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10 BACKGROUND

Field of the Invention

The present invention relates in genefal to linguistic data, and in
particular 1o storage and use of the linguistic data for text processing and text

15 input.

Description of the State of the Art

The growing use of mobile devices and different types of embedded

systems challenges the developers and manufacturers of these devices to create

20 products that require minimal memory usage, yet perform well. A key element of

these products is the user interface, which typically enables a user to enter text
which is processed by the product.

One application of linguistic data is to facilitate text entry by predicting

word completions based on the first characters of a word that are entered by a



The prediction of user input is especially useful when included in a 5
nobi | e device, since such devices typically have input devices, including
keyboar dswo 20étooee constrained in size. |nput predictiPem/aznéamores the
nunber of keystrokes required to enter words on such devices. |nput

predict] 1S: 0, | i I J board. A
Feduced RlygFh et F bR pED e BrERL AR YR b S sfig el 202

t hus keystroke conbi nati ons are anmbi gugus. stem that .uses |inguistic
it a1 oMESBEChOBE: O insn Piaciiastsy Rt BUR pat BXE 19t e el °
anbiguities. Li.ng’g stic data can al so be used to di sanbi guate individual
keyst r oRld@ractes imthe wertt.er ed using a reduced keyboard. Existing sol utions
for storage of linguistic data used for text input and 15 processing

typically rely onTheghetiatibesf useeiput is espediallycustdulapbber inaldgsl ia wor d
lists. The nunber of words covered by these |inguistic data formats is

| i m g edrigbilblRvicansiee vhtls BelieyStypirally havy iagut devicdsi 'mgw'd&i%' keybotaisphi ch i s
used in existing text input prediction systens is typically derived froma

body of tﬁﬁ%gﬁégﬁstrﬁhfeaﬁi siz8X it gﬁﬁreﬁi’%ﬁgm n‘ﬁﬁ% s@% RimBe8f %ﬁtfok\ﬁpr pus

has uses such as analysis of l'andguage to es its char eristics,
anal ysi s_of. huna .00 LN 5 .0f use of language in certain

situati Bq%f'retdlr&&éht%g\%ydﬂéq E‘ﬁ?rﬁ §ég§3%t its behavior to particul ar

| i nguistic circunstances,  verifyin irical]y a,theory concerning

| anguage, or prov 'Eﬁq{@r%é‘c“t'%ts %%9 égfur@vhe% Léeergﬁ@‘ﬁ'é%w ﬁd’eﬁﬂﬁ?ﬂi que or
application to establish howwell it -2 W 2004/006122 PCT/ CA2003/001023
wor ks i keyheardi cé redused keybossd ihasafevees kewsathan pha@cters bat wen Pons of

words and there are also corpora which are constructed for particular
pur pos eentehad ghaspbystrake conphinpticrs apearmbiguousr dagsiem thatusastipguisiid of
recordi ngs of car drivers speaking
data for input prediction allows the user to easily resolve such ambiguities.
Linguistic data can also be used to disambiguate individual keystrokes that are
entered using a reduced keyboard.
Existing solutions for storage of linguistic data used for text input and
15  processing typically rely on hash tables, trees, linguistic databases or plain word
lists. The number of words covered by these linguistic data formats is limited to the
words which have been stored.
The linguistic data which is used in existing text input prediction
systems is typically derived from a body of language, either text or speech, known
20 as a corpus. A corpus has uses such as analysis of language to establish its
characteristics, analysis of human behavior in terms of use of language in certain
situations, training a system to adapt its behavior to particular linguistic
circumstances, verifying empirically a theory concerning language, or providing a

test set for a language engineering technique or application to establish how well it

2.



to a sinulation of a voice-operated control systemthat recognizes spoken
5 commands. An exanple of a national corpus is the English | anguage.
SUMVARY Aveyse&wsR creating conpact |inguistic data isPor@a2dedo1othe
system conprises a corpus and linguistic data analyzer. The linguistic

data anal yzer . cakeul at es i | Ryt cor pus.
The || nghleun oraclict” TS naieTar RRpoRE abhftegS of Rfohs Blwbfte i "I P
to a character f'ndex, and . rePI aces each,character in the &Drds ith the
char act ©e1¢ AR aIspSQRpPranvhieh are gongtacied farp PURRRES- i A GKRTPE dat a
anal yzer al so maps sequences of characters that appear in the words to
subst i t ofta purposespesificuapusisicaesonepiisedid reeeidingsof ear dM@raskealdng n each
word with the substitution index to which the sequence of characters are
mapped. tol ke sirhuigtiont o adatiaeapergizdr cahisol aystanpdisait hecognineds spoken gr oups
where each group contains words that start wwth a cormon prefix, and nmaps

eachs pr&dmindris. AGA:ipIEvE ariEionancoipusiidthaEagsangeags. which start
with the prefix. The compact |inguistic data includes the unique '
characters, the 20 character indexes, the substitution indexes, the

| ocation information, the groups of words and the frequencies of the

mrds.w | i ngui stic data structure for a plurality of words is also
provi deg: rds are organi zed into groups, each group containing words

that have a common prefix. The conpact |inguistic data structure conprises
an al phabet -3 WO system obweatingpcampAgh icsiada isqyRpiieded hemsysi®dh uni que
character in the words, a character-mapping table for mapping each

char act eompristh e ebppusband tingaistit alata tamalyizede xThe lisghistic data anatyzbl e f or
mappi ng sequences of characters fromthe words to substitution indexes, and
a i urghlctivated freRudndiebi off bfis hppbaing & thé @orpgs.t MtheMingsistic-alalta wor d

definition table
analyzer also maps each unique character in the words to a character index, and -
replaces each character in the words with the character index to which. the
character is mapped. The linguistic data analyzer also maps sequences of
characters that appear in the words to sﬁbstitution indexes, and replaces each
15  sequence of characters in each word with the substitution index to which the
sequence of characters are mapped. The linguistic data analyzer also arranges the
words into groups where each group contains words that start with a common |
prefix, and maps each prefix to location information for the group of words which
start with the prefix. The compact linguistic data includes the unique characters, the
20 character indexes, the substitution indexes, the location information, the groups of
words and the frequencies of the words.
A compact linguistic data structure for a plurality of words is also

provided. The words are organized into groups, each group 'containing words that

have a common prefix. The compact linguistic data structure comprises an alphabet
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5 stores each of the words included in one of the groups. The conpact
linguistic data structure further conprises an offset table for |ocating
t he word wef2omi/tosea t abl es. For each of the common prefPCTa20a@1@Bf set
table contains a location of the word definition table which stores words

Cabl cs Sanplikskafend e P@ﬁpﬁ&%ﬁgt&Eacﬁ}?S\ftvaE@Tse@ Wr?ﬁs* SoAind Wl 61 ho "

character index to which the character is map r}&“ charact er- mappi ng
tabl e, BARPEY sasHIRErarietndhe 3phabRE® %?h%rﬁaﬁeamd@xsa $uRRHYtRR 1308dPF t ut i on
tabl e that appears in the word with the substitution index to which the
sequencmappingcsaienices of charapieredray thaeverds o istbslityion andexesTasd@nmon
prefixes for words in each word definition table are renoved. 15 A net hod

of cregtlurgingconhward défintgon tbles t@tsioiing tHeswomriso Eadhdvorfindefinitierhiadledegi n
with a step of creating a word-list conprising a plurality of words

ocCuyri é‘tBn{?@écH‘é Qﬁé‘%?dié’mbﬁjd@dQﬁbﬁé%ﬂ oliBs."PHe 66MpaBHRGUIEJafty St ep of

sorting S|nt he word-1ist al phabetically. The method conti nues

with a f wor ds
' the SBRRuR upREEPe; %@?ﬁ%%ﬁé&?i@ﬁ@(%@“ﬁ“ﬁ%’hm denya W%#%SEQ’E. at ed
character es cont ai n cter pi a The t hod
conti nu%%chf\/\()%i ﬁ CQFEB"%W%@%&F? rfgfsteﬂga&ﬁocf%a'f]g ﬂ%ﬁtm | ihg, W Hf

groups, wherein words in each group have a conmon prefix The met hod

cont i ntﬁ@"ﬂﬁ‘@rht@@t\/\éf‘pc%ﬁt%$%&tqr% Sga@rﬂﬁ)ﬂ'hhtmﬁlc&ﬁ”mﬁﬁl@ef'érEa@hé’Bm%g t he
words in the groups by replacing character sequences in the words in -4 WO
2004/ 008021 iR @AdaRfindivdaablesdas gneaged Wytraplacingt ¢acit Clharacieddx#e t hat are
mapped to the character sequences by the substitution table. The nethod

confg Nugsrdvvith tile shectdr isd®o Whichithe whatctémis rdspeat byise cidractert e
sequences using the character-mapping table and the substitution table.
The et had FRBbRUGAd B Fébidcinh¥RchseqlBAtS BECHRASeFEfroR the 80bstitution

table that appears in the word with the substitution index to which the sequence of

characters is mapped by the substitution table. The common prefixes for words in

each word definition table are removed.

15 A method of creating compact linguistic data is also provided. The
method begin with a step of creéting a word-list comprising a plurality of words
occurring most frequently in a corpus. The method continues with a step of sorting
the words in the word-list alphabetically. The method continues with a step of
creating a character-mapping table for encoding the words in the word-list by

20 replacing characters in the words with associated character indexes contained in |
the character-mapping table. The method continues with a step of separating the
words in the word-list into groups, wherein words in each group have a common

prefix. The method continues with a step of creating a substitution table for

encoding the words in the groups by replacihg character sequences in the words in
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5 tables and storing the encoded words in the word definition tables. The
nmethod continues with a step of creating an offset table for |ocating
groups ofwereedsdi22wor ds. The net hod ends with a step ofCIt@woesgyoudre
character-nmapping table, the substitution table, the word definition

<o i bESTabeEr s ubEgh FuekBa it pls, MRPREL bR racletse e R, 0 ¢

i nput predi is a block dia of, a yste of.. creat.i n conpact
| i ngui s¥ecsu Ch?&f%‘onltgglpr ahe@?@oﬂIM'ﬁﬁﬁgWatW%@PP °§] MGMRIPTYP IFi 't eri ng
source files; Fig. 4 is flowhart illustrating a rrethod of word frequency
cal cul athieo@roussi gtosbyte sequeneesansing| thes charackey-mappingotalle eid 1P conpact
linguistic data; Fig. 6 is a block diagramof a format of conpact

| i ngui silsstitiation tabkf) g méthod contihoek wdihaa istep of creatimgpiverd defindtieref i ni ti on
table; Fig. 8 is a flowhart illustrating a nmethod of frequency

modi i Cﬁiblé’sﬂand astirlg the Sndcsuedl WbriCinathie Wordussfiratiom taldlesTETH thetlfiod
inflection analysis.” -5 WD 2004/ 006122 PCT/ CA2003/ 001023 DETAI LED

QESCR PLL S Rsh SrREB4ELARG, oh STEALANG 181 uiShaGreampas bnbbdey St ©

dat a, on wor X1 ng W|t statistic char act er

i mgui i %airbenieaﬁ%e i ool Rattfe R rabPREDlE e oc,

access to words which begin with a s ecifi efix nd their associ at ed
f r equengyisiitution table, the word definition ta Ies and O“ne Bliset tabfe

10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of a system in which linguistic data is used
for text input prediction;

Fig. 2 is a block diagram of a system of creating compact linguistic

data;
15 : Fig. 3 is flowchart illustrating a method of filtering source files;
Fig. 4 is flowchart illustrating a method of word frequency calculation;
Fig. 5 is a flowchart illustrating a method creating compact linguistic
data;
Fig. 6 is a block diagram of a format of compact linguistic daia;
20 Fig. 7 is a block diagram of a complex word definition table;
Fig. 8 is a flowchart illustrating a method of frequency modnﬁca’uon,
and

Fig. 9 is a flowchart illustrating a method of inflection analysis.



