

associated with the Pinyin syllables of the word,

8. The language data structure of claim 7, wherein each syllable comprises a+] characters
from an alphabet of N characters, and wherein the identifiers are determined according to the

following formula:
16 ID=indexo * (N) + index; * (N*) + ...+ index, * (N,
where:
indexy is the index of a first characier in the syllable,
index, is the index ofg s.econd character in the syllzble,

- index,, is the index of an (n+1)th character in the syllable, and
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a key conprising an index of a second Pinyin syllable in the two-syllable
word and 1o tone information entry for a first Pinyin syllable e
second Pinyin syllable in the two- syllable words; and a val ue @mr‘ @93 a
sequence of indexes of Hanzi character candidates, in the |ists of

candi dates respectively associated wth the first and second Pinyin

syl l ables, that represent the first and second Pinyin syllables. 15 11.
The Ianguage data structure of claim 10, wherein the | anguage data records
for two- syllable words are stored in a data record array, wherein each of
the |anguage data recdiixte tdahrumbenebibesspiriciats beed facspilable tosstctignr i ant  associ at ed
with the first Pinyin syllable, V\/nerel n variants associated wth the sane

first Pinyin yII le are data .record ray, and wherein
t he | anguage at a%t’?"ﬁ‘@%ﬁ?‘ s ﬁ&?%@ T egmpnsing an amay NEBINESE ¢ £ ot s each

of fset 20 co Se f a first

vari ant asso%‘f&&p%uﬂ“&n T gsfo @%@Eﬂ‘%nﬂ%&tﬁrﬁl@ﬁ?&q&g Eii%dm Ei 7 2I 106 12. A
met hod of cre %ﬁ?ﬁ

generating i deeyrll'% F}'?‘fers forndggcgh ?Q‘g's“ﬁ?%ﬂ?%&%@b%'ﬁ@% nyi n syI | abl es;
storing thes gopataiddbeidairkd fiers in an array of identifiers, each
identifier in the array of identifiers having an array index; 5 generating
a plurality of Hanzi character candidate |ists, each list conprising Hanzi
charact er cand?daflisdangaesdu Hucae offlin Ia‘*hF’P'h?Pﬂ"@qu&ﬂiﬂﬂ@O%P@%h Hanzi

char acter cansll date in each |jst h V|n a.candidate index in the list; for

each of a pl ureaFpeefaaggeoizpraue- ﬁ%’]"l’f@‘ Sainsablagpe; 3 EIoMas  generating a
data record y and a val ue, wherein the key conprises an
array index o?&fqﬁ{atlégﬂ&ﬁgﬁ%igfl er inthe array of identifiers for each of
the multiple Pinyin syllables and tone information for each of the

mul tipl e Pinyin syl alaptstg aimnidx sfta edcanid Rinfidssliavia lnut nacsyRbk 68 e

10 tone information entry for & first Pinyin syllable and the second Pinyin syllable in the two-~

syliable words; and

& value comprising a sequence of indexes of Hanzi character candidates, in the }ists of
candidates respectively associated with the first and second Pinyin syllables, that represent the

first and second Pinyin syliables,

15 11, The lanpuage data structure of claim 10, wherein the langnage data records for two-
syllable words are stored in a data record array, wherein each of the language data records for
two-syllable words is a variant associated with the first Pinyin syllable, wherein variants
associated with the same first Pinyin syllable are grouped in the data record array, and
wherein the language data structure further comprises an array of offsets, each offset

20  comprising an offset, in the data record amray, of a first variant associated with a first Pinyin

sytlable.



candidate index, in the list of candi dates associated with each of the
multiple Pinyin syllables, of the candidate that represents eacg of.-t:h 0
multiple Pinyin syllables; and creating one or nore |learning | an &a& ‘d QQ
records, each learning data record being 15 created by a user by changing
one or nore of the candidate indices in a data record in order to forma
new word. 13. The nethod of claim 12, further conprising the step of

sorting thgqarr ' i {1 0 easi.ng. order of identifier. 14.
The net hode%f é?‘%?“%t’ffﬁgﬁ%’é’%'é@ﬁiﬁ%%@%“@%& gg?e%lég%%r ating a data record
conprises the 20 step of generating a data record conprising a key and a

val ue for each geodraticg iqedtifiersaidriedcly of @ plursliyof Chinssé Rigydd byllableor ds, wherei n t he key
conprises an array index of the identifier in the array of 30 0 8 SEP 2006