Fig. 1 is a block diagramof a systemin which linguistic data is used for
text input prediction. The systemincludes linguistic data 100, a text

i nput | ogwo 20em10612202, and a user interface 103. The sy®CEGA008/10£023

i npl enented on any | o conputing device requiring text input, but is

especi a ed BHSR ded devices wth a slow CPU and significant RAM
and ROVFHE--t8 i SRS a nmobil e communi cation device. The user

interface 103 i.ncludes a text input, device 104, which allows .a,user to
enter text into tMYW%JWH@Mtcr?ﬂMa%%UF'@S cpmpad linguistieddBe t hat

15 enabl es text entry, such a QAERTY, AZERTY or Dvorak keyboard, or a

r educed bregtoen word peefixsiadeximgeavith statisiianl ghatadtercsuhsditution; isgroyidegut devi ce
106, which displays text to a user. The text output device 106 may be a

gr aphi cghecmetiwoteibly whiobs the egisiem tshares ctheelingiistec oata requirsi méniowal
conputer. The linguistic data 100 is based on word prefix indexing with

stat st in‘?&hog%a@@%[n@lcﬁr@(/id%@ Rehy fast Actdss ddords WRRALdYRtIwItR a dpeciiieet ai |
bel ow. The téxt Tnput logic unit 102 may, for exanple, be inplenented by

conput er &éf?ﬁérg&l@ote%ﬁ%oggﬁ@g@hﬁﬁﬁ&ggpt ed by a conputer processor that is

contain e text input logic unit 102 receives text
that is entered by a_user , -6 WO 2004/006122 . . [ 00 siLhg the
text input devi ce}éﬁi. ls-%glopgﬂaqrﬂm qggﬁjf%f%dﬁﬁ%%ﬁf?&ﬁgﬁac éé%js ﬂ%%&t ext
out put device 106 to present the user with predictions of words that the
user hador @KHF‘P‘é"oPV?S'Cé‘ﬁf‘erT.heﬁV@%Pé’éﬁ"é‘i?%‘ﬂyp”éﬁt@ ‘feﬁﬁ 1P§sﬁt%"%°&§ﬂ%g@orrpl ete
words that start with prefixes entered as text by the user, and are
retri eveaitbl0z, rand exusemipterfacsyil@35 The sysiem taonbe fraplemepiedtancagut a 100.
The user may then select one of the predictions using the text input
devitge TOhputing device requiring text input, butis especially suited for embedded devices
with a slow CPU and significant RAM and ROM limitations, such as a mobile
communication device.
The user interface 103 includes a text input device 104, which allows
a user to enter text into the system. The text input device 104 is any device that
15  enables text entry, such a QWERTY, AZERTY or Dvorak keyboard, or a reduced
keyboard. The user interface 103 also includes a text output device 106, which
displays text to a user. The text output device 106 may be a graphical component
presented on the screen of a mobile device or computer.
The linguistic data 100 is based on word prefix indexing with statistical
20 character substitution, and is described in more detail below.
The text input logic unit 102 may, for example, be implemented by
computer instructions which are executed by a computer processor that is

contained in a mobile device.

The text input logic unit 102 receives text that is entered by a user
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Where the text input device 104 is a reduced keyboard, the text input

| ogic unit 102 al so di sanbi guates individual keystrokes that are received
from t he woedugwdi2zeyboard, presenting the user wth thecrs20@pobebl e
characters based on 10 words in the linguistic data 100. Fig. 2 is a block

di agra r. hng I .St J:.C el istic
dat a annha%bggliﬁg%éngg;?g\gg‘?ﬁpgw-@%T{c)eg‘(gjﬂdéhgﬁbwgswf gfeeg' F%&dte Cal %{J bel ow,
by anal yzi ng the corpus 200 of a natural | anguage, such as English or

2 ench. SHRUL AEYGe: QBT D Trapanting R e Bls of WoTds hatdnecHee! BAS vor ds
appearing 15 in the corpus 200, maps each unique character in the words to
a char attededita@aier. Theppwsiciionraratemest praablasemplaie wordhthat starhct er

i ndexes to which the characters are mapped, maps sequences of characters

t hat appithprefixeshenteredias text smbiiel usetr] amd arerkresed by fHeatsadinploélogizuences
of characters in the words with the substitution indexes to which the

sequencaRit qfozcﬂéfrﬁ%@ﬂiﬁgafsﬂc neRRRErDO. armRNeUesr iy IRt Seldtt @ndOoBkRdips Wher e
each group contains words that start with a common prefix, and maps each

prefix b%gﬁ&%%‘t%ﬂaime"l’e&ﬁfﬂpﬂf‘dé\%e;gg. group of words which start with the

prefix. e anal ysis of the’ corpus by the |inguistic data anal yzer 202
i ncludes the calc t of .the,abso N of the.uni que rds
appearing in -7 Wﬁ@gﬁ? 8%%!’?2“@@1‘?%@6%&Wﬂ@%ﬁ%@gwﬂfmt hods
for the calculation of frequency, and creation of a word-1jst are described
in Fig. OgiGWt g alsp d'@%\gb&la\kﬁg W%M'CB{@“ §S¥STBQ@§ thet arpggceivsrhiione the:or pus
200, the word-list is used to create the linguistic data 204. The
| i ngui steducedieyboadl, prasentog thm@smMImubemm%@t@Me characiensipagaden i ndexes,
the substitution 5 i ndexes, the |ocation information, the groups of words
and1¢ hewbrdmingheiliaguisticida¢a 100r ds. A nethod for creating the linguistic
data 204 is described in Fig. 5. The
Fig. 2 is a block diagram of a system of creating compact linguistic
data. The linguistic data analyzer 202 creates linguistic data 204, described in detail
below, by analyzing the corpus 200 of a natural language, such as English or
French. The linguistic data analyzer 202 calculates frequencies of words appearing
15  in the corpus 200, maps each unique character in the words to a character index,
replaces characters in the words with the character indexes to which the characters
are mapped, maps sequences of characters that appear in the words to substitution
indexes, replaces the sequences of characters in the words with the substitution
indexes to which the sequences of characters are mapped, arranges the words into
20 groups where each group contains words that start with a common prefix, and
maps each prefix to location information for the group of words which start with the
prefix.

The analysis of the corpus 200 by the linguistic data analyzer 202

includes the calculation of the absolute frequency of the unique words appearing in
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| i ngui stic data 204 produced by the linguistic data anal yzer 202

Illustrated in Fig. 6. The absolute frequency of a certain group of words
found i n wbeo«wsppas 200 may al ternatively be nodified pgTasypassaoierg this
group to a different file io0 and assigning a customweight to this file.

This group ma I,SL _Of ds | ch ar donmai n fic, nanes of
pl aces ‘8\ 9%@3%%‘5‘51?\4?{?@35%%%? H‘a%'fi’&soé e%ﬁ”ﬁ%@ﬁgﬁ& ﬁ&t\% é}dﬂ]‘é’ét be
included in the resulting word-list. As a result, the ahsol al ue of
the frecijgctRsasiberdn frigi 8 ancbble- 4f WBFaIa Werd-ighasmbeen Q&”\ﬁ%ﬁ'% ¥hee wei ght
assigned to the group, so that this group of words will have frequenC| es
that 1corpue 200t the aorddibkis ueed) o dregte rehingnistie daig 208 gThaslinguislieowchar t
illustrating a nethod of filtering source files. The source files contain
text whiglh ZeNmchaRs thec@igué chaletdrs| they ciaractdriindees, thesabstitutiorst ep i n
calculating the frequency of words in the corpus. The nethod begins wth

t he £t eRyales %ﬁ W@@ﬁid?ﬁn?d?ﬁéf BAL %téroéﬁ§@ﬁw2ﬁds aRdfthé ﬁeq&éh@iésb‘ﬁ%éour ce

file is read, e nethod continues With the step 302 of = perform ng

subst | t@@ Y & [nettﬁ'é & 56 %‘ahﬂg thd }.ﬁgﬁgﬁ&agwgoaqs UBSEriIR nenf@nsesThém' ch

may be opertle user preferences sp&cify regul ar

expressj, ons whi ¢ r the in o der titute |nvaI|d or
unwant efH‘ ‘%ﬂ&ré@?@?}s prp iﬂ\ﬁ%\eelmgéﬂ' t?rﬁpa %%Wugﬁggt E ‘
included in the word -8 WO 2004/ 006122 PCT/ CA2003/ 001023 li s or a
Italian user may hAAtahslytegrequency-of & qerigigronp &f nids downq inythe, - or
a user may want to skip the last sentence of a text when it is expect ed

t hat t heotpast200gray aliematively diermsodifies byisepartatingrthis grauwgto adisferentidel t hen
continues with the step 304 of obtaining a filter 5 corresponding to the
typ@o' NEh@ abSignfy & Baston welit &lﬂml@ﬂleoffhté'@roﬂmmaycbni;let offwordsentdopl e, if
the file extension is ".xm", I's assuned that the file contains an

are domain specific, such as names of places or medical terms, and which, based

_on user preferences, must be included in the resulting word-list. As a result, the
absolute value of the frequencies for this group of words will be modified using the
weight assigned to the group, so that this group of words will have frequencies that

15  are different they would have otherwise had.

Fig. 8 is flowchart illustrating a method of filtering source files. The
source files contain text which comprises a corpus. The filtering method is the first
step in calculating the frequency of words in the corpus.

The method begins with the step 300 of reading the contents a source

o0 file. After the source file is read, the method continues with the step 302 of
performing substitution of text from the file according to user preferences, which
rhay be stored in a properties file. The user preferences specify ‘regular
expressions which are applied to the text in order to substitute invalid or unwanted

characters. For example, a user may not want street names included in the word
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eXt ensi bl e Markup Language (XM.) docunent, so an XML filter is obtained.
SSmlarly, if the file extensionis ".htm", then a HyperText Markup
Language wbRMdoosf22l ter is obtained, and if the file exPemsiAN0I®1023t xt ",
then a text filter is obtained. Oher io file extensions may al so be

mapped | £ | £l i | teh ' S Qi inS en

appl i edﬂsg’t&gﬁegél%@"?%{ YB%)Z@’?“’E%WSPLE’}?SV J\@&Q@W%ﬁbgﬁéﬁﬁo@%fmo% t he
corpus, but rather are part of fornmat _  definitiops. For,k e e,,.an XM
F71 Der  vstges whsi i ahiet Dadest sonlarnie eldkion aihen f Rismnented TRLIG &Y The
met hod continues with the step 308 of extracting the words from the data
resul t i sNteReRconigiNBoBly thaauigarsingeéhe extracted words to a
filtered-words file at step 310. If it is determi ned at step 312 that
there are nore solheeméihoelsthen dantinees witthiire step 8e4 lbdbdainingnaditeat st ep
300. O herwi se, the nethod ends at step 314. 20 Wen the nethod ends, all

of tshe s@rsgfOHdiInG o e §pCinbRAISE b NRe dits PNNBREOf Iheesolrte fiky.edor Fi g. 4
is flowchart illustrating.a nmethod of word frequency cal cul ation. The

met hod é&&hb@ﬁ%ﬁﬂg& ﬁLei_ bgﬁg\%@gyggdgpi”i e 5§${mwﬁﬁatpfh@dmee M¥inkhgn et hod

illustrate omthe tered-words file are | oaded
ef 1 oct 1 SRR R, L aPiae ok deRmi 3 SE el S bl o g™ "
Fr equerSIIaTY, e fieiogeasionr J0mV+ s Arupd extanun Lofourandn Wikes of
the tree, and words that occur less frequently are located in the | eaves
of the filterds otained; anddithefiile erdension iz o athen atexkfikgrds ablainethOthee wor d' s
absol ute frequency. Wrds
10 file extensions may also be mapped to additional filters.
The filter obtained at step 304 is then applied at stép 306 in order to
remove words which are not part of the corpus, but rather are part of format
definitions. For example, an XML filter removes mark-up tags from the text read
from the file.
15 ‘The method continues with the step 308 of extracting the words from
the data resulting from step 306, and writing the extracted words to a filtered-words
file at step 310.
If it is determined at step 312 that there are more source files to filter,
then the method continues at step 300. Otherwise, the method ends at step 314.
20 When the method ends, all of the source files which comprise the corpus have
been filtered.
Fig. 4 is flowchart illustrating.a method of word frequency calculation.

The method utilizes the filtered-words files that were produced by the method

illustrated in Fig. 3. The words from the filtered-words file are loaded intd aword-
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are added and deleted fromthe tree in a fashion that assures that the tree
remai ns bal anced. The nethod begins with the step 400 of reading a
filtered-wordeydosi2ze. The net hod continues with the stepCaf2063/0erdi ng a
word fromthe filter-words file 1o and adding it into the word-tree, if

the wor a5 T1is POICEREY it et ReUic st 101 Sore, WAL GOrER Befickos"
wher.e |tfé qﬁ ned i1f the nunb nodes in the tree exceeds a ’
pr edef | néa‘ﬁﬁ Qdﬂ'”wa?;' @QWC%heeUe?r'ﬁ Lrogizasksuchethatwasds that he si ze

of the word- ree does not exceed the limt, then the 15 nethod conti nues at
step 408CCH HEAWPY 'ntt%f”ﬁ%rﬁﬁd@or@érwﬁwedocaate@tretqb\eztmerrmdestoémemee t he

word-tree is shrunk so that it no | onger exceeds the size limt. The tree
i s shrurdthyords that mgeumnless éresuent!y que tadajedirethevieadss bf tho trbe. Hache, which
are located in the | eaf nodes. The nethod then continues at step 408. -Step

408 det exadenfhetretiventdites an vmﬂa‘nd théﬁ/\ﬁﬁd%'b@él h&frk
filtered-words file. If theremg?e t hen the net hod gontrlﬂ%ée}ééyg'?vg't%gp 402.

| f ther far@r.a@Idel‘j%m%l'délé’céé@'ro‘n"ﬁ’ﬂﬁestrrééff1 a fdshfh %Q?aé%ggﬂlaggﬁé 1@%’ g%?rgglr\ﬁgt P

410. Step 410 determ nes whet ere are any renaini rds
files tg rg}r]e%es If there are, then the nmethod continues at step 400.
Q her wi se " method continues at step 412. -10 WD 2004/ 006122

PCT/ CA2003/ 001023 At _s 412 d-list which stores words whi ch have
been added to the W88 {hﬁp ﬁsWﬁmﬁeﬁ%‘t%el@gdmeamreﬂwpmﬁm out put
file. T ﬂ?d illustrated in Fig. 4 allows even very |arge corpora to be
pr ocessddegetnag eRiltivues wihitee st 2 ebigadingp wordiiroinshe ditiet-wiords filp to a
predefined 5 limted nunber of nost frequently occurring words in the

cor pis, aaddaddiag dosts theeword-tree, if the word is not already in the word-tree. The

frequency associated with the word in the tree is incremented.

The method continues at step 404, wherev it is determined if the
number of nodes in the tree exceeds a predefined limit, which may be specifiedina
properties file. If the size of the word-tree does not exceed the limit, then the

15 method continues at step 408. Otherwise, the method continues at step 406.

At step 406, the word-tree is shrunk so that it no longer exceeds the
size limit. The tree is shrunk by deleting the least-frequently used words from the
tree, which are located in the leaf nodes. The method then continues at step 408.

Step 408 determines whether there are any filtered words left in the

20 filtered-words file. If there are, then the method continues at step 402. If there are
no filtered words left, then the method continues at step 410.

Step 410 determines whether there are any remaining filtered-words

files to process. If there are, then the method continues at step 400. Otherwise, the

method continues at step 412.
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frequenci es associated with the words. Fig. 5is a flowhart illustrating a
nmet hod creating conpact |inguistic data. The nethod uses a word-1|i st

cont ai ni Ngowoedobraequency i nformation to produce conpa®CTiGArges/®1G28 dat a,
and includes word prefix indexing and statistical 10 character

substitution. The b 500 rd | i s read
froman out put flﬁgP%g? 5&'&9% gﬁﬁﬁ'&ﬁ%weﬁwﬁ\ﬁ ﬁ'cb 89'9?85%%

cal cul a épon such as  the nethod illustrated in Fig. 4. The words in the
wor d- | | ¥18 WPK-raRANd dhelE equPRHas are wallep 1o eg OmléUtnfﬂ?hod continues with
step 501 of normalizing the absolute frequencies in the word-list. Each
absol ute frequencyhe matepd divistratad ia Figl 4allaws evereveryriasge cwpolaiode
frequencies are mapped to rel ative frequencies by applying a function,:

whi ch nprpckeesepby akingte bymputes eTheosudiing worfddist tomtains uptlowdsredefidscabol i c,
Gaussi an, hyperbolic or linear distribution. 20 The nmethod continues with

t he sst efimféd nGfbef %ﬁhidé%réqﬁ@ﬁl;%éc%frnn%ﬂ@ﬂiﬂﬁ thakb usTEﬁth‘é‘éB%lﬁfe mappi ng,
table is used to encode words i'n a sequent step of the nethod. When

encodi “@e(ﬁerﬂﬁés{ 8§§H%§ia e&l&ﬁthct:h%rvgﬁfd@rs in the original words are repl aced

wi th the charac In exes 0 ose characters in the character-mappl ng

table. Since the of .the alp for _a beti.cal |an -11 WO
2004/ 006122 PCT/ c%‘@ogé? golpysharilu @ﬁ?{?&'ﬂgﬁe@g%ﬁﬁ?{% A CQ"B%%@F LB?/% i s
enough to store Uni code character data. For exanple, the Unicode character
0x3600 &R bd Neemetiachiaes & wordilit CoNiaING HATETeRUSGYJROTIATION iche
character-nmapping table. The |ocation of a character in the
char act iodugpsonpacklinguistic data, engrin¢ludemwordiprefixindexied and stélisticatier t hat
5 characters appear in the given word-1|ist.

10  character substitution.

The method beings at step 500, where the word-list is read from an
output file that was produced by a method of word frequency calculation such as
the method illustrated in Fig. 4. The words in the word-list are then sorted
alphabetically.

15 The method continues with step 501 of normalizing the absolute
frequencies in the word-list. Each absolute frequency is replaced by a relative
frequency. Absolute frequencies are mapped to relative frequencies by applying a
function, which may be specified by a user. Possible functions include a parabolic,
Gaussian, hyperbolic or linear distribution.

20 The method continues with the step 502 of creating a character-
mapping table. The character-mapping table is used to encode words in a
subsequent step of the method. When encoding is performed, the characters in the
original words are replaced with the character indexes of those characters in the

character—mepping table. Since the size of the alphabet for alphabetical languages
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The nethod continues with the step 504 of separating the words in the
word-list into groups. Wrds in each group have a common prefix of a given
| engt h ameloaver/@erzed by frequency. Wrds are initiallyPgmaiyzeas/doyo2pr ef i xes
that are two characters long. If there are nore than 256 words that start

per { or nBd 0 o} GRS e o Eyte Rrtuch IR e R et RBRF Bhlal Bl ns 520

words with the prefix "co", then this grou wi |l be separated iglto gr oups
wi th pr BXAREE, Hegdicode GharacipEOXIS 0o ahR eRERSRRIed 8 TONLILE 1GFatRY Bhe st ep
506 of producing a frequency set for each group of words. In order to
reduce tidexah®untthef cRaracterrmaappingdtable. sThe docatrs péquehayadtesr &t the i on,
only the maxi mum frequency of words in each group is retained with full
preci si oharatter-magsing niepleofis erthsighificanywariti iis basedi oad e erdgrethaent age of
t he maxi num frequency of words in its group. This techni que causes sone

| 0ss5 of cR&reEicRS ¥ppBat intthb Jiveh ABRERSiabl e for the purpose of text input
prediction, and results in a smaller storage requirenment for frequency

nfor mat i on. 20 Thgo BEAGH EARKLEY Hihb RS 8342 ephiifiodfl gt feluce the

anount of data require re the wor e character
sequencgs that,. .occur nost.,.frequently in the words are replaced . wth

subst i tﬁﬁ Wﬂrﬁ'pﬁiéw@sg.rWH@ V\L‘Uﬁgt”? FGF?{(%OIH? nﬂ‘-’%raa‘fﬂf? i'?:rﬁ?'érog aWfnces of
n- nunber of characters, enables a nunber of characters to be represented
by a si lenoéh andamesaried byirequencyr Werdsare mltla"mrwengmptﬁ%ﬁ thatare

PCT/ CA2003/ 001023 stored in a substitution table. The substitution table

i s i ndeleaichamactematongalflinerecarermoiesthan@56avards shahstart withtthe sainedee: The
words can then be conpacted by replacing each n-gramw th-its substitution
| ndex i oharaeterwpshi, thdn additishhlesepreation witl Beperorngschwith poeger préfixes. wor d. 5

The nmethod continues with step 510 of encoding the word groups into
For example, if the word-list contains 520 words with the prefix “co”, then this group
will be separated into groups with prefixes “com”, “con”, and so on.

The method continues with the step 506 of producing a frequency set

for each group of words. In order to reduce the amount of space required to store

15 frequency information, only the maximum frequency of words in each group is

retained with full precision. The frequency of each other word is retained as a

percentage of the maximum frequency of words in its group. This technique causes

some loss of'accuracy, but this is acceptable for the purpose of text input

prediction, and results in a smaller storage requirement for frequency information.

20 The method continues with step 508. In order o reduce the amount
of data required to store the words in the word-list, the character sequences that

occur most frequently in the words are replaced with substitution indexes. The

substitution of n-grams, which are sequences of n-number of characters, enables a -

number of characters to be represented by a single character. This information is
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byt e sequences using the character-mapping table and the substitution
table, as described above. The prefixes used to collect words into groups
are renmovwwo 2be4v6122he wor ds t hensel ves. As a result, ea®cTioN003/®1023
represented by a byte sequence, which includes all the data required to

find the, original' wor i | e . U ith step
511 of - Siaad M SueRidhn Bl T Subfiiich aple R BRCRBAAIGAch IR o7

t he frequency sets cal cul ated, at _.step 506 a t he encoded words.produced
bt 510. TaPHER HRoa SHBRILIAR s M08 pan dhe PE goTRACIER BY FRRAC &b 6. The
of fset table contains byte sequences that represent the groups of words.