identifiers for a second Pinyi.n syllaple in the_ twy-syllable word and tone
i nf or mati on fofw“ﬁg'?"igf“é‘f“qﬁdfp’wg%/ “’é‘ﬁ%ﬂ’&fﬂ)‘?‘@g&é’n‘*&“fdﬁ‘ﬁ'ﬁ?é@ﬁﬂg‘y inyin syllable in
the two-syl] al ., Where in the value conprises a candi date index,
in the Iistlie%ﬁiﬁglédr‘lkglg“gamtyg’gghssoci ated with each of the first and second
Pinyin syllables, of the candidate that represents each of the first and
second 55Pi nyi geneswiigle pirhlieydf Hap) chardckeecandigtd tists] each listebraprising Hdnzi conpri si ng t he steps
of: storing the data records for two-syllable words a data record array,

wher ei n dathiracty esediletes gssqeigtpd vithp Pinyipsyliahiy) and epgh Hansl chappores prgdidaltds same first Pinyin
syl lable are grouped in the data record array; and 10 generating an array
of offsetsfmgg’chﬁmgﬁa%d:‘edfm J(%’h‘B?"Fé‘f'ng an offset, in the data record array, of
a first data record associated with a first Pinyin syllable. 16. The net hod
of claim 12, fidicich6rs pi@aief wodds Bling MuBiple PGy syifbled bkrinfgh e data records in one
of a plurality of data record arrays, wherein each array stores data
records coreredspreprighsakpy tnda vaing whisinlig by prapprizes pr apggiderofbned nunber of Pinyin
syl | abl es.
10

identifier in the array of identifiers for each of the multiple Pinyin syllables and tone
information for each of the multiple Pinyin syliables, and wherein the value comprises a
candidate index, in the list of candidates associated with each of the multiple Pinyin syllables,

of the candidate that represents each of the multiple Pinyin syllables; and

creating one or more learning Janguage data records, each leaming data record being
15 created by a user by changing one or more of the candidate indices in a data record in order to

form a new word.

13, The method of claim 12, further comprising the step of sorting the amray of identifiers

in increasing order of identifier.

14.  The method of claim 12, wherein the step of generating a data record comprises the
20 step of generating a data record comprising a key and a value for each of a plurality of t\u&

syllable words, wherein the key comprises an array index of the identifier in the amray of



15 17. The nethod of claim 16, where in the data records in each of the
plurality of data record arrays are sorted based on a first arnw]hnggp ﬂmﬁ
each data record. 18. A system of using Chinese |anguage data for
converting Chinese Pinyin syllables into Chinese Hanzi characters, the

| anguage data including a plurality of Hanzi character candidate |[|ists,
each |ist conprising Hanzi character candi dates associated with a Pinyin
syl l able, and 20 each Hanzi character candidate in each |ist having an
index in the list, and a plurality of |anguage data records, each |anguage
data record cddenufieiruckesoni Pingin aylaide iglthbvao-sylighleavordlandrtenk infoymatiopffor@i nyi n syl | abl es
and conprising a key and a value, the key in each | anguage data record 31
0 8 SEP 2006 fePipsinsplabiepndthessepadivin sykbld inthetve-syllzhievordomd whegrinberat i on for t he
Pinyin syllables of the word to which the |anguage data record corresponds
and t he. val ue @WWPW‘&Q’Q&W%IW‘@&W@FMt‘ﬁ?ﬁ'ﬁ?‘i@ihﬁ’ﬁh%f%éﬁbence of

i ndexes of H=i c¢character ndjdates, in the |ist candi dat es

respectivel y $850M f“é’ﬂs%%f °{"ﬁ° éfdﬁ?/'h’im w&ﬁ‘ﬁ@é"‘%{m?ﬁéﬂcwgrd, t hat

r epr esent t?elg$ﬂ§%ﬂh§ syl | abl es of the word, the | anguage data further

i ncl udi ng one 0 re | earning | anguage data records, each |earning data
record being created by a user by changing one or nore of the Hanzi

char act er candb.datTEanethod of chimn4) canipeisiggaic@e@of ecord in order to forma new
word, the system conprising: a keyboard having keys representing a

plurality of characters for conposing Pinyin to syllables; an input queue
configured to rec&Pipatr spereords foniwgsylahie yordsadaty o apdyeMRB B ;2 menory

configured to r.e. th ur al | f I I character candidate |lists and

t he gl ural i t)fé%)'%f‘ﬁa "éf’E’hra}gei‘lf:"(%':x %’M #lea%ﬁrgl 5 ole g@g&eﬂg‘ﬂ’ér‘gﬂ‘?&e y coupled to
the menory angkcfhgry. Maut queue and 15 configured to segment the input
Pinyin syllables into input words, to search the |anguage data records for
| anguage date record respectively corresponding to each i nput word

i ncl udi ng the generating an arvay of offsets, each offset comprising an offset, in the data record

amay, of a first data record associated with a first Pinyin syllable.