Thi s t asheh nigasnufithdts sulestituiion indexdr it substithior table efchdlimgthe Saquences
that represents a particular word group. The offset table is used to | ocate

t he byt grapgippeassintdatord.conpri se the encoded words for a particul ar group
that start with a common prefix. The nethod concludes with step 514. At

thisgstep, the Iirraéirﬁéﬂ'h@d%hﬂnn%whhb@ﬁrocnmetnhedmttmwo robpemist ored in
the tabl es that have been created. 20 The data tables, including the

char act g dBARIGHeb Ay 11 EnebBtT A9 bl HBSurRILRBh thll asand the

word de are stored in'anoutput file. Statistical data

o2t her e SUpL 0,1 TEL000ls SLARLI AR SBRS oA 1 £ 0RR Y,
I T A NI L S R T R

nunber of words in the linguistic data, word-list and corpus _from which
t he wor aviichsincluslesgliibeadasa requited o finskthecarigingl word, givepdisrefiX.wor ds i n
the linguistic data, word-list and corpus. Fig. 6 is a block diagramof a
foramat of conpact Thenpeinsd contiaties withstepS 1draf ceaatingbyard diefipitionn talhes. dat a
format is to preserve the sinplicity of interpretation of
The word definition tables store the frequency sets calculated at step 506 and the
encoded words produced at 510.
The method continues with step 512 of creating an offset table. The
offset table contains byte sequences that represent the groups of words. This table
15 enables the identification of the start of a byte sequences that represents a
particular word group. The offset table is used to locate the byte sequences that
comprise the encoded words for a particular group that start with a common prefix.
The method concludes with step 514. At this step, the linguistic data
resulting from the method has been stored in the tables that have been created.
20 The data tables, including the character-mapping table, the substitution table, the
offset table and the word definition iables, are stored in an output file.
Statistical data gathered during the method of creating compact

linguistic data may optionally be stored at step 514. The statistical data includes

the frequency with which n-grams stored in the substitution table appear in words in
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the linguistic data, while mnimzing nmenory use and the nunber of conputer
I nstructions required to create and interpret the data. Linguistic data in
t he formawoi2e04/@seduced by the |inguistic data anal yzer PR A2BI301®P, and
is the output of the nethod illustrated by Fig. 5. 10 The format all ows

| i ngui st,i G. . t ' W, O fr I nf.ormati on.
vhen t nae Bt e e SRR S Lo nghig BichstE e PERYFIREG Bl
capabilities,, which are described, bel ow, can, be inplenented nd the data
can be. Iromtmhishdhe weri Tishivas deReeier andatas Pefvedhnedy s o Y cquency
information is not included, then words which are |ess than three

char act #Y¥ellipgyistiesiada evaist-list g0 aPseNs.si nce they will not be useful for
predi cting user input. The format defines the structure of a conputer file
whi ch contains a Figpé&dsma 1866k Hsgramed abigprranefmmenpadt lingbistis datehel treeader 602
contains a signature including a magi ¢ nunber, which is a nunber

i dengi f P:ﬁﬂﬁr}ft bsjetaverst thefddthformidi s tolgresbeadre shfglicty o irtempratatisn o200
i nformati on Which specifies the version and priority of the linguistic data

Cont a1 ekl i, e RS St "R SBcl Enarand phATy darigl Ve
| nd ca; MstREbR Eofidai cl¥adehhbelPRtha il HBbiodal MEREadte 6o
PCTI CaBESSSH0YE T ANGLIStaIo4a FHBUREE 208 (T b 130k 5 eOMBRAPING i abl s
whi ch are defined below, and also allows for additional tables to be
added. Mathed dlustraiasty €. %si ng the index information found at the table's
entry in the index table 604. The'index table 604 is foll owed by the nane
t abgfxl Ifsg? The naifbe Brmabhbows inguistiadata B barstonsdi with iod evithotit werd he
o fre'quency information. When the linguistic data includes frequency information,
learning capabilities, which are described below, can be implemented, and the data
can be used to predict input entered with a reduced keyboard. If frequency
information is not included, then words which are less than three characters long
15  are not included, since they will not be useful for predicting user input.
The format defines the structure of a computer file which contains a
header 602 followed by a number of tables.
The header 602 contains a signature including a magic number, which
is a number identifying the format of the file. The header 602 also contains
20 information which specifies the version and priority of the linguistic data contained
in the file. Priority information is used to assign relative importance to the linguistic
data when multiple files containing linguistic data are used by a text input logic unit.

The header 602 also indicates whether the file includes frequency information.

The header 602 is followed by the index table 604. The index table
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The nane table 606 is foll owed by the character-mpping table 608. The
character-nmappi ng 608 table contains the al phabet being used for this word-
list, andowoepst/@ard character in the al phabet to a char @ctrarA20esdexe23 The
al phabet consists of each unique character used in words in the word-1list.

10 The ract er - mappi n abl.e 608 is follo by the su i ' tabl e
520, THEOL GRSHATIS FEBReR dh 1 85 d6n rémaliag Hies Yol R e b0, &,
followed by a table for each group of higher-order n-grans i.ch are

def i nedand alse allewsfor gdditignal tatgasi@baﬁgﬁear/dt%mebﬂm% HSNGNEHHSX rapped
to a substitution index by the substitution table 610. 15 The substitution
t abl e 6ibforivwationl found dt iye tabde'sehirgtin thebindegiable®l4ds table is used to

| ocate a word definition table, described bel ow, based on the common

prefix of words iThéhedeorabialeds is tollowedaby) thet marhe thblea3ds]. TRemaess h
conbi nation of two characters in the al phabet, the table contains the

OF St efyd B cbhid @6 rrPWHSHERIAOMe! Ablcelgthat cont ai ns wor ds ¢ hat

start w conbi nat1 on of 20 characters. For enpty groups, the offset

is equal to the n - f ; L whet h

the vord def i niti SierRaTEPRLRSls Bfbwea ba i ShardBlerthashiipBalic BB, TNt 7
I d | bed bel ' .t wo- ter. th ffset i

ocat odTHE CHABKHBRPPID SHbled ConEiiaine Aarardpanp Wi kormarierd

((position of the first character in the -15 WO 2004/006122

PCT/ CA2li5 3200 1S eaghearacter juisealphbabeigraehanastarindaie B alphabpt +

position of the second character in the al phabet). For exanple, if the

al phabectongistBrjleiash, urtidneanchéracterr usedfin woeds il thieamend-lit. 26, so the i ndex of
"ab" in the offset table is ((0 * 26) + 1), which equals 1. Hence, the

PR, the L3Sty nassbptmsr ooy i aniphut .
610. The substitution table 610 contains a bi-gram substitution table, followed by a
table for each group of higher-order n-grams which are defined, such as tri-grams,
four-grams, and so on. Each n-gram is mabped to a substitution index by the
substitution table 610.

15 The substitution table 610 is followed by the offset table 612. This
table is used to locate a word definition table, described below, based on the
common prefix of words in the word definition table to be located. For each
combination of two characters in the alphabet, the table contains the offset in the
file of a word definition table that contains words that start with that combination of

20 characters. For empty groups, the offset is equal to the next non-empty offset..
Each offset also specifies whethver the word definition table located at the offset in
the file is simple or complex, as described below.

Given a two-character sequence, the offset is located at the index in

the offset table defined by the formula: ((position of the first character in the
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| i ngui stic data. The inflection table stores word suffixes which may be
used in word definitions. A nethod of inflection analysis in illustrated
in Fig. 9wObhevdosregui stic data al so contai ns word defi niPCram2pegloen36l4. A
word definition table stores words froma single word group and

frequengi gs ociate lo with the r .can | ' or

conl exaPRERF GG enaaliisdn taF albfREy AR Sed o bidtef,
two-character prefixes only. A conplex table js . used tq define rds which
are grofipde %‘Pﬁﬁpﬁﬁ_‘)i xEQr exargpieatfeing @W&?ES? 'S\I\EF’GQSLR ﬂh?'ﬂghaéﬁ%q % tabl es
614 are encoded using the character- napping table 608 and the substitution
t abl e 6aiphalvelds @Gasatheindek of fald indheleffegtdableds ((OP126) ed! wWwhicheruals
correspondi ng character, indexes fromthe character-nmapping table 608, and

t he n- gt.aMenichatheasige iohiieheffsathablietdnd isrbdsall en Hhikdengih ofaphe adptabiat. t he
words with their correspondi ng substitution indexes in the substitution

tablge 610. Sincephhpfigéticreiatl@Phét SHGwHN nftyeoYticRNG RAGTIiedimmer ef i x in
the al phabet to a location in the file that defines words that start with

|
that pr d{dfstictcﬂagasn Fl‘ﬁ%ii@ge%ﬂgﬂ 1496 stBs Weird shiffixBE \Afh?rﬁjnag%e B it P ar e

renoved omt nitions. Upper case words nay optionally be

mar ked with.an additjonal. .speci al har act.er,. .The eci al character is

st or ed %M?ﬂf['ri"‘r‘n%nsch r@%{r@g-%ﬁﬁ%cﬁwt%?@'%6‘86‘”3%%2?@%?Fggrgt he al phabet with an
additional character not used in the | anguage of the words in the
word-1ist. -16 WOThedngoigha dataraisp CRItAIRE WETA sisfinitioq tapiee Sldr A\ Werd nit i on
tabl e contains the encoded words of a group, and the frequencies associ at ed
wi t h t hdefinitiors tablé storee woriscirem ansiagleovatd groap ang fregusingiaspesosditeshl i zat i on
function which converts the frequencies so that their values are within a
pr efiet ewith nkd wardgean®eby BeheitmeExsimpie br equpiey  Afsimplaltable iSusée tgroup is

stored with full precision in the table. Al other frequencies are stored
define words which are grouped by two-character prefixes only. A complex tableis
used to define words which are grouped by prefixes of greater lengths.
Words in the definition tables 614 are encoded using the character-
mapping table 608 and the substitution table 610. The characters in the words are
15  replaced with the corresponding character indexes from the character-mapping
table 608, and the n-grams that are in the substitution table 610 are replaced in the
words with their corresponding substitution indexes in ’the substitution table 610.
Since the 6ffset table 612 uniquely maps each bi-gram prefix in the alphabet to a
location in the file that defines words that start with that prefix, the prefixes do not
20 need to be retained, and thus are removed from the word definitions.
Upper case words may optionally be marked with an additional special
character. The special character is stored in the character-mapping table 608,

extending the alphabet with an additional character not used in the language of the

words in the word-list.
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as percentages of the maxi num frequency. The encoded words are sorted by
frequency. However, if learning capabilities are applied, as described

bel ow, theo20e4m@6initial sorting is no |onger valid, anacCrheemsoded words
may need to be resorted. 10 As will be appreciated by those skilled in

bi £ 5. The wor de | & Syl RIERRER EP BRI pb B Ry oo ©

characters with the nost slqnichant bit set. |If a _character has its npst
si gni f i daAtheirequencies asseciated withiige wosds.chag Headengies ar%ﬂfa!a"zetigy
character is then treated as if its nost significant bit were not set for
the 15 ppplytgeaoiordetizaiom furctionewhighueomfertshinecfraguencies soothahdhelr he nost
significant bit does not affect the value of the character. Fig. 7 is a
bl ock dvalgeear@ivithincopreidetermined rtafgeniOnipthe miakienumlirequeacybiEwondsrinl
definition table is recursive, in that it contains |ocal word definition

tablgs groBpGs stireiNittiTull BretisibAMh theltabf R Stherheduéftiesiatd storé@bl e as
descri be 20 above. | ocal word definition tables 708 define words that

The
et i ¢ Foerdeniaded O ing BREmOnEHRELERG) TRE ordRd tof b et Y 1
tho. | 0 lIPIBRGI-daPMRY ST ieR AN ChaBie ampened. aeRrasg ikt "
PCT/ CA2003/ 001023 .  than the commn prefix for words in the word definition
tabl e. the initaneertingriamociangsr adiddandnthenangesed Wakig) ey ngedi 19nbe abl es

708 are renoved. For exanple, if a word group includes words which start
with thegorefd.x "co", and there nore than 256 words that start with that
prefix, then the conplex 5 word definition table for "co"-prefixed words
conj@i ns | ocal wond @iif baidppesciailal by those skilled in the art, characters are
represented in computer systems by sequences of bits. The words in the wdrd
definition tables 614 are separated by characters with the most significant bit set.
If a character has its most significant bit set, then it is the last character in a word.
The character is then treated as if its most significant bit were not set for the
15  purpose of determining the value of the character, so that the most significant bit
does not affect the value of the character.
Fig. 7 is a block diagram of a complex word definition table. The
complex word definition table is recursive, in that it contains local word definition
tables 708, e.ach of which is a simple or complex word definition table as described
20 above.
The local word definition tables 708 define words that are grouped by
higher order n-gram prefixes. Each of the local word definition tables 708 stores

words stored by the word definition table that have a common prefix, where the

common prefix for words in each of the local word definition tables 708 is longer
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708 that define words that start with "con', "con", and so on. The table
for "corn"- prefixed words could be a conplex word definition table that
further cwotzaimmmizocal word definition tabI es 708 for womds26803201628g Wit h
"comm and "conp", while the table for "con"-prefixed words could be a

SLZE ' i ol H@h‘i@t@.@fﬁ{)t?g@é&% @8”1%6‘ 1 déﬂpﬁnttltyta‘éﬁg ??5%25? each
d
1 Elahebo Pt e S AR AR A, 0y £t 7 120 1

I ndi cat es whet her the table that is referred to by the offset is_a conplex
or sinple word deFprgxaraple; é@wrdgsoaaaﬁiud@wp&w%pa stest Wit thegietdapl e al so
i ncludes a | ocal character- mapping table 704. This table is functionally
the santcoisandéherbanaret ihenrffowoyls thabsarbeBh (rtgrey, thendbpcontpex i t only
contains characters are included in words that are in |ocal word

def igi t iverg U@hhmén A8e fEhQ:d”QS?éﬁxé‘dl@‘rbﬂﬁ esntamilbodl werd @effrfidon tades each
character in the words in the local word definition tables 708 to a | ocal

20 char ?gé‘ﬂ‘iat'dlﬁﬁéwé@ﬁé%t‘étaﬁwm"‘%ohﬁo%\% rid SUEEN.MTh Rblbasn @B e

encoded acing characters in the s wth the | ocal character

| ndexes fi bIe 700
and p@?gsﬁtwoaﬁs pﬁ‘tpiae;%fohté)t&@ro&@%ﬁ@%tﬁaﬁ%ﬁaﬁt@@@% U T
hlghest re enmesmthe cont.ai ne J‘nth;a npl_ex ., wo inition
table. Wﬁéd deiiptiop toeles 1505103 /Sgﬁéﬁéév'gb ROCWGPTH »at?!f‘ﬂ %b
contai ns i ndexes of hotwords that are located in local word, definition
t abl es maefmécoar@eﬁxwmrwﬁwld@aa@lmnte.wpmbpleﬁmhcmataﬁ&qmoata"ﬂsam e 702
stores hotwords that are located in |ocal word definition tables 708 that
ar e1@onphipwondsrsiartiag iwiitt icon”.t abl es. A hotword can be retrieved quickly
using the hotword table 5 700 and the exception table 702, instead of
perform ng a sear ghadditibhgo teaRiniMgIdtal word definition tables 708, each word
definition table includes a local offset table 706, which is used to locate each of the
local word definition tables 708. Each offset also indicates whether the table that is
referred to by the offset is a complex or simple word definition table.
15 Each complex word definition table also includes a local character-
mapping table 704. This table is functionally the same as the character-mapping
table 608 (Fig. 6), except that it only contains characters are included in words that
are in local word definition tables 708. The local character-mapping table 704
maps each character in the words in the local word definition tables 708 to a local
20 character index. Words in simple local word definition tables are encoded by
replacing characters in the words with the local character indexes.
A complex word definition table also contains a hotword table 700 and

an exception table 702. Hotwords are the words associated with the highest

frequencies in the group contained in the complex word definition table. The
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definition tables 708 to find the hotword. The format of linguistic data
descri bed above enabl es determ nation of word predictions very quickly,

usi ng a mwvoized/ooareeaunt of menory. When a user enters aPaar@h2pe3giioe3usi ng a
text input device that maps characters to uni que keys io or key

conbi nat i ons RTY, keyb X1 c trieves
t he wor gtqu{dttﬂéleh?(ﬂ@&oga% s dpdex h@fah%{NglrQS 'qthartehﬁcﬁieé)? &'%@Lf"ﬁg‘ft he

hi ghest = frequenci es and presents the predictions to the user. ¥&en t he
user st ﬁﬁft‘%‘“@%tatbﬁfg &thas ee sigimg werd QG&BB@P jedlasoathe exoeRtioR bl e x i s
anmbi guous, since each key on a reduced keyboard is mapped to multiple
char act stoses hotwondisthed aes logatasiin logad word 8efinjtion tables 70&that akeszomplexii ct i ons
fromthe linguistic data that start with any of the conbinations of

char act eiosd tbiritiowtaitenoAhdiwotdearpbe retdewed quieklynsinditheusetword ke f or mat
also allows for easy nodification of the words' frequencies, to conformto

i ndiyi dggh a‘r'\%lQEe %x&@ﬁsfﬁod m& 7bﬁhh§@ad731%e%ﬂh|® @@éaich of tR@Mdddl Wefq by the

i nput choices he or she makes when presented w word 20 prediction

alter naasﬁﬁﬁgnﬂbeég § E){Pétﬁgt &%t i nput Iog| c unit and stored in tables

I ncl udi n esc earnlng capabilities include the

nodi fication of f ency. i.nformati,o and dditi nof wor ds
to the linguisti Cﬁ'ﬁ%?%rm &fwngﬂgf%fjf"%nge 8“8@3’888 egﬁlqusrﬁq%gmefa Psses of
addi ng the words _and correspondi ng frequency -19 WO 2004/ 006122

PCT/ CA2003yas0 prettictiansoram aivieklys Weibg & m@emaﬂ. afrgomrqmwpry Waenadissr ng
word-list includes tables for frequency nodification and for the addition
of new wotads a Wird.préfix ssiagfd iextinaut deviceithat mapscharaeteistp vnigiiekgyency

nodi fication. The method proceeds on the assunption that the base

l'i ngoli sbr keyedrabinatios, sushtdsea QWERWQ(Lke@'board;iattaxmnpm lbgid umit réipipoes bed

above before any | earning data is gathered,
the words in the linguistic data that start with the prefix having the highest
frequencies, and presents the predictions to the user. When the user starts to type
a word using a reduced keyboard, the word prefix is ambiguous, since each key on
a reduced keyboard is mapped to multiple characters. In this case, a text input
15 logic unit retrieves predictions from the linguistic data that start with any of the |
combinations of characters that correspond to the prefix entered by the user.
The format also allows for easy modification of the words’
frequencies, to conform to individual user’s text input habits. The user's habits,
confirmed by the input choices he or she makes when presented with word
20 prediction alternatives, are learned by the text input logic unit and stored in tables
including those described below.
Learning capabilities include the modification of frequency information

for words, and the addition of words to the linguistic data. Both operations are

based on similar processes of adding the words and corresponding frequency
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has correct frequency information in general. Therefore, the nethod all ows
for limted nodification of the frequency information. The nethod starts
wi t h t he woepo@®g120f addi ng a user-sel ected word 800 t ®@CTHEaA20@A0MI28

word-1list. The user-selected word 800 is the word selected by 10 the user

fromth I.st. of. i Qf f ' ' fix

ent er earyriion joBf S ahia cRold g Ehe Tedrtfto. PBRTeinkiools tEBESITEE |
device._ The sel eét,ed word i s &]ddeq%ét 0 tPe I eaqrAﬂi ng word-1list. The nethod
cont i nuf8ayEnaY repeiicatian gnddpt ieRIANIAHE! BRWYAIPEHh the maxi num frequency
of words in the prediction list that was presented to the user. 15 The
words in the predFigt Bda a ilewchattillupisatinga meibpd Riifragueney madiicadionay have
been obtained fromthe word definition tables in base |linguistic data, or-

f r om t hEhé ewmthod groceedd-dni the.asstimiptioh shaldhe baise didgaistic tata, 808 hikde t he wor d
wi t h maxi mrum frequency was obtained fromthe word definition tables, then

the gret hpdigRnbibUesmplie$ heBe8dibed avsld hisforsany RersinyedtaRghtéded s
assigned a frequency equal to the nmaxi num 20 frequency plus one. If it is

det erm R cBtres! fBBARY I rrﬁé%n"‘fﬁrg%ﬁ(égéf,? TREIETOHE, the ARGY alloas 18Pt

obt ai ne romtl rnitron t , but was rather obtaine romt he
user - serateoditarionnd e RelfomarEM B ency « hac i s equal to the
ends i Lh Step 1 IEMABPRNEIE I (R PIPREIE OhATANGA JSRBSRARSP OBl ai ned a
of “The. 60 kothd IoRusng aasclish T oBselEEioH R BIGRABE WATd SEleRted RY Uoer
enters a three-character prefix. 5 Gven the three-character prefix of
"begd, #Hwdupsreftort trandist' begeadicted words offered that begin with a word prefix
entered by the user. The user selects a prediction using a text input device. The
selected word is added to the learning word-list.
The method continues with step 804 of obtaining the word with the
maximum frequency of words in the prediction list that was presented to the user.
15  The words in the prediction list and their corresponding frequencies may have been
obtained from the word definition tables in base linguistic data, or from the learning
word-list. If it is determined at step 806 that the word with maximum frequency was
obtained from the word definition tables, then the method continues at step 808,
| and the user-selected word 800 is assigned a frequency equal to the maximum
20 frequency plus one.
If it is determined at step 806 that the word with maximum frequency
was not obtained from the word definition tables, but was rather obtained from the

learning word-list, then the method continues at step 810, and the user-selected

word 800 is assigned a frequency that is equal to the maximum frequency. The
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whi ch has a frequency of 3024, "begin", which has a frequency of 2950,
"begi nni ng", which has a frequency of 2880, and "begins", which has a
f r equencywof20020022 where all words are obtained from t ReTWN2003d®i028i ti on
tables in the base linguistic data, if the user selects the word "begin",

then th " beal.nl . e ; =1 1 he

fr equenty TR IESlR vilh 812 R dbRudrine o Al HHaSpER retfcy
predictions " a frequ y of 3025, "began", which has a
frequen@?aﬁfeéﬁgﬁfep 80&%?‘?‘?3%3“"”\”9%%@5& a frequency of 2880, and
"begins", which has a frequency of 2000, where "begin" is obtai ned from
the | ear ni ng wor dIhedellowingmpsagrephs ge¢ examples OBW%GtthH@Hﬁtﬁ{% Whrd
"began"” is added to learning word-list with the frequency 3025, and word
"begi n" Figs 8d et atreexdmple dssammésihaiviiradusérsentershe thireetaharagier ;sreﬁn. exanpl e of
the nethod of Fig. 8 where the three- character prefix is entered usi ng a
reduged keyboard Gleh tredimed- dﬁ@VetN@fﬁrpﬁb(rml“bdg’s anckpedictions rbeganty

"b" or "c", a key for entering " ", and a key for 20 entering V\/
X", or h ! 4, ﬁ“”ﬁﬁ'chhﬁ st & nbferzwohe
t hr ee- ch:!1‘?1(3:!110thlcfa:‘rQ tf)‘r‘c qEég@)pﬁegg?ng@?ﬁ "al bI/c ey, th n 'n/ 0" key, and

f |1 h / ‘

Fr equendyPBmig2 it 5% a e el OB S b edns) WC%W@&W 0%. ch
o R an 55 s o o MR e o™
PCT/ CA2003/ 001023 whi ch has a frequency of of the words

are obt dnguatic data, ifdhe USaéwlﬁGﬁSl’i%\/\M%lQng theretma@@rdr‘bﬁgln d¢ pddedta, if
user selects "boy", then the word "boy" 'is added to |earning word-1i st

w t hoa tg theuleamyingO&ird-lisheithdlae frieqgeneyr 802%.st i ncl udes an updat ed
frequencies table that 5 contains words with updated frequency and a new
words table that cii@itssd@hree-character prefix “beg”, and predictions “begin”,
which has a frequency of 3025, “began”, which has a frequency of 3024,
“beginning”, which has a frequency of 2880, and “begins”, which has a frequency of
2000, where “begin” is obtained from the learning word-list, if the user selects
15  “began”, then the word “began” is added to learning word-list with the frequency
3025, and word “begin” is deleted from learning word-l‘ist.