16.  The method of elaim 12, further comprising the step of storing the data records in one
of a plurality of data record amrays, wherein each array stores data records corresponding to

words having a predetermined number of Pigyin syllables.

15 17, The method of claim 16, where in the data records in each of the plurality of data

record amays are sorted based on & first aray index in each date record.

18. A system of using Chinese Janguage data for converting Chinese Pinyin syliables into
Chinese Hanzi characters, the language data including a plorality of Hanzi character candidate
lists, each list comprising Hanzi character candidates assc;ciated with a Pinyin syllable, and

25 each Hanzi character candidate in each list having an index in the list, and a plurality of
language data records, each language data record corresponding to a word having a plurality

of Pinyin syllables and comprising a key and a value, the key in each language data record

)|



input Pinyin syllables, and to convert each input word into the Chinese
Hanzi character candi dates using the Hand character candi date indexes in

the correspondi ng data record; a display; and 20 a user interﬁqpqﬁ%o?gygd
bet ween the display and the input processor to display the input Pinyin
syl l ables on the display and to replace the input Pinyin .syllables with
the Chinese Hanzi character candi dates when the input Pinyin syllables are
converted by the input 32 0 8 SEP 2006 processor. 19. The system of claim

converted by the 8 SEP 2006 proc e system of
char acter Sol SRR ol s o el SRR b AR R0t GG Y2 P TN

representing QRE mOkopuabiAirectt colddftnds RPME vall i hngideh @ RbRS, and where in the
i nput processor is fguurther configured to 5 determ ne whether a Hanzi

char act er sel @mjrisioys sdqiepoel bf A ofMRRIThaFaCE Candidak, in BNk bfomdidRy ert t he one or
nore of the input Pinyin syllable inputs into the sel ected Hanzi characters
wher e a Hanzi respestively sasotizted withdhie Bigyinisyliebles of theworda that represenhidePiiei ved. 20. The system
of claim 19, wherein the input processor is further configured to forma

new word i ficl HAPRE e o oetge dpprderingprtg oneprpie prusglpgpr A8 (0 generate a
new dat a recp&g'f‘hégﬁ%dgﬂ/;&%g”kngﬁﬁ&%yé{lgHn°0$§%$%%W°%3%JO store the new

data record in , wherein the input

processor i s tahbi dhiiier ciditblel i MMkRpelast sSREd it Brder th B0 4 BMEEE data records and
any new data records for data records corresponding to each input word. 33

system comprising:
a keyboard having keys representing a plurality of characters for composing Pinyin

10 syllzbles;
an input queue configured 1o recejve input Pinyin syltable from the keyboard;

amemory configured to store the plurality of Hanzi character candidate lists and the

plurality of data records;

an input processor operatively coupled to the memory and the input queue and
1§ configured to segment the input Pinyia syllables into inpui words, to search the language data
records for laguage data record respectively corresponding to each input word including the
imput Pinyin syllabies, and to convert gach input word into the Chinese Hanzi character

candidates using the Hanzi character candidate indexes in the corresponding data record;
g display; and '

20 8 user interface coupled between the display and the input processor to display the
input Pinyin syllables on the display and to replace the input Pinyin syllabics with the Chinese

Hanzi character candidates when the input Pinyin syllables are converted by the input

32
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processor,

19.  The system of claim 18, wherein the input queue is further configured to receive a
Hanzi character selection input identifying & selected Hanzi character representing one or
more of the input Pinyin syliables, and where in the input processor is further configured to
determine whether a Hanzi chavacter selection input has been received, and to convert the one
or reore of the input Pinyin syliable inputs into the selected Hanzi characters where a Hanzi

character selection input has been received.

20.  The system of claim 19, wherein the input processor is further configured to fonm 2
new word including the one or more input Pinyin syllables, to penerate a new data record

corresponding to the new word, and to store the new data record in the memory.

2].  The system of claim 20, wherein the fuput processor is further configured to search
the language data records and any new data records for data records corresponding to each

input word.

33