The following is én example of the method of Fig. 8 where the three-
character prefix is entered using a reduced keyboard. The reduced keyboard
includes a key for entering “a”, “b” or “c”, a key for entering “n” or “0”, and a key for

20 entering “‘W”, “x”, or “y". In th‘is example, it is assumed that the user enters the '
three-character prefix by pressing the “a/b/c” key, then the “n/o” key, and finally the
“w/x/y” key. Given the predictions “any” , which has a frequency of 3024, “boy” ,

which has a frequency of 2950, “box” , which has a frequency of 2880, “bow” ,

which has a frequency of 2000, “cow” , which has a frequency of 1890, and “cox”,
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words. Both of these tables include words which are encoded as in the base
| i ngui stic data, using the sanme character-nmapping 608 (Fig. 6) and

subst i t utworzoo4@bizes 610 (Fig. 6) as are used by the ba®eTiGarges®iizd dat a.
Each learning word-list table also includes indexes for the beginnings of

vor s | A Srck Y Al ob Oyl LTSI 08 SRS ot RS O

the table, and a sor ex that specifi orted

order of : h table al.so iincludes a f]lag which indicates

whet her %@ﬁpiﬁ{ag)?%soﬁ}aﬁ‘enga%@% G ?’%tﬁ‘ue'ggﬁéé S%k"ﬁ%‘\‘b%ﬂb@ﬂ tirgavordear ni ng
wor d- | i s‘ﬁ t,,abi?as foll ow sequentjally one after the other, with the updated
f requencP8¥ 1§ Aideddgdeainingwerd-list withsa frequpacy 882%i ng wor d- | i st tabl es
reach a maxi rumdefined | ength, then the ol dest words fromthe tables are
del eted in order tkhangesningonoriddist rircludes rminespdatedtfreyuenilicsstabeithatg wor ds
to and deleting words froma learning word-list table are perforned by

cr eabi ngontaindyioeds edthauptiatediregsenty At hlew RdedLtbiciN2 cBRthing

Rew
sinmul taneously witing the byte sequence into an output stream A?ter t he

updat e iword9"Bbei ©f thbse wslas asbigad %vdraarv?r‘iﬁﬁ%rggégﬁzog:éag%szq gﬁqe }8?"%%1' ng into

an out put stream occurs every tine words are a t he
| ear ni ng ald=sh - udi [ Oﬁﬁ‘é‘ . . from gne, of. t.he “
| ear ni ngn%f?sﬂ(—; |d|a§%’ u%‘a%ﬁfe]g?sapteeca B ge{;éﬂgl}’ﬁhgh%ﬂiga@c éparﬁ%ﬂBﬁ{'W@OPam e 608
(Fig. 6). ed if it - 2% 2004/ 006122 PCT/ CA2003/ 001023 doesn't
cont ai n)[e[ltﬂés %ﬁgig@f Q:) 85 AR Sy Bg\gfe basednqiisticrala. Faehleamiaduondlisie added
are then qnccided ‘gsi ng the character-nmapping table 608 (Fig. 6) and the
subst i t {AF'8R8QHNAUGAP iNdexgs fey theahaginpingst @awpresoint the tablg, fréquencf t he new
words table. Finally, the frequencies and sorting index of the |earning
wor d01 i giforraalien associated pdihttbe words in the table, and a sorting index that specifies
the alphabetically sorted order of the words. Each table also includes a flag which
indicates whether the table contains updated frequencies or new words. The
learning word-list tables follow sequentially one after the other, with the updated
frequencies table appearing first.
15 If the learning word-list tables reach a maximum-defined length, then
the oldest words from the tables are deleted in order to make room for new entries
in the tables.
Adding words to and deleting words from a learning word-list table are
performed by creating the byte sequence representing the updated table and
20  simultaneously writing the byte sequence into an output stream. After the update is
complete, the updated data is reread. The process of writing into an output stream
occurs every time words are added or deleted from the learning word-list.

In order to add or delete words from one of the learning word-list

- tables, the alphabet in the character-mapping table 608 (Fig. 6) is updated if it
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Fig. 9is a flowhart illustrating a nethod of inflection analysis. The
system and net hod of creating conpact |inguistic data may al ternatively
i ncl ude twe 2oemeohred of inflection analysis, in which boPhTaA206(000f23wor ds
t hat have frequencies higher than a mni mum specified frequency and an

inflectipn table are created. The 10 inflection table js created based on
stati st i@ﬁsngm}t?ngnﬁlC&@f%cﬂe%@‘aéﬁ@BﬁémrhWQ § iebeadeeg: sWards i ¢ 1 or
word creatjon in the | anguage of the corpus. The inflection tables nake it
possi bl @ddgdredher anseeed neimmihe earaciesimapping takle i6O8WEigl 6)@nesthet or ed

in the inflection table, ensuring that nore words are covered by the

| i ngui stsubstitatian tablei 60 (Fig. Bpwind ivseded iistb therRigming BPalsd nednwbitfsl ect i on
table may optionally be 15 included in the linguistic data format shown in

Fig. 6. tdble. rmrhdﬂlwtltaaﬂéq&ervdié&alﬁdi'%oﬁ{r@ﬂn@@ﬂoﬂfhélFamiﬁ@m@r&ﬂ@th@ &¢ number

of words that occur nost frequently in the word-1list,” based on the absolute
fregyengpdated.he words. The method continues with the step 901 of finding
suffixes of the 20 frequently occurring words. The step of suffix finding

I s based on an itesatd Ve .0f ffixes,of creasi ng | engt starting
with suffixes tha?r '@'ré)e}é"'s‘gil Qg\gﬁéﬁggﬁxg;rgﬂngmem &'ﬁa{"ﬁ'% "I‘?I)é*ﬂgff ithi‘@s t hat
are two charactgrs Loﬁrj;g These suffixles do not always match the existing
count er P¥PES AR Micthgd Qhereating compagt inanistis dgtrmay alietnativaly inaludedes uf f i x
finding is based on the nunmber of occurrences of suffixes in the -23 WO
2004/ 00&nethopof ifeation awiyeis inwdiieh both a Iishef wetdsothat bave rireemienciels t he
step 902 of updating the inflection table with the suffixes found in the
pr evi oudighes tharTaenifinern specitied frepuefey asd apénflevtiondablé Age trebtkEthen tabl e

is created before it is updated. 5 At step 903, if the size of the
I ngoii sinilectieh gabls iserbte bddtdvristatistical suffix analysis, and encapsulates the
linguistic rules for word creation in the language of the corpus. The inflection tables
make it possible to produce more than one word using the basic word forms stored
in the inflection table, ensuring that more words are covered by the linguistic data,
while the basic word-list remains compéct. An inflection table may optionally be -
15 included in the linguistic data format shown in Fig. 6.

The method begins with the step 900 of finding a configured number
of words that occur most frequently in the word-list, based on the absolute
frequency of the words.

The method continues with the step 901 of finding suffixes of the

20 frequently occurring words. The step of suffix finding is based on an iterative
search of suffixes of decreasiﬁg length, starting with suffixes that are six characters
long and ending with suffixes that are two characters long. These suffixes do not

always match the existing counterparts in the grammar of the given language, but

rather the suffix finding is based on the number of occurrences of suffixes in the
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configured maxi mum si ze, then the nethod continues at step 901. O herw se,
the nethod concludes with the step 904 of creating a list of the words in
t he wor d-wp=vo4/0est2hout t he suffixes contained in the infPCaata2oi/aRBe. The
inflection table and the list of words wi thout suffixes can then be 1|0
encoded ‘@ﬁm‘j@ﬁicri bed above in reference to Fig. 5. Wen the nethod of
inflecti alysis is used, the resulting conpact linguistic data as
illustrated in Fig, 6 also includes the inflection table. The words in the
word definition tablgahad confnues withiibe siep 962 ofepdating the isfiedtiores t hat
are included in the inflection table, but rather contain references to the
suf fi xedable with thef switixes flourablire thatpredipas estgav eThebyirststimg stép t9o2 is
inflection table for each suffix stored is the nunber of occurrences of the

suf fi x, peridriviegl, treslinfigctidretdtde g treated befose ftlid wpddiea. above description
rel ates to one exanple of the present invention. Many variations wll be

appagent to those Answhedosahl the BiZnet the!ifiguRiiE dRuCR YRGIEE HAlP Hinge

within the scope of the application. 20 For &xanple,

used in 3 iSurATR e i i he m.and t hod provided
creates d@ﬁ%ﬁg" IItnlgglgw s%PJ of g?ﬁrgthfegﬂgg{rﬁ)g%oaﬂtﬂgfﬁiéf%@glﬂan@@&&@'.sei the

additio system an t hod of creatin nd using conpact |inguistic
dat a caw%tbgﬁrﬁﬁﬁghg{%‘é’ﬂﬂh@%s%?ﬁﬁ%ﬂe?f qr??méﬁj?’t Sfrthpaverdare thewordlist - 24 wWo
2004/ 0061%‘?9 P(‘F:II'/ CA2003/ 001023 conbi nation thereof, on personal conputers,
PDAs, cdYfNQuiing guibixes raatainegbingbe infieaiiondablgear abl e conputers of any sort,

printers, set-top boxes and any other devices allow ng text input and
di spl ay. Al so, thehednfiection tablesamcithedist of Wogis without,suFiixe3 cancthen Bay
contain 5 fewer, nore or different steps than those that are shown. For
exanpl e engbtledagliescribed above in reference to Fig. 5. When the method of inflection
analysis is used, the resulting compact linguistic data as illustrated in Fig. 6 also
includes the inflection table. The words in the word definition tables 614 (Fig. 6)
then do not include the suffixes that are included in the inflection table, but rather
contain references to the suffixes in the inflection table. The space saved by using
15 the infléction table for each suffix stored is the number of occurrences of the suffix,
multiplied by the length of the suffix.

The above description relates to one example of the present
invention. Many variations will be apparent to those knowledgeable fn the field, and
such variations are within the scope of the application.

20 For example, while the language Qsed in most of the examples is
English, the system and method provided creates compact linguistic data for any
aiphabetical language.

In addition, the system and method of creating and using compact

linguistic data can be implemented as software, firmware, or hardware, or as a
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t he net hods descri be using conmputer files to store final and internediate
results of the nethods, the results could also be stored in conputer
menory swwb2asy/®@éieor Fl ash nenory nodul es. 10 -25 WO 20047A20@10@ 2023

PCT/ CA2003/ 001023 WHAT IS CLAIMED AS THE INVENTION IS: 1. A system of

creating : I kSt .S r pus; . and | i nqui stic
dat o anal g aopatpn el8d B bRy oRpRe-S FdAs SRR Bana s e
frequencj f wor appearing.in the corpus, nmaps each uni que character
in the \ABS@%& geaqr ﬁﬁﬁaﬁ“ﬁ'@?@?rq aﬁléﬁ}’ ﬁoétplpﬁe%seﬁ%wo@h@?)fﬁﬁ and jaaytatefor ds
with the character, index to which the character is mapped, maps sequences
of char afVfes aipwingdexdaputand displayr ds to substitution indexes, replaces
each sequence of 10 characters in each word with the substitution index to

whi ch the sequenceAlsd, thehamedbods #luatratetbipdéids. 8r 42598 aidh@ rvay 8ontaimt O
groups where each group contains words that start with a common prefiXx,

and reapsfesarh norefarxifferent siepithan tidseriiat AiRsHoWn.t BSr &XRHBIeOhit whi ch
start with the prefix; andgﬁerei n the conpact linguistic @lgté wﬁdes t he

ocat s on I o oat oo ing B8h Rk RS el nd I hhBRIBs ™ 1"

| ocation information, the of wor
ds. t | ai furt . i Si ng: i f ,
conpr i st e TEINBYS, il ouif AT dhoo ol $1654 if BBRIpL ReyHlamo Ry iitias Abfo*®

Flash memory modules.

10
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a text input logic unit, wherein the text input logic unit receives a text
prefix fromthe text input device, retrieves a plurality of predicted

wor ds fr owot2her/erzpact | i nguistic data that start w thPCRaA@iG0x23and

di spl ays the predict ed words -26 WD 2004/006122 PCT/ CA2003/ 001023 wusing
t he text . mcl aim 2, wherein the text input
devi ce | y aim3, wherein the keyboard is a
reduced board 5. The ystem of claim2, wherein the user interface and
the text ‘%ﬁ)ﬁ tenogfi creaing CQWaC’B"”Wt@r@T@e@P@H”%”%bl | e comuni cati on
device. 6. A conpact linguistic data structure for a plurality of words,
wherei n the wor ds 8a@@/pusy @ai zed i nto groups, each group contai ni ng vvords
that have a common prefix, the conpact |linguistic data structure
conprising: an al Wlatg&ﬁstammaia@yz@f, each uni que character in the words; 10
a character-mapping table for mapping each character in the al phabet to a

char et er [ ndex;  auRBRt ieUiORibabhe ahal-SPRRCIRISCAURIS Ao by pRIAC €1 S

fromthe words to substitution indexes rali Inition
tabl es for st r f oring each
of the words 1 c?ﬂaégﬁltﬁgoﬁp u?%%g%agnpﬁqggéf hgl'é#tg? igf ﬁ/ggcﬁs {d}
Iocatlngthe rd.definitio each of the conmmpn
prefixes, t hep graaiet | C@b‘r éeé]gﬁ?&‘apﬁgh gﬁ?@&i@r 'BrFP'SfW?r With dhe gharagieri on
tabl e which stores words starting with the common prefix, wherein each of
the words in R¢RXIQavhichire ﬁham@wrﬂ%aaeed,gnemm@rmpsm chasiciars hateach
character in the word with the character index to which the

appear in the words to substitution indexes, replaces each sequence of

10 characters in each word with the substitution index to which the sequence of
characters are mapped, arranges the words into groups where each group
contains words that start with a common prefix, and maps each prefix to
location information for the group of words which start with the prefix; and

wherein the compact linguistic data includes the unique characters,

15 the character indexes, the substitution indexes, the location information, the
groups of words and the frequencies of the words.

2. The system of claim 1, further comprising:
a user interface, bomprising:
a text inpu‘t device; and
20 a text output device; and
a text input logic unit, |
wherein the text input logic unit receives a text prefix from the text
input device, retrieves a plurality of predicted words from the compact

linguistic data that start with the prefix, and displays the predicted words
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character is mapped by the character-mapping table, and by replacing each
sequence of characters fromthe substitution table that appears in the word
wi t h t he wolkesed/toat2zon i ndex to which the sequence of chacaatanes/ioso2aapped
by the substitution table; and -27 WD 2004/ 006122 PCT/ CA2003/ 001023
wherein the commo g(iix s for,words in each word definition table are
renoved. 7. ﬂ?éng:&}?g{? OPF%SPE‘FPC data structure of claim®6, further
conprising a plurality of frequencies associated with the words, wherein
t he wor d3-deie siste@rofidiaines, wherain thestexbinpué geviseiie e kegboatte conpact

| i ngui stic data structure of claim7, wherein the frequencies are

nor mal i z&dl repsystem eftagima8ewhetdin theakgybeded & aredutodkeyboarchd wherein for
each group of words, the frequency of the word in the group having a

maxi mum 5. frecsyeRen of slasma@, atheréinihd usdr ieprics iapial tha ikt it IdgRsiusipgrees of
the remaining words 10 in the group are stored as a percentage of the

maxi rngif,{ 8R4 ofa @B@Léz@%f’ﬁf”‘%ﬂwaé’%é data structure of claim?7,

wherein at |east one o e Inition tables conprises: a plurality

of | ocal [ fialti I t oL rds, stored Dby the word
defini t i%#?FQm%%?* @ﬁqﬁ&&o‘i@? S&@F@’%E‘f’ﬁ#"ﬂ%ﬁ’ ‘5@%&@%"6"& ﬁef{b‘ﬁ? MOTdRRES 15
stored by the rd definitipon table that have .a comon prefix that is

| onger %ﬁaﬂ'zﬁﬁﬁ“@m,&P@BigJEOlf%?Ofitﬂ@'%wa@sitha&h?é/em@en PFRTG B8 t abl e;
a local offset table for |ocating each of the |ocal word definition tables;
a | ocal Imapac divguistp ity straetuee £ONPrBIPEI ng each character in the words in
the local word definition tables to a | ocal character index; 20 a hotword
tabl e for storing arhaphabat ¢campiised bieedatrahique cthadsdtémintthewords:

10 a character-mapping table for mapping each character in the alphabet
to a character index;
a substitution table for mapping sequences of characters from the
words to substitution indexes;
a plurality of word definition tables for storing the words, each word
15 definition table storing each of the words included in one of the groups; and
an offset table for locating the word definition tables, wherein for each
of the common prefixes, the offset table contains a location of the word
definition table which stores words starting with the common prefix,
wherein each of the words in the word definition tables is encoded by
20 replacing each character in the word with the charaéter index to which the
chafacter is mapped by the character-mapping table, and by replacing each
sequence of characters from the substitution table that appears in the word
with the substitution index to which the sequence of characters is mapped by

the substitution table; and
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tabl es of words which are associated with highest frequencies of words in
the group contained in the word definition table; and an exception table
for storiwg2awvmsizahi ch are associ ated with highest fregraneciemoof23wor ds
in the group contained in the word.definition table, -28 WO 2004/006122

PCT/ CA2003/ 001023 wh h th | t '
tables is encoded ‘Hyeh %&gi%c?q?émgﬁgg@)feeesr\%r ?Nr?”i'?nn@ %ﬁeﬁmﬁaﬁ%tq? r\d@g’!ﬁm on

character index to which the character is napped by the |ocal

char act er - napBPrigMasde, and by repl acing each sequence of characters from
the substitution table that 5 appears in the word with the substitution

i ndex t o/.Wiiectornpactguisiicelatd stredtarenct aaisn Bsfuniiep edmipyisingen plutadity ofut i on
tabl e, and wherein the common prefixes of the words in the |local word

def i ni tifesquermideassuctated MviaRe wbids, Wiergiprtae tlord ld@ﬁh'lhéh tébl@@ét@réiHeUCt ure
of claim®6, further conprising a nane 10 table, the nane table conpri sing

a nange fﬁ;é ddieidd fying the words. 11. The conpact Ilngw stic data structure
of cIa|m6 further conprising an inflection table for storing suffixes of

the suf A EpBirRst folRic Bad Sriituld ot SR onchfle B ihertiegiel i ¢

data structure qf cla 6, wherein the sequ es of 15 characters included
in the snlfHQﬁ“FE&SSnth?&E%’ A, within 3 gqeg,qler?rg éﬁgng%@c@whereﬂ@for% of the

| engt hs, the substitution table contains a sub tabl e that maps sequences
of char ZPHPsOlWOrG® then freuenacys gbdhe tweicoin ithelegresp havinguae maximumie- sub-
tabl es are organi zed in ascending order according to the |engths of
sequencdsequamcyas skled méthsfub prexidiers, arkthefRequEneiesofihe rerhaining words dat a
structure of claim®6, wherein the offset table naps
10 . inthe group are stored as a percentage of the maximum frequency.
9. The compact linguistic data structure of claim 7, wherein at least one of the word
definition tables comprises:
a plurality of local word definition tables for storing the words stored
by the word definition table, each local word definition table storing the words
15 stored by the word definition table that have a common prefix that is longer
than the common prefix for the words in the word definition table;
a local offset table for locating each of the local word definition tables;
a local character-mapping table for mapping each character in the
words in the local word definition tables to a local character index;
20 a hotword table for storing the location in the local word definition
tables of words which are associated with highest frequencies of words in
the group contained in the word definition table; and

an exception table for storing words which are associated with highest

frequencies of words in the group contained in the word definition table,
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each conbi nation of two characters fromthe al phabet to an index in the
offset table that is equal to the sumof the position in the al phabet of
the firstwohass#wsere in the conbination, nultiplied by toe/axniza01b
characters in the al phabet, and the position in the al phabet of the second
character in the conbination. -29 WD 2004/006122 PCT/ %20.03/&%8}023 14. The
conpact | i ngui st i \&hewgin eachueft thee Words i the docalhweed defiRilipRctalIes 1%, t he
words are represented by sequences of bits having a nost significant bit,
wherei n  t heemmsteddiygreptdoirantharactersintthe wosd witbiibe lecaksharactebipeexto t he
words in the word definition tables is set, and wherein a value of each

character i nyhiep tMeEHardcter iSmagpedynielIdvaseltaractdpinmappihg tbl@farisitys ot her
than the nost significant bit. 15. The conpact linguistic data structure of

claim7, fur{Beloit@michStéliendeSMcHaIRTers oM el sebditititth feble whads,
encoded using't character-mappi ng table and the substitution table, that

accobiated vineahn b BREe RUERRRIGT HoBRoTRONI REbudoq RESTEN ©°

words, and a sorting,i ndex i,ch specif.ie n al phabetically sorted order
of the new V\Eﬁ%@,c"eé%éﬁ %PB&H%&@%PE&W@B?@@?%‘E for storing words stored

in the word definition tables, encoded using the character- .ng table
and the substi tuwh@relmmﬂ@qmmpaﬁr@%sr@db%w&r@%méa@@anﬁweeﬂ a%aff)rﬁt‘? e words
stored in 15 the word definition tables, indexes for the beginnings of the
wor ds i n thetablgslateeknoweglienci es table, and a sorting index which
specifies an al phabetically sorted order of the words in the updated

f r equengpeshbadngpackGinglilktic wRt® @iLiclure Gfictince dialrihes tomplrising anachai m 6,
wherein the character-mapping table, the substitution table, the word

gg];rbaglt g}e&{l'%,;tgglbﬁn? ?{%'etceﬁﬁ?ifsfn@eé nhAR Br Mehtifdlg awaidied in a
11. The compact linguistic data structure of claim 6, further comprising an inflection
table for storing suffixes of the words, wherein the words stored in the word
definition tables refer to the suffixes stored in the inflection table.

12. The compact linguistic data structure of claim 6, wherein the sequences of
15 characters included in the substitution table have different lengths, wherein, for
each of the lengths, the substitution table contains a sub-table that maps
sequences of characters of the length to substitution indexes, and wherein the sub-
tables are organized in ascending order according to the lengths of sequences

. contained the sub-tables.
20  13. The compact linguistic data structure of claim 6, wherein the offset table maps
~ each combination of two characters from the alphabet to an index in the offset table
that is equal to the sum of the position in the alphabet of the first character in the

combination, multiplied by the number of characters in the alphabet, and the

position in the alphabet of the second character in the combination.
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17. The conpact |inguistic data structure of claim 16, wherein the
conputer- readable file further conprises a header, the header conprising
format, wo=sbewpoared priority information. 18. The conp&cCiu/dAngunosi2dc dat a
ISDtC[I';J(C:::[Ag(r)SS?](C)OCl aim 16, further conprising an index -30 WD 2004/006122

1023 table, the index table containing indexes intq the
conput el4r EaaA9repact|liagpistic |dsdastivgture R ¢laig 8s WhereiRCRARGIRISIN M dabl e
file. 19. The conpact |inguistic data structure of claim16, wherein the
conput ewordsaaiepesdanted by seqiientiasiofi bitshavingra meast signifigans biagheigin 5 20. A
met hod of creating conpact |inguistic data, conprising steps of: creating a

wor d- 1 i #e argsersignificard il v e 1ast dhavautds imeadh rofrtherwestds v tgueotdy in a
corpus; sorting the words in the word-Iist al phabetically; creating a

char act g iRARItAGIcE 38! Rt Wah¢ IviErEn &NRINAS beletich itHakgcted th RS ddortls ishar act er

I ndexes; separating the words in the word-list into groups, wherein words

N Fioe: : LR .

{nﬁpsﬁe2ﬁ§?§%&§*ﬁ’e§§%§%ﬁe@§ﬂ%ﬂﬁ%§ %@@%@*&?&Esﬁ‘??ﬁﬁ? AR, 2% 2 encodi ng
e words 0 t [ in.. i

the ehal AT e cpnﬁa&%@%ﬁq ”sete?aﬁﬁ%ﬁ it st o RBeFEpblsng S he o "

char act er- mappi ng t , b I [ h , [

Morda vi th the SuBSRRYONPGIR tAbexEr SOTINE: BAN Nerdhaaetdsd SoRbAR ar o

mapped by the substitution table; 20 creating word definition tables and
storing the ehamdtat-meppiagitableteand the substitution table, that are not included in

the word definition tables, a plurality of frequencies associated with the new
10 words, indexes for the beginnings of the new words, and a sorting index
which specifies an alphabetically sorted order of the new words; and
an updated frequencies table for storing words>stored in the word
definition tables, encoded using the character-mapping table and the
substitution table, updated frequencies associated with the words stored in
15 the word definition tablés, indexes for the beginnings of the words in the
updated frequencies table, and a sorting index which specifies an
alphabetically sorted order of the words in the updated frequencies table.
16. The compact linguistic data structure of claim 6, wherein the character-mapping
table, the substitution table, the word definition tables, and the offset table are
20 contained in a computer-readable file.
17. The compact linguistic data structure of claim 16, wherein the4computer-
readable file further comprises a header, the header comprising format, version and
priority information.

18. The compact linguistic data structure of claim 16, further comprising an index
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word definition tables; creating an offset table for |ocating groups of
encoded words; and storing the character-mapping table, the substitution
tabl e, thwowoesaboekefinition tables, and the of fset tabl @CTAX200MD01023

2004/ 006122 PCT/ CA2003/ 001023 21. The nethod of claim 20, wherein the step

of storing conpri,ses witing.the character-mappjng tahle, the substitution
Cable " tRBIEISngeK fanle ponBihig fickaRunoNe cOTRUlSr Teagmtis i Tariocainy

comput er-readabl e file. 22. The method of step 20, wherein: 5 the step of
cr eat i ngthedablgerathe eempuigirrpadabletfies of : filtering the corpus into a
plurality of filtered words; calculating absolute frequenci es associ ated
wi t h t hel9.i Thercatnpasbrithguisticddatostruguten ef fiditel 8dwhereia theccompuigrnost
frequently in the 10 corpus and. the absolute frequencies associated with

t he nDstreatiaBRURETY ¥mbeeisd intYcdbmbltiradadabldsmediubhe word-1ist; and the
met hod further conprises steps of: creating a plurality of relative

freqyencs@sy MetRBPLY brré%}t]iﬁg d&?@%ﬂjﬁgﬁtxigﬁé‘d%ﬁ%' gisi@e%tggs%?ﬁo' ute

frequencies stored I n the“wor creatl ncy sets associ at ed

with the groups of [ ds; .storing. fir s.n e d
definition tabl es,crg%me(fgi ‘Hgébgﬂ‘ée%{ﬂp%l%@%, plyﬁa@ftﬁ@@gvcoﬁﬁ% é’&c'ﬁV@Qu@ﬁg{/ set
contains a 20 maximumrel ative frequency of words in the group, and
cont ai ns, forirequentlyina corpus;

sorting the words in the word-list alphabetically;
creating a character-mapping table which maps characters in the
10 words to chéracter indexes;
separating the words in the word-list into groups, wherein words in
each group have a common prefix;
creating a substitution table which maps character sequences in the
words to substitution indexes:

15 encoding the words into byte sequences by replacing characters in
the words with the character indexes to which the characters are mapped by
the character-mapping table, and by replacing character sequences in the
words with the substitution indexes to which the character sequences are
mapped by the substitution table;

20 creating word definition tables and storing the encoded words in the
word definition tables;

creating an offset table for locating groups of encoded words; and
storing thé character-mapping table, the substitution table, the word

definition tables, and the offset table.
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each word in the group that is not associated with the maxi mum frequency,
a percentage of the maxinumrel ative frequency corresponding to the

rel ati ve woeguenéeiz2associ ated with the word. 23. The netrhadaabosalosizen 22,
where the step of cal culating absolute frequencies -32 WO 2004/006122
PCT/ CA209Q3/ 0 ciated-Wwth the filte rds conprises steps of:
creati nggi' Sﬁ'ﬂedﬁ?é}%@&?)grc@%b??nghﬂ?én %F{@réﬁg@ﬁﬁpf%@d?% Wﬁﬁﬁg h red
wor ds and the absol ute frequencies associated with the nost frequently
occur ri n§NAGFIEEMEpRIPG taPlRoiNgsUbsibtion taklevinenverdfirdinitianstiableseand Buenci es
5 are stored in inner nodes of the word-tree, and words associated with

| onver afHestiakleftpene@npliss-raadalliedileed in, | eaf nodes of the word-tree;
adding the filtered words to the word-tree, 'the adding step for each
filtered22oThe nweiipod of sippt 2@; witapih: of : determi ning whether the filtered
word is in the word-tree; 10 adding the filtered word and its associ ated

absolgite frequencyhetdlep b chiitidgithe VorMIEECSMBriddd é@@gfbf.mrd, I's not in the
word-tree; increnenting the absSolute frequency associated with the

filtered word where thﬁg@gﬂnb%g%oﬁwmﬂpkf?b@gﬁmﬁﬁgﬁtgw%fd?det erm ni ng |

whet her the nunber of s¥in th xceeds "a predefined
limt; and shrinking the rd-tree ere the.nunber .0 0 in.the

wor d-tree exceeds the p?ﬁé@@?f'j'}%égw'm]% fre%%r[wé?% %ﬁ%c'é{%gwﬂﬁ%?'#ﬁfﬁ%g
conprises the step of deleting | eaf nodes which contain words associ ated

with | owest absol WS 8fbenci es. 20 24. The method of claim22, wherein

the step of filtering the.corﬁus_conprises t he
storing the filtered words occurring most frequently in the

10 corpus and the absolute frequencies associated with the most
frequently occurring filtered words in the word-list; and
the method further comprises steps of:
creating a plurality of relative frequencies by applying a

normalization function to the absolute frequencies stored in the word-

15 list;
creating frequency sets associated with the groups of words;
and
storing the frequency sets in the word definition tables,
wherein for each group, the associated frequency set contains a
20 maximum relative frequency of words in the group, and contains, for

each word in the group that is not associated with the maximum
frequency, a percentage of the maximum relative frequency
corresponding to the relative frequency associated with the word.

23. The method of claim 22, where the step of calculating absolute frequencies
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steps of: reading a plurality of conputer files, each file having an
extension which indicates a type of the file; applying regul ar expressions
to text cwotaeamwei2en the files to substitute -33 WO 2004mE00@3201023
PCT/ CA2003/ 001023 invalid or unwanted characters in the text; obtaining a

filter f N || ' .o the type indicated by

t he ext eéngésiogﬁ? awghgrﬁ%}fﬁ)}?ﬁ%d Whgdsfcﬁ%ér?s%ggﬁggﬁg\fie text fromthe files that
is not part of the 5.corpus. ,25.. The .nmethod of .claim 22, further

Compri st ng. st eps SRR (G far SGrBE g Mgt LeateRy oesHrihg Efregy
predicted words to a |learning word-list, wherein the Ilist of predjctions
cont ai ns wor J¥OTESt Anehibe aky frRsIURBEIgs RSSPRiated WithaibeagosiiieqyrntlYear ni ng
word-list; 10 obtaining a word associated with a maxi mum frequency of words
in the |ist ascupiregiivordsywierels wotds assucidtad withdtigher abbelutedfretjussctesi at ed

wi th the maxi rum frequency was obtained fromthe word definition tabl es;

asso@ ating tdre ssereddh atheriodewiof theavbridered emd Wwakil agsociabsd whblowen 15
frequency plus one where the word associated with the nmaxi num frequency

was_obt ai ned Jsoiitb iR eiedolrb Btdrb@h It Btios AF e dtd-iget e sel ect ed vor d

with a frequency equa e maxi num frequency ere the word associ at ed

oL T T N e 0 R T RO U T e
| ear ni ng filtered word comprising the steps of:
determining whether the filtered word is in the word-tree;
10 addihg the filtered word and its associated absolute frequency
to the word-tree where the filtered word is not in the word-tree;
incrementing the absolute frequency associated with the
filtered word where the filtered word is in the word-tree;
determining whether the number of nodes in the word-tree
15 exceeds a predefined limit; and
shrinking the word-tree where the number of nodes in the
word-tree exceeds the predefined limit, wherein the step of shrinking
comprises the step of deleting leaf nodes which contain words
associated with lowest absolute frequencies.
20 24. The method of claim 22, wherein the steb of filtering the corpus comprises the
steps of: ‘
reading a plurality of computer files, each file having an extension

which indicates a type of the file;

applying regular expressions to text contained in the files to substitute
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word-|list where the word associated with the maxi num frequency was not
obtained fronmfthe word definition tables. -34
WO 2004/006122 ‘ PCT/CA2003/001023
invalid or unwanted characters in the text;
obtaining a filter for each file, the filter corresponding to the type
indicated by the extension; and
applying the filter to remove text from the files that is not part of the
5 corpus.
25. The method of claim 22, further comprising steps of:
adding a word selected by a user from a list of predicted words to a
learning word-list, wherein the list of predictions contains words retrieved
from the word definition tables and the learning word-ist;
10 obtaining a word associated with a maximum frequency of words in
the list of predicted words;
determining whether the word associated with the maximum
frequency was obtained from the word definition tables;
associating the selected word with a frequency equal to the maximum
15 frequency plus one where the word associated with the maximum frequency
was obtained from the word definition tables;
associating the selected word with a frequency equal to the maximum -
frequency where the word associated with the maximum frequency was not
obtained from the word definition tables; and
20 . deleting the word assigned the maximum frequency from the learning
word-list where the word associated with the maximum frequency was not

obtained from the word definition tables.
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